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Abstract

AIM

To evaluate upper abdominal computed tomography
(CT) scan as primary follow-up after laparoscopic Roux-
en-Y gastric bypass (LRYGB).

METHODS

This prospective study was approved by the Ethical
Committee of the State of Zurich, and informed consent
was obtained from all patients. Sixty-one patients
who underwent LRYGB received upper abdominal
CT on postoperative day 1, with the following scan
parameters: 0.6 mm collimation, 1.2 mm pitch, CareKV
with reference 120 mAs and 120 kV, and 0.5 s rotation
time. Diluted water-soluble radiographic contrast-
medium (50 mL) was administered to achieve gastric
pouch distension without movement of the patient.
3D images were evaluated to assess postoperative
complications and the radiation dose received was
analysed.

RESULTS

From the 70 patients initially enrolled in the study, 9 were
excluded from analysis upon the intraoperative decision
to perform a sleeve gastrectomy and not a LRYGB. In all
of the 61 patients who were included in the analysis, CT
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was feasible and there were no instances of aspiration
or vomiting. In 7 patients, two upper abdominal scans
were necessary as the pouch was not distended by
contrast medium in the first acquisition. Radiologically,
no leak and no relevant stenosis were found on the
first postoperative day. These early postoperative CT
findings were consistent with the findings at clinical
follow-up 6 wk postoperatively, with no leaks, stenosis
or obstructions being diagnosed. The average total dose
length product in CT was 536.6 mGycm resulting in an
average effective dose of 7.8 mSv. The most common
surgical complication, superficial surgical site infections (n
= 4), always occurred at the upper left trocar site, where
the circular stapler had been introduced.

CONCLUSION

Early LRYGB postoperative multislice spiral CT scan
is feasible, with low morbidity, and provides more
accurate anatomical information than standard upper
gastrointestinal contrast study.

Key words: Laparoscopic proximal Roux-en-Y gastric
bypass; Abdominal computed tomography; Stenosis;
Upper gastrointestinal study; Anastomotic leak

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

generally very low™. In a majority of bariatric centres,
postoperative upper gastrointestinal (UGI) contrast
studies are performed routinely in order to evaluate
complications that may arise in the early postoperative
period, such as anastomotic leaks or strictures®®”). The
usefulness of UGI examination is debatable, considering
its radiation dose and the diagnostic information ob-
tained®*,

UGI examinations are insufficient to accurately
assess certain postoperative surgical problems, such
as hematoma or fluid collections, and have only limited
sensitivity (i.e., 25% for correctly diagnosing a leak)!".
Furthermore, in case of UGI indicating an early post-
operative complication, a multislice computed tomo-
graphy (CT) will be additionally performed to better
delineate the pathologic features'™>**! and to provide
guidance for possible interventional procedures such as
aspiration or drainage of fluid collections. Several studies
have suggested the usefulness of CT to investigate
postoperative complications after LRYGB; however,
data on routinely performed CT after bariatric surgery
are scarce!®**!, Hence, the prospective study described
herein was conducted to assess the feasibility and
usefulness of CT scan as a primary early postoperative
radiological measure in patients who underwent LRYGB.

Core tip: In most bariatric centres, a routine upper
gastrointestinal (UGI) study is performed in the early
postoperative period. Yet, the real value of a standard
postoperative radiological exam after laparoscopic Roux-
en-Y gastric bypass is debatable. From the available data,
an UGI is not necessary as a standard postoperative
exam and, similarly, a routine computed tomography
(CT) scan might not be indicated. For patients who
experience unexpectedly difficult surgery or abnormal
postoperative clinical course, CT is the diagnostic tool of
choice, especially considering that a number of patients
with pathological findings in UGI contrast studies will
additionally undergo CT scan.

Delko T, Mattiello D, Koestler T, Zingg U, Potthast S. Computed
tomography as primary postoperative follow-up after laparoscopic
Roux-en-Y gastric bypass. World J Radiol 2018; 10(1): 1-6
Available from: URL: http://www.wjgnet.com/1949-8470/full/v10/
il/1.htm DOTL: http://dx.doi.org/10.4329/wijr.v10.i1.1

INTRODUCTION

Morbid obesity has become a major worldwide health
problem, with increasing prevalence!’. The most
effective treatment to reduce weight in obese patients is
bariatric surgery. Consequently, the number of bariatric
procedures has increased dramatically over the last
decade!. The laparoscopic Roux-en-Y gastric bypass
(LRYGB) is the most common bariatric procedure
worldwide. Early morbidity and mortality of LRYGB is
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MATERIALS AND METHODS

Informed consent was obtained from all patients. This
prospective study was performed at Limmattal Hospital
and approved by the Ethical Committee of Zurich,
Switzerland. All patients were preoperatively assessed
according to the guidelines of the Swiss Study Group for
Morbid Obesity. A total of 70 patients undergoing LRYGB
were enrolled during the 10-mo study period (July 2014
to May 2015). Surgery was performed by two surgeons,
each having individual experience of over 500 LRYGB
procedures.

LRYGB procedure

A laparoscopic six-port technique with prior creation of
the pneumoperitoneum by Veress needle was used.
The greater omentum was split and the ligament of
Treitz identified. The length of the biliopancreatic limb
was measured to 50 cm and the jejunum divided using
an Echelon Flex™ Powered Endopath® Stapler (60 mm,
white; Ethicon, Somerville, NJ, United States). Next,
the proximal stomach was divided using the Echelon
Flex™ Powered Endopath® Stapler (60 mm, blue;
Ethicon). The first cartridge was fired perpendicular to
the lesser curvature and one to two additional cartridges
parallel to the lesser curvature up to the angle of His,
lateral to the Besley’s fat pad.

Once the small pouch was created, an end-to-side,
ante-colic and ante-gastric gastro-jejunal anastomosis
was created using a Premium Plus CEEA™ 25 mm
circular stapler (Covidien, Dublin, Republic of Ireland).
Then, the jejuno-jejunal anastomosis was created 150
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Table 1 Patient demographic and clinical data

Feature Data, 7 (%)

Patients 61

Age, yr 40.3 (19-62)
BMI, kg/m* 41 (35-48.1)
Female 50 (82)
Male 11 (18)
ASA 1 0(0)

ASA 1 30 (49.1)
ASA I 31 (50.9)
ASA IV 0(0)

Figure 1 Scout view with depicted scan length.

cm distal to the gastro-jejunal anastomosis by using
the Echelon Flex™ Powered Endopath® Stapler (60
mm, white; Ethicon), with closure of the stapler entry
defect using absorbable PDS® (polydioxanone) 3-0
suture (Ethicon). All mesenteric defects were closed
systematically with non-absorbable interrupted Prolene®
3-0 sutures (Ethicon).

CT technique

CT scanning was performed on the first morning
postoperatively. All patients were kept as nil per os
until the upper abdomen CT had been performed. A
clinical scanner equipped with modern dose reduction
software was used (Somatom Definition 64; Siemens
Healthineers, Erlangen, Germany), with the following
scan parameters: collimation, 0.6 mm; pitch, 1.2 mm;
CareKV with reference 120 mAs and reference 120 kV;
rotation time, 0.5 s. The scan was acquired in supine
position and a scout scan was acquired. Diluted water-
soluble radiographic contrast-medium (50 mL) (Telebrix
Gastro®, Guerbet, France) was given in a spout cup to
achieve gastric pouch distension without movement of
the patient.

The scan was performed in cranio-caudal direction,
starting at the level of the distal oesophagus and
stopping just distal to the pouch (Figure 1). The average
total dose length product was registered and radiation
dose was calculated. Image data was transferred to a 3D
workstation and 3D images were created for evaluation
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of leaks and stenosis. The procedure was performed in
all patients by the same senior radiologist with more
than 15 years of experience in body radiology. If no
significant stenosis or leak was diagnosed, a liquid diet
was started.

Basic demographic, pre-, peri- and postoperative
data was collected prospectively and entered into a
database (Excel®, Office, Microsoft). Postoperative
morbidity was separated into surgical and non-surgical
categories. Surgical morbidity included anastomotic
leak, deep surgical site infection (i.e., intra-abdominal),
superficial surgical site infection, re-laparoscopy and re-
laparotomy. Non-surgical morbidity included pulmonary
or cardiac complications as well as renal failure. Special
attention was given to CT-related morbidity, such as
aspiration of contrast fluid, and the presence of leakage,
slow transit or stenosis in the postoperative CT scan.

RESULTS

A total of 70 patients were enrolled in the study. Nine
of those were excluded upon intraoperative decision
to perform a sleeve gastrectomy and not a LRYGB;
the main reason for procedure switch was suspected
tension at the gastro-jejunostomy due to short and
fatty mesentery. Among the 61 included patients, 50
were female and 11 were male, with a mean age of
40.3 years. The basic demographic and clinical data are
presented in Table 1.

All patients tolerated early CT well and no vomiting
occurred. 3D analysis of imaging was feasible in all
patients and the proximal anastomosis was depicted
very well (Figure 2). In 7 patients, two upper abdominal
scans were necessary as the pouch was not distended
by contrast medium in the first acquisition. The average
total dose length product in CT was 536.6 mGycm and
7.8 mSy, respectively. Radiologically, no cases of leak or
relevant stenosis were found on the first postoperative
day. These early postoperative CT findings were consistent
with the clinical follow-up at 6 wk postoperatively, for
which no leaks, stenosis or obstructions were diagnosed.
The morbidity data are presented in Table 2.

Non-surgical morbidity was very low. CT diag-
nosed atelectases in 85.3% of the patients and pleural
effusions in 41% of the patients. In these patients,
physiotherapy, which is part of the standard postopera-
tive protocol, was intensified and fluid volume treat-
ment was optimized, but no interventional treatment
was required. In 1 patient with pneumonia, an antibiotic
therapy was started. Moderate to severe diffuse hepatic
steatosis was seen in 11 patients. One patient showed a
kidney stone on the left side with no clinical symptoms.

The most common surgical complication, superficial
surgical site infections (n = 4), occurred exclusively at
the upper left trocar site, where the circular stapler had
been introduced. No intra-abdominal re-operation due
to complications was necessary. No radiological drain
placement was needed within 6 wk postoperatively.
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Figure 2 Proximal anastomosis with oral contrast-filled pouch. A: Axial; B:
Coronal; C: Sagittal.

DISCUSSION

The present study of a large prospective cohort of
patients who underwent LRYGB shows that CT scan
performed on the first postoperative day is feasible and
safe, and has high diagnostic accuracy. The CT was able
to diagnose pulmonary changes that had been missed
using UGI.

The usefulness of postoperative imaging after
LRYGB, especially UGI studies, is under debate. Several
studies have questioned the use of routine imaging, in
particular UGI, in the early postoperative phase due to
lack of sensitivity, high cost and the substantial radiation
exposure to patients™ 7!, Most bariatric surgeons
consider UGI useful to assess the gastric pouch and
gastro-jejunostomy for anastomotic leaks or strictures
in the early postoperative phase!*?. However, evaluation
of a possible leak at the level of the biliopancreatic
anastomosis is not possible with a routine UGI"®. The
positive predictive value and the sensitivity of diagnosing
a leak by UGI were 31% and 25%, respectively, and
the procedure has limited or no value in finding extra-
luminal problems, such as hematoma, and is of no use
for evaluating the biliopancreatic limb.

The effectiveness of UGI contrast studies has been
evaluated in a number of research studies™ "%,
Brockmeyer et al'® reported a 100% specificity for
detection of a stenosis in a total of 319 patients. However,
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Table 2 Morbidity according to surgical and non-surgical

complications

Surgical Non-surgical, 7 (%)
Anastomotic leak 0 Atelectasis 52 (85.3)
Superficial hematoma 1(1.6) Pleural effusion 25 (41.0)
Superficial surgical site infection 4 (6.6) Pneumonia 1(1.6)
Re-laparoscopy 0  Cardiac complications 1 (1.6)
Intraluminal bleeding 1(1.6) Renal failure 0
Steatosis hepatitis 7 (11.5)
Kidney stone 1(1.6)

no leaks were detected on day 1 or 2 after surgery;
although, 10 leaks occurred during further follow-up (all
diagnosed by CT). Therefore, these authors stopped
performing routine UGI on postoperative day 1 after a
bariatric surgery.

Dallal et a''” found that using clinical indicators of a
leak or bleeding was sufficient for diagnosis, and no addi-
tional data from drains or an UGI study were necessary.
The reported anastomotic leakage rate following LRYGB
varies from 0.1%-5.6%, depending on the definition of a
leak and the volume of the reporting surgical unit™”. Leaks
are the most significant factor for postoperative mortality
in those patients™**°". Diagnosis usually takes place within
the first 10 days after surgery™. A large prospective
study®® with 3018 patients diagnosed anastomotic leaks
in 2.1% at a median of 3 d after LRYGB.

The earlier an anastomotic leak diagnosis is
made, the better a patient’s prospects. This is mainly
because early detection allows for an early therapeutic
intervention, such as re-operation, surgical drainage or
the application of stents. Delayed diagnosis of a leak
leads to peritonitis and subsequently to a significantly
higher mortality. In contrast to Dallal et a'”’, we believe
that radiological examination is an important adjunct
since the clinical evaluation of these morbidly obese
patients is difficult. The only clinical symptoms may be
tachycardia and abdominal discomfort. In most bariatric
centres, an UGI swallow study is performed on the first
postoperative day[m to assess for anastomotic stenosis
or slow contrast transit, as well as to exclude an early
postoperative leak primarily to allow the start of liquid
intake. Therefore, it was decided to perform a CT scan
on the first postoperative scan.

In UGI contrast studies, extra-luminal contrast
extending into the upper left abdomen is regarded as
highly suspicious with respect to a potential leak at the
gastro-jejunostomy. Major leaks can be identified in up
to 100% of patients by using UGI, but minor leaks are
often missed. The latter are preferably diagnosed on CT
scans>#%1, Sometimes, the only sign of extra-luminal
contrast in UGI studies is an opacification of the surgical
drain that was placed nearby. But, some surgeons tend
to omit a drain, and the opportunity of detecting this
discrete sign is lost®®. If no complication is detected
by radiological means, oral intake is started. If UGI
contrast studies are suspicious of a leak, stenosis or any
other obstruction, usually, a CT scan is performed!?.
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An anastomotic leak can show various manifestations
on CT, including gas or fluid collections adjacent to the
pouch, a tract of enteric contrast extending through
the anastomotic defect, staple line dehiscence or
diffuse peritoneal fluid™*. Assessment of the jejuno-
jejunostomy is easily feasible by CT.

Anastomotic stenosis or obstruction can be due to
oedema, hematoma, ischemia or a blood clot at the
circular stapled anastomosis''®. These phenomena are
more common at the gastro-jejunostomy (3%-9%)
compared to the jejuno-jejunostomy (0.8%-2%)™°.
UGI contrast studies allow finding of an obstructed
flow of contrast. But, in order to identify the underlying
cause, again, a CT is usually performed. Although CT does
not allow dynamic imaging, abnormal pouch distension
and a contrast-filled oesophagus are indicators of
an obstruction at the proximal anastomosis. CT can
differentiate between any transient cause of obstruction,
such as hematoma or oedema within the bowel wall,
and a more permanent cause, such as kinking. Whereas
the former will usually resolve within a few days and
mandates only a slower increase of the oral diet, the
latter will lead to further invasive procedures, such as
endoscopy or re-operation. Furthermore, in case of
suspected bleeding, a CT scan with an arterial phase
can be performed to exclude surgical bleeding that
needs to be addressed by re-operation.

Concerning the radiation dose, the individual dose
received was 7.8 mSv for a limited CT scan in the obese
patients of the present study. UGI radiation doses
of 4 mSv per exam are known from the literature™.
However, this is a very high radiation dose considering
its limited use of diagnosing relevant pathologies. In
contrast, CT scans, despite having a higher radiation
dose, provide detailed depiction of the proximal and
distal anastomosis and of any complication within
the soft-tissue and lung base. CT scans also provide
guidance for any possible interventional procedures.
In addition, bariatric surgery patients may receive
radiation doses from further postoperative radiological
exams that could potentially increase their lifetime risk
of cancer™. All these factors need to be considered
when implementing postoperative protocols.

Our present study showed that CT is feasible and safe,
and that a number of extra-gastrointestinal pathologies
were detectable by this imaging modality. However, the
real value as a standard postoperative radiological exam
after LRYGB is debatable. From the available data, an UGI
is not necessary as a standard postoperative exam, and
similarly, a routine CT might not be indicated. However,
if @ patient undergoes unexpectedly difficult surgery or
displays an abnormal postoperative dlinical course, CT is
the diagnostic tool of choice and the indication should be
given liberally, especially when one considers the fact that
a number of patients with pathological findings in UGI
contrast studies will additionally undergo a CT scan.

The main limitation of this study is the fact that no
surgical complications, such as leaks or obstructions,
occurred in our study population. Therefore, no state-
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ment can be made on the sensitivity or specificity of CT
regarding these pathologies on the first postoperative
day. However, in our opinion, this technique is superior
to a UGI study, since distinctive features such as fluid
collection or free air surrounding the anastomosis, which
are evidence for more serious complications, can be
seen on CT images. Such has been demonstrated by Yu
et al™¥ in a retrospective study. While the risk-to-benefit
ratio may be justified, strategies to minimize radiation
dose should be emphasized and the appropriate
technique in radiology should be selected judiciously.

In conclusion, early postoperative CT scan is feasible
and safe. It has advantages over a standard UGI study
as it provides more accurate information of the early
postoperative anatomy after LRYGB and detects extra-
gastrointestinal pathologies.

ARTICLE HIGHLIGHTS

Research background

The laparoscopic Roux-en-Y gastric bypass (LRYGB) is the most common
bariatric procedure worldwide. In a majority of bariatric centres, postoperative
upper gastrointestinal (UGI) contrast studies are performed routinely in order to
evaluate for complications. The usefulness of UGI examinations is debatable
considering its related radiation dose and the obtained diagnostic information.

Research motivation

Several studies have suggested the usefulness of computed tomography (CT)
to investigate postoperative complications after LRYGB, but data on routinely
performed CT after bariatric surgery are scarce. UGI contrast studies are
insufficient to accurately assess certain postoperative surgical problems, such
as hematoma or fluid collections, and have only limited sensitivity for correctly
diagnosing a leak, whereas CT can clearly diagnose these complications.

Research objectives

The prospective study was conducted to assess the feasibility and usefulness
of CT scan as a primary early postoperative radiological measure in patients
who underwent LRYGB.

Research methods

Sixty-one patients who underwent LRYGB received upper abdominal CT on
postoperative day 1. Diluted water-soluble radiographic contrast-medium (50
mL) was administered to achieve gastric pouch distension without movement of
the patient. 3D images were evaluated to assess postoperative complications
and the radiation dose received was analysed.

Research results

In 61 patients who were included in the analysis, CT was feasible and there
were no instances of aspiration or vomiting. In 7 patients, two upper abdominal
scans were necessary as the pouch was not distended by contrast medium in
the first acquisition. Radiologically, no leak and no relevant stenosis were found
on the first postoperative day. These early postoperative CT findings were
consistent with the findings at clinical follow-up 6 wk postoperatively, with no
leaks, stenosis or obstructions being diagnosed. The average total dose length
product in CT was 536.6 mGycm resulting in an average effective dose of 7.8
mSv.

Research conclusions

Early LRYGB postoperative CT scan is feasible, with low morbidity, and
provides more accurate anatomical information than standard upper
gastrointestinal contrast study.

Research perspectives
The main limitation of this study is the fact that no surgical complications,
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such as leaks or obstructions, occurred in our study population. Therefore, no
statement can be made on the sensitivity or specificity of CT regarding these
pathologies on the first postoperative day. From this point of view large trials
are necessary to enable a statement on the sensitivity and specificity of CT in
this patient cohort.
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CORRECTION

Correction to: Jensen-Kondering U, B6hm R. Asymme-
trically hypointense veins on T2*w imaging and suscep-
tibility-weighted imaging in ischemic stroke. World J Radiol
2013; 5(4): 156-165 PMID: 23671751 DOI: 10.4329/wijr.
v5.i4.156!".

Results

Third paragraph: (1) (n = 17441 patients) should read (n
= 441 patients) instead; (2) (n = 4111 patients) should
read (n = 111 patients) instead.

Fourth paragraph: (1) (> 6 h, n = 15579 patients)
should read (> 6 h, n = 579 patients) instead; (2) (< 6h
= 11337 patients) should read (< 6 h = 337 patients)
instead; (3) (170 patients) should read (180 patients)
instead.

Table 3

Conventional MRI, column 2: 11 (242) should read 11
(81) instead.
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Abstract

Hepatocellular carcinoma (HCC) usually develops in
the setting of chronic liver disease. In the adequate
clinical context, both multiphasic contrast-enhanced
CT and magnetic resonance imaging are non-invasive
modalities that allow accurate diagnosis and staging
of HCC, although the latter demonstrates greater
sensitivity and specificity. Imaging criteria for HCC
diagnosis rely on hemodynamic features such as
hyperenhancement in the arterial phase and washout
in the portal or equilibrium phase. However, imaging
performance drops considerably for small (< 20 mm)
nodules because their tendency to exhibit atypical
enhancement patterns. In order to improve accuracy
in the diagnosis and staging of HCC, particularly in
cases of atypical nodules, ancillary features, /.e.,
imaging characteristics that modify the likelihood of
HCC, have been described and incorporated into clinical
reports, especially in Liver Imaging Reporting and Data
System. In this paper, ancillary imaging features will be
reviewed and illustrated.

Key words: Hepatocellular carcinoma; Ancillary
features; Magnetic resonance imaging; Liver Imaging
Reporting and Data System; Cirrhosis; Liver

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) usually
develops in the setting of chronic liver disease. Imaging
criteria for HCC diagnosis rely on hemodynamic
features, however, imaging diagnostic performance
drops considerably for small (< 20 mm) nodules
because of their tendency to exhibit atypical
enhancement patterns. In order to improve accuracy in
these non-typical lesions, the use of ancillary features
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has been incorporated into clinical reports, especially
in Liver Imaging Reporting and Data System. In this
paper, ancillary imaging features will be reviewed and
illustrated.

Campos-Correia D, Cruz J, Matos AP, Figueiredo F, Ramalho
M. Magnetic resonance imaging ancillary features used in Liver
Imaging Reporting and Data System: An illustrative review.
World J Radiol 2018; 10(2): 9-23 Available from: URL: http://
www.wjgnet.com/1949-8470/full/v10/i2/9.htm DOL: http://dx.doi.
org/10.4329/wjr.v10.i2.9

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver and the fifth most
common neoplasm in the world. It ranks third among
reasons for cancer-related mortality™?.

HCC develops in a cirrhotic background in the setting
of chronic hepatic inflammation. Approximately 80% of
HCC cases are associated with chronic hepatitis B virus
(HBV) or hepatitis C virus (HCV) infectionst*~!,

Early stage recognition of HCC make these patients
eligible for potentially curative therapies, including
surgical resection, liver transplantation or thermoab-
lative treatments™®!, with 5-year survival rates ranging
between 50%-70%"!. Conversely, advanced HCCs
confer a very poor prognosis.

Gadolinium-enhanced MRI has been shown to re-
present the mainstay of noninvasive evaluation of the
cirrhotic liver, with higher sensitivity than CT for the
detection of HCC (77%-100% and 68%-91% respec-
tively)”®, independent of lesion size.

MR imaging also provides high soft-tissue contrast,
improving both lesion detection and characterization.
Multiparametric data can be obtained through T1-
weighed (T1-WI) and T2-weighted (T2-WI) sequences,
functional sequences [diffusion-weighted imaging
(DWI)], and contrast uptake. The increasingly frequent
integration of hepatobiliary contrast agents in MR
imaging protocols is emerging as the foremost method
in the diagnosis and staging of HCC.

Imaging criteria for the diagnosis of HCC are based
on the hemodynamic features of the nodule (arterial
hyperenhancement and venous/delayed washout)™.
Thus, precise timing of the arterial phase is crucial for
optimal HCC detection. Subtle arterial enhancement
may be detected using post-processed subtraction
arterial images, which are especially useful for nodules
with intrinsic high T1 signal intensity™™. Imaging plays
an important role in the differentiation of HCC from
nonmalignant cirrhosis-associated nodules, (e.g.,
regenerative nodules, low-grade dysplastic nodules,
high-grade dysplastic nodules) and non-hepatocellular
malignancies that may occur in the cirrhotic liver, mainly
intrahepatic cholangiocarcinoma (ICC), which account

for up to 5% of cancers in cirrhotic patientst”.
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Recent recommendations by the American Asso-
ciation for the Study of Liver Diseases (AASLD) state
that, among patients at risk, the non-invasive diagnosis
of HCC can be confidently made if a nodule larger than
10 mm shows the typical hemodynamic features of HCC
on either CT or MRI", The current diagnostic approach
has been structured in clinical practice guidelines and
includes biopsy of suspicious hepatic lesions that do
not meet typical HCC imaging criteria””. Nevertheless,
biopsy comprises specific drawbacks including high
interobserver variability among pathologists when
interpreting small hepatic nodules in cirrhotic livers, and
possible risks and complications such as needle track
seeding and hemorrhage®..

Organizations such as the AASLD, the European
Association for the Study of the Liver (EASL) or the
Organ Procurement and Transplantation Network (OPTN),
have defined rigid and highly specific criteria for the
diagnosis of HCC, which are credited to a shift in tumor
blood supply from primarily portal venous to primarily
arterial branches, recruited during neoangiogenesis. As
a result, hyperenhancement relative to the background
liver parenchyma is observed in the arterial phase™",
and as blood typically passes through HCCs into the
venous outflow more rapidly than normal hepatic
parenchyma, a characteristic “washout” appearance
(tumor hypoenhancement in comparison to the liver
parenchyma in the portal venous or delayed phase)
may also be detected”'"*? (Figure 1). The combination
of arterial hyperenhancement followed by washout in the
portal venous/delayed phase has a sensitivity ranging
between 64%-89%, specificity of 96% and positive
predictive value of 93% for the diagnosis of HCC among
patients at risk™?.

The capsule appearance is another important
feature considered by some guidelines and attributed
to compressed parenchyma, fibrosis, dilated sinusoids/
blood vessels around the mass, or a combination of the
above characteristics, which are observed in advanced
HCCs (Figure 1). A peripheral rim of smooth and pro-
gressive enhancement with hyperenhancement in the
portal venous or delayed phase can be seen. In at-risk
patients, the capsule appearance holds a high positive
predictive value for HCC, with specificity reportedly
ranging between 83%-96%. However, sensitivity is only
moderate, ranging between 43%-55%""*'". The capsule
appearance should not be mistaken for peripheral
enhancement of ICC and fibrous tissue surrounding
cirrhotic nodules. Even in the absence of a typical
washout appearance, the combination of arterial phase
hyperenhancement and capsule appearance strongly
suggests the diagnosis of HCC** (Figure 2). Zhang et
al'® showed that CT against MR produced false-negative
findings of pseudo-capsule by 42.9%, with subsequent
underestimation of LI-RADS scores by 16.9% for LR-3,
37.3% for LR-4, and 8.5% for LR-5. Corwin et a/''”’
compared CT and MR in grading LI-RADS and reported
that 42% of the findings were upgraded on MRI when
compared with CT. Nearly one-third of the upgrades
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Figure 1 Classical hepatocellular carcinoma, in a patient with hepatitis B infection. Pre-contrast (A) and post-contrast fat-suppressed 3D-GRE T1-weighted
images during the late hepatic arterial (B) and delayed phases (C, D), respectively, diffusion weighted image (DWI) (B = 600); (E) and ADC map (F). A nodular
lesion is depicted in the right liver lobe with mildly low T1 signal intensity (arrow, A) that shows hyperenhancement in the late arterial phase (B) and washout and
pseudocapsule enhancement in the delayed phases (C, D). Note the bright signal intensity on the B was 600 of the DWI sequence (E) and low signal on the ADC map
(F) consistent with restriction to diffusion. These are typical hepatocellular carcinoma (HCC) findings in a patient at risk for HCC.

Figure 2 Late capsular enhancement/capsule appearance. Fat-suppressed T2-weighted image (A), and pre- (B) and post-contrast fat-suppressed 3D-GRE T1-
weighted images during the late hepatic arterial (C) and delayed phases (D). There is a 3 cm nodule in the right hepatic lobe, which demonstrates mildly high T2 signal
intensity (arrow, A) and near iso T1 signal intensity on precontrast T1-weighted images (arrow, B). Arterial hyperenhancement is seen (C) and in the delayed phase, the
nodule becomes isointense compared to the background liver, without definite washout (D). A thin peripheral rim of smooth hyperenhancement is seen in the delayed
phase (D). Note that despite the lack of delayed washout the presence of late capsule enhancement allows a confident diagnosis of hepatocellular carcinoma.

were to categories 4, 5, or 5 V. This was mainly due to addition to major imaging features (wash-in, washout
the detection of arterial hyperenhancement or a delayed and peripheral capsule) LI-RADS, contrary to other

enhancing capsule not previously recognized on CT™., classification systems, uses ancillary imaging features to
The American College of Radiology (ACR) developed adjust the LI-RADS category. Ancillary imaging features
LI-RADS with the purpose of improving standardization result due to a combination of radiologists’ experience

in the performance and interpretation of CT and MRI and the necessity to complement a diagnosis in cases
for the diagnosis of HCC among high-risk patients*®. In where typical dynamic characteristics are lacking.
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Table 1 Hepatocellular carcinoma non-specific features suggesting malignancy

Feature Critical details

Mild to moderate T2 hyperintensity Well-differentiated HCCs and small moderately differentiated HCCs can be iso or hypointense in T2-WI
Metastasis and ICC can show mild to moderate T2 hyperintensity
Cirrhotic parenchyma may show restricted diffusion (due to abundance of fibrotic tissue)
Various HCCs, especially those < 20 mm, tend not to show diffusion restriction
Applicable in the setting of fatty liver infiltration
Must be differentiated from hepatic fat sparing areas

Applicable in the setting of iron-overloaded liver
May also be observed in other malignancies such as ICC and non-malignant processes such as confluent fibrosis
Diameter increase less than threshold growth Defined by a diameter increase of a lesion by a minimum of 5 mm, = 50% over < 6 mo or = 100% over > 6 mo
Corona (peri-lesional) enhancement May also be found in other hypervascular lesions, such as metastasis

Usually not present in early stage HCCs

Restricted diffusion
Lesional fat sparing

Lesional iron sparing

HCC: Hepatocellular carcinoma.

Table 2 Hepatocellular carcinoma specific features suggesting malignancy

Feature

Critical details

Intra-lesional fat

Characteristic of early HCC;

Exception: Steatohepatitic variant of HCC, which may exhibit marked intralesional fat even if they represent progressed cancer

Nodule-in-nodule architecture

“Subnodule” corresponding to the HCC typically shows enhancement characteristics similar to other HCCs;

“Parent” nodule is typically hyperintense on T1-WI, hypointense on T2-WI and hypo- or isoenhancing on the arterial

Mosaic architecture

phase (atypical of HCC)

Extremely unusual in other tumors;

Uncommon in small HCCs;

May be helpful for the diagnosis of large hypovascular HCCs
Associated with HCC expansion;

Blood products

Previous biopsy should be discarded

HCC: Hepatocellular carcinoma.

Although they modify the likelihood of HCC, in isolation,
they do not allow for the reliable categorization of
observations. Ancillary features have been described and
included in the LI-RADS v2014 classification system™?.
Some of these features are specific to MRI, and those
that are common to both CT and MRI are generally
more easily identifiable on MRI. Ancillary features can be
divided into those that favor the diagnosis of benignity
and those that favor malignancy, the latter being further
subdivided into non-specific and specific to HCC"*!, The
different LI-RADS categories: LR-1 (definitely benign),
LR-2 (probably benign), LR-3 (indeterminate probability
of HCC), LR-4 (probably HCC), and LR-5 (definitely HCC)™
are based on the combination of major and/or ancillary
imaging features favoring benignity or malignancy. As a
rule, ancillary features may be used at the radiologist’s
discretion for improved detection, increased confidence,
or category adjustment. For category adjustment, one or
more ancillary features favoring malignancy may upgrade
category up to LR-4, but cannot be used to upgrade a
lesion to a LR-5 category™.,

LI-RADS, like any other imaging-based diagnostic
systems, do possess limitations and problems that
need to be addressed. Nevertheless, LI-RADS is
being continually refined and updated in response to
advances in research and technology. At its current level
of development, LI-RADS are mainly used to separate
the diagnosis of HCC (LR-5) and non-HCC nodules
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(LR-1 and 2). Another very important application is
reserved for LR-4 and LR-3 categories, specifically to
adapt patient management, including adopting a more
aggressive approach or undergoing elective biopsy
among patients with ancillary findings that favor HCC or
malignancy.

In this article, we will review and illustrate each
of the different ancillary MRI findings of malignancy
by subdividing them into: (1) Non-specific features
suggesting malignancy, i.e., those that may be frequently
found among other malignancies (Table 1); and (2)
HCC-specific features suggesting malignancy, which are
mostly found in HCCs (Table 2).

NON-SPECIFIC FEATURES SUGGESTING
MALIGNANCY

Mild to moderate T2 hyperintensity

Mild or moderate T2 hyperintensity comparing to the
liver is highly suggestive of malignancy (Figure 2)™,
Cirrhotic and dysplastic nodules are characteristically
iso or hypointense on T2-WI, and only very rarely
appear mild/moderately hyperintense. This feature can
be useful for the differentiation between a dysplastic
nodule and a small HCC, especially when the latter
presents as a hypervascular nodule without washout
(Figure 3). HCCs tend to show minimal to mildly
increased signal intensity on T2-WI, with specificity and

February 28, 2018 | Volume 10 | Issue 2 |



Campos-Correia et a/. MRI Ancillary features used in LI-RADS

Figure 3 Small hepatocellular carcinoma without washout. T2-weighted image (A), and post-contrast fat-suppressed 3D-GRE T1-weighted images during the late
hepatic arterial (B) and delayed phase (C). A small nodule with mild signal increase on T2 weighed image is seen in the right liver lobe (A). It shows intense increased
arterial hyperenhancement (arrow, B) and fading in subsequent phases without a clear washout in the delayed phase (C).

a positive predictive value ranging between 73%-100%
and 72%-100% respectively!******), The addition of T2-
WI hyperintensity to the AASLD criteria improved the
detection rate of HCC, especially in nodules < 20 mm,
by increasing sensitivity from 67.6% to 79%%%*, Sofue
et al*? evaluated the imaging features in MRI associated
with the upgrade to a LI-RADS 5 category and verified
that the risk factors in the 56 LR-4 observations, which
were upgraded to LR-5, included mild to moderate T2
hyperintensity (P < 0.001) and growth (P < 0.001).
Hyperintensity on T2-WI and DWI could also be useful
in differentiating hypovascular HCCs from dysplastic
nodules, which are perceived as hypointense nodules in
the hepatobiliary phase™,

Mild T2 hyperintensity may also have prognostic
value, being found in 77% of HCCs larger than 30
mm"’. However, many well-differentiated HCCs and
some small, moderately differentiated HCCs can be
iso or hypointense in T2-WI, and both metastasis and
intrahepatic cholangiocarcinomas (ICC) can show mild
T2 hyperintensity"”.

Restricted diffusion

DWI has been increasingly used as a cancer-imaging
tool in clinical practice. DWI measures the random
motion of water molecules inside a voxel of tissue.
DWI hyperintensity (relative to liver parenchyma) is
expected within an HCC due to its highly cellular tissue
(see Figure 1)P?%. In contrast, benign nodules usually
present a similar microstructure to their surrounding
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tissues, and therefore free water movement is
preserved. As such, DWI may be useful in detecting
HCC amongst benign nodules and arterially enhancing
pseudolesions, predicting histological grade, and
assessing response to treatment, since treatment-
induced necrotic and inflammatory tissue result in a
loss of cellular density and an increase in membrane
permeability with subsequent diminished restriction to
diffusion®*,

Some studies compared the HCC diagnostic
sensitivity and specificity of DWI and contrast-enhanced
sequences, reporting lower sensitivity of DWI for lesions
< 20 mm and similar results for lesions > 20 mm*>?%,
However, all reports seemed to agree that DWI, as a
diagnostic criterion for HCC, improved the sensitivity
of conventional MRI, and the greatest benefit lied
in the combined use of both (pooled sensitivity and
specificity: 93% and 84% combined, respectively)®”
(Figure 4). However, cirrhotic parenchyma may itself
show restricted diffusion, presumably owing to the
abundance of fibrotic tissue, which results in reduced
HCC conspicuity in DWI™,

The limitation of this feature is its sensitivity, since
many HCCs, especially those smaller than 20 mm, do
not tend to show restricted diffusion.

Lesional fat sparing

In patients at risk of HCC with fatty liver infiltration, if
a suspicious lesion has a lower fractional fat content
than that of the background liver, then it is an ancillary
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Figure 4 Small hepatocellular carcinoma. Fat-suppressed T2-weighted image (A), diffusion-weighted image (DWI; B = 600) (B), and hepatobiliary contrast
enhanced (gadobenate dimeglumine) fat-suppressed 3D-GRE T1-weighted images in the late hepatic arterial (C), delayed (D), and hepatobiliary phases (E). A small
nodule in the right hepatic lobe is seen, showing near isointense signal on T2- weighted image (A) and mild high signal intensity on DWI (arrow, B). An increased
arterial enhancement is seen (arrow, C), fading out in the delayed phase (D) and decreased uptake on the hepatobiliary phase (arrow, E). These findings are
suspicious for malignancy. This nodule was ablated and histologically proven HCC.

feature favoring HCC (Figure 5). However, this only
applies in the presence of fatty liver infiltration, and
must be differentiated from hepatic fat sparing areas
by way of confirmation of the different enhancement
pattern from that of background liver, which is better
performed using subtraction technique®>*,

Lesional iron sparing

As with lesional fat sparing, the absence of iron deposi-
tion in a suspicious lesion within an iron-overloaded
liver parenchyma is highly suggestive of premalignancy
or malignancy, since high-grade dysplastic nodules and
HCC cells lose the ability to concentrate iron (Figure 6).
This feature applies only to solid masses appearing in
iron-overloaded livers that unequivocally have a lower
fractional iron content than background liver. Liver
iron deposition can be shown as signal loss on the
second echo of a dual-echo sequence or as abnormal
hypointensity on T2 or T2*-weighted images'™'>**!, MRI
is more sensitive and specific in detecting lesional iron
sparing than CT".. A limitation of this feature is that
it is only relevant to solid nodules found in iron-over-
loaded livers and not specific to HCC, as it may also be
observed in other malignancies, such as ICC, and non-
malignant processes such as confluent fibrosis'".

Hepatocyte-specific/ hepatobiliary contrast agents
Hepatobiliary contrast agents (HSA) have been in-

Baishidenge ~ WIR | www.wjgnet.com

14

creasingly recognized as an important tool for HCC
diagnosis. Hepatocyte-specific MR contrast agents
initially distribute in the extracellular fluid compartment,
allowing for multiphasic dynamic post-contrast imaging,
which is comparable to extracellular agents. They are
subsequently taken up by functioning hepatocytes
and excreted in bile, allowing for a late hepatobiliary
phase (HBP) acquisition®?**), Due to the action of
cellular membrane transporters named Organic Anionic
Transporting Polypeptides (OATP) and Multidrug
Resistance-associated Proteins (MRPs), only normal
functioning hepatocytes take up HSA and excrete them
into the biliary tree. In hepatobiliary phase images, both
the liver and the bile ducts appear markedly enhanced.
Blood vessels, as well as all non-hepatocellular
lesions and lesions with impaired hepatocytes appear
hypointense™,

Two HSAs are currently available: Gadoxetic acid
disodium (Eovist®/Primovist®; Bayer Healthcare)
and gadobenate dimeglumine (MultiHance®; Bracco
Diagnostics). Gadoxetic acid is highly liver-specific
with approximately 50% of the injected dose taken
up by functioning hepatocytes and excreted in bile,
allowing for delayed uptake imaging within 20 min
from the time of injection, compared to the uptake
of 3%-5% for gadobenate dimeglumine, which
allows for delayed uptake imaging within 2-3 h®?%,
Gadoxetic acid is currently widely used due to the rapid
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Figure 5 Lesional fat-sparing, in a case of multifocal hepatocellular carcinoma in a cirrhotic liver. Dual echo in- (A) and out-of-phase (B) 2D-GRE T1 weighted
images, post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic arterial (C) and delayed phase (D). In a patient with cirrhosis and fatty
infiltration, perceived as loss of signal intensity in the out-of-phase images (B) in comparison with the in-phase images (A), three lesions with lower fractional fat
content than the background liver are seen with higher signal intensity (arrows, B). These lesions show arterial hyperenhancement (C) and washout and late capsule

enhancement in the delayed phase (arrows, D), consistent with HCCs.

acquisition of HBP images (10-20 min after contrast
injection) and more intense HBP enhancement!®,
The aforementioned differences in biliary elimination
of gadoxetic acid compared to other contrast agents
affect lesion appearance, and consequently image
interpretation. Despite the advantages of lesion
detection and characterization, it may also generate new
pitfalls in imaging interpretation, which are related to
the less favorable behavior as an extracellular agent,
and the “pseudowashout” phenomenon observed in
benign lesions. Generally, washout is synonymous with
malignant lesions, particularly certain hypervascular
metastases and HCC, but when gadoxetic acid is used,
the “pseudowashout” phenomenon may, in lesser-
experienced hands, lead to misinterpretation of benign
lesions as malignant. This agent does not provide a
conventional delayed vascular phase, instead it provides
a transitional phase that overlaps the portal venous and
the hepatobiliary phase (transition from extracellular-
dominant to intracellular-dominant enhancement),
leading to intense hepatic parenchymal enhancement
in late dynamic postcontrast phases. Therefore, hypo-
intensity relative to the liver in the transitional phase
may reflect hyperenhancement of the liver rather than
lesion washout!®*®,

As OATP expression decreases during hepato-
carcinogenesis, iso signal intensity (SI) to high SI on
HBP images is generally suggestive of benign lesions
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(RNs or low-grade DNs), whilst low SI on HBP images
is a strong predictor of premalignancy or malignancy
(high-grade DNs or HCCs)"****!, When it comes to HBP
images, most HCCs, including many early-stage HCCs,
usually express low SI in strongly enhanced normal
hepatic parenchyma due to the absence of functioning
hepatocytes or decreased expression of OATP. One
important benefit of the hepatobiliary phase is that it
helps to distinguish arterially enhancing pseudolesions
(such as arterio-portal shunts) from HCC, and identify
early HCCs that are frequently isoenhancing in the
vascular phases, and cannot therefore be reliably
detected with the help of extracellular agents!’.
Nevertheless, approximately 10%-12% of HCCs show
high SI on HBP images. These usually represent
well-differentiated HCCs that may retain enough
hepatocellular and OATP expression to allow the uptake
of hepatobiliary-specific agents'”*%*’,

Advanced cirrhosis may also limit the detection of
early HCC when using gadoxetic acid-enhanced MRI due
to compromised uptake of hepatobiliary-specific agents
by damaged hepatocytes, resulting in a decreased
distinction between the background liver parenchyma
and the lesion (Figure 7).,

The combination of routine dynamic and hepa-
tobiliary imaging has been reported to be both sensitive
and specific to HCC, with two recent meta-analyses
describing a pooled sensitivity of 91% and specificity of
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Figure 6 Lesional iron sparing. Pre-contrast (A) and post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic arterial (B) and delayed (C)
phases. An iron-overloaded cirrhotic liver shows marked signal loss on T1-weighted images. A non-siderotic nodule is seen in the right liver lobe (arrow, A). Dynamic
evaluation is limited and does not allow a confident diagnosis of hepatocellular carcinoma (HCC). This nodule underwent biopsy and HCC was confirmed.

Figure 7 Small hepatocellular carcinoma in a patient with chronic liver disease and a previous left hepatectomy. Pre- (A) and post-contrast (gadoxetate
disodium) fat-suppressed 3D-GRE T1-weighted images in the arterial (B), delayed (C) and hepatobiliary phases (D). A small HCC is shown in segment VIII displaying
mild low T1 signal intensity (arrow, A), arterial hyper-enhancement (arrow, B) and no appreciable washout on the delayed phase (arrow, C). Low signal intensity is
noted on the hepatobiliary phase (arrow, D). This example proves the benefit of hepatobiliary contrast agents in further characterization of liver nodules in the setting
of chronic liver disease.

939,123, sitive, marker for microvascular invasion; the authors

Peri-tumoral hypointensity seen on gadoxetic acid- attributed this phenomenon to altered expression of
enhanced hepatobiliary phase images was also seen in OATP or MRP2 receptors in the hepatic parenchyma
a retrospective study to be a specific, although insen- caused by hemodynamic changes associated with tumor
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Figure 8 Corona enhancement. T2-weighted image (A), unenhanced in-phase T1-weighted GRE images (B), and post-contrast fat-suppressed 3D-GRE T1-
weighted images during the late hepatic arterial (C) and delayed phases (D). A small nodule in the right hepatic lobe with near isointense T2 signal (A) and iso to
hypointense T1 signal (B) shows heterogeneous arterial ring-like enhancement in the arterial phase. Enhancement of the peri-lesional parenchyma is recognized (arrow,
C). This transient enhancement is known as corona enhancement and suggests a more aggressive course. Washout is seen on delayed phase images (D).

obstruction of minute portal veins™".

Therefore, gadoxetic acid-enhanced MRI has a higher
sensitivity with regard to the diagnosis of HCC, (especially
for lesions < 20 mm), improves the characterization of
arterially enhancing lesions that do not exhibit definite
washout on subsequent imaging, helps differentiate
arterially enhancing pseudolesions from HCC (Figures
4 and 7), and aids in the detection of lesions that are
isointense to the background hepatic parenchyma on
all other sequences, but has a high risk of transforming
into hypervascular HCCs®*%,

Diameter increase less than threshold growth
HCCs frequently pose diagnostic dilemmas due to
differences in technique between the two subsequent
examinations and measurement inequalities, hence
rendering an increase in diameter, which is often difficult
to ascertain.

Using the LI-RADS guidelines, the threshold growth
is defined by a diameter increase of a lesion by a
minimum of 5 mm, of = 50% over < 6 mo, or =
100% over > 6 mo™. A new lesion measuring = 10
mm also represents threshold growth, regardless of
the time interval. These are major features of HCC. An
increase in diameter less than the threshold growth is
an ancillary feature that favors HCC. However, LI-RADS
do not stipulate a minimum increase in diameter for its
use as an ancillary feature. A note should be made that
when measuring lesion diameter, the largest dimension
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should be used, i.e., outer edge to outer edge- and
it should be measured in the sequence, phase, and
imaging plane in which the margins are most sharply
defined, and in which there is no (or less) anatomic
distortion (preferably not in the arterial phase, due to
the possible presence of peri-lesional enhancement).

Corona (peri-lesional) enhancement

Corona enhancement is defined as a zone (or rim)
of peri-lesional enhancing parenchyma seen in hyper-
vascular and progressed HCC in the late arterial or early
portal venous phase, which fades to isoenhancement in
the subsequent phases (Figure 8)"°\. It represents the
rapid drainage of contrast material from the arterially
hyperenhancing lesion to the peri-tumoral parenchyma,
carried by the tumor draining vessels, just a few
seconds after the tumor itself begins to enhance'**.,

This feature is not specific to HCC, since it may
also be found in other hypervascular lesions, such as
metastasis. However, its presence may be useful in
distinguishing between small HCCs and vascular pseudo-
lesions (e.g., arterio-portal shunts).

Corona enhancement may also have some pro-
gnostic value as it is not usually present in early stage
HCCs, which have hepatic vein drainage, but in less
differentiated lesions. In addition, some studies have
suggested that large, irregular or distorted corona
enhancement predicts microvascular invasion®*,
Metastatic satellite nodules and local recurrences after
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Figure 9 Intra-lesional fat in early hepatocellular carcinoma. Dual echo in-phase (A) and out-of-phase (B) GRE T1 weighted images, and post-contrast fat-
suppressed 3D-GRE T1-weighted images during late hepatic arterial (C) and delayed phase (D). A nodule is seen in the left hepatic lobe, which demonstrates intrinsic
mild increased T1 signal on the in-phase images (arrow, A) and loss of signal on the out-of-phase images (arrow, B). This nodule shows heterogeneous mildly arterial

hyperenhancement (arrow, C) and no washout is appreciable (arrow, D).

resection or ablation also frequently develop corona-like
enhancement areas®®".,

In lesions with diffuse arterial phase hyperenhance-
ment, corona enhancement and capsule appearance
may overlap in imaging. If rim enhancement occurs
in the arterial phase or portal venous phase and sub-
sequently fades in later phases, it is suggestive of corona
enhancement. If rim enhancement increases in portal
venous phase and delayed phase, it suggests capsule
appearance™,

HCC-SPECIFIC FEATURES SUGGESTING
MALIGNANCY

Intralesional fat

Intra-lesional fat indicates the presence of fat in
higher concentration within a lesion than background
liver tissue. Fatty metaplasia is frequently histologically
observed in early HCCs, and its detection in imaging
favors this diagnosis (Figure 9). It has, however,
limited sensitivity, ranging from 12%-37% in reported
series!™**, Furthermore, its specificity is only moderate,
ranging from 68%-91%"**!, so it cannot be used to
establish the diagnosis of HCC, since high-grade and
occasionally low-grade dysplastic nodules also show
intralesional fat'®'%, Nevertheless, in a high-risk patient,
the identification of intralesional fat in a suspicious nodule
raises concems about malignancy or premalignancy and
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should prompt, at least, a closer follow-up™®*>**,

The evaluation of intralesional microscopic and
macroscopic fat can be achieved using T1 weighted
“in and out of phase” chemical shift imaging and fat-
suppressed images respectively (Figure 10). Whether
the lesion has a higher fractional fat content than
the liver or its enhancement is different from that of
background liver parenchyma must be confirmed by
the presence of hepatic steatosis!'%*>**,

As it is characteristic of early but not progressed
HCC, intralesional fat may also have prognostic value.
It generally denotes a longer time for progression and
a lesser risk of developing metastases than non-fat-
containing HCCs!*?,

The steatohepatitic variant of HCC, a newly described
variant, however, is an exception. Strongly associated
with underlying steatohepatitis and metabolic syndrome,
steatohepatitic HCCs may exhibit marked intralesional
fat even if they represent progressed cancers with an
advanced tumoral grade**®,

Remarkably, in a cirrhotic liver, the presence of intra-
lesional fat in a single nodule is characteristic of early
HCC, especially if larger than 15 mm (Figure 9). On the
other hand, it is an unspecific finding, since low and
high-grade dysplastic nodules may also contain fat.
In addition, the presence of numerous fat-containing
nodules measuring < 10 mm is suggestive of a benign
nature®®” (Figure 11).
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Figure 10 Fatty hepatocellular carcinoma. Dual echo in-phase (A) and out-of-phase (B) GRE T1 weighted images and post-contrast fat-suppressed 3D-GRE T1-
weighted images during late hepatic arterial (C) and delayed phase (D). A right hepatic lobe nodule shows loss of signal intensity on the out-of-phase (arrow, B) in
comparison with the in-phase (A) images. This nodule shows heterogeneous arterial hyperenhancement (arrow, C) and a clear washout is appreciable (D) in keeping

with fatty hepatocellular carcinoma.

Figure 11 Fat-containing regenerative nodules. Dual echo in-phase (A) and out-of-phase (B) GRE T1 weighted images. The presence of numerous fat-containing

nodules measuring less than 10 mm is highly indicative of benign nature.

Nodule-in-nodule architecture

This finding represents the development of a progressed
HCC within a dysplastic nodule (Figure 12). The
“subnodule” corresponding to the HCC typically exhibits
enhancement characteristics similar to other HCCs. The
surrounding “parent” nodule, corresponding to more
well-differentiated tissue, is typically hyperintense in T1-
WI, hypointense in T2-WI and arterial phase hypo- or
isoenhancing, which is atypical of HCC.

Fat or iron deposition can also occur in the parent
nodule, and less frequently in the subnodule, reflecting
the inability of neoplastic hepatocytes to concentrate
iron and fat™***!, To our knowledge, its sensitivity to HCC
diagnosis has not yet been defined, but it constitutes an
uncommon finding in CT or MRI, and its value is therefore
unclear.
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Mosaic architecture

Mosaic architecture refers to the presence of randomly
distributed internal nodules, or compartments, differing
in enhancement, intensity, shape and size and often
separated by fibrous septations!’***!, Among high-
risk patients, most lesions with mosaic architecture
represent HCCs; this feature being more characteristic
of large HCCs. Although heterogeneity is a common
characteristic of many liver lesions, mosaic architecture
is extremely unusual in other tumors!”.

Care must be taken, however, to differentiate
mosaic architecture from intralesional necrosis, which
manifests as hyperintensity on T2-WI®®. In addition,
the incremental value of this feature relating to HCC
diagnosis may be modest because it is uncommon in
small HCCs. Some authors have studied the accuracy of
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Figure 12 Nodule-in-nodule architecture. Fat-suppressed T2-weighted image (A), pre- (B) and post-contrast fat-suppressed 3D-GRE T1-weighted images during
the late hepatic arterial (C) and delayed phases (D). A small nodule within a larger nodule is seen in the right liver lobe (arrow A, B) showing distinct mild high signal
intensity on the T2-weighted image (arrowheads, A), heterogeneous arterial hyperenhancement (arrowhead, C) and subtle washout (arrowhead, D). This imaging
appearance is highly suggestive of a progressed hepatocellular carcinoma within a dysplastic nodule.

Figure 13 Mosaic architecture. Fat-suppressed T2-weighted image (A), pre (B) and post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic
arterial (C) and delayed (D) phases. A large mass showing randomly distributed internal compartments with different signal intensities on the T2 weighed image (A) and
variable enhancement patterns on the late arterial (C) and delayed phases (D). This is an extremely unusual feature in non- hepatocellular carcinoma (HCC) tumors. In
large, arterial hyperenhancement might be more difficult to recognize and as in this case and the presence of mosaic architecture aids in the diagnosis of HCC.

this finding and have reported a sensitivity of up to 63%
(in studies with limited population), and more recently
of up to 31% using conventional MR sequences?*%*!],
Nonetheless, this feature may be helpful for the diagnosis
of large hypovascular HCCs in which arterial hyperen-
hancement is often more difficult to appreciate (Figure
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13) and is also being recognized for its prognostic value®,

Blood products

The presence of intralesional or peri-lesional hemorrhage
in the absence of previous biopsy, intervention or
trauma is also an ancillary feature favoring HCC, as
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Figure 14 Blood products in a large hepatocellular carcinoma. Fat-suppressed T2-weighted image (A), pre- (B) and post-contrast fat-suppressed 3D-GRE T1-
weighted images during the late hepatic arterial (C) and delayed (D) phases. Intralesional areas of high T1 signal intensity images (B) and predominantly low T2
signal intensity (A) can be seen. Thick intralesional arteries are appreciated during the arterial phase (C) and delayed washout and capsular enhancement is also

demonstrated (D) in keeping with partly hemorrhagic HCC.

it is associated with HCC expansion®**!. In MRI, blood
products usually manifest as areas with predominantly
high signal intensity on T1-WI and heterogeneous, and
predominantly low signal intensity on T2-WI. Due to
T2* shortening, there may be signal loss on the second
echo of a dual-echo gradient-echo sequence!® (Figure
14). Chen et al*® reported a sensitivity of 64% for
intralesional hemorrhage in HCC diagnosis.

CONCLUSION

Gadolinium-enhanced MR imaging has become the non-
invasive method of choice for HCC diagnosis among
patients at risk. Arterial wash-in and portal or delayed-
phase washout allows for a precise diagnosis, discarding
the need for histologic confirmation. However, the
diagnosis may be challenging in the absence of typical
dynamic features. This is even more important when
early diagnosis is critical in the management of HCC
patients. In this setting, ancillary imaging features may
provide additional information, which can be used for
further lesional characterization, and hence increase
diagnostic sensitivity. These include non-specific
features suggesting malignancy (mild-moderate T2
hyperintensity, restricted diffusion, lesional fat sparing,
lesional iron sparing, a diameter increase less than
threshold growth and corona enhancement) and HCC-
specific features suggesting malignancy (intra-lesional
fat, nodule-in-nodule architecture, mosaic architecture
and the presence of blood products). Recognition of
these features is extremely important for practicing
radiologists.
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Abstract

AIM

To examine effects of computed tomography (CT)
image acquisition/reconstruction parameters on clot
volume quantification /n vitro for research method
validation purposes.

METHODS

This study was performed in conformance with HIPAA
and IRB Regulations (March 2015-November 2016). A
ten blood clot phantom was designed and scanned on
a dual-energy CT scanner (SOMATOM Force, Siemens
Healthcare GmBH, Erlangen, Germany) with varying
pitch, iterative reconstruction, energy level and slice
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thickness. A range of clot and tube sizes were used
in an attempt to replicate /7 vivo emboli found within
central and segmental branches of the pulmonary
arteries in patients with pulmonary emboli. Clot volume
was the measured parameter and was analyzed by a
single image analyst using a semi-automated region
growing algorithm implemented in the FDA-approved
Siemens syngo.via image analysis platform. Mixed
model analysis was performed on the data.

RESULTS

On the acquisition side, the continuous factor of energy
showed no statistically significant effect on absolute
clot volume quantification (# = 0.9898). On the other
hand, when considering the fixed factor of pitch, there
were statistically significant differences in clot volume
quantification (P < 0.0001). On the reconstruction
side, with the continuous factor of reconstruction slice
thickness no statistically significant effect on absolute
clot volume quantification was demonstrated (P =
0.4500). Also on the reconstruction side, with the fixed
factor of using iterative reconstructions there was also
no statistically significant effect on absolute clot volume
quantification (P = 0.3011). In addition, there was
excellent R’ correlation between the scale-measured
mass of the clots both with respect to the CT measured
volumes and with respect to volumes measure by the
water displacement method.

CONCLUSION

Aside from varying pitch, changing CT acquisition para-
meters and using iterative reconstructions had no
significant impact on clot volume quantification with a
semi-automated region growing algorithm.

Key words: Computed tomography angiography;
Radiographic phantom; Computer-assisted image
analysis; Pulmonary embolism; Thrombolytic therapy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This /n vitro study showed that with the
exception of pitch, varying the computed tomography
pulmonary angiography image acquisition parameters
and using iterative reconstructions had no significant
impact on clot volume quantification when using
a semi-automated region growing algorithm. This
finding is applicable to validating core lab analysis
in multicenter clinical trials with imaging endpoints,
where a wide range of acquisition and reconstruction
parameters are used.

Kaufman AE, Pruzan AN, Hsu C, Ramachandran S, Jacobi A,
Fayad ZA, Mani V. Effect of varying computed tomography
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INTRODUCTION

Pulmonary embolism (PE) occurs in greater than one
third of patients with deep venous thrombosis, and
together the two disease states are termed venous
thromboembolism™. In the United States, venous
thromboembolism occurs with an average annual
incidence of greater than 275000 among white people
of predominantly European ancestry and African
Americans combined™. With its high mortality rate, PE
represents the most significant sequela of deep venous
thrombosis®®*.

In clinical practice, computed tomography (CT)
Pulmonary Angiography (CTPA) is commonly performed
as it has been shown to help with risk stratification
of PEP”. Clot burden is not used as a diagnostic
or prognostic tool in clinical practice. However,
quantification of clot burden is used in research to
assess the efficacy, potency and optimal duration of
pharmaceuticals such as thrombolytics'™.

In vivo quantification of clot burden can be
performed using CTPA and segmenting the non-
enhanced thrombus using semi-automated region
growing algorithms™. The effects of various imaging
parameters both on the CT acquisition side (energy,
pitch) as well as reconstruction side (slice thickness,
iterative reconstruction) on the quantification of
pulmonary embolism measurements have not been
studied extensively. Thus, the purpose of this study is
to examine the effects of varying CT image acquisition
and reconstruction parameters on the quantification
of clot volumes in vitro with the goal of solidifying this
method as a means of measuring in vivo thrombus
volume in PE. This study has not been performed for
clinical diagnostic or primary therapeutic purposes, but
rather the sole intention of this study is for research
purposes where clot burden and its change over time
are utilized as endpoints in clinical drug trials. There is
value in determining this because in multicenter clinical
trials involving imaging endpoints there can be great
variability in methods of acquisition and reconstruction.
The overall objective is to confirm viability of this method
in multicenter clinical pharmaceutical trials where site-
to-site variability in parameters is common.

MATERIALS AND METHODS

Ten clots of varying sizes were created in test tubes
by allowing venous blood to coagulate by exposure to
air. The purpose of making ten clots was to replicate
various sized emboli found in vivo. Each clot was
weighed on a laboratory precision scale and assessed
for volume using the water displacement method
and graduated cylinders. The clots were imaged in
Falcon tubes and test tubes of varying diameters filled
with a diluted solution of Isovue 370 (1:25 volume in
saline to simulate typical Hounsfield units of blood in
pulmonary arteries after injection of iodinated contrast
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Figure 1 Photograph of 10 blood clot phantom (A); Volume rendered 3D
reconstructed CT image of 10 blood clot phantom (B); Coronal CT images
of ten blood clot phantom showing in (C) clots numbered 4, 6, 8 and 10, in
(D) clots numbered 3, 5, and 7 and in (E) clots numbered 1, 2 and 9.

in a CTPA scan). All 10 clots in the tubes were scanned
simultaneously on a Siemens Force dual energy CT
scanner (SOMATOM Force, Siemens Healthcare GmBH,
Erlangen, Germany) using various image acquisition and
reconstruction parameters. Figure 1 shows an image
of the clots in the tubes and corresponding sample CT
and Table 1 demonstrates details of the acquisition and
reconstruction parameters.

Analyst 1 (AEK, a board certified diagnostic radio-
logist with six years clinical experience) identified
the 10 individual clots within their respective tubes
within each of the 120 acquisitions. The clot volume
was the measured parameter. Each clot was analyzed
using a semi-automated region growing algorithm
implemented in the FDA approved Siemens syngo.via
image analysis platform. This region growing algorithm
is similar to what has been used in previous studies for
quantification of PE clot volume™ and is also based on
the methods shown in the following papers™®*?. A total
of 1200 volume measurements were made. The results
of the volume water displacement method (with an
average of 5 measurements per clot) were used as the
gold standard comparison with the CT volume data.

A mixed model statistical method was used to
analyze the in vitro data. The discrete factors were pitch
(0.6, 0.9, 1.2) and the Siemens Advanced Modeled
Iterative Reconstruction known as ADMIRE (Yes/No).
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Table 1 Clot scan parameters

Energy (kVp) Pitch Slice thickness (mm) Recon kernel ADMIRE

80 0.6 0.6 Bv36 On
90 0.9 1 Off
100 1.2 1.5

110 2

120

kVp: Peak kilovoltage; Bv: Body vascular; ADMIRE: Siemens Advanced
Modeled Iterative Reconstruction.

The energy level in kVp (80, 90, 100, 110, 120) and
slice thickness in millimeters (0.6, 1, 1.5, 2) were set as
continuous factors. The volume of the clots themselves
was set as a random factor.

Analysis of the in vitro study was performed using
SAS/STAT software, Version 9 of the SAS System
for Windows. ©2013, SAS Institute Inc. SAS and all
other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute
Inc., Cary, NC, United States. All plots were drawn using
GraphPad Prism 7 for Mac, GraphPad Software, San
Diego California, United States, www.graphpad.com.

RESULTS

Analysis of Clot 10 is shown as an example in Figure 2
which illustrates the effects of the varying acquisition
and reconstruction parameters on quantification of clot
volume. In each graph displayed, the y-axis shows
the difference between the measured volume and the
gold standard volume for Clot 10. The x-axis shows
the effect of varying the following: (1) Energy/pitch;
(2) energy/slice thickness; (3) slice thickness/pitch;
(4) energy/ADMIRE; (5) pitch/ADMIRE; and (6) slice
thickness/ADMIRE respectively. The complete analysis
of all ten clots is available in supplementary figures 1-6.

Overall statistical analysis of the raw clot volume
data revealed no statistical significance among the
levels for the fixed factor of ADMIRE (P = 0.3011) nor
for the continuous factors of energy (P = 0.9898) and
slice thickness (P = 0.4500). There was, however,
statistical significance found among the levels for the
fixed factor of pitch (P < 0.0001).

The correlation between the independent measure-
ments of the mass of the clots in grams vs the mean
CT acquired volumes in cubic centimeters appears in
Figure 3 with an excellent R? correlation value of 0.9956.
Additionally, the correlation between the independent
measurements of the mass of the clots in grams vs the
volume by physical measurements in cubic centimeters
(average of 5 measurements) appears in Figure 4 with
an excellent R? correlation value of 0.9987.

DISCUSSION

In this in vitro study, we assessed the effect of a variety
of image acquisition and reconstruction parameters
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Figure 3 Correlation between scale measured mass vs computed
tomography acquired volume of 10 clots with an excellent R? correlation
value of 0.9956.

on volumetric measurements using a phantom of ten
separate blood clots. We used a range of clot and tube
sizes in an attempt to replicate in vivo emboli found
within central and segmental branches of the pulmonary
arteries. The results of our in vitro phantom study
showed that varying the parameters of slice thickness,
energy and ADMIRE caused no statistically significant
differences in measured volumes for all clots in the raw
data analysis. However, varying the pitch demonstrated
statistical significance, specifically that volumes provided
higher estimates for pitch = 0.9 compared to pitch =
0.6 or 1.2. Although this may relate to limitations in the
accuracy of our gold standard, it is recommended to
give protocol guidance to sites to insure accuracy and
repeatability in embolus volume measurements.
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Figure 4 Correlation between scale measured mass vs volume by
physical measurement (cm®) (average of 5 measurements) of 10 clots with
an excellent R’ correlation value of 0.9987.

Radiation dose (tube current-time product in
milliampere seconds) is also inversely related to the
pitch. This may indicate that changing the tube current
and/or using dose modulation may also have an effect
on the quantification of thrombus volume. This effect
was however not explicitly tested and is one of the
limitations of our study'?. With a thorough search
of PubMed (using key words pulmonary; emboli;
PE; impact; energy; kV; CT; volume; quantification;
measurement; reconstruction; density; iterative; angio;
effect; Hounsfield; scan) looking at the impact of scan
and reconstruction settings as they relate to pulmonary
emboli, there was one study of note performed by
Ogden et a'* which showed that varying the strength
of iterative reconstruction causes very little measurable
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effect on density measurement values for varying
concentrations of iodine regardless of beam energy.
This is applicable to the present study as the semi-
automated region growing algorithm in Siemens syngo.
via image analysis platform creates volumetric masks
using region growing based on density measurement
values.

Aside from the pitch setting, the in vitro study
showed no significant impact on clot volume quanti-
fication. This result indicates that measurement of clot
volumes using semi-automated analysis may be robust
across a range of image acquisition and reconstruction
parameters that may typically be used at various
imaging centers in a multicenter study with adequate
control for pitch.

Our study showed reasonable correlation of actual
clot weights vs volumes measured using CT derived
values with R* = 0.9956 (Figure 3) and independently
using the gold standard with R* = 0.9987 (Figure 4). It
should be noted however that the displacement method
for measuring clot volumes in vitro is challenging and
subject to errors of measurement. Additionally, we
compared the individual clot volumes with the mean
of the total CT acquired clot volumes for each clot in
supplementary figures 7-12. In this scenario, none of
the imaging parameters including pitch showed any
significant effect on volumetric quantification further
strengthening the possibility that the results for pitch
being a factor in volume quantification could be due to
inaccurate gold standard clot volume measurements.

Limitations of the study included the failure to
use a “human thorax” phantom, which would have
introduced a varying degree of scatter radiation that
would have possibly affected the images and thus
measurement accuracy. An additional limitation involves
some degree of imprecision of the water displacement
volume analysis of the 10 clots. Also, although we
applied multiple variables including energy, pitch and
reconstruction methods and used a range of clot sizes,
other variables were not included such as additional
reconstruction methods.

In conclusion, the in vitro data showed that with the
exception of pitch, varying the CTPA image acquisition
parameters and using iterative reconstructions had no
significant impact on clot volume quantification.

ARTICLE HIGHLIGHTS

Research background

Pulmonary embolism is a common and serious medical problem often evaluated
using computed tomography (CT) pulmonary angiography. In the clinical setting
the disease course is not followed by embolic volume measurements; however
in clinical pharmaceutical trials, measuring embolic load is useful to assess for
drug efficacy, potency and optimal duration of treatment. Volume measurements
can be made using semi-automated region-growing techniques and the goal of
this study was to assess the accuracy of these measurements.

Research motivation
Our Core Research Imaging Lab group specializes in cardiovascular disease.
Frequently we analyze data coming from multiple outside radiology centers
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where imaging protocols often vary from one site to another. To assess the
validity of region growing volume measurements in CT pulmonary angiography,
we devised this study to assess for significant differences in results with
changes in acquisition and reconstruction of images that often occur in
multicenter studies such as the ones in which we participate.

Research objectives

The overall goal was to validate the imaging assessment methods used in
multicenter clinical trials evaluating treatment options for pulmonary embolism
using CT angiography.

Research methods

In this study ten blood clots were made and each clot was weighed on a
laboratory precision scale and assessed for volume (the gold standard) using
the water displacement method in graduated cylinders. Volume measurements
were made on CT images of the blood clots in test tubes. The CT images
were obtained with varying acquisition and reconstruction parameters and the
clots were placed in diluted contrast material to simulate pulmonary emboli
as they would appear in a CT angiogram. A single image analyst made the
measurements using a semi-automated region growing algorithm using FDA-
approved Siemens syngo.via image analysis platform. A mixed model statistical
analysis was performed on the data.

Research results

Overall the study showed that varying the image acquisition parameters
and using iterative reconstructions had no significant impact on clot volume
measurements with, however, the exception of pitch.

Research conclusions

The new findings of this study are that varying the image acquisition
parameters and reconstructions did not have a significant impact on clot volume
measurements, with the exception of pitch. In terms of pitch, pitch = 0.9 yielded
higher volume measurements than with pitch = 0.6 or 1.2. This could be due
to limitations in the accuracy of our gold standard, yet it is recommended to
give pitch protocol guidance to sites for accuracy and repeatability in volume
measurements. The present study confirms and validates research methods
currently in use. The study found that using data acquired in the multicenter
setting is viable for volume assessment of pulmonary emboli in pharmaceuticals
research and thus, has an important impact on the development of therapies for
this common and severe medical problem.

Research perspectives

Our findings indicate that care must be taken when evaluating data from
multiple centers while evaluating thrombus volume in pulmonary embolism and
appropriate corrections made for differences in acquisition and reconstruction
across the multiple sites. Future research can evaluate more imaging
parameters such as tube current used for its role on pulmonary embolism
thrombus volume quantification.
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Abstract

Susceptibility weighted imaging (SWI) is a recently de-
veloped magnetic resonance imaging (MRI) technique
that is increasingly being used to narrow the differential
diagnosis of many neurologic disorders. It exploits the
magnetic susceptibility differences of various compounds
including deoxygenated blood, blood products, iron and
calcium, thus enabling a new source of contrast in MR.
In this review, we illustrate its basic clinical applications
in neuroimaging. SWI is based on a fully velocity-co-
mpensated, high-resolution, three dimensional gradient-
echo sequence using magnitude and phase images either
separately or in combination with each other, in order
to characterize brain tissue. SWI is particularly useful in
the setting of trauma and acute neurologic presentations
suggestive of stroke, but can also characterize occult
low-flow vascular malformations, cerebral microbleeds,
intracranial calcifications, neurodegenerative diseases and
brain tumors. Furthermore, advanced MRI post-processing
technique with quantitative susceptibility mapping,
enables detailed anatomical differentiation based on
quantification of brain iron from SWI raw data.

Key words: Quantitative susceptibility mapping; Brain;
Ischemia; Magnetic resonance imaging; Susceptibility
weighted imaging

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Susceptibility weighted imaging has a variety
of applications in neuroradiology practice and should
be included in routine protocols. It can detect micro-
and macrohemorhages and delineate cerebral mi-
crovasculature and can also reveal low-flow vascular
malformations. It has been proven as a complementary,
valuable imaging sequence in the management of stroke
patients. It provides differentiation of calcium from
hemorrhage in the brain. It plays an important role in
the evaluation of traumatic brain injury patients and aids
in the characterization and grading of cerebral tumors.
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Quantitative susceptibility mapping can be applied on
many neurodegenerative disorders by assessing brain
iron content.
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INTRODUCTION

Susceptibility weighted imaging (SWI) is an magnetic
resonance imaging (MRI) technique that exploits the ma-
gnetic susceptibility differences of various compounds,
such as blood, iron, and diamagnetic calcium, thus en-
abling new sources of MR contrast!™..

SWI has been shown to provide clinically useful co-
mplementary information to conventional spin-echo MRI
sequences. Additionally, through post-processed quant-
itative susceptibility mapping (QSM) SWI sequences allow
data driven research to evaluate compounds that alter
the magnetic field of the brain, a strategy most useful in
neurodegenerative disorders. In this review, we highlight
many clinical applications of SWI in the evaluation and
differential diagnosis of diverse central nervous system
(CNS) pathologic conditions. We close with an asse-
ssment of the future of SWI and QSM.

PRINCIPLES AND TECHNICAL ASPECTS
OF Swi

Local magnetic field heterogeneity leading to T2 sh-
ortening may be induced by paramagnetic, diamagnetic
and ferromagnetic substances and results in signal
loss on T2* weighted gradient-echo (GE) sequences
(proton relaxation enhancement). The susceptibility
effect is most visible in non-refocused GE techniques
using long echo times (TE), short flip angles, and high
field strengths. Although SWI relies on GE sequences,
it has enhanced susceptibility sensitivity compared with
conventional T2* weighted GE sequences because it is
based on a high-resolution, long TE, flow-compensated,
3D GE imaging technique containing filtered phase
information in each voxel™. In SWI, the magnitude and
phase MR data are brought together and a phase mask
is created. Multiplying these with the original magnitude
images result in a final magnitude SWI dataset. Both
magnitude and phase information are essential for
proper tissue characterization, and are brought together
to create an SWI image®™.. Finally, these images are
further processed with a minimum intensity projection
algorithm (minIP) to obtain 3-10 mm thick high signal
to noise minlP slabs. These minIP images thereby re-
veal the continuity of tortuous veins across the slices
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while attenuating the signal coming from the brain tis-
sue, On magnitude images, the longer TE of the SWI
sequence (e.g., 40 ms at 1.5 tesla) compared with co-
nventional GE sequences (TE 25 ms) allows for more
phase dispersion and T2 shortening of the protons in the
local inhomogenous magnetic field. Thus SWI highlights
small changes in susceptibility across a voxel as signal
intensity loss. A low flip angle can keep the CSF brighter
than the surrounding parenchyma. Consequently, the
magnitude image highlights areas with short T2* and
leads to lower signal in major veins due to the presence
of deoxyhemoglobin®. SWI sequence parameters for 1.5
and 3 Tesla Siemens (Erlangen, Germany) and Philips (the
Netherlands) magnets are shown in Tables 1-4.

Paramagnetic materials have at least one unpaired
electron in the system, but diamagnetic materials
have all their electrons paired. Diamagnetic materials
are repelled by a magnetic field; an applied magnetic
field creates an induced magnetic field in them in the
opposite direction, causing a repulsive force. In contrast,
paramagnetic and ferromagnetic materials are attracted
by a magnetic field. Oxyhemoglobin is diamagnetic in
nature, whereas deoxyhemoglobin is paramagnetic.
The paramagnetic deoxyhemoglobin serves as an in-
trinsic contrast agent on SWI sequences, and is low in
signal. This causes magnetic field inhomogeneity due to
two effects: A reduction of T2* and a phase difference
between the vessel and its surrounding tissue. This
property also forms the basic principle for blood oxygen
level dependent functional and venographic imaging.

Paramagnetic substances display positive phase shift
in left-handed MR systems such as the Avanto system
of Siemens magnets (Erlangen, Germany). Hence, the
phase images are particularly useful for differentiating
between paramagnetic susceptibility effects of blood
products such as deoxygenated hemoglobin, intra-
cellular methemoglobin, hemosiderin and ferritin (positive
shift) and diamagnetic effects of calcium (negative or
no shift)”®. Unfortunately, ferrocalcinosis may lead to
confusing signal intensity patterns as even basal ganglia
“calcification” is often a mixture of paramagnetic iron
and diamagnetic calcium. Yamada et af’®’ demonstrated
that all basal ganglia calcifications show a paramagnetic
susceptibility effect, whereas other calcifications located
outside the basal ganglia (such as choroid plexus or
dural calcifications) exhibit exclusively a diamagnetic
susceptibility effect. Iron accumulation in brain not only
occurs in aging but is also encountered in diverse neur-
odegenerative diseases.

SWI sequences have some intrinsic disadvantages.
Undesirable magnetic susceptibility sources that cause
artifacts occuring at air-tissue interfaces such as the
areas adjacent to the temporal bone and sinuses limit
investigation of these regions. Also the blooming ar-
tifact, a useful sign for detecting sources of field inh-
omogeneity, may sometimes lead to extreme tissue
signal cancellation and loss of anatomical borders™.
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Table 1 Susceptibility weighted imaging sequence parameters

for 1.5 T Siemens Magnetom Avanto syngo magnet

Table 2 Susceptibility weighted imaging sequence parameters
for 3 T Siemens Magnetom TrioTim syngo magnet

Slab group 1 Slab group 1

Slabs 1 Slabs 1

Dist. factor 20% Dist. factor 20%
Position L0.0 A16.0 H37.8 Position L0.0 A16.0 H37.8
Orientation T>C-6.9 Orientation T>C-69
Phase enc. dir. R>>L Phase enc. dir. R>>L
Rotation 90.00 deg Rotation 90.00 deg
Phase oversampling 0% Phase oversampling 0%

Slibe oversampling 23.10% Slibe oversampling 23.10%
Slices per slab 104 Slices per slab 104

FoV read 230 mm FoV read 230 mm

FoV phase 75% FoV phase 75%

Slice thickness 1.50 mm Slice thickness 1.50 mm

TR 28 ms TR 28 ms

TE 20.00 ms TE 20.00 ms
Averages 1 Averages 1
Concatenations 1 Concatenations 1

Filter Prescan normalize Filter Prescan normalize
Matrix size 256 x 256 Matrix size 256 x 256

TA 444 TA 444

PAT 2 PAT 2

Voxel size 1.0 mm x 0.9 mm % 1.5 mm Voxel size 1.0 mm % 0.9 mm x 1.5 mm
Flip angle 15 deg Flip angle 15 deg
Dimension 3D Dimension 3D
Bandwidth 120 Hz/Px Bandwidth 120 Hz/Px
Slice resolution 100% Slice resolution 100%

Coil elements HE1-4 Coil elements HEA; HEP; NE1, 2

CLINICAL APPLICATIONS

Cerebral amyloid angiopathy

Cerebral amyloid angiopathy (CAA) is a small vessel
disease characterized by amyloid B protein deposition
within the cerebral arterioles leading to fibrinoid necrosis
and vessel fragility. CAA causes microhemorrhages in
and around the arteriole vessel wall extending into the
parenchyma™. CAA is a major cause of primary lobar
intracranial hemorrhage and cerebral microhemorrhages
in the elderly™®. CT and routine MRI techniques are us-
ually not able to detect cerebral microbleeds; however,
SWI with its unique sensitivity to susceptibility effects,
clearly demonstrates lobar and microhemorrhages
predominantly in the frontal and parietal cortical and
subcortical regions (Figure 1). In contrast, microhe-
morrhages resulting from hypertensive or atheros-
clerotic microangiopathy have a predilection of deep
gray matter or the infratentorial location (Figure 2). CAA
is also manifested by white matter hyperintensities on
MRI sequences which may be accompanied clinically
by cognitive impairment™, Detection of two or more
lobar hemorrhages of any duration, high signal intensity
changes in the white matter and multiple cerebral mic-
robleeds at the corticomedullary junction are highly
suspicious for CAA (10) (Figure 1). Linn et al'*?! have
highlighted the presence of hemosiderosis on the pial
surface of the brain, likely from the leakage of blood
products from repetitive superficial hemorrhages in as
much as 35% of CAA cases.

Hypertensive cerebral angiopathy
Hypertensive cerebral angiopathy may also be char-

Baishidenge ~ WIR | www.wjgnet.com

32

acterized by multiple silent cerebral microhemorrhages.
Unlike CAA, cerebral microhemorrhages associated with
chronic systemic hypertension are more commonly found
in the thalamus, basal ganglia, cerebellum and pons™*”
(Figure 2). These hypertensive cerebral microhemorrhages
are a risk factor for development of a subsequent in-
tracerebral macrohematomas/lobar hemorrhages'**.
The number of cerebral microhemorrhages corresponds
also with blood pressure levels. Such micro-and
macrohemorrhages are exquisitely well-demonstrated by
SWI particularly with acute deoxyhemoglobin or chronic
hemosiderin.

TRAUMATIC BRAIN INJURIES

Diffuse axonal injury (DAI) is a type of traumatic brain
injury, in which torsional forces generated by rapid
acceleration or deceleration of the head cause shearing
of axons. Areas most vulnearable to shear injury include
the cerebral gray-white matter junction, splenium of
the corpus callosum, basal ganglia and dorsolateral
brainstem!'?. The extent of the axonal injury has been
shown to correlate with a poor prognosis, as do par-
enchymal hemorrhages'". Recent studies have shown
that SWI is more sensitive than CT or GE sequences in
terms of detecting suspected hemorrhagic DAI'*!, Most
DAI patients have small punctate hemorrhages located
in the deep subcortical white matter’'® (Figure 3). Tong
et al"’'® and Babikian et a*®’ demonstrated that SWI
is 3-6 times more sensitive than T2* GE sequences
in terms of detecting the number, size, volume and
distribution of hemorrhagic lesions seen in DAI cases.
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Table 4 Susceptibility weighted imaging sequence parameters
for 3 T Philips Achieva magnet

FoV read 230 mm

Slice thickness 5 mm

Gap 0

TR 35 ms

TE 50 ms

Matrix size 256 x 512

TA 5.15

Flip angle 15 deg

Coil elements 8 channel SENSE head coil

FoV read 230 mm

Slice thickness 5 mm

Gap 0

TR 23 ms

TE 20 ms

Matrix size 218 x 127

TA 4.08

Flip angle 10 deg

Coil elements 8 channel SENSE head coil
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Figure 1 A 68-year-old man with cerebral amyloid angiopathy. A: Axial FLAIR image demonstrates periventricular confluent hyperintense regions; B: Axial
T 1 weighted SE image shows high signal intensity subacute hemorrhage in the left occipital lobe; C and D: On SWI minIP images, hemorrhage is depicted as a
hypointense signal intensity lesion and, in addition to the left occipital lobar hemorrhage, one can see multiple microhemorrhagic lesions in the cortical and subcortical
white matter from cerebral amyloid angiopathy. SWI: Susceptibility weighted imaging; minlP: Minimum intensity projection algorithm; SE: Spin echo.
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Figure 2 A 45-year-old woman with long standing chronic hypertension.
SWI minlIP images depicts numerous microhemorrhages in the deep basal
ganglia, thalami, and subcortical white matter regions, typical of hypertensive
microangiopathy. SWI: Susceptibility weighted imaging.

Because of this, the previously held concept of “non-he-
morrhagic shearing injury” has largely been debunked.
Those formerly “bland lesions” of DAI are now shown
to have microbleeds on SWI. Brain stem involvement
in DAI patients is also a very important predictor that
determines the long-term outcome™®. Mittal et ait*®
demonstrated that SWI was more helpful in detecting
traumatic lesions occuring in the brainstem than any
other MRI sequence, and revealed intraventricular and
subarachnoid hemorrhage, invisible on CT. Long term
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hemosiderosis from recurrent traumatic bleeds (which
may occur in non-accidental trauma) is also best de-
tected on SWI. Epidural and subdural hematomas can
also be demonstrated well on SWI sequences as long as
air-bone interfaces do not lead to masking artifacts.

CNS VASCULAR MALFORMATIONS

True arteriovascular malformations (AVMs) usually
are present at birth and can become large with time.
These AVMs are characterized by their high-flow and
therefore can usually be detected by conventional MRI/
MR angiography techniques. In contrast, low-flow vas-
cular malformations including cerebral cavernous ma-
Iformations (CCMs), developmental venous anomalies
(DVAs) and CaTe (capillary telengiectasias) may be in-
apparent on fast spin echo (FSE) MRI/MR angiography
techniques because they mainly contain slow-flow
small vessels. Although T2* weighted GE imaging
is capable of detecting small venous structures and
hemosiderin deposition in cavernomas and CaTes, the
incorporation of the magnitude and phase information
in SWI provides improved sensitivity for identifying low-
flow vascular malformations that are undetectable on GE
sequences® ), Lee et af*! showed that SWI is the ideal
imaging sequence for screening patients who have a
high dlinical suspicion of low-flow vascular malformations.
These lesions may be responsible for cryptogenic
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Figure 3 A 37-year-old man who had an accident was in coma after traumatic brain injury. A: On the non-contrast CT image, bilateral frontal subcortical and
right basal ganglia hyperdense hemorrhagic foci with surrounding hypodense edema are seen consistent with diffuse axonal injury. Also left parieto-temporal subdural
hemorrhage is present. Post-op changes are present on the right with a tiny frontal subdural hematoma; B: SE T1W image, can only reveal hyperintense right basal
ganglia hemorrhagic lesion with surrounding hypointense edema and left subdural hemorrhage, but can not demonstrate the other parenchymal lesions; C: Diffusion
weighted image (DWI) reveals hyperintense caudate lesions; D: Apparent diffusion coefficients (ADC) map demonstrates restricted diffusion within the lesions; E: SWI
minIP image, clearly depicts multiple frontal cortical and subcortical and also right basal ganglion microhemorrhages better than those of CT and T1W MR image. The
bilateral subdural hematomas are nearly as dark as the cortical bone; F: Phase contrast SWI image, hemorrhagic lesions show a bright/positive shift effect on phase
image, due to paramagnetic susceptibility effect. SWI: Susceptibility weighted imaging; minIP: Minimum intensity projection algorithm; SE: Spin echo.

epilepsy, recurrent subarachnoid hemorrhage and/or parenchyma'®®, They are mainly asymptomatic lesions, do

hemosiderosis, and hemorrhagic injury to cranial nerves. not often bleed, and neurosurgical intervention is largely
Because the incidence of hemorrhage from occult cer- contraindicated due to the risk of venous infarction'!.
ebrovascular malformations is contingent on whether However, they have a high association with other vascular
they have ever bled, using SWI to detect previous ble- malformations, especially CCMs. SWI better shows the
eding helps prognosticate on future risk®®, collector (head of Medusa) and deep medullary veins
CCMs are composed of abnormally enlarged capillary (snake hair of Medusa) than T1W contrast enhanced
cavities surrounded by a single layer of endothelium wit- images by virtue of the low intensity of the dark veins on
hout intervening with brain parenchyma and comprise miniIP images (Figure 6).
10%-20% of all cerebrovascular malformations®®”. The MRI CaTes are asymptomatic small vascular malformations

findings of CCMs are variable, depending on the presence typically ranging from several milimeters to 2 cm in size,
of calcification and hemorrhage within the lesions, but primarly found in the pons. They may occur sporadically or
they typically show a mixed signal intensity, usually may be seen with syndromes like hereditary hemorrhagic
recognized as “popcomn-like” with a central reticulated core telangiectasia or after radiation therapy®®®. They are
surrounded by a peripheral rim of hemosiderin™! (Figure characterized by faint contrast enhancement on T1W

4). Since recurrent microhemorhages occur in the CCM images and therefore can be easily missed. On SWI, they

lesions, they may contain deoxyhemoglobin acutely or can be readily identified as hypointense lesions, from

hemosiderin chronicly, both dark on SWI®*! (Figure 5). deoxyhemoglobin or hemosiderin deposited in this low-

Symptomatic, growing and recurrently hemorrhagic CCMs flow vascular malformation (Figure 7).

are considered for surgical resection. Sturge-Weber syndrome (SWS) is a neurocutaneous
DVAs are the most common type of cerebral vascular disorder; typically seen in children and characterized by a

malformations (< 60%) and are often discovered incid- cutaneous angioma, glaucoma and leptomeningial venous

entally during routine MRI examinations™®”. A DVA consists angiomatosist®", The imaging findings consist of unilateral
of radially arranged venous structures converging to a cerebral atrophy, cortical “tram-track” calcifications,
centrally located venous trunk, which drains normal brain impaired cortical venous outflow and abnormal deep
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Figure 4 A 21-year-old man with left frontal cavernous malformation. A: On the axial FSE T2W image, a left frontal cavernous malformation is seen with typical
pop-corn appearance, surrounded by a thick hemosiderin rim; B: SWI shows prominent blooming artifact due to paramagnetic effect. Another patient is a 39-year-old
man with left cerebellar tonsil cavernous malformation; C: Axial FSE T2W image, clearly depicts the cavernous malformation consisting of a high signal intensity core
and a peripheric low signal intensity hemosiderin; D: On SWI, the lesion is more conspicuous. Note how the brighter central areas on the T2WI are obscured by the
susceptibility artifact. SWI: Susceptibility weighted imaging; FSE: Fast spin echo.
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Figure 5 A 41-year-old woman who had a history of familial cavernous malformation underwent magnetic resonance imaging screening. A: Axial FSE T2W
image, a right frontal subcortical small cavernous malformation is seen on this image; B: SWI minIP image, numerous tiny cavernous malformations throughout the
brain parenchyma is detected. FSE T2W image is unable to show these lesions. The patient was considered to have familial cerebral cavernous malformation. SWI:
Susceptibility weighted imaging; FSE: Fast spin echo.

veins, cortical gyriform hypointensities and gray-white
matter abnormalities (Figure 8)*?, but enhanced T1W
images depict the leptomeningial angiomatosis and
enlarged choroid plexus more clearly.

Cerebral venous sinus thrombosis and venous
infarction

Patients with cerebral venous sinus thrombosis (CVST)
may present with headaches or non-specific signs due

15cm to increased intracranial pressure (ICP). Remaining

Zoom: 609.13% Zoom: 546.12% undiagnosed, it can become deadly if it progresses

s o2 e s to malignant increased ICP?. An acute CVST shows
deoxyhemoglobin in the involved veins, seen as prominent

Figure 6 A 62-year-old woman complaining of long-term headache attacks. ~NYpointense signal intensity areas with "blooming™ artifact

A: Axial post-contrast T1W image shows contrast- enhanced dilated medullary on SWI (Figure 9). SWI may demonstrate engorgement
veins which seem to converge into a dilated transcortical collector vein in the of the venous system as an early sign of CVST and can
right periventricular region consistent with developmental venous anomaly; also show the associated parenchymal hemorrhage which
B: Axial SWI minIP image, has an excellent agreement with former image, occurs in 73% of venous infarctions.

revealing classical caput medusa appearance. SWI: Susceptibility weighted
imaging; minlP: Minimum intensity projection algorithm.

ARTERIAL STROKE

venous collaterals. SWI has been found to be superior Acute cerebral infarct with or without hemorrhage occurs
to post gadolinium-enhanced T1WI in characterizing due to thromboembolism or atherosclerotic stenosis of a
calcification, abnormal periventricular and transmedullary vessel. Vascular occlusion causes a susceptibility change
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Figure 7 A 65-year-old man with incidentally discovered capillary telangiectasia in the pons. A: Axial FSE T2W image shows a hyperintense lesion located in the
central pons; B: Axial contrast-enhanced T1W image reveals very little contrast enhancement in the lesion; C: SWI image demonstrates a markedly hypointense lesion in
the pons indicating a capillary telangiectasia based on its location and size. SWI: Susceptibility weighted imaging; FSE: Fast spin echo.
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Figure 8 A 3-year-old girl with Sturge-Weber syndrome. A: Non-contrast CT image shows hyperdense tram-track calcifications along the left frontal gyri; B: Axial MIP
TOF MRA shows a normal cranial angiogram; C: Axial SWI minIP image, hypointense gyral calcification is clearly depicted, also deep abnormal transmedullary veins
are visible; D: SWI phase image confirms these calcifications as low signal intensitiy areas. SWI: Susceptibility weighted imaging; minIP: Minimum intensity projection

algorithm.

by decreasing the arterial flow, and increases pooling of
deoxygenated blood, thus leading to a high concentration
of deoxyhemoglobin®*. In the setting of acute stroke,
such conversion to deoxhyhemoglobin can occur as early
as 2 h after the onset of symptoms.

In the setting of stroke, SWI assists in identifying:
(1) Hemorrhages within the infarct region, thus ena-
bling the differentiation of a hemorrhagic from a bl-
and ischemic stroke. Many studies have also proven
that SWI is more sensitive in revealing hemorrhage
within the acute infarct regions than CT and 2D GE
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T2* weighted sequences™>*®. SWI can also detect ac-

ute subarachnoid hemorrhage and is very sensitive
to subacute and chronic subarachnoid hemorrhages,
sometimes missed by CT and FLAIR"! (Figure 10); (2)
Prominent hypointense draining veins within areas of
impaired perfusion (Figure 11). The visualization of these
prominent veins allows for the identification of diffusion-
perfusion mismatch representing penumbral brain tissue
in a different fashion than current perfusion weighted
imaging techniques'*®!. The oxygen extraction fraction
(OEF) which reflects the ratio of deoxyhemoglobin to
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Figure 9 A 16-year-old man presented with superior sagittal sinus thrombosis. A: Non-contrast CT image shows hyperdense hemorrhagic foci in the left frontal and
left parietal lobe at the convexity level (arrows); B: On the sagittal T1W image, a hyperintense thrombus is detected in the superior sagittal sinus; C: Coronal FSE T2W
image, thrombus again shows hyperintense signal intensity; D: Time of flight non-contrast MR venography, absence of normal venous flow and accompanying thrombus
are clearly depicted; E and F: SWI minIP images demonstrates hypointense microhemorrhages in the brain parenchyma with diffuse dilated venous structures indicating
venous engorgement due to venous hypertension. SWI: Susceptibility weighted imaging; minIP: Minimum intensity projection algorithm.
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Figure 10 An 18-year-old man presenting with drastic headache and dizziness. A: Non-contrast CT image reveals a partially calcified hyperdense lesion suspicious
for left MCA aneurysm versus cavernoma; B: CT angiography demonstrates a left MCA M 1 distal segment aneurysm; C: FLAIR image, left sylvian fissure seems
unremarkable with no hemorrhage seen; D: SWI magnitude image shows hypointense acute subarachnoid hemorrhage along the left sylvian fissure. Subinsular low
intensity is at edge of aneurysm (arrow). SWI: Susceptibility weighted imaging.

oxyhemoglobin in the capillaries and veins, is significantly found an 82% sensitivity and 100% specificity for the
increased in the penumbra following occlusion of the SVS in the determination of all acute major intracranial
artery. This high OEF in cortical veins is presumably occlusions. They also showed that SVS is more sensitive
responsible for the increased conspicuity in the infarct ~ and specific than the hyperdense artery sign on CT**!
region®?®: (3) Acute intra-arterial thrombus: The  and the hyperintense vessel sign on FLAIR images for
susceptibility vessel sign (SVS) is defined as the presence intracranial artery occlusions. Huang et a*” found that
of hypointensity from scute deoxyhemoglobin thrombus patients with negative prominent veins and positive
within the intracranial arteries in which the diameter of susceptibility vessel sign exhibited poor outcomes;
the hypointense vessel exceeds the contralateral vessel and (4) Hemorrhagic transformation of acute ischemic
diameter”® (Figures 12 and 13). Lingegowda et a/*” infarction: Approximately 20%-40% of patients bleed
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Figure 11 A 38-year-old man complaining of right side weakness. A: DWI shows hyperintense lesion in the left temporo-insular region; B: ADC map reveals restricted
diffusion in the corresponding area indicating a left MCA acute infarct; C: SWI minIP image, prominent cortical veins are seen within the left MCA territory reflecting
relatively increased deoxyhemoglobin concentration in the ischemic region. Incidental cavernoma in left thalamus is seen. SWI: Susceptibility weighted imaging; minlP:
Minimum intensity projection algorithm; DWI: Diffusion weighted image; ADC: Apparent diffusion coefficients.
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Figure 12 A 68-year-old woman with right lenticulostriate acute infarct. A: DWI reveals high signal intensity lesion in the right caudate nucleus head and lentiform
nucleus region; B: ADC map shows restricted diffusion consistent with an acute infarct; C: Non-contrast CT image, hyperdense artery sign is seen along the right MCA
artery; D: SWI magnitude image shows susceptibility vessel sign in the same region corresponding to the CT image indicating an acute thrombus. SWI: Susceptibility
weighted imaging; DWI: Diffusion weighted image; ADC: Apparent diffusion coefficients; MCA: Middle cerebral artery.

within the first week after a stroke® (Figure 14). Old detect microhemorrhages within the infarct region more
microhemorrhages in a stroke patient may presage the accurately than T2* weighted GE sequences.
vulnerability of the vascular system™. In patients with a
small number of microhemorrhages (< 5), thrombolytic
therapy can be applied safely, whereas patients with NEURODEGENERATIVE DISEASES

large numbers of microhemorrhages (> 5) have a It is widely accepted that iron deposition in the brain
great risk for potential hemorrhagic transformation increases with normal aging, particularly in the basal
from thrombolytic therapy™**®. Huang et a/'* showed ganglia region primarily in the form of ferritin and
that microhemorrhages were significantly associated ferrocalcinosis (Figure 15). Increased iron levels in the
with later hemorrhagic transformation. SWI is able to CNS are encountered in a variety of neurodegenerative
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Figure 13 An 87-year-old woman with right posterior cerebral artery infarct. A: DWI shows right temporo-occipital PCA territory infarct; B: SWI magnitude image
shows right PCA P1 segment susceptibility sign; C: Coronal CT MIP angiography image confirms right proximal PCA occlusion. SWI: Susceptibility weighted imaging;

PCA: Posterior cerebral artery; DWI: Diffusion weighted image.
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Figure 14 A 50-year-old man patient with acute left middle cerebral artery infarct. A: DWI, showing a left periventricular hyperintense lesion; B: SWI magnitude image
detects left MCA susceptibility vessel sign; C: SWI minlP image reveals prominent hypointense veins in the infarct region; D: Three days later, new SWI minlP image
shows hemorrhage in the infarct area indicating development of hemorrhagic transformation. There continues to be perminent venous visualization in the left temporal
lobe; E: SWI phase image confirms the hemorrhage leading to a positive shift effect. SWI: Susceptibility weighted imaging; PCA: Posterior cerebral artery; DWI: Diffusion
weighted image; minIP: Minimum intensity projection algorithm; MCA: Middle cerebral artery.

diseases, superimposed on the normal senescent
iron increase™ " in the globus pallidum, substantia
nigra, red nucleus, subthalamic nucleus and dentate
nucleus. Increased iron deposition is found in Parkinson’s
disease, Huntington’s disease, Alzheimer’s disease,
Multiple sclerosis (MS), Amyotrophic lateral sclerosis,
Hallervorden-Spatz syndrome, Wilson's Disease (copper)
and Pantothenate kinase-associated neurodegeneration
(PKAN)®? (Table 5). In neurodegenerative diseases,
the ability to measure the amount of ferritin in the brain
may help predict prognosis, disease progression and
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treatment outcomes.

SWI shows differences in stable and progressive
MCI®”). Fourteen percent of controls, 33% of patients
with stable MCI and 54% of those with progressive MCI
had microhemorrhages. Furthermore, the iron content
in the right pallidum and right substantia nigra was
greater in progressive MCI than stable MCI.

Barnaure et a/®® studied 328 cognitively normal
control subjects and 71 patients with MCI using SWI on
a 3T magnet to investigate the presence and distribution
of cerebral microbleeds. They found no difference be-
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Table 5 Increased iron levels in the central nervous system

Entity Increased iron location Ref.
Parkinson’s disease SN, pars compacta, brainstem [53]
Alzheimer’s disease Hippocampus, GP [54]
PKAN GP, SN sparing DN [55]
Infantile neuroaxonal dystrophy GP, SN, DN [55]
Neuroferritinopathy GP, P, DN with cavitation [55]
Aceruloplasminemia BG, thalami with no cavitation [55]
Huntington’s disease CN, P [56]
Progressive MCI versus stable MCI Right GP, SN [57]
Multiple sclerosis CN, P and thalamic pulvinar [60]

CN: Caudate nucleus; GP: Globus Pallidus; P: Putamen; BG: Basal Ganglia; SN: Substantia Nigra; DN: Dentate nucleus; PKAN: Pantothenate kinase-
associated neurodegeneration.

Figure 15 A 79-year-old woman with Alzhemier’s disease. A: SWI minIP image shows hypointense signal intensity in the globus pallidus and putamen indicating
increased iron deposition; B: SWI phase image reveals hyperintense signal in the basal ganglia due to the positive shift effect of paramagnetic iron. SWI: Susceptibility
weighted imaging; minIP: Minimum intensity projection algorithm.

tween the two groups in terms of cerebral microbleed the detailed internal angioarchitecture of the tumors.
prevalence, distribution and severity. The patients’ High grade tumors like glioblastomas usually contain a
cognitive decline over an 18 mo period did not correlate hemorrhagic component (Figure 16)%52%4,

with microbleeds. They concluded that microbleeds do Sehgal et af®® demonstrated that in the majority of
not predict cognitive decline in advanced age. cases, SWI was equivalent to TIW contrast-enhanced

MS affects both brain and spinal cord and is typically images in the grading of gliomas. The criteria used for
imaged with FLAIR and contrast-enhanced T1W images. this comparison were tumor visibility, boundaries, ede-

The sensitivity of MRI in depicting MS lesions in the brain ma, vessels, blood products, internal architecture and
is demonstrated to be high, but its specificity remains image quality. Mittal et a*® have showed that high rCBV
low. SWI helps by revealing the perivenular distribution values on PWI and high choline-creatine ratios on MR sp-
of the demyelinating lesions by showing the MS plaque ectroscopy found in tumors exhibit a good correlation with
surrounding the small veins®®. This has been used to evidence of blood products demonstrated within the tumor
distinguish MS from SAPHO (synovitis, acne, pustulosis, using SWI.
hyperostosis and osteitis) syndrome white matter lesions. In assessing brain tumors, calcification is considered
Rudko et al® have shown that the levels of iron as a very important indicator. Calcification is diamagnetic,
deposition in patients with MS correlates better with whereas hemorrhage is paramagnetic, therefore resulting

disability than MS plague volume. They have also shown in opposite signal intensities on SWI phase images'®,
increased iron content in patients with clinically isolated For the determination of calcification in brain tumors
syndrome (CIS). such as oligodendrogliomas, Zulfigar et af*” found that

adding SWI sequences led to a statistically significant
improvement in the sensitivity for the detection of in-

BRAIN TUMORS tratumoral calcification by 53% (from 33% to 86%) but
SWI can help in the grading of cerebral tumors because it no change in specificity.
provides identification of both hemorrhagic and calcified SWI can also be used to distinguish vestibular sch-

foci inside the tumors and also allows assessment of wannomas from cerebellopontine angle meningiomas.
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Figure 16 A 48-year-old man with a history of glioblastoma multiforme. A: FSE T2W image, a heterogenous high signal intensity right frontal lobe mass and
surrounding hyperintense infiltrative edema is seen. Tumor is compressing the right lateral ventricule and leading to right to left shift; B: Axial SE T1W contrast- enhanced
image, tumor shows heterogenous contrast enhancement; C: SWI minIP image reveals microhemorrhages in the periphery of the tumor indicating a high grade neoplasm.
SWI: Susceptibility weighted imaging; minIP: Minimum intensity projection algorithm; FSE: Fast spin echo.
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Figure 17 A 55-year-old woman complaining of left-sided tinnitus. A: Axial FSE T2W image, a heterogenous high signal intensity mass in the left cerebellopontine
angle cistern is present; B: On the axial SE T1W contrast- enhanced image, heterogenous contrast enhancement is seen; C: SWI magnitude image reveals punctate
hypointense foci within the mass indicating a probable acoustic schwannoma; D: SWI phase image confirms bright microhemorrhages causing a paramagnetic effect. SWI:

Susceptibility weighted imaging; FSE: Fast spin echo.

Microhemorrhages occur with schwannomas, not found
in the meningiomas'®® (Figure 17).

The dual rim sign (hyperintense inner, hypiointense
outer) from the respiratorty burst of bacteria converting
hemoglobin to methemoglobin has been shown to
differentiate abscesses (present) from glioblastoma
(absent) in the face of a ring enhancing mass',

Qsm

QSM is a recently developed sophisticated postpro-
cessing technique and numerically solves the inverse
source-effect problem to quantify local tissue magnetic
susceptibility from the major magnetic field distribution,
reflected in the phase images of SWIV®. The mapping
of iron can play a crucial role in the setting of many
important neurologic disorders. In early Parkinson’s
disease (PD), iron elevation in the specific brain regions
including the substantia nigra is a pathognomonic fe-
ature of the disease and this can be measured by
QSM"Y, He et al’ evaluated 44 early PD patients; su-
sceptibility values within the substantia nigra and red
nucleus contralateral to the most affected limb were
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elevated compared to a healthy control group. Bilateral
substantia nigra magnetic susceptibility showed a posit-
ive correlation with disease duration”?,

Acosta-Cabronero et al”*! examined 66 patients with
idiopathic PD and found increased R2* and susceptibility
values in the substantia nigra, red nucleus, thalamus
and globus pallidus. QSM additionally correlated with
disease severity in these patients.

Moon et al”* investigated the presence and pattern
of brain iron accumulation in vascular dementia (VaD)
and Alzheimer’s disease (AD) patients by means of
QSM. Both in VaD and AD patients significantly higher
susceptibility values were found in the caudate nucleus
and putamen compared to control subjects. Age and
cognitive disease severity of both patient groups were
not correlated with increased iron accumulation in their
basal ganglia (Figure 18).

Dominguez et al” measured iron accumulation in
the basal ganglia in both premanifest and symptomatic
Huntington’s disease (HD) patients with QSM. Both
groups of patients demonstrated substantially elevated
iron content in the caudate nucleus, globus pallidus
and putamen compared to normal control subjects. In-
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Figure 18 Example orthogonal views of quantitative susceptibility mapping images of a 41-year-old female premanifest HD patient showing the basal ganglia
where increased tissue magnetic susceptibility can be observed in iron-rich gray matter structures such as the caudate nuclei and putamen. Extra iron overload
in the striatum in these patients as compared to age-matched controls is believed to be associated with HD pathophysiology. Gray scale is in [-0.2, 0.2] ppm.

Figure 19 Example quantitative susceptibility mapping image of a 55-year-old female relapsing-remitting MS patient, shows hyperintense susceptibility MS
lesions, and the corresponding FLAIR, T1 and R2* images. Multiple contrast analysis using R2* and QSM may be helpful identifying different pathological changes
in MS lesions. Gray scale is [-0.12, 0.12] ppm in QSM image and [0, 80] Hz in R2* image. MS data was acquired using similar 7T protocol as the HD study. QSM:
Quantitative susceptibility mapping.

Figure 20 Increased iron accumulation of caudate and putamen is noted in patients with Alzheimer’s disease and vascular dementia as compared with normal
subjects.

creased iron levels showed significant correlation with shown that the deficits of patients with MS more strongly
disease severity (Figure 19). QSM is also capable of correlate with QSM values of brain iron content than the
quantifying elevated iron levels in the motor cortex of MS plaque volume (Figure 20).

amyotrophic lateral sclerosis patients. Furthermore, in
Wilson’s disease, iron accumulation and quantification
can be demonstrated by QSM”". Iron chelation therapy CONCLUSION

in PD can be monitored by QSM"", Walsh et a’® have =~ SWI is a very useful imaging tool with a variety of ap-
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plications in neuroradiology practice and should be
included in routine protocols. As demonstrated, it is very
helpful in detecting micro-and macro-hemorhages and del-
ineating cerebral microvasculature and low-flow vascular
malformations. It is regarded as a complementary,
valuable imaging sequence in the management of stroke
patients. It facilitates differentiation of calcium from
hemorrhage in the brain. It is helpful in the evaluation
of traumatic brain injury patients and aids in the ch-
aracterization and grading of cerebral tumors. QSM
can shed light on many neurodegenerative disorders
in @ more rigorous statistical way by assessing brain
iron content. Further investigations are needed for ex-
panding the roles of SWI and QSM in neuroradiology
clinical and research arenas.
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Abstract

Tears of peroneus brevis tendon represent a cause of
underdiagnosed lateral ankle pain and instability. The
typical clinical presentation is retro-malleolar pain, in
some cases associated with palpable swelling around
the fibular malleolus, pain during activities and difficulty
in walking. We present a case of peroneus brevis split
lesion with superior peroneal retinaculum avulsion in a
young athlete who referred to the emergency ward of
our hospital for left ankle pain after an inversion injury.
An early diagnosis allowed treating the injury and
promptly resuming sport activity, after rehabilitation
training. Surgical reconstruction key-points and post-
surgical follow-up were also discussed. A late diagnosis
would have caused a symptomatology worsening and
an increased recovery time.

Key words: Multimodality imaging; Tendon injuries;
Orthopedic surgery; Sport medicine; Ankle instability

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The article is based on the findings observed
in a patient who was followed in our institution for a
split lesion of the peroneus brevis after an inversion
ankle sprain. Split lesion of peroneus brevis is usually
under diagnosed, therefore we want to highlight the
importance of ancillary sign, as detachment of an
osseous fragment seen on the X-ray, since an early
diagnosis can allow the patient to reduce recovery ti-
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me. In the manuscript, we also provide post-operative
ultrasound imaging which can be helpful during follow-
up for monitoring the patient and to help him to restart
sport practices.

Fischetti A, Zawaideh JP, Orlandi D, Belfiore S, Sllvestri E.
Traumatic peroneal split lesion with retinaculum avulsion:
Diagnosis and post-operative multymodality imaging. World
J Radiol 2018; 10(5): 46-51 Available from: URL: http://www.
wjgnet.com/1949-8470/full/v10/i5/46.htm DOI: http://dx.doi.
org/10.4329/wjr.v10.i5.46

INTRODUCTION

The peroneus longus (PL) and brevis (PB) arise from
the posterolateral surface of the fibula and the fascia
of their homonymous muscle. Peroneal tendons share
a common synovial sheath and pass posteriorly to the
fibular malleolus, inside the retro-malleolar groove: At
this level, they are stabilized by the superior peroneal
retinaculum (SPR). Usually, the peroneus brevis tendon
locates antero-medially to the peroneus longus. On
the lateral surface of the calcaneus the tendons run
superficial to the calcaneofibular ligament (CFL) and
lateral to the talo-calcanear ligaments™.

Distal to the CFL the tendons run superior (PB)
and inferior (PL) to the peroneal trochlea on the lateral
calcaneal wall, kept in place by the inferior peroneal
retinaculum (IPR). The PB inserts on the base of the
fifth metatarsal bone while the PL have a wide insertion
on the lateral aspect of the base of the first metatarsal
bone and the lateral side of the medial cuneiform. Both
tendons are plantar flexors of the ankle and everters
of the subtalar and mid-tarsal joints. Tears of peroneus
brevis tendon are a frequent cause of underdiagnosed
lateral ankle pain and instability. Several studies confirm
that these lesions are more common than previously
believed'?. They represent frequently an overlooked
clinical condition®. The typical clinical presentation is
retro-malleolar pain, in some cases associated with
palpable swelling around the fibular malleolus, pain
during activities and difficulty in walking.

Patients usually do not remember a specific episode
of trauma, however, in case of misdiagnosed peroneal
lesion, they often mention chronic lateral ankle instability
symptoms, which went on even for years®!, We report
a case of a young athlete with a traumatic SPR avulsion
and associated PB split lesion, to highlight the crucial role
of associated conditions such as a flat retro-malleolar
groove in the development of such an injury also in-
cluding imaging findings, clinical characteristics, and tr-
eatment options in order to reduce risk of recurrence or
any further instability.

CASE REPORT

A 27 years old man presented at the emergency dep-
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artment with pain at the left ankle after an inversion
injury; the lateral aspect of the ankle was swollen with
only minor subcutaneous hematoma on the fibular
malleolus. The patient reported no history of recent
trauma. Plain films of the ankle were done to evaluate
the bone status: The exam excluded fracture of the
ankle, but revealed the detachment of an osseous
fragment from the lateral aspect of the fibular malleolus
(Figure 1). We suspected a traumatic lesion of the SPR
and the lateral tendon compartment of the ankle. An
ultrasound (US) examination was immediately performed
by the on-call radiologist with a portable system (My Lab
Alpha, Esaote Biomedica, Italy, equipped with a 3-13
Mhz linear probe), to evaluate the possible involvement
of the lateral compartment ligaments and tendons of the
ankle, usually damaged after an inversion ankle injury.

US examination demonstrated a diffuse swelling at
the posterolateral aspect of the fibular malleolus with
complete tear of the SPR and consequent instability
of the PB (Figure 2A), which tended to the anterior
subluxation at dynamic tests (flexion, extension and
eversion of the foot). Moreover, US examination shows
also a split lesion of the PB, which on axial US scan
appears divided in two hemi-tendons at the level of
deflection point on the fibular malleolus, with PL lying in
the middle and separating them. The longitudinal tear
of the PB had a distal extension of around 2 cm without
involvement of the distal insertion on the base of the
fifth metatarsal bone. Only minor anterior talofibular
ligament (aTFL) sprain and no significant involvement of
CFL or tibiofibular syndesmosis were found. The patient
evaluation was completed with a magnetic resonance
imaging (MRI) exam, performed after one week from
the injury, in prevision of surgery (Figure 2B). Sequences
T1-w, T2-w and with Short Tau Inversion Recovery in the
three planes of the space were used. MRI examination
confirmed the PB split lesion extended more distally
than that showed by US examination (around 4 cm). No
involvement of the distal PB insertion was found.

MRI also detects the avulsion of the fibular inse-
rtion of the SPR and a shallow retro-malleolar groove
with associated anterior luxation of the peroneus brevis
tendon. Furthermore, MRI showed a minor bone bruise
of the distal tibial epiphysis and tibio-talar joint effusion.
The anterior talo-fibular ligament was thickened but
undamaged. The deltoid ligament presented fibro-scarring
alterations, by previous trauma.No significant alterations
affected the other tendons of the ankle. Surgery started
with a curve incision of the posterolateral aspect of the
ankle that revealed diffuse swelling of the SPR that
was completely detached from its anterior insertion
(Figure 3A). A wide longitudinal tear of the PB was also
confirmed, with anterior luxation of the medial hemi-
tendon, which represent about the 70% of the total PB.

Incision of the IPR was performed in order to expose
the whole extension of the longitudinal tear, then, after
curettage of the damaged edges of the peroneus brevis
tendon, a lateral side-to-side suture of PB was done.
IPR was also sutured (Figure 3B). Subsequent moderate
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Figure 1 X-ray: AP and oblique view, no fractures of the peroneal malleolus are shown. On the magnification a detachment of a small bony foil (periosteum) is
appreciable (*). A: AP; B: Oblique view. F: Fibula.

Figure 2 Ultrasound and magnetic resonance imaging evaluation of the injured ankle. A: US examination of the injured ankle: Avulsed retinaculum (°); two
hemi-tendons due to split lesion of peroneus brevis (*); CFL (arrow). B: MRI T2w axial sequence: MRI shows PB anterior subluxation. The avulsion of the retinaculum
(arrow) can be observed. US: Ultrasound; MRI: Magnetic resonance imaging; PB: Peroneus brevis; PL: Peroneus longus.

Figure 3 The surgical procedure. A: Surgical view: The peroneus longus (PL) resides more posteriorly, while is well visible the peroneus brevis (PB) is torn in
two hemi-tendons the anterior part is about the 70% of the total peroneus brevis tendon; B: At the end of operation the two PB hemi-tendons are sutured together;
posteriorly PL can be appreciated.

milling of the retro-malleolar groove in order to restore passed transosseously through the posterolateral aspect
physiological concavity and SPR reinsertion with a of the fibula and then through the posterior aspect
trans-osseous wiring was performed, using interrupted of the SPR to wrap it over the peroneal tendons and
sutures are passed through the fibula and SPR in a minimize any chance for recurrent peroneal subluxation.
horizontal fashion. The lowest 2 or 3 sutures were A 0.054 K-wire was used for the repair holes through
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Figure 4 Post-surgical ultrasound examination of the injured ankle. A: Axial US scan: the restored retinaculum (o) covers the two peroneus tendon, peroneus
longus (PL) superiorly, and peroneus brevis (PB) inferiorly. Note the inhomogeneity of the lower part of the PB due to surgery. Suture stitches can be seen as
hyperechoic spots (white arrows); fibula (F); calcaneus (C); calcaneofibular ligament (CFL); B: Longitudinal US scan. US: Ultrasound.

which No. 1.0 Vicryl suture (Polisorb, Covidien, Dublin,
Ireland) can be passed™. The postoperative course
was uneventful, the patient recovered promptly and
was discharged on the same day. After surgery, a
plaster cast was used for 2-6 wk; after 6-8 wk, the
rehabilitation training was initiated. After approximately
12 wk, the patient could resume the sport activity.

The patient was followed up with clinical and ul-
trasound examination after four weeks. The patient
referred increased stability of the ankle, and no si-
gnificant discomfort. Ultrasound evaluation, performed
with a high-end US apparel (Samsung RS80 Prestige,
Samsung Medical, South Korea; equipped with 8-15
Mhz linear probe) revealed a mild residual swelling at the
level of the reconstructed SPR, which appear continuous,
with correct localization of the peroneal tendons in the
retro-malleolar groove, PB tendon was also continuous
and showed several hyperechoic spots on its course due
to the suture wires (Figure 4). US scan during dynamic
maneuvers demonstrated an excellent peroneal tendons
stability at the level of the restored retro-malleolar
groove®!. The clinical follow-up examination performed
after 6 mo from surgery confirmed the stability of PB; the
treatment allowed the patient to restart sport practices
after the rehabilitation program. The patient referred
no symptoms during sport activity and an optimal
performance during the sport events.

DISCUSSION

PB resides in a vulnerable position, between the retro-
malleolar groove and the peroneus longus tendon:
during the dorsiflexion of the foot, it is compressed
by the peroneus longus against the fibular malleolus.
Moreover, the vascular supply to the tendon is reduced
inside the fibular groove; finally the anatomic variants
afore mentioned compromise the competence of SPR,
reducing the stability of the peroneus brevis tendon!®.
When a tear occurs, the peroneus longus tendon
migrates forward into the peroneus brevis, determining
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a split lesion. The association with SPR injury causes
the dislocation of the tendon out of the fibular groove.
There are many anatomic variants that predispose to PB
disease: (1) Morphology of the retro-malleolar groove: In
the 82% of the population it has a concave aspect; flat
or convex aspects predispose to lateral dislocation and PB
longitudinal tears. This condition could lead to peroneal
instability and spontaneous dislocation, however, like in
the presented case and in more than 60% of patient no
symptoms or abnormalities could be detected at clinical
evaluation™; (2) Peroneus Quartus Muscle: The most
common accessory muscle of the ankle (12%-22% of
the population), accessory muscle, that arises from the
distal third of the lateral fibula, to insert on calcaneus
or cuboid, passing posterior to peroneal tendons. It is
usually asymptomatic, but it may produce impingement
inside of the retro-malleolar groove and predispose
to peroneus brevis tendon dislocation and tears; and
(3) Low-lying PB muscle belly: Is an abnormally distal
extension of the PB muscle at the level of the retro-
malleolar groove and predispose to peroneal tendon
diseases and SPR injuries.

PB split lesions are visible on US investigation and
are lesions of continuity that affected the long axis
of the tendon™. The exams should be performed
with static and dynamic imaging (flexion, extension
and eversion), along short and long axis, with the
patient in supine decubitus and the ankle internally
rotated™. Split lesion causes the formation of two hemi-
tendons, usually different in size, that surround the
peroneus longus tendon. Frequently, fluid distension
of the synovial peroneal tendon sheath with increased
vascularity at power Doppler are associated™,

The diagnosis of peroneus brevis split lesion is
typically formulated in the basis of clinical examination
and US, but MRI is useful to evaluate the suffering of
the subchondral bone and the extension of the tendon
lesion, possible predisposing factors and helpful for
planning the appropriate treatment®®. MRI exam sh-
ould be performed in the three planes axial, coronal
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and sagittal, with patient in supine decubitus and the
ankle in neutral position®. Our protocol includes T1-w
sequences in coronal and sagittal planes, T2-w seq-
uences with and without fat suppression in the three
planes and a PD sequence in coronal plane for their
high contrast characteristic. On axial MRI images, the
damaged PB assumes a characteristic “C shaped” or
“chevron shaped™ configuration, that envelops the
peroneus longus tendon, migrated anteriorly. The
central portion of the tendon becomes very thinned
and, in some case, it may be not well visualized.The
longitudinal tear can be visualized also in the other
planes, coronal and sagittal. The rupture of the SPR is
associated with the dislocation of the tendon, laterally to
the fibular malleolus. In our case, the rupture of the SPR,
and, consequently, the peroneal tendon involvement,
was suspected at the radiograph, suggesting a timely
diagnosis and an early treatment.

Treatment of peroneus brevis tendon tears is initially
conservative, with rest, ice, compression, and elevation
(RICE), anti-inflammatory can also be prescribed to
reduce inflammation and pain therapy and orthotics™.
Refractory case, with associated lateral ankle pain and
instability, or anatomic variants and SPR lesions need to
undergo to surgical intervention, such as debridement,
re-suturing and attachment of the tendon. If lateral
ankle instability is present, the tendon lesion should
be repaired at the same time of the ligament sta-
bilization”. The longitudinal lesion is repaired with a
side-to-side suture, combined with the reconstruction
of SPR and the excision of the degenerative tissue.
The results of the surgical treatment are satisfactory in
most patients'?, usually with a restored level of activity
and without any further instability. Also different su-
rgical techniques were proposed for peroneal tear and
instability (e.g., bone block procedures, tissue transfer
procedures, and rerouting procedures), however,
the advantages of the proposed approach include be-
tter cosmesis, less soft tissue dissection, no wound
retraction needed, detection of coexisting pathology,
less postoperative pain, less peritendinous fibrosis, and
less subjective tightness at peroneal tendons!®'!l, This
case suggests that timely integrated imaging could be
helpful not only in order to diagnose peroneal injuries
but also to detect associated conditions that could be
extremely relevant for surgical planning. This is ex-
tremely important in the management of the athletes,
which have to rapidly resume sports activities after an
accident. Split lesion of PB is usually underdiagnosed:
In this case, radiograph findings were immediately
suspected for a lateral compartment lesion, confirmed
by second level exams. The early diagnosis allowed the
patient to reduce recovery time and promptly restart
sport practices. Moreover, ultrasound imaging, thanks
to its dynamic capabilities, can be an effective practical
option for evaluating lateral ankle instability, especially
in cases of partial SPR tears and slight peroneal tendon
subluxation.
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ARTICLE HIGHLIGHTS

ARTICLE HIGHLIGHTS

Case characteristics
Left ankle pain after an inversion injury, muscle functional impairment.

Clinical diagnosis
Swollen left ankle.

Differential diagnosis
Differential diagnosis includes fibular malleolus fracture.

Laboratory diagnosis
Unremarkable laboratory examination.

Imaging diagnosis

A radiography of the ankle excluded bone fracture but revealed the detachment
of an osseous fragment; ultrasound demonstrated a diffuse swelling at the
posterolateral aspect of the fibular malleolus and a split lesion of the peroneus
(PB); MRI scan confirmed the PB split lesion and detects the avulsion of the
fibular insertion of the superior peroneal retinaculum (SPR) and a shallow
retro-malleolar groove with associated anterior luxation of the peroneus brevis
tendon.

Treatment

RICE treatment consists of rest, ice, compression, and elevation, anti-
inflammatory can also be prescribed to reduce inflammation. Surgical treatment
involves a side-to-side suture, combined with the reconstruction of SPR and the
excision of the degenerative tissue.

Experiences and lessons

This case suggests that integrated imaging is helpful for injury diagnosis and
surgical planning. Unclear images, such as small bone detachment at plain
films can be precious hints for the detection of underlying tendon pathology.
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Abstract

Pulmonary contrast enhanced magnetic resonance ang-
iography (CE-MRA) is useful for the primary diagnosis
of pulmonary embolism (PE). Many sites have chosen
not to use CE-MRA as a first line of diagnostic tool for
PE because of the speed and higher efficacy of com-
puterized tomographic angiography (CTA). In this rev-
iew, we discuss the strengths and weaknesses of CE-
MRA and the appropriate imaging scenarios for the
primary diagnosis of PE derived from our unique multi-
institutional experience in this area. The optimal patient
for this test has a low to intermediate suspicion for PE
based on clinical decision rules. Patients in extremis are
not candidates for this test. Younger women (< 35 years
of age) and patients with iodinated contrast allergies are
best served by using this modality We discuss the history
of the use of this test, recent technical innovations,
artifacts, direct and indirect findings for PE, ancillary
findings, and the effectiveness (patient outcomes) of
CE-MRA for the exclusion of PE. Current outcomes data
shows that CE-MRA and NM V/Q scans are effective
alternative tests to CTA for the primary diagnosis of PE.

Key words: Female; Lung; Neoplasms; Hypersensitivity;
Pulmonary embolism; Magnetic resonance angiography;
Radiation induced; Outcome assessment (health care);
Artifacts; Computerized tomography angiography

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pulmonary contrast enhanced magnetic res-
onance angiography (CE-MRA) is an effective alternative
test for the primary diagnosis of pulmonary embolism
(PE). In outcomes studies the negative predictive value
of CE-MRA at 6 mo was 99%, which is similar to the
negative predictive value of multidetector computerized
tomographic angiography. The optimal patient selection
is for younger female patients with a low to intermediate
risk of PE or those with iodinated contrast allergies.
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HU, Swift A, Vogel-Claussen J, Biederer J, Wild J, Wielpiitz
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primary diagnosis of pulmonary embolism: A review from the
international workshop for pulmonary functional imaging. World
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INTRODUCTION

Acute pulmonary embolism (PE) affects 0.1% of the
population annually and is associated with significant
morbidity and mortality'?. Common symptoms of PE
are acute chest pain and dyspnea. When the patients
have symptoms suspected PE, the first step is use of
a dlinical decision rules (CDR) such as the Wells’ score,
the Pulmonary Embolism Rule-out Criteria (PERC), the
Revised Geneva score, the Simplified Revised Geneva
score and a D-dimer test™®,

CTA of the chest is the current gold standard for
the diagnosis of PE. In the recently published American
College of Radiology (ACR) Appropriateness Criteria®
for “Acute chest pain-suspected PE of intermediate
probability with a negative D-dimer or low pretest pro-
bability”, pulmonary magnetic resonance angiography
(CE-MRA) is listed as 2 out of 10 for appropriateness
(where 10/10 is the highest value for appropriateness),
while multi-detector computed tomographic angiography
(CTA) chest is listed at 5 out of 10 and a chest X-ray (CXR)
is rated a 9 out 10. For “acute chest pain-suspected
PE of intermediate probability with a positive D-dimer
or high pretest probability”, the ACR appropriateness
criteria rate CE-MRA as 6 out of 10, CTA chest is rated
at 9 out of 10 and a CXR is rated at 9 out 10. It is im-
portant to remember that the use of D-dimer for inp-
atients is limited due to their many comorbities. Further
imaging workup is unnecessary for the patients with a
negative D-dimer and a low clinical risk profile to exclude
PE because the negative predictive value (NPV) does not
change with the addition of an imaging test™*,

EARLY WORK

The use of pulmonary MRA is playing an increasingly
important role for the primary diagnosis of PE and other
causes of acute chest pain'*”.. Early studies in this area
began in 1993 and demonstrated the efficacy for the
non-contrast MRA for depiction of PE. However, there
were limitations that hampered routine clinical use.
In one of the early prospective studies (18 patients)
of the efficacy of non-contrast enhanced MRA for the
diagnosis of PE found the sensitivity of two-dimensional
time-of-flight pulmonary breath-hold MRA for detection
of acute PE was 85% and was much lower for chronic
emboli at 42%'™. This group also showed that the si-
ze of the emboli was important for CE-MRA detection
(PE larger than 1 cm were found with more than 75%
confidence)™®. In another prospective study (20 pat-
ients) from 1993, two-dimensional time-of-flight MRA
had a sensitivity of 92%-100% and specificity of 62% for
the diagnosis of PE®’. A major limitation of these studies
was their low sensitivity and specificity for chronic em-
boli, which were smaller and located eccentrically within
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the pulmonary arteries (web-like). These limitations
were due to low resolution, the artifacts from slow blood
flow, and respiratory-motion artifacts (30-s breath-
hold).

Since the 2000’s, several studies have evaluated the
performance of traditional contrast CE-MRA methods,
namely breathhold, non-time resolved, 3D Cartesian
encoded and T1-weighted spoiled gradient echo ac-
quisitions. These studies™®*”! were often performed
without parallel imaging and did not employ time-
resolved (e.g., 4 dimensional) k-space sampling which
delineates the arterial and venous phases of the bolus
passage thereby separating the pulmonary arteries
from the pulmonary veins. In addition, 3D time-resolved
CE-perfusion was not performed in conjunction with
the routine CE-MRA in these works!'*"", In comparison
with the historic reference standard digital subtraction
angiography (DSA), CE-MRA vyielded a sensitivity and
specificity for the detection of PE between 75% and
100% and 95% and 100%, respectively; with good
interobserver agreement (k values of 0.57-0.83)M"%"7,

In contrast to traditional CE-MRA, a study using
time-resolved CE-MRA directly compared diagnostic
performance with DSA, CTA and/or nuclear medicine
ventilation/perfusion imaging, and showed better dia-
gnostic performance than could be attained with DSA,
CTA and/or nuclear medicine studiest™*. They showed a
sensitivity and specificity of time-resolved CE-MRA of
83% and 97% on a per-vascular zone basis and 92%
and 94% on a per-patient basis. In addition, the efficacy
of time-resolved CE-MRA was higher than ventilation and
perfusion scintigraphy (V/Q scan) on a per-patient basis.
This study also showed that in comparison with CTA and
VQ scans, time-resolved CE-MRA demonstrated equal
to or higher sensitivity [92% vs 83% (CTA) and 67% (VQ
scan)] and specificity [94% vs 94% (CTA) and 78% (VQ
scan)] for the detection of PE™*,

Although time-resolved CE-MRA is useful for di-
agnosis of PE, dynamic first-pass CE-perfusion ma-
gnetic resonance imaging (MRI) is also helpful for
disease severity assessment and outcome prediction
in PE patients'”\. In this study, the acute pulmonary
thromboembolism (APTE) index, which was defined
as the ratio between the volume of perfusion defects
and the total lung volume determined by means of
dynamic first-pass CE-perfusion MRI, showed accuracy
for the prediction of patient outcome similar to that of
the right ventricular/left ventricular (RV/LV) diameter
ratio™”, In addition, the specificity and accuracy of the
RV/LV diameter ratio and the APTE index determined
by means of dynamic first-pass CE-perfusion MRI were
significantly higher than those of APTE indexes obtained
from embolic burdens and observed on CTACTA and
time-resolved CE-MRA, although logistic regression
analysis demonstrated that each index was a significant
predictor’'”). Although quantitatively analyzable software
was not commercially available, this study showed the
potential utility of quantitatively assessed dynamic first-
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pass CE-perfusion MRI for patients with PE. Therefore,
not only clinical researchers but also clinicians continue
to urge companies in the field to provide appropriate
MR systems, bolus injection protocols, MR sequences
and software for clinical settings using this technique
for suspected PE patients. Furthermore, there has been
some work showing an advantage of MRI pulmonary
perfusion assessment for patients suspected PE!'"*®,

TEST EFFICACY

Prospective Investigation of Pulmonary Embolism
Diagnosis I (PIOPED II) was a multicenter study
designed to assess the efficacy of CE-MRA (without/
with MR venography) for diagnosing PE and venous
thromboembolism (VTE)™. They found that CE-MRA
was technically inadequate in 25% of their studies and
that CE-MRA had a sensitivity of 78%, and a specificity
of 99%"°!, The two major reasons for this high rate of
technical inadequacy were a strict definition for complete
visualization of the subsegmental pulmonary arteries
and the fact that some centers were just not as good
as others in producing high quality studies™. They
also found that using a combination of MRA and MR
venography had a sensitivity of 92% and a specificity
of 96%"]. Their results showed limited efficacy of CE-
MRA for the diagnosis of PE. Based on their findings,
the authors recommended that CE-MRA should only
be considered at those centers that had a sufficient
technical expertise and in those patients for where st-
andard tests were contraindicated™®.

The limitations of PIOPED III included a slightly lower
resolution CE-MRA and a lack of consistent technical
quality amongst the multiple centers!®. This study me-
ntioned that CE-MRA could detect PE in a main or lobar
pulmonary artery with a sensitivity of 79%. They also
showed a sensitivity of 50% for segmental PE and 0%
for detecting subsegmental PE (SSPE)™®. In PIOPED I,
the proportion of technically inadequate examinations
varied between centers and ranged from 11% up to
51%"%. The reason why CE-MRA was technically in-
adequate was poor arterial opacification (67%), mo-
tion artifact (36%), wrap-around artifact (4%), and
parallel imaging artifact (2%)™. Further retrospective
analysis was by the PIOPED III investigators to identify
the factors of the CE-MRA examination that were as-
sociated with poor technical quality; they found that
the two most important elements influencing MRA in-
terpretability were vascular opacification and motion
artifact’®®.

TREATMENT FOR SUBSEGMENTAL PE

REMAINS A CONUNDRUM

The significance of detecting subsegmental PE (SSPE)
has been an ongoing debate for more than a decade!®!!.
An isolated SSPE could be a symptom of a thrombotic
state, and may require treatment®”. Recently Mehta
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et al** have shown that withholding anticoagulation
in patients with a single SSPE and negative bilateral
lower extremity venous duplex ultrasound exams was
a safe and effective strategy. However, systematic
reviews demonstrated that no randomized controlled
trial evidence exists to allow for a safe conclusion as
to whether or not withholding anticoagulant therapy
in isolated SSPE is safe®**!. Therefore, the detection
of SSPE will remain an important issue. All interested
parties should know that isolated SSPE are a problem
for any diagnostic test, including the old gold (now br-
onze) reference method pulmonary angiography™ and
the new gold standard CTA®”). Nevertheless, long-term
follow-up studies after normal pulmonary angiography™®,
normal perfusion scintigraphy™ and normal CTA®® have
shown a low risk for recurrent disease after a single
SSPE.

MITIGATION OF MEDICAL RADIATION

The reasons to continue to work on improving non-cont-
rast and CE-MRA for diagnosing PE is the mitigation of
medical radiation®*. Ionizing radiation administered
for medical imaging is of increasing clinical concern®?>*%!
and is a risk factor for the development of primary br-
east cancer”*®, The increased risk of breast cancer
is associated with more imaging follow-up, higher cu-
mulative radiation doses and exposure at a younger
age™. CE-MRA is the only non-ionizing imaging mod-
ality with data supporting for the primary diagnosis of
PEP?. This modality is particularly useful for the follow
up of previously diagnosed PE in younger individuals
and the pediatric population to determine the efficacy of
anticoagulation therapy, or the presence of new PE, as
there is no incremental medical radiation. This strength
of CE-MRA (no ionizing radiation) in younger patients
helps to mitigate its lower efficacy for the detection of
SSPE.

TEST EFFECTIVENESS

At University of Wisconsin-Madison over 2000 pulm-
onary CE-MRA examinations for the primary diagnosis
of PE have been performed over the last ten years
(2007-2017). The routine MRI protocol at UW-Madison
is shown in Tables 1 and 2. We retrospectively reviewed
the first 675 patients who underwent CE-MRA for the
primary diagnosis of PE to determine the six-month
adverse event rate following the use of CE-MRAP?,
For all these patients, the same 13-17 s breath hold
contrast enhanced CE-MRA method was used, and
the details of the MRA imaging protocol has been pre-
viously described™. We excluded 56 of 675 (8.3%)
patients for the following reasons: on anti-coagulation,
pre-existing IVC filter, or atrial fibrillation. Two of 675
(0.3%) were incomplete electronic medical record
(EMR). Eventually, we included 617 (91.4%) patients to
assess the effectiveness of CE-MRA™., Of the included
cases, 500 (81%) were negative for PE, 17 (2.8%)
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were equivocal, 46 (7.5%) were positive for PE (Fig-
ure 1)P. The proportion of technically limited CE-MRA
exams, as determined by the word “limited” in the final
report, was 8.8%. This result is far lower than the 25%
technical failure rate reported in the PIOPED I™®. This
improvement in technical success likely reflects the
maturation of CE-MRA methodology since the time of
the PIOPED 1III scans nearly a decade ago (2006-2008).
In addition, this improvement may be related to the fact
that lack of visualization of the subsegmental pulmonary
arteries was not a criterion for determining the presence
of a limited examination. Only three of 500 (0.6%) pat-
ients with a negative CE-MRA exam experienced a VTE
within 6 mo of their exam. Thus, using just the rate of
VTE, the NPV of CE-MRA was 99.4% in a data set that
reflects the real world experience of this test®®. This
value is similar to the reported NPV for CTA (98.8%)"".
At our single site, we have found that CE-MRA to be
a safe and effective alternative to CTA for the primary
diagnosis of PE.

PATIENT SELECTION

For accurate diagnosis, it is important to understand
its appropriate use in the patient population. CE-
MRA for the primary diagnosis of PE is most effective
when used in patients with the following criteria: (1)
a low to intermediate pretest probability for venous
thromboembolic disease; (2) patients with iodinated
contrast allergies; (3) female subjects less than 35
years of age that are potentially at slightly higher risk
from medical radiation; and (4) for patients with renal
insufficiency (eGFR < 30) the use of ferumoxytol as
an MRA contrast agent may be considered. The con-
traindications for CE-MRA are as follows: (1) MRI inco-
mpatible implants™; (2) claustrophobia; (3) critically
ill patients with a high pretest probability for PE; (4)
inability to hold their breath for > 13 s; and (5) patients
with gadolinium and ferumoxytol contrast allergies™***!,
Please be aware of the fact that MRI is not safe for su-
spected PE patients that are unstable. This is because
cardiopulmonary resuscitation can only be performed af-
ter the patient is out of the magnet room.

OVERVIEW OF TECHNICAL METHODS

FOR CE-MRA IN ACUTE PE

Imaging the lungs with CE-MRA is inherently chall-
enging as the method of blood pool enhancement is
predominantly a T1 weighted contrast that is also con-
strained by a heavily T2* weighted background signal
of the air within the lungs (0.5 ms and 2 ms T2*; at
1.5T and 3T respectively)*. As such, delineation of
the smaller vessels is difficult and this is made more
challenging by the changes in susceptibility of the ves-
sels with contrast passage due to the T2* blooming
effect. This effect can be mitigated by employing the
following: (1) short echo time gradient echo sequenc-
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Table 1 Pulmonary contrast-enhanced magnetic resonance

angiograph imaging protocol at UW-Madison after Nagle er a/”*!

Three-plane SSFSE localizers

Pre-contrast T1 weighted 3D SGRE

Pulmonary arterial phase T1-weighted 3D SGRE
Immediate post-contrast T1-weighted 3D SGRE

Low flip angle post-contrast T1-weighted 3D SGRE
T1-weighted 2D axial or 3D SGRE with fat saturation

SGRE: Spoiled gradient recalled echo; MRA: Magnetic resonance ang-
iograph; SSFSE: Single-shot fast spin-echo.

Table 2 Pulmonary contrast-enhanced magnetic resonance
angiograph pulse sequence parameters after Schiebler er a/™>!

Parameter Value

FOV 18-45 (to fit the patient) cm

Slice acquisition plane Sagittal

Resolution' S10.7 x RL 0.7 x AP 1.0 mm3

TR/TE 29 ms/1.0 ms

Parallel imaging factor 3.6

Flip angle 28° (15°for 2nd post-contrast “low flip angle”
scan)

Bandwidth + 88 kHz/ pixel

Time for Breath hold 15-21s

'Interpolated resolution in all three planes. TR: Time to repetition; TE:
Time to echo; FOV: Field of view.

es*? for better resolution of the underlying lung and
vessel morphology; (2) scans at expiration; and (3)
parallel imaging™®. Due to the above reasons, CE-MRA
is primarily performed at 1.5T. However, using methods
like ultra-short echo time radial sampling™” CE-MRA
is also feasible at 3T. Incorporation of modest image
acceleration factors using receiver array coils with auto
calibrated parallel imaging and centric k-space encoding
also helps in best capturing peak pulmonary arterial
enhancement during bolus passage'>*.

NON-CONTRAST PULMONARY MRA

Multiple approaches are available for non-contrast imaging
of the pulmonary arteries, pulmonary veins and perfusion
of the lung parenchyma (Figure 2). The general protocol
recommendations for imaging acute PE includes fast
MRI imaging sequences to increase sensitivity and spe-
cificity™™>*, First, a steady state GRE sequence acquired
in two or three planes during free breathing, may serve
for early detection of large central emboli within the fir-
st five minutes of the examination - with a sensitivity
of 90% and a specificity approaching 100% (Figure
3)33931  Central embolism detected at this time can be
directly referred to the intensive care unit for treatment,
this is as efficient as diagnosis using CTA™. In many
cases, such as in pregnancy when the administration
of Gadolinium based contrast agents (GABA's) is cri-
tical, using a non-contrast enhanced MRA can provide
a reliable exclusion of a massive central PE. The further
contrast-enhanced steps of the recommended exa-
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mination protocol would contribute to confirm this result
and increase sensitivity and specificity (Figure 3)**,
The diagnostic accuracy of a non-contrast enhanced
examination could be improved by additional non-co-
ntrast enhanced perfusion imaging, based either on ar-
terial spin labeling or on Fourier decomposition (Figure
2). Both have been shown to be sensitive for lung per-
fusion deficits related to acute PE, but are still on an ex-
perimental level®,

The high contrast to noise of the blood pool with a
steady state free precession sequence means that it
can serve as a non-contrast enhanced MR angiogram!>”!
when performed in 3D breathhold. Recent developments
with 3D UTE SSFP and zero echo time sequences™ also
hold promise, however the lack of arterial and venous
separation poses diagnostic limitations on this method
when compared to state of the art CE MRA. Fourier
decomposition (FD) MRI uses a continuously acquired
two-dimensional steady-state free-precession (SSFP)
or fast low angle shot (FLASH) acquisitions™>*®. Since
lung signal changes with inspiration depth (highest si-
gnal with lowest pulmonary air content in expiration)
and cardiac motion (lowest signal with maximum blood
flow in systole), both result in periodic changes of lung
parenchymal signal that can be separated by means
of Fourier decomposition®”. Perfusion and ventilation-
weighted images are generated from the high frequency
oscillations related to the effects of pulsatile blood flow
and the low-frequency lung signal oscillation related
to respiration without contrast™**, Further promising
new developments of this technique using self-gated
non-contrast-enhanced functional lung imaging (SEN-
CEFUL) or phase-resolved functional lung (PREFUL) MRI
have reported™®®’, Principally, this technique has the
potential to replace V/Q scans and has been already
been validated against single-photon emission compu-
ted tomography (SPECT) perfusion and ventilation im-
aging™!, and against hyperpolarized 3He and perfusion
MRI®*%, In a single center study, perfusion weighted
FD MRI showed encouraging results for the diagnosis
of PE in the non-acute clinical setting™®". Arterial spin
labeling (ASL) uses the intrinsic contrast of magnetized,
inflowing blood into the imaging plane or volume without
the need of contrast material injection®>®*!, In scientific
applications, ASL has been used to study of the effects
of inhaled oxygen concentration and physical exercise
on ventilation-perfusion heterogeneity of the lungs in
healthy human subjects™®®®. However, although being
principally suitable for the detection of lung perfusion
deficits related to acute PE, neither arterial spin labeling
nor Fourier decomposition MRI have been clinically
implemented for the assessment of acute PE, mainly
because of the lower robustness against artifacts, lower
spatial resolution and inferior signal to noise compared
to contrast enhanced dynamic perfusion imaging™?.
Therefore, currently only steady-state GRE sequences
are used when a non-contrast enhanced MRI of the pu-
Imonary vessels is required.
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Figure 1 Direct findings of pulmonary embolism. A: CE-MRA shows a filling defect in the interlobar artery (white arrow) consistent with the expected appearance
of a pulmonary embolus (arrow); B: CE-MRA showing an eccentrically located pulmonary embolus that spans the truncus anterior and interlobar artery (arrow); C:
Post gadolinium fat saturated breath hold axial spoiled gradient echo image showing bilateral filling defects in the lower lobe pulmonary arteries (interlobar PE-dashed
arrow, left lower lobe pulmonary artery-arrow). CE-MRA: Contrast enhanced magnetic resonance angiograph; PE: Pulmonary embolism.

Figure 2 Case of pulmonary embolism to the right lower lobe. A: Coronal dynamic contrast MRI shows notable right lower lobe hypo-perfusion in a 25-year-old
female with known acute pulmonary embolism one month ago; B: Corresponding (non-contrast) Fourier decomposition (FD) perfusion; C: Ventilation-weighted FD MR
images also depict right lower lobe hypo-perfusion and normal ventilation (VQ mismatch). MRI: Magnetic resonance imaging.

SAFETY OF GADOLINIUM BASED

CONTRAST AGENTS

Currently GBCA's are used for CE-MRA, even in those
patients with borderline renal function®’. A recent meta-
analysis has shown that higher iconicity, protein binding
and macrocyclic structures of GBCA's are associated with
an increased number of acute allergic reactions!*”.

Recently work has shown gadolinium deposition in
the brains, skin and bones of patients with normal renal
function”®7?, This can occur when linear or macrocyclic
chelates GBCAs are used”’. The association between
the tissue deposition of gadolinium from GBCAs and
any short or long-term clinical importance remains to be
determined”®. Due to concerns over brain Gadolinium
deposition, macrocyclic agents such gadoterate megl-
umine and gadobutol are preferred”.

We currently recommend injection of 0.1 mmol/kg
of GBCA diluted to a total volume of 30 mL with saline
injected at 1.5 mL/s at end-expiration'>’®.. The total
length of time for the bolus administration of contrast
material is important. Diluting the contrast with normal
saline up to a volume of 30 mL allows administration
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of the entire length of the acquisition and thus helps to
limit Maki artifacts (Figure 3). This artifact occurs when
the scan acquisition starts before the bolus arrives, the
effect is an edge-enhanced image and this can simulate
PE"7,

RENAL FAILURE

An option for patients with renal failure or GBCA allergy
is the off-label use of Ferumoxytol as a MRA contrast
agent”®. Ferumoxytol is an intravenously administered
ultrasmall superparamagnetic iron oxide agent for
treatment of anemia in adult patients. The standard
intravenous dose is 3.0 mg/kg. There is a Food and
Drug Administration “black box” warning against the
rapid bolus administration of this agent, as it has been
associated with hypotension and death. The rate of
anaphylaxis is low at 0.02% to 1.3%. Its T1 and T2
shortening effects, long blood-pool residence time and
clearance through the reticuloendothelial system makes
this a versatile MRI contrast agent!**”®, Moreover, Fer-
umoxytol avoids any risk of Nephrogenic Systemic Fib-
rosis for patients with renal failure.
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Figure 3 Non-contrast pulmonary magnetic resonance angiograph of an 82-year-old male with a history of san acute onset of dyspnea. A: Transverse
non-contrast enhanced steady state GRE; B: Coronal oblique non-contrast enhanced steady-state GRE images of a fresh embolus in the right lower lobe artery;
C: For comparison the transverse reformation; D: The original coronal images from the contrast-enhanced MRA (images courtesy of Heussel CP and Wielpuetz M,
Thoraxklinik, Heidelberg, Germany). GRE: Gradient recalled echo; MRA: Magnetic resonance angiograph.

PREGNANCY

PE is one of the causes of death in the pregnancy
The diagnosis of PE in these patients is challenging
because of the necessity of keeping medical radiation
exposure to a minimum. The American Thoracic Society
and the Society of Thoracic Radiology have reached co-
nsensus in this clinical scenario®®. They recommend
ventilation-perfusion (V/Q) scintigraphy as a first line
test to detect PE in pregnant patients with normal chest
radiographs, with CTA reserved for those mothers wi-
th abnormal chest radiographs or indeterminate V/Q
scans®, This remains an active area of research®.
Non-contrast MRA using bright blood pulse sequences
(bSSFP) and unenhanced Fourier decomposition lung
perfusion are other options in this scenario that is non-
ionizing and without contrast for the mother and fetus
(Figure 2)P*®Y, Unfortunately, CE-MRA using GBCAs
is limited because these agents cross the placenta to
the fetus and there are reports of rheumatological,
inflammatory, and infiltrative skin conditions in those
exposed neonates®!. Fortunately, there is another
option for CE-MRA in this situation; the United States
Food and Drug Administration has approved Ferumoxytol
for use in pregnancy as a treatment for anemia, and
we have used it (off-label) for CE-MRA in pregnant pa-
tients’®. A recent Cochrane review assessed the value
CTA, lung scintigraphy or MRA in pregnant patients with
suspected PE®”). No MRI examinations met the inclusion

[80,81]
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criteria for the study. The authors concluded that both
CTA and lung scintigraphy are appropriate for exclusion
of PE in pregnancy, however it was unclear which test
had the higher accuracy. They emphasized the need
for direct comparisons and the need to include MRI in
prospective trials in this clinical scenario®™”’.

ARTIFACTS

Truncation artifact (Gibbs” ringing) is showed as a dis-
tinct central signal intensity drop within the pulmonary
vasculature in pulmonary contrast-enhanced MRA®®,
Gibbs' ringing may be misdiagnosed as PE (Figure 4),
particularly by inexperienced MRA readers. The di-
fferentiation between Gibbs’ ringing and emboli is im-
portant. The signal intensity of this artifact is typically
50% or higher than the enhanced surrounding vessel
lumen'®®. Errors approximation in the Fourier transfor-
mation from k-space to image space causes this ar-
tifact (Figure 3). Routine Cartesian reconstructions of
k-space into image space performs better when used for
estimating gradual transitions in tissue signal intensity,
not sharp ones™®. There are cases where a Gibbs’ ar-
tifact is not distinguishable from a small central non-
occlusive PE®®, In those cases, a confirmatory CTA
exam is required for an accurate diagnosis. The Maki
artifact””! can also simulate a PE. This error in image
interpretation is avoidable by using multiple contrast
phases and extending the bolus so that contrast is al-
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Figure 4 Artifacts: The Maki artifact. A: Acquisition of the central aspect of k-space was before the bolus of contrast agent filled the pulmonary artery causing a
pseudo-clot within the left lower lobe pulmonary artery (arrow); B: Later phase acquisition from the same patient shows normal contrast enhancement of the Left lower
lobe pulmonary artery (arrow); C: Gibbs” ringing artifact can simulate a central filling defect. Typically, the signal of emboli will be less than 50% of the signal intensity

of the lumen.

ways flowing into the pulmonary arteries during the first
acquisition (Figure 3)®,

ANCILLARY FINDINGS

The ancillary findings observed on CE-MRA exams in
those patients without PE are similar to those of CTA
(Figure 5)®°%, The field of view is larger and the soft
tissue contrast is better on CE-MRA exams than CTA.
In a recent study, the incidence of actionable findings
(requiring follow up) from CE-MRA exams was 17%
(pleural effusion, pneumonia, malignancy, ascending
aortic aneurysm, aortic dissection, pericardial effusion,
heart failure, septic emboli, lung abscess, trauma, and
sarcoidosis). While the incidence of incidental findings
(those findings not requiring follow up) was 36% (mild
dependent atelectasis, small pleural effusion, normal
vascular variant, simple cysts in liver or kidney and pos-
t-surgical changes)™®.

DIRECT AND INDIRECT FINDINGS OF PE

Just like multidetector computed tomographic angiog-
raphy MDCT, PE are detected as a lumenal filling defect
in the pulmonary arteries on CE-MRA (Figure 1). Other
direct findings include that arterial cutoff sign, double
bronchus sign, and high T1 signal intensity clots. The
indirect findings include atelectasis, pleural effusion, hi-
gh signal adjacent draining pulmonary vein, the “W-B-W”
(white-black-white) sign, perfusion defects, enhancing
visceral pleural surfaces, and an enlarged pulmonary
trunk. Other findings indicative of right heart strain and
elevated central venous pressure can help to estimate
the degree of right heart dysfunction with larger clot
burden”?!,

FREE BREATHING PE-MRA

In the PIOPED 1II study, the sensitivity of PE detected by
MRA in subsegmental artery was 0%""®". The emboli in
subsegmental vessels on MRA are difficult to distinguish
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from lung parenchyma or a nearby bronchus as this
is a “black-on-black” perceptual event. Bannas et al*”!
showed that free-breathing 3D radial ultra-short time to
echo (UTE) imaging™ can detect PE in subsegmental
vessels. The reason for this is the high SNR of lung
parenchyma in the UTE image. Their method used a
free-breathing 3D radial UTE technique, which is quite
advantageous in the setting of dyspnea, a common
presenting symptom of PE.

OVERDIAGNOSIS OF PE USING MDCT

MDCT is the gold standard for the primary diagnosis
of PE®l, The SSPE, which are not detected with V/Q
scintigraphy or earlier generation single detector CT,
are now routinely diagnosed with MDCT®?. Le Gal et
al®¥ in a review found that that MDCT found twice as
many SSPE as the single detector CT scans. Sheh et
al®® First introduced the concept of “overdiagnosis”
of PE due to the change from V/Q scintigraphy to MD-
CT and an increased diagnosis of a much less fatal
spectrum of PE. In contrast to the idea that SSPE is
benign, other authors have shown that the presence
of SSPE remains important for the likelihood of future
venous thromboembolism (VTE)®**®, Current clinical
practice guidelines suggest that anticoagulation therapy of
these SSPE should be tailored to the individual patient’s
risks and benefits®®, The American College of Chest Ph-
ysicians 2016 guidelines now recommend withholding
anticoagulation for SSPE in those patients with a low
risk for recurrent thrombus and no concurrent deep ve-
in thrombosist®”.

WEAKNESSES OF MRA

There are limitations for the use of MRA for the primary
diagnosis of PE. First, this modality should not be used
for unstable patients. Second, patients with allergies
to gadolinium based contrast material should only be
imaged if there is no access to MDCT or Ventilation Pe-
rfusion scanning, and only then after premedication
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Figure 5 Ancillary findings on contrast enhanced magnetic resonance angiograph exams. A: Contrast enhanced MRA shows a right atrial thrombus from a long
standing indwelling central venous catheter (dashed arrow) and a pericardial effusion (straight arrow); B: Post contrast breath hold fat saturated gradient echo showing
a left pleural effusion (arrow); C: CE-MRA coronal image showing the same left pleural effusion ( arrow); D: CE-MRA showing right renal pelvis hydronephrosis (arrow);
E: Fast spin echo scout sagittal image through the right renal pelvis showing the high signal intensity of the hydronephrosis (arrow). CE-MRA: Contrast enhanced

magnetic resonance angiograph.

with steroids for 24 h and Benadryl. Third, small chil-
dren or adults who are unable to hold their breath, or
hold still, for the 13-20 s MRA are poor candidates for
this exam. Fourth, readers experienced with the int-
erpretation of MRA for PE are needed to ensure that
the correct diagnosis is reached in these exams. Fifth,
up to date MRI hardware (high performance gradients
and multicoils) and software (rapid k-space sampling
and accelerated image acquisition) are needed to allow
for the acquisition of 3D MRA exams with nearly iso-
tropic voxels. There is noise associated with the rapid
switching of the gradient coils that may bother some pa-
tients if there is not adequate hearing protection.

The costs of this test will vary depending on each
country’s healthcare plan. In our experience, the cost
of this procedure is similar to MSCT for PE. There can be
access challenges for the emergent use of CE-MRI for PE
from the Emergency Department. With effort, we have
found that the time from order to final interpretation of
these exams can be around one hour”®. Experienced
sites will not have difficulty starting a CE-MRA program
for the primary diagnosis of PE, however we recognize
that there are many medical centers that do not have
access to these instruments and lack adequately tra-
ined medical/technical staff for the performance of
these exams. In this low to intermediate risk patient
population, there are many patients that do not need
imaging; this is why the careful application of CDR’s is
needed to screen all patients prior to ordering an exam
for PE.
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PERFORMANCE GAP: CE-MRA
EFFECTIVENESS > EFFICACY

The most recent effectiveness data from UW-Madison
showed a negative predictive value of 99% (95%CI:
97%-100%) in 500 patients™. The reader can easily
surmise that this effectiveness value (NPV-99%) is
quite different than the efficacy value (sensitivity -77%)
reported in PIOPED II'"®. How do we reconcile this
difference? Perhaps this relative “over-performance” of
CE-MRA, using outcomes data as a surrogate for ef-
fectiveness, vs the lower efficacy can be explained by
the following possibilities: (1) Better technical CE-MRA
exams than were available for PIOPED 1III; (2) Readers
experienced with the artifacts of this exam; and (3)
Small PE in younger and healthy patients, that may
be missed on CE-MRA or NM V/Q scanning are not im-
portant for survival or subsequent VTE. One reason for
this may be that these isolated SSPE’s may indeed
be “scrubbed” from the pulmonary arterial vasculature
by the patient’s endogenous thrombolytic activity. An-
other possible reason is that there is a great deal of
cardiopulmonary reserve and that sacrifice of a few
subsegmental pulmonary arteries is not significant in
the normal population. Please note that the situation
of repeated SSPE may lead to chronic thromboembolic
pulmonary hypertension®.

Recently Cronin and Dwamena™’ have used the
PIOPED @I data to calculate likelihood ratios (LR) for
PE in this cohort based on the pretest probability from
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CDR (e.g., Wells’ score, Geneva score and Pisa score).
The use of LR is important in this age of outcomes dri-
ven research as these reflect the clinical utility of any
given testing method. The numerator of the positive LR
(+LR) is the sensitivity of the test for that disease.
The denominator is 1-specificity of the test for that dis-
ease!®.. Their analysis showed that the use of CE-MRA
for the diagnosis of PE had a higher LR+ than CTAP®.,
LR+ = Sensitivity/(1-specificity)

CONCLUSION

Currently computed tomographic angiography is the st-
udy of choice for the diagnosis of PE. We have reviewed
our experience using pulmonary CE-MRA as a first line
diagnostic test for patients suspected of having PE. We
have found equivalent six-month outcomes to computed
tomographic angiography when using this test. We
recommend using strict patient selection criteria for
improving the likelihood for the technical success of th-
is test. First, a low to intermediate pretest probability
for venous thromboembolic disease by the formalized is
used of CDR (Wells' criteria, PERC or the Geneva score);
Second, patients with iodinated contrast allergies can
benefit from using this test; Third, female subjects
less than 35 years of age to mitigate medical radiation
exposure to the breast; Fourth, employing ferumoxytol
as the MRA contrast agent in renal failure patients;
Finally, yet importantly, ensuring that the patient is st-
able and can hold their breath for the 13-17 s CE-MRA.
There is no overdiagnosis of PE when CE-MRA or NM V/Q
scanning is used. In other words, these “less sensitive”
tests may suffice for the primary diagnosis of PE. We
are supportive of funding for randomized clinical trials to
evaluate whether or not the clinical outcomes significantly
vary between CTA and CE-MRA for the primary diagnosis
of PE, as this remains an unmet need.
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Abstract

AIM

To evaluate radiological imaging findings of patients
who had been found to have pineal cyst (PC) in brain
magnetic resonance imaging (MRI).

METHODS

A total of 9546 patients who had brain MRI examination
in March 2010-January 2018 period were studied. Fifty-
six patients (44 female and 12 male) found to have PC
were evaluated. Eighteen of the patients had had foll-
ow-up examinations of 2-94 mo (mean 30.50 = 28.83).
PC dimensions and volume, radiological imaging feat-
ures (signal intensities, contours, internal septation-
loculation and contrast-enhancement features) and
natural history in cases who had been followed-up were
evaluated by two radiologists.

RESULTS

Of 9546 patients, 5555 were female (58.2%) and
3991 male (41.8%). Age range was 1-99 (mean 43.18
+ 20.94). PC frequency was calculated to be 0.58%.
Forty-four of the 56 patients (78.57%) with PC were
female and 12 male (21.43%), and their age range was
5-61 (mean 31.26 + 12.73). Thirty-five of the PCs were
typical (62.50%) and 21 (37.50%) were atypical. No
significant difference was found between initial and
final imaging sizes of PCs which were monitored by fo-
llow-up examinations (P > 0.05).
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CONCLUSION

PCs are cysts which do not show clear size and natural
changes and are more frequently observed in females
and in adult ages. Most of them are isointense with
cerebrospinal fluid on T1 and T2A weighted images,
hyperintense compared to cerebrospinal fluid on fluid-
attenuated inversion recovery; sequence and smooth-
ly contoured. Their typical forms have peripheral rim
and multilocular ones may have septal contrast-enha-
ncement.

Key words: Magnetic resonance imaging; Pineal cyst;
Pineal region

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this retrospective study, brain magnetic
resonance images of 9546 patients were studied to de-
tect incidence, size, contour, septation and contrast-
enhancement features of pineal cysts (PCs). In additi-
on, size and natural changes in follow-up examinations
were also investigated. Classification of PCs based on
routine magnetic resonance imaging examinations
could change when examination was performed using
high resolution sequences due to detection of sept-
ations within them. The present study revealed that
no significant size or natural change was observed in
follow-up examinations of PCs.

Gokce E, Beyhan M. Evaluation of pineal cysts with magnetic
resonance imaging. World J Radiol 2018; 10(7): 65-77 Available
from: URL: http://www.wjgnet.com/1949-8470/full/v10/i7/65.htm
DOI: http://dx.doi.org/10.4329/wjr.v10.i7.65

INTRODUCTION

Pineal cysts (PC) are frequently asymptomatic, small
sized, unilocular, benign pineal lesions which do not
show size change!'!. They are generally made of three
layers: fibrocollagen layer at the outside, pineal par-
enchymal layer which may have calcium deposits at
the middle and hypocellular glial tissue layer which
may have hemosiderin inside!. PCs may develop as
secondary to focal degeneration of pineal gland or dis-
tension of pineal diverticulum remnant®. Increasing
resolution and more frequent use of cranial imaging
techniques along with use of contrast agent have led
to an increase in incidental diagnosis of PCs™. Uni-
locular, smooth edged, round or ovoid shaped cysts
which have homogenous interior signal feature and
rim-shaped contrast-enhancement with less than 2
mm wall thickness on MRI are referred as typical PCt**.
Although there is an excess amount of reports in lite-
rature about typical PC stating that they are indeed
incidental findings of radiological imaging and that they
are stable over time, more complex and atypical pineal
cystic lesions constitute a problem for radiologists™”.
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In addition, it has been reported that pineal neoplasia
could have imaging features similar to those of PCP®,
Some studies mentioned some cystic lesions in pin-
eal region with complex imaging features, which are
probably normal variants®™*'%, In the present study, rad-
iological imaging findings of PCs determined in patients
who had undergone brain magnetic resonance imaging
(MRI) due to various reasons in a past eight-year period
were evaluated.

MATERIALS AND METHODS

After the approval of local ethic committee (No. 18-KA-
EK-015), 9546 patients who had brain MRI examin-
ations in March 2010-January 2018 period in Radiolo-
gy Department of Gaziosmanpasa University Medical
School were studied retrospectively. A total of 11695
consecutive brain MRI examinations were scanned.
Scans were reviewed by experienced neuroradiolog-
ists (Gokce E and Beyhan M) to confirm radiologic
diagnoses of PC. Patients with solid or semisolid ma-
sses in pineal gland location or other cystic lesions
(arachnoid cyst, etc.) developing from neighboring
structures and patients with operation history were
excluded. There were no exclusion criteria related to
pineal cyst size. Fifty-six patients (44 female and 12
male) with PCs were evaluated. Among the reasons for
MRI requests were headache, cerebrovascular disease,
epilepsy, vertigo, hand tremors and encephalitis. MRI
examinations were carried out using an 8-channel 1.5
T MRI machine (GE Signa Excite HD; GE Healthcare,
Milwaukee, WI, United States, 2005) until 2017, and
a 16-channel 1.5 T MRI machine (GE Signa Explorer
SV 25; GE Healthcare, Milwaukee, WI, United States,
2016) after 2017. MRI examination parameters before
and after 2017 are given in Tables 1 and 2. Eighteen
patients had 2-94 mo (mean 30.50 £ 28.83) of follow-
ups. Contrast-enhanced MRI was performed in 21 of 56
patients.

Size and volume, radiological imaging features (si-
gnal intensities, contours, internal septation-loculation
and contrast-enhancement properties) and size and
natural changes of PCs (in patients who had follow-ups)
were evaluated by two radiologists. PC dimensions were
measured from outer wall to outer wall in sagittal, axi-
al and coronal planes. Unilocular, smooth edged, ovoid
PCs with homogenous interior structure and less than 2
mm wall thickness were considered typical PC (Figures
1-3), while multilocular PCs with walls thicker than 2
mm, septation or lobulated contours were considered
atypical (Figures 4-10). In patients who had had follow-
up examinations, size and natural differences were
compared in initial and follow-up examinations.

Statistical analysis

Descriptive statistics were expressed as mean * SD.
Data regarding categorical variables were given as n
(%). Categorical variables were compared using »* te-
sts. Independent-samples t-test and Mann-Whitney U
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Table 1 Magnetic resonance imaging examination parameters before 2017

Parameter T1 (SPGR) T2 (SE) FLAIR DWI Ax SPGR + C SagT1 SE+ C AxT1FS + C
TR (repetition time) (ms) 6.36 5700 8002 8000 6.36 440 620

TE (echo time) (ms) 223 134 80.9 104 2.23 12 20

Field of view (mm) 260 250 220 250 260 250 250

Slice thickness (mm) 4 5 5.5 5 4 83 515)

Slice gap (mm) 2 6.5 6.5 6.5 2 6.5 7

NEX (No. of excitations) 1 1.5 1 2 1 1 1

TI (time inversion) ms 450 2000 450

Machine

1.5 T GE Signa Excite HD (8 channel head coil)

SPGR: Spoiled gradient recalled acquisition in steady state; SE: Spin echo; FLAIR: Fluid-attenuated inversion recovery; DWI: Diffusion weighted imaging;

Ax: Axial plane; Sag: Sagittal plane; + C: Contrast-enhanced; FS: Fat saturation.

Table 2 Magnetic resonance imaging examination parameters after 2017

Parameter T1 (BRAVO) T2 (SE) FLAIR FS DWI T1 (BRAVO) +C CorT1 (SE) + C  AxT1FS + C
TR (repetition time) (ms) 9.25 6282 10000 6992 9.25 3509 2744

TE (echo time) (ms) 3.58 124 91.7 844 3.58 17.8 17.5
Field of view (mm) 256 220 240 270 256 240 256

Slice thickness (mm) 1 83 515 5 1 515) 515

Slice gap (mm) 0 7 7 515 0 7 7

NEX (No. of excitations) 1 2 1 2 1 1 1

TI (time inversion) (ms) 420 2688 420 1146 922

Machine

1.5 T GE Signa Explorer SV 25 (16 channel neurovascular-head coil)

BRAVO: Brain volume imaging; SE: Spin echo; FLAIR: Fluid-attenuated inversion recovery; FS: Fat saturation; DWI: Diffusion weighted imaging; + C:

Contrast-enhanced; Cor: Coronal plane; Ax: Axial plane.

Table 3 Demographic and clinical characteristics of patients

with pineal cyst

n (%)

No. of patients 56
Pineal cyst prevalence 0.58%
Median age (mean * SD, range) (yr) 31.26 +12.73 (5-61)

Demographic and clinical characteristics

Sex
Female 44 (78.57)
Male 12 (21.43)
MRI request reasons
Headache 42 (75)
Epilepsy 7 (12.50)
Cerebrovascular disease 4(7.14)
Vertigo 1(1.78)
Encephalitis 1(1.78)
Hand tremor 1(1.78)

MRI: Magnetic resonance imaging.

test were used to compare the means of two groups.
The results of PC dimension measurements were co-
mpared using paired-samples t-test. A P-value of <
0.05 was considered significant. Statistical analyses
were performed using the Statistical Package for Social
Sciences 18.0 software (IBM Corp.; Armonk, NY, United
States).

RESULTS

Studied brain MRI examinations belonged to 5555
women (58.2%) and 3991 men (41.8%), and the

JRaishideng®
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age range was 1-99 (mean 43.18 x 20.94). Fifty-six
patients were found to have had PC. Forty-four of them
(78.57%) were female and 12 were men (21.43%).
Calculated frequency of PC was 0.58%. Age range of
patients with PC was 5-61 (mean: 31.26 £ 12.73).
When the groups with and without PC were compared,
a significant difference was found between the two
groups for average age (P < 0.001). The difference
between the genders for frequency of PC incidence
was also significant (P = 0.002). The most common re-
ason for MRI examination request was headache (42
patients). Demographic and clinical characteristics of
patients with PC are given in Table 3.

One PC was slightly hyperintense on T2 weighed
series compared to cerebrospinal fluid (CSF), but others
were isointense (Figures 1-3). On T1 weighted series,
three PCs were slightly hyperintense compared to CSF
and other PCs were isointense. On fluid-attenuated
inversion recovery (FLAIR) series, on the other hand,
only six PCs were isointense with CSF, and others were
hyperintense (Figure 2). No diffusion limitation was
observed on diffusion MRI series in any PC (Figure 4).
Contrast-enhancement was detected in PCs of all 21
patients who had undergone contrast-enhanced MRI
examination. Vast majority of PC (71.42%) showed
peripheral rim-like contrast-enhancement (Figure 1).
However, peripheral rim-like contrast-enhancement
and septal contrast-enhancement or partial rim style
enhancement were less frequent (14.28% and 9.52%,
respectively) (Figures 5, 7 and 10). One PC (4.76%)
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Figure 1 Eighteen years old male patient with typical pineal cyst (patient No. 43). A: Axial plane T2 weighted magnetic resonance imaging (MRI); B: Sagittal
plane T2 weighted MRI; C: Axial plane T1 weighted contrast-enhanced MRI; D: Sagittal plane contrast-enhanced MRI. Typical pineal cyst is shown in the pineal region
with unilocular homogeneous internal structure (arrows, A, B, C and D); Peripheral rim-like contrast-enhancement is shown (arrow, C and D).

Figure 2 Thirty-three years old female patient with typical pineal cyst (patient No. 42). A: Axial plane T2 weighted magnetic resonance imaging (MRI); B: T1
weighted MRI; C: Sagittal plane T2 weighted MRI; D: Coronal plane FLAIR MRI. Typical pineal cysts are shown in the pineal region with unilocular homogeneous
internal structure (white arrows, A, B, C and D); Isointense cyst with CSF (A, B and C); The slightly hyperintense pineal cyst compared to CSF is shown on FLAIR
sequence (D). CSF: Cerebrospinal fluid; FLAIR: Fluid-attenuated inversion recovery.
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Figure 3 Thirty-five years old female patient with typical pineal cyst (patient No. 34). A: Axial plane T2 weighted magnetic resonance imaging (MRI); B: T1
weighted MRI; C: Sagittal plane T2 weighted MRI; D: Coronal plane FLAIR MRI. Typical pineal cyst is shown in the pineal region with unilocular homogeneous internal
structure (white arrows, A, B, C and D); The isointense pineal cyst compared to CSF is shown in the pineal region (A, B, C and D). CSF: Cerebrospinal fluid; FLAIR:
Fluid-attenuated inversion recovery.

Figure 4 Fifty years old male patient with atypical pineal cyst (patient No. 40). Axial plane (A) sagittal plane magnetic resonance imaging (MRI) (B) coronal plane
T2 weighted (C) and coronal plane FLAIR magnetic resonance imaging (D) axial plane diffusion weighted imaging (E) axial plane apparent diffusion coefficient map (F).
A, B, C, D, E and F: Bilocular, lobule contoured atypical pineal cyst is shown in pineal area (white arrows); D: The slightly hyperintense pineal cyst compared to CSF is
shown on FLAIR sequence; E and F: No diffusion restriction. CSF: Cerebrospinal fluid; FLAIR: Fluid-attenuated inversion recovery.
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Figure 5 Fifty years old male patient with atypical pineal cyst (patient No. 40). Axial plane (A) sagittal plane T1 weighted (B) axial plane (C) sagittal plane
contrast-enhanced magnetic resonance imaging (D). A, B, C and D: Bilocular, lobule contoured atypical pineal cyst is shown in pineal area (white arrows); C and D:

Partial rim-like enhancement is shown (white arrows).

Figure 6 Thirty-six years old female patient with atypical pineal cyst (patient No. 2). Axial plane T2 weighted (A) sagittal plane (B) contrast-enhanced magnetic
resonance imaging. A and B: Atypical pineal cysts are shown in the pineal region; A: Trilocular cyst (white arrow); B: Peripheral rim-like enhancement is shown (white

arrow).

had intense heterogeneous contrast-enhancement,
and complicated PC-pineocytoma differentiation co-
uld not be done radiologically (Figure 8). Most of the
PCs were concluded to be typical (62.50%), while a
smaller proportion was atypical (37.50%). Eighteen of
the atypical PCs (32.4%) had two or more septation-
loculation, and 11 (19.64%) had peripheral lobulation.
Septation-loculation was observed in 9 (81.81%) of
lobule-contoured PCs (Figure 9). MRI features of PCs
are given in Table 4. Minimum and maximum PC diam-
eters varied from 5.0 to 19.7 mm. Average PC sizes
were 11.18 + 3.03 mm in anteroposterior (AP), 10.41
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+ 2.72 mm in mediolateral (ML) and 8.63 + 2.47 mm
in craniocaudal (CC) directions. Average PC volume
was 0.62 = 0.54 cm’. A total of 18 PCs had follow-up
examinations, and 10 of them were typical and 8 atyp-
ical. Natural change was not observed in any PCs with
follow-ups. Amount of average dimension changes in
PCs with follow-ups were (-0.08 = 0.53) mm, (-0.22
+ 0.87) mm, and (0.16 £+ 0.56) mm in AP, ML and CC
dimensions, respectively. Thus, AP, ML and CC dimen-
sions decreased in 6, 8 and 5 PCs, and increased in
5, 5 and 7 PCs, respectively. No significant difference
was found between initial and final imaging sizes of
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Figure 7 Thirty-three years old male patient with atypical pineal cyst (patient No. 41). Axial plane (A) sagittal plane T2 weighted (B) coronal plane FLAIR (C)
coronal plane (D) contrast-enhanced magnetic resonance imaging. A and B: Atypical multilocular pineal cysts are shown in the pineal region (white arrows); C: The
hyperintense pineal cyst compared to CSF is shown in the pineal region (white arrows); D: Peripheral rim-like and septal enhancement is shown (white arrows). CSF:
Cerebrospinal fluid; FLAIR: Fluid-attenuated inversion recovery.

Figure 8 Twenty-two years old female patient with atypical pineal cyst (patient No. 50). Axial plane T1 weighted (A) coronal plane FLAIR (B) axial plane diffusion
weighted (C) consecutive contrast-enhanced magnetic resonance imaging (D, E and F). A, B, C, D, E and F: Atypical pineal cyst or pineocytoma is not distinguished
radiologically (white arrows); C: No diffusion restriction; D, E and F: Increasing gradually heterogeneous enhancement is shown in pineal region (white arrows).
FLAIR: Fluid-attenuated inversion recovery.
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Figure 9 Thirty-three years old female patient with atypical pineal cyst (patient No. 53). Axial plane (A) T2 weighted (B) T1 weighted (C) contrast-enhanced (D)
sagittal plane contrast-enhanced magnetic resonance imaging. A, B, C and D: Multilocular, lobule contoured, atypical pineal cyst is observed in pineal area (white
arrows); C and D: Peripheral rim-like enhancement is shown (white arrows).

Figure 10 Five years old female patient with atypical pineal cyst (patient No. 44). Axial plane (A) T2 weighted (B) T1 weighted (C) sagittal plane T2 weighted (D)
coronal plane FLAIR (E) axial plane (F) sagittal plane contrast-enhanced magnetic resonance imaging. A, B, C, D, E and F: Multilocular, lobule contoured, atypical
pineal cyst is observed in pineal area (white arrows); D: The isointense pineal cyst compared to CSF is shown on FLAIR sequence; E and F: Peripheral rim-like and
septal (white arrows) enhancement is shown. CSF: Cerebrospinal fluid; FLAIR: Fluid-attenuated inversion recovery.
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Table 4 Magnetic resonance imaging features of pineal cysts

MRI features of pineal cysts n (%)
Cyst type
Typical 35 (62.50)
Atypical 21 (37.50)

Two or more septation-loculation 18 (32.14)

Contour lobularity 11 (19.64)
Cyst contrast-enhancement 21

Peripheral rim enhancement 15 (71.42)

Peripheral rim and septal enhancement 3 (14.28)

Partial rim enhancement 2(9.52)

Dense heterogeneous enhancement 1(4.76)
Cyst intensity relative to CSF on T2 weighted images

Isointense 55 (98.21)

Hyperintense 1(1.79)
Cyst intensity relative to CSF on T1 weighted images

Isointense 53 (94.64)

Hyperintense 3 (5.36)
Cyst intensity relative to CSF on FLAIR images

Isointense 6 (10.71)

Hyperintense 50 (89.29)
Diffusion restriction 0

MRI: Magnetic resonance imaging; CSF: Cerebrospinal fluid; FLAIR:
Fluid-attenuated inversion recovery.

PCs which were monitored by follow-up examinations
(P > 0.05). Initial dimensions and volumes of PCs and
observed changes during the follow-up period are given
in Table 5.

DISCUSSION

PC are observed in 0.6-10.8% of all random or cons-
ecutive brain MRI studies™*** and in 23% of healthy
volunteers™!, Al-Holou et a/l'*® found an incidence
rate of 1.9% in an MRI study on a child population
comprising 10821 children under 18 years of age. La-
croix-Boudhrioua et al'™ found a PC incidence rate of
11% in a high-resolution MRI study on a child patient
group without a neurological indication. Considerable
differences in reported PC incidence in MRI literature
could be due to technical parameters or methodolo-
gy (slice thickness, sequence type, strength of the
magnetic field, size threshold of cysts included, etc.) as
well as due to population differences (age, gender and
race)”). In cadaver autopsies, pineal cyst incidence of
up to 40% have been reported™®, Higher incidence in
autopsy series could be explained by the fact that small
sized cysts of 2-5 mm can be detected only in cadaveric
studies™, In the present study, only six of the 1327
patients (0.4%) who were 17 years of age and under
were found to have PC. Frequency of PC in all ages
combined was 0.58%, which was lower than the in-
cidence rates reported in literature. Lower incidence
rate in the present study could be due to population
difference.

Al-Holou et a** found a prevalence of 2.0% in an
adult population in the range of 19-30 years of age.
Sawamura et al'*”! reported a decrease in PC incidence
after the age of 40. Al-Holou et a*?, on the other hand,
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mentioned that PC prevalence peaked at late childhood
period and then started to decrease in adult age range.
Most studies in literature reported lower PC incidence
rates in infants and in old ages (older adults)!*&*%620-221,
In the present study, no PC was observed in infanti-
le period, and the incidence of PC tended to increase
towards the end of the second decade and peaked at
the fourth decade. A slight decrease in prevalence was
observed at the fifth decade, but the decrease in older
ages was more pronounced.

There are many studies in literature reporting hi-
gher incidence of PCs in women™***'%1 Studying a
population of children and young adults, Al-Holou et
al*®! mentioned PC frequency of 2.4% in women and
1.5% in men. In a retrospective study by Al-Holou et
al"? carried out on 48417 patients who had brain MRI,
frequency of pineal cyst was reported to be 1.1% in
women and 0.8% in men. Similarly, Sawamura et a/*”’
found PC incidence rates of 1.6% for women and 0.96%
for men. In the present study, on the other hand, re-
latively lower incidence rates of PC were observed,
women having higher incidence rates (0.8%) than men
(0.3%) similar to literature.

Most PCs are small sized™?. Barboriak et af¥ rep-
orted that average PC diameter was 11.2 mm and vol-
ume was 1.42 cm’. They also reported that 47% of PCs
had 10 mm or smaller maximum linear dimension.
Nevins et al** evaluated 281 PC, and found that me-
dian size of PCs at diagnosis was 10 mm. Al-Holou et
al*?! found that starting dimensions of PCs were 9.7
+ 3.8 mm in sagittal anteroposterior; 6.8 £ 2.9 mm in
sagittal craniocaudal and 7.0 £ 2.8 mm in axial width
dimensions, and that 50% of PCs had less than 10 mm
of maximum size. The authors also mentioned that
sizes of PC in women and men were not significantly
different, and volume of PCs was not significantly
associated with age. Average PC dimension in the
present study was 10.07 £ 2.93 mm in all planes (AP,
ML and CC dimensions). Maximum dimension was
less than 10 mm in 37.5% of PCs (n = 21), which was
somewhat lower than what was reported in literature.
This may be due to different measurement techniques
used to determine PC dimensions. PC volumes in the
present study were not significantly associated with
gender or age of the patients (P = 0.74 and P = 0.81,
respectively).

PCs typically have a benign prognosis, but some
studies reported rare size changes of PCs over time'**>?!,
Tamaki et al'”! and Golzarian et a® reported that size
of PCs did not change in follow-up examinations. Al-
Holou et ai™? found that only 2.6% of PCs which were
monitored for periods varying from 6 mo to 3 years
had an average maximum diameter increase of 3.5
mm, while size decreased in 15% and remained stable
in 82% of them. In 32 patients monitored for periods
ranging from six months to nine years, Barboriak et af
observed that maximal size did not change in 75.0% of
PCs, 2-4 mm size decreases were observed in 9.37%,
and 2-3 mm size increases were observed in 6.25% of
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Table 5 IInitial dimensions and volumes and subsequent changes of pineal cysts

Pineal cyst dimensions and volume

Value (range)

Minimal-maximal linear dimension
All plane mean dimension (AP, ML, CC)
Cyst volume (mean * SD, range)

Cyst dimension (mean + SD, range) (mm)
Anteroposterior (AP)
Mediolateral (ML)
Craniocaudal (CC)

Changes in dimensions during follow-up period (mean + SD, range) (mm)

Anteroposterior (AP)
Mediolateral (ML)
Craniocaudal (CC)

5.0-19.70 mm
10.07 £2.93 mm
0.62 +0.54 (0.11-3.35) cm?

11.18 £ 3.03 (6.50-19.00)
10.41 £ 2.72 (5.80-19.70)
8.63 + 2.47 (5.0-18.30)

-0.08 + 053 (-1.60-0.7)
-0.22+0.87 (-3-0.8)
0.16 + 0.56 (-0.70-1.40)

the PCs. On the other hand, they also found that two
cysts resolved completely, and a new cyst developed
and grew to 12 mm. Nevins et al'¥ reported that only
11 of the 181 PC that they followed for periods varying
from 1 to 68 mo had dimensional changes. Seven of
them had a 2 mm median diameter increase and the
other four had 2.5 mm median diameter decrease'.
Of the 18 PCs which were monitored by follow-up exa-
minations in the present study, three (16.66%) had
no size change, while five (27.77%) had size increases
in all dimensions, four (22.22%) had size decreases
and six (33.33%) had both increase and decreases in
at least one dimension. Average increase in maximum
diameter was 0.64 £ 0.37 mm (range: 0.1-1.4 mm),
and average decrease in maximum diameter was 0.62
+ 0.45 mm (range: 0.1-1.6 mm). Size changes in PCs
were much lower than those in literature. Barboriak et
al reported that no significant difference was observed
for average volumes and maximum linear dimensions
of PCs in initial and final MRI screenings. In parallel with
Barboriak et af!, changes between initial and final sizes
of PCs were not statistically significant in the present
study (P > 0.05). Barboriak et al* mentioned that MRI
monitoring of incidentally determined asymptomatic
cysts are not practical and suggested that cysts with
atypical imaging features should be monitored. Nevins
et al'” recommended a single follow-up MRI scan with
gadolinium at 12 mo after diagnosis and discharge if
the pineal cyst has not increased in size. It has been
indicated that follow-up imaging and even tissue sa-
mpling could be necessary for a lesion which does not
meet MRI criteria of a typical pineal cyst or which
manifests itself with clinical symptoms™®. Neverthele-
ss, many benign PC were reported to have irregular
nodular enhancement on MR images”.. Fleege et al”’
reported that 14 of 19 pineal lesions confirmed through
histological examinations had been preoperatively
concluded to be pineal neoplasms. The authors not-
ed that PC had the appearance of complex cysts and
cysts with fluid levels, calcification, hemorrhage, and
enhancement™. Similarly, Fain et ai** found abnormal
rim enhancement on intracranial imaging in 50% of
benign cysts confirmed by histological examination. It
has been proposed that this abnormal peripheral rim
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enhancement could be associated with surrounding
venous structures or displaced pineal gland™®*!,
Therefore, it was concluded that presence of a solid
contrast-enhancement component in PC should be
considered as a worrying appearance®.

Radiological appearance of PCs changes by imaging
modalities and parameters used. PCs are smooth-edged
ovoid lesions which could generally be better visualized
on sagittal plane in MRI. There are different reports
in literature about signal properties of PCs obtained
by different sequence parameters'®'®**!, Osborn™®!
indicated that almost all PCs appeared isointense or
slightly intense with CSF on T2 weighted MR images,
but on T1 weighted images, 50%-60% of them
appeared slightly hyperintense compared to CSF, about
40% appeared isointense and 1%-2% with intracystic
hemorrhage, on the other hand, appeared hyperinte-
nse. The author also reported that signal of most PCs
was not completely suppressed on FLAIR images and
appeared moderately hyperintense compared to br-
ain parenchyma. Nevertheless, signal properties of
PCs were found to vary depending upon its content,
presence of hemorrhage and calcification®®. More
than 60%-90% of PCs were shown to have contrast-
enhancement on contrast-enhanced series'**®!. On
diffusion MRI content of cyst typically does not have
diffusion limitation™”). Almost all PCs in the present
study (98.21%) were isointense with CSF, and only
one (1.79%) was slightly hyperintense on T2 weighted
images. On T1 weighed series, 94.64% were isointense
with CSF and only 5.36% was slightly hyperintense.
On FLAIR series, 89.29% were hyperintense with CSF
and 10.71% were isointense. Contrast-enhancement
was observed in PCs of all patients who had contrast-
enhanced examination. Barboriak et al¥ reported that
only one cyst showed signal change on proton density
weighted sequence during follow-up examinations.
In the present study, no change was observed in MRI
signal feature of any cyst in any sequence.

PCs were reported to have unilocular appearance
in literature dealing with routine brain MRI studies'**.
Al-Holou et a¥, on the other hand, found that 11%
of PCs had multicystic appearance or had atypical fe-
atures due to abnormal contrasting. Jinkins et a/*”
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mentioned that most PCs were unilocular but PCs in
two patients had septation. Using FIESTA (fast imaging
employing steady-state acquisition) sequence, Pastel et
al*® detected that six of the 10 PCs (60%) had internal
septation or multiloculation. In their high-resolution
MRI studies, Lacroix-Boudhrioua et a/*! found that
74% of PCs had septation. In addition, pathologic-
al studies reported multiple septations as common
findings in PCs™**®, This fact means that majority of PC
septations could not be detected in routine MRI series.
In the present study, septation was observed in 18 PCs
(32.14%). Three PCs which had been described as
typical based on MRI exams before our MRI machine
was upgraded (before 2017) were classified atypical
in follow-up MRI exams carried out in 2017 and later
due to observed internal septations. It was concluded
that especially BRAVO sequence (high resolution three-
dimensional T1-weighted gradient images) of isotropic
1 mm?, both contrast-enhanced and without contrast-
enhanced, improved the detection of internal septati-
ons. Studies in literature mentioned that growth and
changing patterns of septated cysts are not significantly
different from those of unilocular ones™'>?®, Similar
to the studies in literature, no significant difference
was observed between growth patterns of atypical and
typical PCs (P > 0.05).

PCs are localized in pineal gland and may partly or
completely occupy it. A typical pineal cyst shows a
contrasting wall feature in a thin peripheral rim style
of less than 2 millimeter'. Since there is no blood-
brain barrier around pineal gland, contrast-enhance-
ment is observed in cyst walls!'".. In the center of cyst,
contrast-enhancement is not normally observed in
images taken right after contrast matter administeri-
ng. Nevertheless, in images taken 60-90 min later,
cyst may have contrast-enhancement in a uniform
and solid appearance!'. In atypical PCs, findings such
as internal septation or loculation, irregular nodular
contrast-enhancement, edge lobulation and hemorr-
hage can be observed™*''®l. However, these atypical
findings are not necessarily related to malignity or cyst
enlargement!®. In fact, high resolution MRI studies
showed that internal septations and loculations can
be detected in great majority of PCs™*?®l, Follow-up
examinations in many studies, including the present
one, showed that atypical PCs are not different from
the typical ones in terms of size and natural change!®*?.
This finding suggests that internal septation-loculatio-
ns or lobulations are in fact inherent in PCs and that
typical-atypical classification based on these criteria
should be reconsidered. Nevertheless, despite the
advances in high resolution MRI, there are not definite
radiological methods to distinguish benign PC from
pineal region malignancies containing cystic components
such as pineocytomas, pineoblastomas, germinomas
or mature teratomas®®.. In addition, similar to pineal
area tumors such as pineoblastomas, teratomas or pi-
locytic astrocytoma which look like large cysts, benign
PCs which lead to intracystic hemorrhage and hydroc-
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ephaly and have a complicated appearance may mimic
malignant tumors™?%. Since malignancy possibility
is higher in PCs which grow and have high contrast-
enhancement and hemorrhage, more frequent follow-
ups or neurosurgical intervention may be necessary
with these PCs?*.,

PC could enlarge in time due to both intracystic fluid
increase and hemorrhage and become symptomatic.
Because of their mass effect on midbrain next to
them, PCs could lead to Parinaud syndrome (paralysis
of upward gaze, retraction in eyelid and abnormal
pupil reactions)®®*?!, Sudden death events have been
reported because of intra-cystic hemorrhage, also called
pineal apoplexy, and acute hydrocephaly™*". PCs with
diameters smaller than 10 mm typically do not exert
compression on adjacent structures such as cerebral
aqueduct, vein of Galen, and the quadrigeminal plate,
and they are frequently asymptomatic™**\. However,
PCs with diameters larger than 15 mm could make local
mass effect on adjacent structures and lead to neu-
rological symptoms as a result of hydrocephaly due to
compression of cerebral aqueduct™. Although there
were seven PCs with maximum diameter of more than
15 mm in the present study, gross local mass effect or
cerebral aqueduct compression was not observed in
any patient. Patients may have a large scale of sympto-
ms due to PC, headache being the most common.
Other frequently observed symptoms in PC patients are
seizures, dizziness, blurred vision, hemiparesis and vo-
miting®. Previously, headache in these patients were
thought to be due to increased intracranial pressure.
However, recent studies indicated a hormonal imbalance
indicating melatonin as culprit®**, In addition, a recent
study reported that MR biomarkers (tectum-splenium-
cyst ratio and thalamic and periventricular edema)
could be associated with central venous hypertensi-
on and severity of symptoms in non-hydrocephalic,
symptomatic PC patients”®. Although PCs did not lead
to clear compression findings in the present study, the
most common symptom experienced by the patients
was headache (75%).

Asymptomatic cysts could be accompanied by
tectal deformities of different intensities™. Although
higher deformity levels are observed in larger cysts as
expected, Barboriak et a reported that they could
not obtain any finding indicating that cysts with higher
level of deformities could further enlarge in follow-up
examinations. Some studies reported hydrocephaly in
patients with PCs larger than 20 mm"”\. On the other
hand, Barboriak et al**! found that only a moderate
enlargement in ventricle was observed in two patients
with PCs of that size. No patients had cysts with ma-
ximum diameter of more than 20 mm diameter, and
hydrocephaly due to the mass effect of PC was not
observed in any patient in the present study.

Because of the uncertainties about the natural hi-
story of PC, especially about asymptomatic ones, th-
ere is no consensus in the literature about what is
the most appropriate treatment approach for PC?%,
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Management options for asymptomatic cysts vary
from total ignoring even without any follow-ups to
surgical intervention. Surgical intervention is commonly
refrained in asymptomatic patients”®. Some dlinicians
suggest yearly follow-ups using clinical examination and
imaging, but others do not recommend routine imagi-
ng for known PC'"*?!, Similarly, while some studies
highly recommended routine clinical examinations and
imaging in children!*®****?4 others considered PCs as
common incidental findings and suggested no follow-
ups or contrast-enhanced examinations for children
without any neurological indications™®. In symptomatic
patients, especially in ones with hydrocephaly, surgical
interventions such as shunt placement, cyst excision,
endoscopic or stereotactic aspiration, and endoscopic
third ventriculostomy could be preferred®®, In their
review paper, Majovsky et al**' reported positive fee-
dbacks for elimination of symptoms after PC surgery
in most symptomatic patients and even in patients
with non-specific symptoms. Although the authors
considered microsurgical resection of PCs, using sup-
racerebellar-infratentorial approach, as a viable option
for symptomatic patients, they noted that this sugg-
estion was based on limited number of reports™®.

The present study has some limitations. First, rel-
atively fewer PC were evaluated retrospectively in the
present study. Second, only 21 of the patients (37.5%)
had contrast-enhanced examination. Third, the number
of cases with follow-ups was few and follow-up periods
were not standard for patients who had them. Fourth,
none of the patients had histopathological examinati-
ons. Finally, quite small size increase or decrease was
observed in a small number of PC. Although we are
confident that the change in size is accurate, there is a
slight possibility that some of the changes may reflect
measurement error.

In conclusion, PCs are cysts which do not have ma-
rked dimensional and natural changes. Their frequen-
¢y is higher in women and adults, and their sizes are
not associated with gender or age. Great majority of
them are isointense with CSF on T1 and T2A series. On
FLAIR sequence, they are hyperintense compared to
CSF, and they may be smoothly contoured, unilocular
or multilocular. Typical ones may have contrast-en-
hancement in peripheral rim style, while multilocular
ones may have septal contrast-enhancement.

ARTICLE HIGHLIGHTS

Research background

Pineal cysts (PC) are cysts which are frequently detected incidentally in brain
magnetic resonance imaging (MRI). No clear consensus has been reached yet
over the classification and follow-up procedures in routine clinical practice. PCs
were classified based on MRI findings in the present study. Unilocular, smooth
edged, ovoid PCs with homogenous interior structure and less than 2 mm wall
thickness were considered typical PC, while multilocular PCs with walls thicker
than 2 mm, septation or contour lobulation were considered atypical. In addition,
size and natural changes in follow-up examinations were also investigated.

Research motivation
Lack of a consensus over radiological classification and follow-up of PC, and
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their radiological findings that resemble other lesions of pineal area create
difficulties. Presentation of radiological studies dealing with PCs in different
population including follow-up images taken at different series could help to
resolve this uncertainty.

Research objectives

In the present study, PCs detected using brain MRI examinations in our po-
pulation were classified based on radiological imaging features. In addition,
whether PCs had significant size or nature changes were also evaluated.

Research methods

A total of 9546 patients who had brain MRI examination in March 2010-January
2018 period were studied retrospectively for the presence of PCs. Sizes in
three dimensions, volumes, contours, signal intensities, internal septation
or loculation features and contrasting patterns of PCs were evaluated. Size
and natural changes of PCs were investigated in patients during follow-up
examinations with durations varying from 2 to 96 mo. Associations between PC
frequency and gender, between PC volumes and gender and age, and amount
of changes between initial and final sizes of PCs were statistically analyzed.

Research results

Fifty-six patients (44 female and 12 male) were found to have had PC. Age
range of patients with PC was 5-61 (mean: 31.26 + 12.73). Frequency of PC
was 0.58%. PC incidence rates were significantly different in men and women.
In terms of classification, 62.50% of the PCs were typical and 37.50% were
atypical. Average PC sizes were 11.18 + 3.03 mm in AP, 10.41 £ 2.72 mm in
ML and 8.63 + 2.47 mm in CC directions. Natural change was not observed
in any PC with follow-ups. Average dimension changes in PCs with follow-ups
were (-0.08 % 0.53) mm, (-0.22 + 0.87) mm, and (0.16 + 0.56) mm in AP, ML and
CC dimension, respectively. No significant difference was found between initial
and final sizes of PCs which were monitored by follow-up examinations.

Research conclusions

It was revealed in the present study that classification of PCs concluded to be
unilocular (i.e., typical) based on routine MRI sequences could change to
atypical when high resolution sequences indicated internal septations. No
significant size or natural change was observed in follow-up examinations of
PCs. Therefore, it could be suggested that asymptomatic PCs which do not
show any size or natural changes during one- or two-year follow-ups should be
removed from routine follow-up.

Research perspectives

The present study showed that PCs are cysts frequently observed as incidental
lesions in brain MRI series, that they have an average diameter of 10 mm and
that they have signal features similar to CSF in T1 and T2 weighed series while
giving higher signal intensities than CSF in FLAIR sequence. In addition, it was
revealed that typical or atypical classification of PCs could change based on
resolution of sequence used in identification of PCs. Elimination of frequent
follow-ups of asymptomatic PCs could lower cost and labor burden on health
care system.
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Abstract

Emery dreifuss muscular dystrophy (EDMD) is a rare
genetic syndrome consisting of tendon retractions,
progressive muscle atrophy and cardiac involvement.
We report a case of an obese patient affected by the
familial X-linked form in which a pericallosal lipoma was
found during investigation for a suspected acute vas-
culopathy. To date, EDMD has never been associated
with cerebral lipomas and the X-linked form was never
considered to be involved in lipodystrophic syndrom-
es or non-muscular conditions. Our case confirms the
variable expressivity of the disease and suggests a
possible role of Emerin in the intranuclear regulation of
signals for adipocyte cell differentiation.

Key words: Familiar emery dreifuss muscular dystrophy;
Emerin; Adipocyte differentiation; Pericallosal lipoma;
Emery-dreifuss-distrophy
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Core tip: To date, emery dreifuss muscular dystrophy
has never been associated with cerebral lipomas, and
the X-linked form was never considered to be involved
in extra-muscular syndromes. We presented a case of a
patient affected by the X-linked form with a particular
adipose tissue distribution and a cerebral and spinal li-
poma, thus suggesting a possible role of Emerin in the
intranuclear regulation of signals for cell differentiation,
or in lipidic intracellular dysmetabolism when absent.

Spanu F, Saba L. Obesity and pericallosal lipoma in X-linked
emery-dreifuss muscular dystrophy: A case report - Does
Emerin play a role in adipocyte differentiation? World J
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INTRODUCTION

Emery dreifuss muscular dystrophy (EDMD) is a rare
genetic syndrome described for the first time in 1966
after studying families with slowly progressive muscular
dystrophy compared to the Duchenne-type!".. It belongs
to the group of nuclear envelopathies, defects in prote-
ins that make up the nuclear envelope. However, even
when included among the subgroup of laminopathies,
not all the pathogenic variants in EDMD show defects
in lamins. Specifically, in the X-linked EDMD variant, the
protein Emerin, normally ubiquitously expressed on the
nuclear membrane, is absent in 95% of individuals™.
This form has a similar clinical picture compared to the
autosomal dominant variant (involving Lamin A/C)™,
although not exactly the same, and is characterized
by joint contractures (usually the first sign), slow and
progressive muscle weakness (appearing first in AD
variants), and cardiac involvement with arrhythmias and
dilated cardiomyopathiest*!. Most of emerinopathies are
null variants, but the phenotype may show intra-famil-
ial variability. Nevertheless, in contrast to mutations
in the Lamin A/C gene, XL-EDMDs are not associated
with Dunnigan-type familial partial lipodystrophy nor
with cerebral involvement, including the occurrence of

intracranial lipomas®.,

CASE REPORT

A 27-year-old man with Emery-Dreifuss muscular dys-
trophy presented at E.D. three hours after the onset of
objective vertigo, followed by painful left arm weakne-
ss. He was from a family with four brothers affected by
the X-linked form of the disease, due tothe 130 C > T
(Q44X) non-sense mutation in the exon 2 of the EMD
gene. He was obese, with a particular accumulation of
facial and neck adipose tissue. He was pharmacologically
treated with ramipril, bisoprolol and apixaban for cardi-
ac rhythm disorders, monitored with a loop recorder
reveal. His medical history revealed several episodes of
aberrant intraventricular conduction followed by SVPT,
with isolated episodes of bradycardia and atrial ectopic
beats. Echocardiograms had shown bi-atrial and LV
enlargement. Muscular involvement was moderate, with
deterioration of medial head of gastrocnemius, semi-
membranosus and, although mildly, lateral head of gas-
trocnemius, vasti, adductor magnus and long head of
biceps femoris. No clear deformities or contractures were
evident, in contrast to the patient’s two affected younger
brothers and an affected first-grade cousin.

The clinical exam at the E.D. showed a left arm dow-
nward drift associated with local joint pain. The patient
was alert, oriented and cooperative, and the thoracic
and abdominal clinical evaluation showed normal findin-
gs. Suspecting an acute vasculopathy, he underwent an
urgent head NCCT that revealed the presence of a left-
sided hypodense peri-callosal curvilinear lesion (Figure
1). No clear cerebral ischemic signs were observed. Fu-
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rther CT Angiography showed the perilesional course of
pericallosal arteries below the rostrum and the genu of
the corpus callosum, where both were pushed to the right
side of the lesion and upward, resulting (above the lesion)
in a correspondence between the body and splenium
of the corpus callosum (Figure 2). The left artery narro-
wed progressively when compared to the contralateral.
Furthermore, the exam ruled out vascular obstructions.
The scan at thoracic level revealed a lesion with similar
density and characteristics at the T1-T2 level, posterior
to the cord and occupying the extradural space (Figure
3) with apparent dural impression. Then, the patient
was admitted at the ward and was subjected to an MRI
the next day, which did not show diffusivity alterations,
thus definitely excluding areas of ischemia. Along the
pericallosal region from rostrum to splenium, the lesion
described in the CT appeared hyperintense at T1-W and
long TR sequences, and hypointense at fat suppression
sequences, without contrast enhancement and with cle-
arly defined limits (Figure 4). These findings confirmed
the initial hypothesis of a complete, left-sided, curvilinear
pericallosal lipoma. Callosal aplasia was not observed. The
day after, the patient’s pain was subsiding with painkille-
rs, while his weakened arm had completely recovered,
allowing him to be discharged to his home.

DISCUSSION

EDMD is a rare genetic disease with an estimated pr-
evalence of 0.13:100000-0.2:100000 overall®, and of
1:100000 inhabitants for the XL-EDMD variant”!, We
reported a case of XL-EDMD in a family of five members
affected, and a sister carrier of the same mutation ¢.130
C < T (pQ44X), in exon 2 of the EMD or STA genes.
This mutation inserts a stop at codon 44, causing early
translation termination of Emerin, resulting in C-termin-
al truncation and in vivo destabilization with complete
loss™.

Emerin is a type 2 integral membrane protein of
29-kDa, a resident of the inner nuclear membrane (INM)
that is closely linked to lamin proteins, components of
the nuclear lamina. It has been observed that in cells
lacking a functional A-type lamin gene, as is observed in
AD-EDMD, Emerin is largely mislocalized to the periphe-
ral endoplasmic reticulum (ER). It has been postulated
that the nuclear lamina plays a crucial role in limiting
the segregation of INM proteins to the outer nuclear
membrane and peripheral ERP!. The tissue-specificity
associated with laminopathies may be explained by a
dysfunction in specific processes which take place in the
ER, like cholesterol and fatty acid synthesis, due to the
accumulation of proteins that are no longer contained
within the nuclear envelope. This would result in aberrant
adipocyte development and lipodystrophic diseases,
as can be observed in Dunnigan-type familial partial li-
podystrophy associated with mutations in the lamin A/C
gene, characterized by selective loss of subcutaneous
fat from the limbs and trunk, and its accumulation in
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Figure 1 Paramedian left non-contrast computer tomography scan. This
scan shows a curvilinear fat density lesion above the corpus callosum.

Figure 2 Coronal DSA. Shows the lipoma (white arrows), the right rostral A2
(yellow arrow), the right pericallosal artery (red arrow), the left rostral A2 (blue
arrow), and the left pericallosal artery (black arrow).

Figure 3 Sagittal CT angiography. Shows two hypodense images compatible
with lipomas within the extradural compartment, dorsal to the cord at the T1-T2
level.

the face and neck™.. Similarly, muscles and myocardium
may suffer from an impaired Ca>* release in the sarco-
plasmic reticulum during contraction.

An alternative hypothesis suggests that the accu-
mulation of nuclear envelope proteins in the ER could
promote alterations in intracellular signaling pathways
with effects on gene expression and cell survival™. Diff-
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Figure 4 T1-W 3D TFE + MDC magnetic resonance imaging. A: Showing
the relationships between vasculature, corpus callosum, lipoma and adjacent
brain tissues; B: Showing the pericallosal lesion, compatible with a complete
curvilinear lipoma without callosal aplasia.

erent from laminopathies, Emerin in XL-EDMD is trunca-
ted at the C-terminus and is not detectable in the nuclear
membrane. Thus, even if it is supposed to result in a more
soluble form in vitro'*?, the pathogenetic theory of acc-
umulation seems less consistent.

Our patient showed a particular obese habitus, wi-
th accumulation of adipose tissue in the neck and facial
districts with disproportionally leaner limbs. Evaluating
the clinical course and the exams performed, the peri-
callosal and the spinal lipoma may be considered inci-
dental findings, whereas the patient’s symptoms could
be related to an initial painful contracture that subsid-
ed after painkillers. Pericallosal are rare, fat-containing
lesions, generally asymptomatic and accounting appr-
oximately for 0.1%-0.5% of all intracranial lesions**!, Cu-
rvilinear and tubulonodular types have been described.
Tubulonodular lipomas are considered more frequently
associated with corpus callosum malformations™*, ev-
en if the series of Yilmaz et af** showed a stronger as-
sociation with curvilinear lipomas. Our case is aligned
with the classical association, which does not show clear
morphological alterations in the corpus callosum. This
may be important, since lipomas are considered as
congenital malformations, and more often occur with
cortical and callosal dysplasias and vascular malformati-
ons'®, Nevertheless, Zettner and Netsky™” pointed out
that callosal dysgenesis are not the cause of lipomas,
believing rather that the two conditions derive from two
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distinct pathological processes, hamely a meningeal mal-
differentiation for lipomas and dysraphism for callosal
abnormalities!’*®,

Finally, it is now clear that LEM domain proteins (such
as LAP2B and Emerin) can interact with transcriptional
regulators, playing a non-structural role in gene re-
gulation. In vitro models speculate that Emerin binds
A and B-type lamins as well as retinoblastoma (RB)
proteins, which regulates the entry into S-phase and
terminal differentiation, and at least four transcription
factors, including germ-cell-less (GCL), BCL2-associat-
ed transcription factor (BTF) and barrier-to-autointegra-
tion factor (BAF)™, After binding Emerin, GCL acts on
DP3-E2F by repressing its dependent gene expression,
while BTF acts as a cell-death-promoting transcripti-
on repressor after binding a DNA-specific partner. BAF
can bind directly to both Lamin A and Emerin, blocking
GCL binding to Emerin, or can directly repress CRX-
dependent genes in vivo after binding to double-str-
anded DNA. In muscle cells, Emerin binds several actin-
binding proteins, including a nuclear isoform of Spectrin.
This reinforces the lamina network by providing a
further link between actin and protein 4.1, which is im-
plicated in nuclei reconstruction after mitosis™.

To date, EDMD has never been associated with cer-
ebral lipomas, and the X-linked form was never consi-
dered to be involved in lipodystrophic syndromes or
non-muscular conditions. Our case confirms the variable
expressivity of the disease, and adds the suggestion of
a possible role of Emerin in the intranuclear regulation
of signals for adipocyte cell differentiation or lipidic
intracellular metabolism in particular cell groups that
are subject to specific and variable stimuli throughout a
lifetime.

ARTICLE HIGHLIGHTS

Case characteristics
Spontaneous left arm weakness, objective vertigo, obesity.

Clinical diagnosis
Left arm downward drift associated with local joint pain.

Differential diagnosis
Acute vasculopathy; neuropathies; joint affections.

Laboratory diagnosis
Unremarkable laboratory examination.

Imaging diagnosis

A head NCCT revealed the presence of a left-sided hypodense peri-callosal
curvilinear lesion; a CT Angiography ruled out vascular obstructions, while the
thoracic scan showed two posterior extradural hypodense lesions at T1-T2.
The MRI did not show diffusivity alterations: the curvilinear peri-callosal lesion
appeared hyperintense in T1-W and hypointense at fat suppression sequences,
without contrast enhancement, thus confirming the lipoma.

Treatment
Rest and painkillers.
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Term explanation
Envelopathies: defects of proteins making up the nuclear envelope.

Experiences and lessons

A particular obesity pattern associated with cerebral-spinal lipomas may be
related to the same gene defect in patients affected by the Emery-Dreifuss
muscular dystrophy X-linked variant. In our case, lipomas may be considered
incidental findings, whereas the patient's symptoms could be related to an initial
painful contracture, which is a typical hallmark of the disease.
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Abstract

Among the many causes of forefoot pain, Morton’s
neuroma (MN) is often suspected, particularly in wom-
en, due to its high incidence. However, there remain
controversies about its relationship with symptoma-
tology and which diagnostic and treatment choices to
choose. This article mainly focuses on the role of the
various imaging methods and their abilities to support
an accurate diagnosis of MN, ruling out other causes
of forefoot pain, and as a way of providing targeted
imaging-guided therapy for patients with MN.

Key words: Morton’s neuroma; Diagnosis; Infiltrative;
Imaging; Therapy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nowadays, ultrasound and magnetic resona-
nce imaging provide accurate diagnosis of Morton’s
neuroma (MN) and are invaluable tools for ruling out
other causes of forefoot pain. This extended review is
intended to show the potential of imaging methods for
diagnosis as well as treatment of MN.

Santiago FR, Mufioz PT, Pryest P, Martinez AM, Olleta NP. Role of
imaging methods in diagnosis and treatment of Morton’s neuroma.
World J Radiol 2018; 10(9): 91-99 Available from: URL: http://
www.wjgnet.com/1949-8470/full/v10/i9/91.htm DOI: http://dx.doi.
org/10.4329/wijr.v10.19.91
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INTRODUCTION

Morton’s neuroma (MN) is considered a nerve entrapment
neuropathy, causing symptoms relating to impingement
of the common plantar digital and proper plantar digital
nerves, such as burning, tingling or numbness. It is a
common problem but mainly affects middle-aged women,
occurring more than 5 times more frequently in women
than in ment"..

It is considered that MN occurs secondary to mecha-
nical stress on the nerves, leading to proliferation of
fibrosis in and around the affected nerve'”. It has been
reported to be more frequent in the 3™ web space (in
68% of cases), followed by the 2™ web space (in 32%
of cases). The presence of a neuroma in the 1% and 4"
web spaces is extremely rare®. Two main anatomical
reasons have been postulated to explain this distribution;
firstly, the 3™ metatarsal nerve is theoretically thicker
because it is usually formed by the confluence of medial
and lateral plantar nerves™; and, secondly, the larger
shearing forces that occur at the 3™ web space due to the
relatively greater mobility of the 4™ metatarsal relative to
the 3™ metatarsal'.

Other authors have found a similar proportion of
MN in the 2™ and 3™ web spaces™® and this could be
explained by the fact that the 2™ and 3" intermetatarsal
spaces are the narrowest of the foot'”). The occurrence
of multiple neuromas in the same foot has also been
reported, but is considered rare by some authors™;
although, in other case series, it has been found in
between 28% and 65% of cases™®?.

CLINICAL PRESENTATION

Not all patients with MN show clinical symptoms. The
prevalence of asymptomatic MN has been reported as
33%-54% when using ultrasound (US) or magnetic
resonance imaging (MRI) for diagnosis'®. Nevertheless,
when forefoot pain secondary to MN is present, it is
elicited under pressure of the web space. The thumb
index finger squeeze test has been reported to be the
most sensitive screening method for clinical diagnosis
of MN, having accuracy of around 96% (Figure 1). In
this maneuver, the intermetatarsal space is squeezed
between the tips of the index finger (dorsal) and thumb
(plantar). The Mulder’s click is reproduced by firm medial
to lateral compression of the metatarsal heads, when one
hand is clasping the forefoot. A palpable and/or audible
click is perceived, though it is mainly present for larger
neuromas; its accuracy is around 62%".

IMAGING OF MIN

Pathognomonic diagnostic clinical tests for MN do not
exist, and many of the clinical tests provide false positive
results in feet with alternative pathologies™". Therefore,
imaging may be required to confirm the diagnosis of
MN and exclude other causes of forefoot pain, such as
metatarsophalangeal joint arthritis or intermetatarsal
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Figure 1 Thumb index finger squeeze test.

bursitis. The available evidence suggests that US is
more accurate than MRI for diagnosis of MN. Analysis of
pooled sensitivity showed similarity between US (90%)
and MRI (93%), both being relatively high; yet, MRI
(68%) showed a relatively lower specificity than US
(88%) in the detection of MN™, Diameter of the normal
plantar digital nerve is around 1 mm at the level of the
intermetatarsal heads™ and can be identified on high-
resolution sonography and MRI (Figure 2).

In US, MN is detected as a well-defined, round or
ovoid mass in the short axis view and as an elongated/
fusiform mass in the long axis view; it is hypoechoic
relative to the adjacent tissues and located between
the metatarsal heads along the plantar aspect of the
intermetatarsal spaces™* (Figure 3). Squeezing of
the lateral aspect of the forefoot helps to extrude the
intermetatarsal contents toward the plantar aspect of
the forefoot, leading to a better delineation of the MN.
This displacement may coincide with a palpable and/or
audible click, known as the sonographic Mulder sign™*.
The extruding content may be formed by the MN and/or
the bursa. It is theorized that the click will only happen
when there is a MN because a thickened bursa is much
more pliable than a neuroma'®. As both entities may
coexist, we can complete the US scan with another
maneuver that will help in differentiating between
MN and bursal tissue. The intermetatarsal space is
compressed dorsally by the fingers whilst the probe is
scanning along the plantar aspect of the web space in
the long axis view. A MN will have a fusiform elongated
shape and be displaceable, but it will not be as
compressible as the intermetatarsal bursa. The bursa,
located along the dorsal aspect of the intermetatarsal
nerve, will show a more rounded or oval shape and
will be compressible to a greater extent that the neural
tissue (Figure 4).

US may also detect other causes of forefoot pain,
such as joint pathology (osteoarthritis or synovitis), soft
tissue abnormalities (bursitis or inflammation-related
change) and even bone lesions (stress fracture, bone
erosion or cyst). Soft tissue masses different from MN
can also be characterized, differentiating solid from
cystic content, as well as the presence of neovascularity.
Any intermetatarsal mass longer than 20 mm should
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Figure 2 Imaging of the normal digital nerves. A, B: Long and short axis views of normal digital nerves (arrows) in magnetic resonance imaging (A) and ultrasound
(US) (B); C, D: Long (C) and short (D) axis views of normal digital nerves (arrows) in US. In all images, arrows indicate normal digital nerve and asterisks (*) indicate
bursa.

Figure 3 Ultrasound imaging of Morton’s neuroma. A: Clasping of the forefoot in the short axis view; B, C: Short axis views of the intermetatarsal space before
(B) and after (C) squeezing the forefoot; D: Clasping of the forefoot in the long axis view; E, F: Long axis views of the intermetatarsal space before (E) and after (F)
squeezing the forefoot. In all images, arrows indicate Morton’s neuroma.
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Figure 4 Displacement of Morton’s neuroma. A: Pressure on the dorsal aspect of the web space; B, C: Long axis views of the neuroma and bursa before (B) and
after (C) pressure of the dorsal aspect of the intermetatarsal space. In all images, arrows indicate Morton’s neuroma and asterisks (*) indicate bursa.

Figure 5 Causes of forefoot pain. A: Osteoarthritis; B: Rheumatoid arthritis with metatarsophalangeal joint subluxation; C: Psoriasis with soft tissue swelling; D:
Giant cell tumor of the tendon sheath.

raise suspicion that it is not a neuroma’’. If appropriate  biopsy under US guidance may help to obtain an
diagnosis is not achieved with imaging features alone, accurate diagnosis (Figure 5).
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Figure 6 Magnetic resonance imaging of Morton’s neuroma. A, B: Sagittal T1 (A) and short tau inversion recovery (B) of Morton’s neuroma and bursa; C, D:
Coronal T1 (C) and T2 (D) of Morton’s neuroma and bursa. Coronal T1 fat before (A) and after gadolinium administration (B), showing enhancement of the bursal
tissue surrounding the neuroma (arrowhead). In all images, arrows indicate Morton’s neuroma and asterisks (*) indicate bursa.

On MRI, MN is usually seen as a well-demarcated
ovoid or dumbbell-shaped intermetatarsal mass. This
mass shows intermediate to low signal intensity on
both T1-weighted images (T1WI) and T2WI"®, By
contrast, bursal tissue appears hypo- or isointense on
T1WI and hyperintense on T2WI, allowing for differ-
entiation between bursal and neural tissues. There
is no typical enhancement pattern of MN after intra-
venous administration of gadolinium contrast medium,
with varying degrees of enhancement reported in the
literature™; in our experience, however, the enhance-
ment of most MN is low to zero. When present, this is
usually due to the enhancement of the bursal tissue
surrounding the neuroma. In the appropriate clinical
setting, administration of gadolinium contrast medium
is not required for a reliable diagnosis of MN (Figure 6).

MRI may also detect other causes of forefoot pain,
including abnormalities of the bone (edema, fracture,
erosion and cyst) and soft tissues (such as bursitis,
synovitis, muscle edema and atrophy, and plantar plate
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tears) (Figure 7).

MN TREATMENT

The treatment for MN should initially be conservative,
including shoe modification, use of insoles and ad-
ministration of antiinflammatory drugs. Percutaneous
therapies may be the second step, and eventually surgery,
if previous measures fail””. Success of conservative
management approaches that include use of insoles
and shoe modification has been reported to be around
48%"".

The percutaneous treatments mainly include injec-
tions of local anesthetics with or without steroids, or
of alcohol. Percutaneous injection may be performed
blindly or under US guidance (Figure 8). Studies of
US-guided injections have shown that anesthetics
with corticosteroids produce an effect (at 3 mo follow-
up) that is superior to anesthetic injections alone™"’
Previous nonrandomized cohort studies have also shown
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Figure 7 Magnetic resonance imaging in forefoot pain. A: Stress fracture of the 2 metatarsal; B: Synovitis in rheumatoid arthritis; C: Plantar plate tear (arrow); D:
Muscle atrophy in diabetes (arrow).

Figure 8 Morton’s neuroma injections. A, B: Blind (A) and ultrasound (US)-guided (B) injections; C, D: Long (C) and short (D) axis views of an US-guided injection
into a Morton’s neuroma (denoted by “n”).
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a degree of improvement of about 45% for both blind
and single US-guided injections™®, and of around 75%
to 80% for blind multiple injections'**!. We only found
one study comparing the blind technique, based on
anatomical landmarks, to the echo-guided technique. In
that study, no significant differences were found between
the injection methods, but the sample size (only 36
cases) constitutes a substantial limitation that might
have prevented the study from reaching a statistically
significant difference™”.

Previous studies comparing modification of the
forefoot loading area with injection of steroids have
demonstrated greater pain improvement (at 6 mo follow-
up) experienced by the steroid-treated group, but this
difference disappeared at 1 year of follow-up™'.

The influence of neuroma size on treatment response
to injections has also been debated. One study showed
that neuromas less than 5 mm had a better response at
6 mo than those greater than 5 mm; at 12 mo, however,
the response to injections was no longer significantly
different for the two size groups™. A recent retrospec-
tive case series study found a cut-off value of 6.3 mm,
above which larger MN s failed to respond, as well as to
corticosteroid injections®®”. Overall, most of the reported
data in the literature do not support any influence of
neuroma size on the outcome!**%,

Corticosteroids may cause dermal/subcutaneous ti-
ssue atrophy, hypopigmentation and fat necrosis, with
reported incidence of 1%-5%""*" (Figure 9). Particulate
steroids have greater dermal and subcutaneous tissue
atrophy. Triamcinolone, in particular, has greater risk for
inducing dermal changes than methylprednisolone, due
to its increased crystal size®.

Other drugs used in MN treatment include alcohol,
botulinum toxin and hyaluronic acid. Alcohol injection
has a reported success range between 69%-84%,
with a complication rate of 3%"**". The most specific
complication of this procedure has been plantar pain,
presumed due to an inflammatory reaction secondary
to perilesional leakage of the alcohol. Case series
using botulinum toxin®? and hyaluronic acid® have
shown clinical benefits of 70.6% and 84% respectively.
Nevertheless, more studies are needed before con-
sidering these injections an alternative to the more
traditional treatments.

Percutaneous radiofrequency ablation® has also
been used in patients unresponsive to conservative
therapies. The reported success with radiofrequency
ranges from 68% to 100%, probably influenced by
technical factors such as variability in the number of
ablation cycles and in patient’s inclusion criteria®***..
A case series using cryoablation showed that 77.7%
of patients were completely satisfied following treat-
ment, but this result needs to be confirmed by further
prospective studies in order to be considered a valid
alternative to radiofrequency ablation™®. The global rate
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Figure 9 Skin discoloration after steroid injection.

of complications with radiofrequency ablation is about
5%, including hematoma and persistent pain, followed
by temporary nerve irritation and infection, as well as
pain and numbness at the injection site®"’.

Surgical treatment is indicated after failure of
conservative or percutaneous therapies. It consists
of lesion excision (neurectomy) or intermetatarsal
ligament resection (neurolysis) (Figure 10). Neurecto-
my may be performed either via a dorsal or plantar
approach, according to surgeon preferences; no statistical
differences in success rate have been reported. Surgical
excision success ranges from 50% to 88%""*3# with
a complication rate of 25% for neurectomy and 7% for
neurolysis, which would include infection, hematoma,
hammertoe formation, hypertrophic or keloid scar forma-
tion, complex regional pain syndrome, and persistent
postoperative pain, numbness and stiffness of the
metatarsophalangeal joints. Recurrent painful neuromas
after surgery have been described in 4% of cases and
are less responsive to further surgical intervention;
conservative measures would then have to be used prior
to the consideration of further surgery™"*”,

A minimally invasive technique may be used for
decompressing the nerve by division of the deep inter-
metatarsal ligament, either endoscopically or percuta-
neously. The reported success rate for decompression
(sectioning of the deep transverse intermetatarsal
ligament with/without osteotomy of the metatarsal
heads) is around 94%, with a complication rate of 6%"".,

In summary, controversies still exist in the appro-
priate management of MN, including for the diagnosis
and treatment algorithms. Although the clinical diag-
nosis of MN has a high accuracy, the coexistence of MN
with many another causes of forefoot pain increases
the importance of imaging techniques in achieving an
accurate diagnosis, mainly when initial conservative
measures fail to obtain any dlinical improvement. Surgery
should be considered when imaging findings support the
clinical diagnosis of MN and when conservative measures
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Figure 10 Surgical treatment of Morton’s neuroma. A: Dorsal approach to Morton’s neuroma; B: Surgical specimen.

including percutaneous treatment fail to improve the
patient’s symptoms.
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Abstract

Late gadolinium enhancement (LGE) cardiovascular
magnetic resonance (CMR) is the gold standard for
imaging myocardial viability. An important application of
LGE CMR is the assessment of the location and extent
of the myocardial scar in patients with ventricular tachy-
cardia (VT), which allows for more accurate identification
of the ablation targets. However, a large percentage
of patients with VT have cardiac implantable electronic
devices (CIEDs), which is a relative contraindication for
cardiac magnetic resonance imaging due to safety and
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image artifact concerns. Previous studies showed that
these patients can be safely scanned on 1.5 T scanners
provided that an adequate imaging protocol is adopted.
Nevertheless, imaging patients with a CIED result in
metal artifacts due to the strong frequency off-resonance
effects near the device; therefore, the spins in the
surrounding myocardium are not completely inverted, and
thus give rise to hyperintensity artifacts. These artifacts
obscure the myocardial scar tissue and limit the ability
to study the correlation between the myocardial scar
structure and the electro-anatomical map during catheter
ablation. In this study, we developed a modified inversion
recovery technique to alleviate the CIED-induced metal
artifacts and improve the diagnostic image quality of LGE
images in patients with CIEDs without increasing scan
time or requiring additional hardware. The developed
technique was tested in phantom experiments and /n
vivo scans, which showed its capability for suppress-
ing the hyperintensity artifacts without compromising
myocardium nulling in the resulting LGE images.

Key words: Magnetic resonance imaging; Heart; Late
gadolinium enhancement; Viability imaging; Inversion
recovery; Cardiac implantable electronic devices
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Core tip: Late gadolinium-enhancement magnetic
resonance imaging is the gold standard for imaging
myocardial viability, especially for assessing location and
extent of myocardial scar in patients with ventricular-
tachycardia, which allows for more identification of the
ablation targets. However, large percentages of these
patients have cardiac-implantable electronic devices,
which results in hyperintensity artifacts that obscure the
myocardial scar. In this study, we developed a modified
technique to alleviate the metal-induced image artifacts
without increasing scan time or requiring additional
hardware. The developed technique was tested in phan-
tom and /n-vivo scans, which showed its capability for
suppressing the hyperintensity artifacts and improving
diagnostic image quality.
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INTRODUCTION

Late gadolinium enhancement (LGE) cardiovascular
magnetic resonance (CMR) is the gold standard for
imaging myocardial viability, scars, and focal fibrosis' ™.
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LGE CMR is based on an inversion recovery (IR) sequence
to null myocardial signal and improve the visibility of
contrast enhanced tissue®”. An important application of
LGE CMR is the assessment of the location and extent of
the myocardial scar in patients with ventricular tachycardia
(VT), which allows for more accurate identification of
the arrhythmogenic substrate and ablation targetst****.
However, up to 75% of patients with VT who may bene-
fit from LGE CMR have cardiac implantable electronic
devices (CIEDs)", which is a relative contraindication
for CMR due to safety and image artifact concerns!*>*¢,
The risks of imaging patients with CIEDs include tissue
heating, generation of mechanical forces, and alteration
of device function. Nevertheless, studies have shown that
these patients can be safely scanned on 1.5 T scanners
provided that a protocol with adequate programming of
the CIED and monitoring of the patient during the CMR is
performed™’*®,

The CIED-induced artifacts are mainly caused by the
metallic composition of the device, which results in strong
frequency off-resonances near the device, including
around cardiac anatomical locations, such as the left
ventricular apex, the lateral wall, and the outflow tract. It
has been shown that a cardiac pulse generator that is 5-10
cm away from the heart results in a 2-6 kHz resonan-
ce frequency offset in the myocardium™. Because the
frequency band of the inversion radiofrequency (RF)
pulse commonly used in LGE MRI is limited, the spins
in the affected myocardium regions are not completely
inverted, and thus give rise to hyperintensity artifacts’®”..
These artifacts obscure the myocardial scar tissue and
limit the ability to study the correlation between the
myocardial scar structure provided by the LGE image and
the electro-anatomical map generated during catheter
ablation.

A number of metal artifact reduction techniques
have been previously reported, e.g., multi-acquisition
variable-resonance image combination (MAVRIC)?"**
and slice encoding for metal artifact compensation
(SEMAC)***¥, which greatly reduce the metal artifacts.
Nevertheless, these techniques require extended scan
time because either the image acquisition is repeated
several times (in different spectral bands) or additional
phase-encoding is applied, which makes them impra-
ctical for cardiac imaging of patients with CIEDs.

In this study, we developed a modified IR technique
to alleviate the CIED-induced metal artifacts and im-
prove the diagnostic image quality of LGE images in
patients with CIEDs without increasing scan time or
requiring additional hardware.

MATERIALS AND METHODS

The IR pulse sequence was modified to include an adia-
batic wideband IR RF pulse with adjustable frequency
offset and bandwidth (BW), which allows for optimal
myocardial signal nulling even in the presence of off-
resonance effects from the CIEDs.
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To mitigate the effect of the B1+ variation in CMR,
which could be as high as 25% at 1.5 T and even higher
at 3 T, adiabatic inversion pulses are often used to reduce
the sensitivity to B1+ inhomogeneity™®. In this study,
we used hyperbolic secant (HS) adiabatic pulses, which
provide excellent homogeneous and flat inversion profile
across their BW?®,

The HS pulse is composed of the following amplitude
and frequency modulation functions:

A(t) = Ao sech (at) (1)

Aw(t) = -catanh(at) (2)

where Ao is the peak B1 amplitude, c is a phase para-
meter (dimensionless), and a is a frequency modulation
parameter (in units of rad/s). The BW of the HS pulse can
be obtained from the product of the amplitude modulation
and phase modulation parameters: ca. By modifying
either or both of these parameters, the BW of the HS
pulse can be altered.

A phantom experiment was conducted on a 1.5 T
Achieva scanner (Philips, Best, Netherlands), where a
CIED was placed one-inch away from a water-filled bottle
doped with 0.15 mmol/kg of gadolinium (Gd) contrast
material. A Look-Locker inversion time scout sequence™
was used to identify the appropriate inversion time that
nulls the MRI signal (TI = 250 ms), and cross-sectional
images of the bottle were acquired using conventional
and wideband IR (BW = 3000 Hz) sequences. The ima-
ging parameters of the IR sequence were: repetition
time (TR) = 6.7 ms, echo time (TE) = 3.2 ms, resolution
= 1.4 x 2.2 mm’, slice thickness = 8 mm, and specific
absorption rate (SAR) limit = 2 W/kg.

The study was approved by our institutional review
board (IRB) and written informed consent was obtained
from all participants. Twelve patients (10 males, age =
60 = 18 y.o0.) with structural heart disease and a history
of ventricular tachycardia (VT) and previously implanted
CIEDs [7 patients with a biventricular implantable
cardioverter defibrillator (ICD), 4 patients with a dual
chamber ICD, and 1 patient with a single chamber ICD;
manufacturer: Boston Scientific (n = 5), Medtronic (n =
5), and St Jude (n = 2)], who were referred for a pre-
ablation CMR, were enrolled in this study.

The patients were imaged on the same scanner
used in the phantom experiment using cine short-axis
and long-axis images (steady-state free precession
sequence, TR = 4.2 ms, TE = 1.8 ms, resolution = 1.4 X
1.4 mm?, slice thickness = 8 mm) and the conventional
and optimized wideband IR sequences for assessment
of myocardial scar prior to an ablation procedure to treat
VT. The patients received an intravenous injection of 0.15
mmol/kg of gadolinium contrast material (MultiHance,
Bracco, Milan, Italy) approximately 15 min before LGE
imaging.

The imaging parameters of the LGE sequences we-
re similar to those used in the phantom scan, while the
frequency BW and frequency shift parameters of the
wideband LGE sequence were optimized for each patient
to improve myocardial nulling while minimizing metal
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artifacts. Frequency bandwidth and frequency offset
adjustments were in the ranges of 2000-4000 Hz and
-1500-1500 Hz, respectively. The frequency bands that
resulted in an artifact-free image were chosen and used
for the rest of the LGE scan for each patient. The SAR
of the IR sequences was limited to less than 2 W/kg to
ensure imaging safety.

The protocol followed at our institution for CMR imag-
ing of CIED patients has been described previously'”’; in
brief it consists of: (1) Demonstration of an imaging ne-
cessity in the absence of an alternative imaging modality;
(2) absence of device-related contraindications, including
epicardial ICD defibrillation patches, and the elapsed time
from lead implantation < 6 wk; (3) presence of a provider
with CIED management expertise who programs the
device to the appropriate settings for the MRI; and (4)
re-interrogation and reprogramming of the device after
completion of the scan, as well as at 1 wk and 3 mo post
imaging.

The patients’ vital signs were monitored during the
scan by means of an electrocardiogram (ECG), pulse
oximetry, and blood pressure measurement by an ad-
vanced cardiac life support-certified nurse practitioner,
who was present during the entire scan.

All clinical images were reviewed by a fellowship-
trained cardiovascular imaging physician with more than
10 years of experience, where the presence and location
of artifact-containing segments were reported for each
patient. A cardiac segment was considered to be affected
by hyperintensity artifact if more than half of the segment
was obscured by the artifact.

Contrast-to-noise ratio (CNR) between the blood-
pool and myocardium was calculated as the difference
between the mean signal intensity in the two regions
divided by standard deviation of the background noise
in @ mid-ventricular slice of the heart. A statistical t-test
was used to measure the CNR difference significance
between the conventional and modified IR techniques.

RESULTS

Phantom experiment

The conventional IR sequence resulted in a hyperin-
tensity artifact as shown in Figure 1. After using the
wideband IR sequence with 3000-Hz bandwidth, the
hyperintensity artifact was suppressed.

In vivo scans

All patients were at sinus rhythm during the CMR scan,
and were successfully imaged without any adverse ev-
ents, where the device parameters remained the same
immediately, 1 wk, and 3 mo after the scans.

When the conventional IR sequence was utilized,
all twelve studied subjects showed varying degrees of
hyperintensity artifacts depending on the implanted
CIED and its location, including artifacts in the anterior
(10 subjects), anteroseptal (3 subjects), anterolateral
(4 subjects), and inferior (2 subjects) walls of the left
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Table 1 Distribution of left ventricle scar tissues in the studied subjects after using the wideband inversion recovery sequence

Level Basal Mid-ventricular Apical Apex Cap
Segment Ant-Lat Ant-Sept Inf Inf-Lat Inf-Sept Ant Ant-Lat Ant-Sept Inf Inf-Lat  Inf-Sept ~Ant Lat Inf Sept
Subjects 1 2 4 4 3 2 1 3 4 2 5 2 4 3 4 2

Ant: Anterior; Inf: Inferior; Lat: Lateral; Sept: Septal.

Anatomy Conventional IR Wideband IR

Figure 1 Phantom experiment. A: Anatomical image showing cross-section of a water-filled bottle doped with 0.15 mmol/kg of gadolinium (Gd) contrast material. An
implantable cardiac defibrillator was placed one inch away from the imaged location; B: The same slice in (A) imaged using the conventional inversion recovery (IR)
sequence targeted to null the signal of the doped water in the bottle. The image shows a hyperintensity artifact due to off-resonance signal (arrow); C: The same slice
in (B) imaged using the wideband IR sequence, where the hyperintensity artifact was suppressed.

Figure 2 Effect of the improved inversion recovery sequence on removing late gadolinium enhancement hyperintensity artifacts and validation with
an electroanatommic map. A: Conventional late gadolinium enhancement image showing metal hyperintensity artifact (arrows) from the implantable cardioverter
defibrillator; B: The same image in (A) acquired with the improved late gadolinium enhancement sequence, which eliminated the artifact and revealed underlying scars
(arrows); C: An electroanatommic map of the septal aspect of the right ventricle including the outflow tract. The map is a bipolar voltage map showing low voltage (< 1.5
mV) in the right ventricular outflow tract. The low voltage area (red color) corresponds nicely with the delayed enhancement localized in the septal aspect of the right
ventricular outflow tract shown in (B).

ventricle (LV; especially at the apical and mid-ventricular show any signs of LGE hyperenhancement. Table 1 shows
levels), and in the inferior wall of the right ventricle (RV; the distribution of the LV cardiac segments that showed

2 subjects). hyperenhancement artifacts after using the wideband IR
The wideband IR sequence removed the hyperin- sequence.

tensity artifacts, and did not introduce additional image Increasing the IR frequency BW resulted in improved

artifacts when compared to the conventional IR sequence. artifact reduction, although this came at the cost of

This improved image quality allowed for anatomical details incomplete myocardial nulling, i.e., reduced blood-to-

to be seen and scar assessment could be confidently myocardium CNR, as shown in Figure 3 (where the blood-

performed, as shown in Figure 2. myocardium CNR was 20.8, 13.2, 17.1, and 20.1 for

After the hyperintensity artifacts, which mimicked or conventional IR, and wideband IR with 6000 Hz, 4000 Hz,
obscured the scar tissue, were removed with the wideband and 2000 Hz BW, respectively). Therefore, the BW was
IR sequence, eight of the twelve patients showed varying set to the minimum value that eliminated the artifact for
degrees of LGE hyperenhancement in the LV and in the each patient. Similarly, the frequency shift of the IR pulse
RV (inferior wall; 1 subject), while four patients did not affected the artifact appearance, as shown in Figure 4;
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Conventional LGE

BW = 4000 Hz

BW = 6000 Hz

Figure 3 Effect of the inversion recovery bandwidth on myocardial nulling. A: Conventional late gadolinium enhancement showing a metal hyperintensity
artifact (white arrow) mimicking an anterior scar, despite perfect myocardium nulling elsewhere (red arrow); B-D: Using wideband inversion recovery (IR) with different
bandwidth (BW). Note that reducing the BW results in improved myocardial nulling (red arrows: the blood-myocardium contrast-to-noise ratio was 20.8, 13.2, 17.1,
and 20.1 for conventional IR, and wideband IR with 6000 Hz, 4000 Hz, and 2000 Hz BW, respectively); however, too small BW (< 2000 Hz in this case) results in

reappearance of the hyperintensity artifact, similar to that shown in (A).

therefore, proper setting of the frequency shift allows for
removing the hyperintensity artifact without the need
to increase the frequency BW; thus resulting in optimal
myocardium nulling. Based on the studied cases, the
optimal BW was in the range of 2000-3000 Hz and the
optimal frequency shift was up to 1000 Hz.

In the studied patients, the blood-myocardium CNR
was 23.5+/-11 for the wideband IR sequence, which
was not significantly different (P = 0.03) from the CNR
for conventional IR sequence (25.5+/-13). In the imple-
mented CIED patient scans, the average SAR was 0.20
W/kg for both conventional and wideband IR scans,
which is well below the 2 W/kg SAR limit.

DISCUSSION

The developed wideband IR sequence minimizes the
CIED-generated hyperintensity artifacts through simple
adjustment of the IR pulse’s BW and offset frequency
without increasing scan time or requiring additional
hardware, which allows for accurate identification of
arrhythmogenic substrate and improved ablation target
localization in VT patients, as illustrated by the results of
the phantom and in vivo scans.

The implemented wideband adiabatic IR scan could
be performed within the same scan-time and produced
similar SAR compared to the conventional IR scan, which
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is well below the 2 W/kg limit. Compared to previous
efforts to reduce hyperintensity artifacts™™®, the developed
method provides the flexibility to adjust the IR pulse BW
and frequency offset for optimal artifact suppression and
myocardial nulling at the same time.

It should be noted that although the wideband IR
sequence removed the hyperintensity artifacts, it did
not correct for geometric distortions or signal voids cau-
sed by off-resonance, which were typically resolved
using localized shimming. Otherwise, a spin-echo or an
ultrashort echo time (UTE) sequence® could be used
to correct for strong intra-voxel dephasing signal voids,
although this is more of a problem in musculoskeletal
applications due to metal implants. It should be noted
that while such techniques minimize the metal artifacts
effect on surrounding tissues, the place of the CIED
will still show signal void or geometric artifacts, which
become worse at higher field strengths. However, for
safety purposes, imaging patients with CIEDs is typically
limited to 1.5 T scanners; therefore, accentuated metal
artifacts at higher field strengths is not a concern in this
group of patients.

Finally, compared to 3D LGE sequences, extended
signal voids and ripple artifacts did not occur in 2D LGE
imaging because of the much thinner slice thickness in
2D imaging compared to the large slab thickness in 3D
imaging; therefore, through-plane distortion in 2D LGE
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Conventional LGE

Offset = 1000 Hz

Offset = 1500 Hz Offset = -1000 Hz

Figure 4 Effects of the inversion recovery frequency offset on myocardial nulling. A: Conventional late gadolinium enhancement (LGE) showing a metal
hyperintensity artifact (white arrow), despite perfect myocardium nulling elsewhere (red arrow); B-F: LGE with wideband inversion recovery (IR). All cases have
bandwidth (BW) = 2000 Hz, but different frequency offsets. Note the optimal myocardial nulling in all cases (red arrows in B-D) due to using the small IR BW. However,
a too large frequency offset (E and F) results in reappearance of the hyperintensity artifacts that affect most of the myocardial tissues.

is typically negligible, as previously reported®®, additional hardware.

One limitation of our study is the small number of
studied subjects. However, the intent of this study was
to illustrate the feasibility of the developed technique ARTICLE HIGHLIGHTS
and show its importance for revealing myocardial scar Research background
in patients with CIEDs, where the presence of hyper- Late gadolinium enhancement magnetic resonance imaging is typically used
intensity artifacts resulted in images with non-diagnostic for myocardial viability imaging. An important application of the late gadolinium
image quality. Future work includes testing the deve- enhancement (LGE) technique is the assessment of myocardial scar in patients
loped techniqllje on a large number of VT patients with with ventricular tachycardia (VT) before the ablation procedure.
inter- and intra-observer variability analysis using an

image quality §cor|ng system. . . LGE imaging is challenging in patients with cardiac implantable electronic
In conclusion, we presented a modified wideband devices (CIEDs) due to device-generated metal hyperintensity artifacts, which

IR technique that alleviates the CIED-generated metal compromise the effect of the IR pulse and obscure the region of interest.
artifacts and improves the diagnostic image quality of the

LGE images to reveal scar myocardial tissue in patients Research objectives

with CIEDs without increasing scan time or requiring To develop a modified inversion recovery (IR) technique that eliminates the LGE

Research motivation
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hyperintensity artifacts and improves diagnostic image quality.

Research methods

The modified pulse sequence developed in this study includes a wideband
IR RF pulse with adjustable frequency offset and bandwidth, which allows for
optimal myocardial signal nulling even in the presence of CIEDs. A phantom
experiment was performed and twelve in vivo scans were conducted on patients
with CIEDs. The imaging parameters were optimized to improve myocardial
nulling and minimize metal artifacts.

Research results

The developed wideband IR sequence significantly minimized the hyperintensity
artifacts, such that scar assessment could be confidently performed. Increasing
the IR frequency BW results in better artifact reduction, although this improve-
ment is achieved at the cost of incomplete myocardial nulling.

Research conclusions

The developed wideband IR technique minimizes the CIED-generated hyper-
intensity artifacts without increasing scan time, and allows for accurate identi-
fication of ablation targets in VT patients. The RF pulse BW should be set
to the minimum value that eliminates the artifact. Further, proper setting of
the frequency offset could allow for removing the artifact without the need to
increase the frequency BW. Based on the studied cases, optimal BW is in the
range of 2000-3000 Hz with optimal frequency shift up to 1000 Hz.

Research perspectives

The developed optimized IR technique allows MRI to play a larger role in
treatment planning in VT patients with CIEDs. Future studies should investigate
the clinical usefulness of the developed technique by implementing it on a large
number of VT patients with different disease stages and CIED types.
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the ExoSeal did not affect hemostasis time.

CONCLUSION

The ExoSeal VCD effectively achieves hemostasis, with
few complications. Longer light MC may be needed
with alcohol drinkers, low PLT count, and high PT-INR
values.

Key words: Vascular closure device; Femoral access;
Manual compression; Angiography; Hemostasis
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Core tip: This study aimed to report the experience of
closure of the femoral artery over a 17-mo period using
ExoSeal vascular closure devices (VCDs). Technical and
procedural successes were achieved in 176 cases (98.0%)
and 128 cases (71.5%), respectively, while device
failure occurred in only 3 (1.7%) cases. Repeated use
of the ExoSeal did not affect hemostasis time or success
rate. Thus, ExoSeal VCD is a simple, safe and effective
device for achieving hemostasis with few complications.
However, longer light manual compression may be
needed with alcohol drinkers, low platelet counts, and
high prothrombin time-international normalized ratio
values.

Han Y, Kwon JH, Park S. Korean single-center experience with
femoral access closure using the ExoSeal device. World J Radiol
2018; 10(9): 108-115 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v10/i9/108.htm DOTI: http://dx.doi.org/10.4329/
wjr.v10.i9.108

INTRODUCTION

Femoral arterial puncture using the Seldinger technique
is the most common method of gaining vascular access
for diagnostic and interventional arterial catheterization
procedures. After the procedure, the gold standard
method for achieving long-term hemostasis at the femoral
arterial puncture site has been manual compression
(MC). However, MC has limitations, such as prolonged
hemostasis time, patient pain and discomfort, and a
requirement for prolonged bed rest. Therefore, various
hemostatic devices have been developed to improve
the efficacy and safety of percutaneous intravascular
treatment!!),

Vascular closure devices (VCDs) can be categorized
into two main types, passive and active, according
to their mechanisms of action. Passive VCDs include
hemostasis pads and compression devices, while active
VCDs include suture devices, collagen plug devices, and
clips. Schwartz et a® have reviewed several different
types of VCDs. Among these, the AngioSeal-which has
been widely applied as an active VCD using collagen plugs
such as ExoSeal-reduces hemostasis and ambulation
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time compared to MC; in addition, it significantly reduced
the incidence of major complications.

The ExoSeal VCD (Cordis Corporation, Miami Lakes,
FL, United States) is a collagen plug device of the active
VCD category. It places a bioabsorbable polyglycolic
acid (PGA) plug in the extravascular space at the top of
the arterial incision. As far as we know, ExoSeal is the
most recently developed VCD that has been approved
by the United States Federal Drug Administration. The
Ensure’s Vascular Closure Device Speeds Hemostasis
Trial (ECLIPSE) studies were conducted to compare the
safety and effectiveness of MC performed to promote
hemostasis and early ambulation of patients experiencing
percutaneous arterial, diagnostic or interventional
procedures. In the ECLIPSE study, the success rate of
the ExoSeal device was 94%. After an average of 2.5 h,
ambulation was possible, and there was no significant
difference between MC and the device in the incidence
rate of complications™. The purpose of the present study
was to report the experience of closure of the femoral
artery using ExoSeal VCDs over a 17-mo period.

MATERIALS AND METHODS

Device description

The ExoSeal VCD is an active VCD, collagen plug device.
It consists of a plug applicator and a bioabsorbable PGA
plug. The applicator places the plug on the external
surface of the arteriotomy site of the femoral artery
via the previously inserted vascular sheath. When the
plug is placed on the arterial incision site, hemostasis is
achieved. To ensure that the plug is positioned properly
in the extravascular space, the ExoSeal delivery system
has two markers that allow the operator to visually
identify the location of the plug. These markers allow
the operator to determine the position of the plug relative
to the vessel wall before dropping the plug. The first
indicator of the plug position is leakage of the pulsatile
blood flow, and the second is a visual display on the
handle.

When the VCD is inserted into and attached to the
vascular sheath that has been pre-inserted into the
artery, the indicator wire automatically forms a loop in
the lumen of the blood vessel. When the VCD/sheath
assembly is pulled back slightly at a 45° angle, the
nontraumatic loop at the distal end of the indicator wire
(Figure 1) contacts the inner surface of the vessel, caus-
ing the shape of the loop to change longitudinally. The
predetermined displacement of the distal loop of the
indicator wire indicates when the plug is placed just
above the arterial incision. When the plug is in the correct
position, the visual indicator on the handle then changes
from white to black, indicating that it is ready for the
plug to be dropped (Figure 2). Pulsatile blood leakage is
significantly reduced or stopped at this point.

When the button on the handle is pressed, the plug
is deployed in the proper position on the arteriotomy
site. Then, the VCD and introducer sheath are removed,
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Figure 1 Distal loop of the indicator wire of the ExoSeal vascular closure
device (black arrow). A loop is automatically formed in the lumen of the blood
vessel when the vascular closure device (VCD) is inserted into and attached
to the vascular sheath. When the VCD/sheath assembly is pulled back, this
loop contacts the inner surface of the vessel, causing the shape of the loop to
change longitudinally.

R

Figure 2 Appearance of the ExoSeal and vascular sheath complex when
the polyglycolic acid plug has been normally deployed. The color of the
indicator window was black (black arrow), which means the plug is in the
correct position, indicating that it is ready for the plug to be dropped.

and the puncture site is lightly hand-pressed for a few
minutes. The plug is absorbed considerably over 30 d
after implantation and completely absorbed between 60
and 90 d.

Patients and procedures

In our institution, two interventional radiologists with at
least 10 years of experience performed a total of 179
diagnostic and interventional angiographic procedures
between November 2015 and April 2017. The radiologists
used a common femoral arterial access with the ExoSeal
VCD at the puncture site, in addition to angiographic control
of hemostasis, in 125 patients (91 men, 34 women; mean
age: 59.4 years, range: 20-87 years).

A total of 171 interventional angiographic procedures
were performed in 117 patients. Among these patients,
24 underwent consecutive interventional procedures,
with 23 treated with 76 transarterial chemoembolization
(TACE) for hepatocellular carcinoma, ranging from two
to six procedures per person. Nine patients received
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TACE twice, five patients were treated three times, three
patients were treated four times, five patients were
treated five times, and one patient was treated six times.
One of the 24 consecutively treated patients underwent
visceral arterial embolization for lower gastrointestinal
bleeding twice. The rest of the 93 patients underwent
interventional angiographic procedures. Eight patients
underwent eight pure diagnostic angiographies. Five
patients received interventions with antegrade femoral
puncture. Ten patients were on anticoagulation therapy.
One patient was taking warfarin, seven patients were
taking aspirin, and two patients received 4000 IU heparin
peri-interventionally.

Table 1 shows the patient and procedure charac-
teristics. A total of 172 5-Fr ExoSeals were used in 118
patients. Six patients underwent peripheral interventional
procedures requiring 6-Fr vascular sheaths, so that six
6-Fr ExoSeals were used. A 7-Fr ExoSeal was used in
1 patient who underwent percutaneous transluminal
angioplasty and stenting in the common iliac artery.

After completion of the procedure, the puncture site
was closed using the ExoSeal VCD according to the manu-
facturer’s instructions for use, with light MC applied for
3 min. Three minutes later, if any blood leaked after the
release of pressure then additional MC was performed
for 2 min. If hemostasis was successful after 5 min of
MC, compression bandages were not used. Otherwise,
the puncture site was pressed by hand until the bleeding
stopped completely (at least 10 min), followed by the
application of a 2-h compressive bandage. All patients
were prescribed 2 h of immobilization.

Definitions and statistical analysis
Technical success of the device was defined as successful
placement of the plug in the puncture site without imme-
diate major vascular complications associated with the
VCD. Procedural success was defined as successful hemo-
stasis without major vascular complications, and only 3
min of mild MC after successful deployment of the plug.

Complications were classified as either major or minor,
as defined in the ECLIPSE trial'”. Major complications
were defined as: (1) needing vascular repair by surgical
or nonsurgical techniques; (2) bleeding requiring a blood
transfusion; (3) infection requiring antibiotics, extended
hospitalization, or both; (4) new-onset ischemia of the
ipsilateral lower extremity; (5) need for surgical repair
of access-site-related nerve injury; and (6) permanent
access-site-related nerve injury. Minor post-procedural
complications were defined as: (1) recurrent local bleeding
requiring hemostatic interventions, or hematomas < 6
cm; (2) development of pseudoaneurysms, arteriovenous
fistulae, vascular lacerations, or retroperitoneal bleeding;
(3) ipsilateral manifestations of vascular insufficiency or
embolization, including loss of distal pulse, total arterial
occlusion, or deep vein thrombosis; (4) infection; and (5)
nerve injury.

We recorded hemostasis-relevant patient history,
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Table 1 Patient and procedure characteristics

Characteristic n =179
Age (yr) 59.4 (20-87)
Men 145 (81)
Hypertension 59 (33)
Diabetes 52(29.1)
Smoking status
Current smoker 37 (20.7)
Ex-smoker 53 (29.6)
Nonsmoker 89 (49.7)
Alcohol intake 57 (31.8)
Anticoagulation 10 (5.6)
Aspirin 7 (3.9)
Warfarin 1(0.6)
Heparin 2(1.1)
Interventional procedure 171 (95.5)
Consecutive 78 (43.6)
TACE for HCC 76 (42.5)
Visceral embolization of gastrointestinal bleeding 2(1.1)
Single 93 (51.9)
Diagnostic procedure 8 (4.5)
Antegrade puncture 5(2.8)
ExoSeal
5-Fr 172 (96.1)
6-Fr 6(3.4)
7-Fr 1(0.5)

Data are presented as 1 (%), unless indicated otherwise. HCC: Hepatocellular
carcinoma; TACE: Transarterial chemoembolization.

access size, pre- or intraprocedural anticoagulation™?,

laboratory findings [activated partial thromboplastin
time (aPTT), platelet (PLT) count, and prothrombin time-
international normalized ratio (PT-INR)], procedure charac-
teristics, time to hemostasis, and any other complications.
We reported the data as mean and standard deviation
for continuous variables, and frequency (percentage) for
categorical variables.

We analyzed the variables (patient age, sex, history
of diabetes, hypertension, smoking or alcohol use, access
size, and anticoagulation) using a logistic regression
model to determine which variables require more than
3 min of MC to obtain hemostasis after using ExoSeal
VCDs. Hemostasis-relevant laboratory tests (aPTT, PLT
count, and PT-INR) were performed to determine the
interrelation between the need for more than 3-min MC
to achieve hemostasis, and the hemostasis-relevant
parameters. We evaluated these parameters using the
Mann-Whitney U test, also known as the Wilcoxon rank
sum test, to evaluate the differences between the two
groups based on a single, ordinal variable with no specific
distribution. The Student's t-test and chi-square test
were used to evaluate whether the frequency of ExoSeal
use affected the time to hemostasis in patients on who
ExoSeal was used several times. Results were considered
statistically significant if a P-value < 0.05 was reached. All
statistical analyses were performed using SPSS statistical
software (version 20.0; IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 20.0. Armonk, NY,
United States).
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RESULTS

Device failure occurred in 3 (1.7%) patients. One patient
had hypodermal fat so thin that the deployed PGA plug
was pushed out of the skin. In 2 patients, plug deployment
failed due to product defects (Figure 3). In those 3
patients, hemostasis required MC for 10 to 30 min. The
overall technical device success rate was 98.3%. There
were no cases of intraluminal plug deployment.

Hemostasis after successful PGA plug deployment and
MC < 3 min was achieved in 128 cases. Therefore, as
defined above, the procedural success rate was 71.5%.
In 3 cases (1.7%), the aforementioned technical failures
did not result in procedural success. In 44 cases (24.6%),
hemostasis was achieved with MC for an additional 2
min. So, in 172 cases (96.1%) hemostasis was achieved
after successful plug deployment in less than 5 min.
There were 7 (3.9%) cases that needed MC for > 5 min.
The mean compression time for these 7 cases was 10.2
min. In 2 cases hemostasis was unsuccessful, despite
prolonged MC. In 1 patient, the blood oozing continued
after prolonged MC for 13 min. The other patient’s PLT
count was 45 (x 10°/uL) and blood oozing continued
after plug deployment followed by MC for 10 min. Thus,
compressive bandages were applied in these 2 cases and
successful hemostasis was achieved after compression
bandaging for 2 h.

Among the antegrade femoral punctures performed
in 5 patients, one procedural failure occurred. The patient
was on warfarin due to heart disease and was admitted
due to bleeding from the right deep femoral artery.
He underwent embolization of the right deep femoral
artery with antegrade puncture of the right superficial
femoral artery. Subsequent to embolization, it took 10
min to achieve hemostasis after successful ExoSeal plug
deployment. The patient’s PLT count (170 x 10°/L) was
in the normal range but his PT-INR value (1.43) was
slightly high. There were no major complications.

Of the 179 ExoSeal closure procedures, one (0.6%)
minor complication (a 3-cm or smaller hematoma)
occurred. The patient with the hematoma, who did not
use an anticoagulant, underwent angiography through
a 5-Fr vascular sheath. The laboratory results were in
the normal ranges.

Table 2 shows the comparison of success rates be-
tween the repeated-procedure group and the single-
procedure group. There were 78 cases of repeat proce-
dures and 101 cases of single procedures. Successful
plug deployment was achieved in 77 patients in the
repeated-procedure group and in 99 patients in the
single-procedure group, with technical success rates of
98.7% and 98.0%, respectively. Successful hemostasis
with MC for 3 min was achieved in 52 cases (66.7%) in
the repeated-procedure group and in 76 cases (75.2%)
in the single-procedure group. Successful hemostasis
with 5 min of MC occurred in 76 cases in the repeated-
procedure group and in 96 cases in the single-procedure
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Table 2 Success rate comparison between the repeated-procedure group and the single-procedure group 7 (%)

Technical success

Procedural success Success within 5 min

Repeated-procedure, n =78 77 (98.7)
Single-procedure, n =101 99 (98.0)
Overall, n =179 176 (98.3)

52 (66.7) 76 (97.4)
76 (75.2) 96 (95.0)
128 (71.5) 172 (96.1)

Table 3 Student’s z-test for assessing whether the frequency of use of ExoSeal affected the patients’ hemostasis time

ExoSeal n Mean + SD P-value
Hemostasis ime Repeat use 78 4.79+4.32 0.606
Single use 101 446+4.38

Figure 3 Representations of device appearances when failures occurred. Normally, when the vascular closure devices (VCDs)/sheath assembly is pulled
backward, the distal loop changes to a longitudinal shape and the plug is placed just above the arteriotomy. At this point, the indicator changes to black. When this
indicator changes to black, pressing of the button deploys the plug. In this case, however, the indicator still did not turn black and the plug could not be dropped, even
though the VCDs/sheath came out of the skin. A: Full view of VCDs/sheath in case of device failure; B: The color of the indicator window was white (black arrow); C:

The polyglycolic acid plug (white arrow) remained in the delivery shaft of the ExoSeal.

group. The success rates of hemostasis after 5 min of
MC were 97.4% in the repeated-procedure group and
95.0% in the single-procedure group. The P-values of
the Student’s t-test (Table 3) and chi-square test (Table 4),
assessing whether the frequency of ExoSeal use affected
hemostasis times for patients with repeated ExoSeal
applications, were 0.606 and 0.137, respectively.

Table 5 shows the multiple logistic regression analysis
of the continuous variables. History of drinking alcohol
(P = 0.01) and PT-INR (P = 0.001) were statistically
significant predictors of a need for > 3 min of MC. The
odds ratios for alcohol intake and PT-INR were 3.370
[95% confidence interval (CI): 1.345-8.440] and 0.065
(95%CI: 0.012-0.343), respectively. Table 6 shows the
Wilcoxon rank sum test of hemostasis-relevant laboratory
findings, yielding statistically significant correlations
between the need for > 3 min of MC and PLT count (P =
0.032) and PT-INR (P = 0.037).

DISCUSSION

This study was conducted to report our experiences with
the use of the ExoSeal VCD for femoral artery closure.
Until recently, compressive bandages and MC have
mainly been used in our intervention unit. Compression
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bandages have fewer limitations compared to MC, but
they do have limitations, such as prolonged hemostasis
time, patient pain or discomfort, and prolonged bed
rest. Therefore, other VCDs were considered. Several
studies have shown that various types of VCDs can
achieve generally safe and effective hemostasis'™®.
In addition, VCDs allow for early ambulation, thereby
relieving patient discomfort and improving satisfaction
and quality of life®®”. Among the VCDs, the ExoSeal is a
collagen plug device belonging to the category of active
VCDs. The ExoSeal VCD is an extravascular device that
acts as a sealant to prevent blood from leaking by placing
a bioabsorbable PGA plug directly into the vascular
puncture site. Several studies have been conducted
on the efficacy of the ExoSeal VCDs in retrograde femor-
al artery closure as well as antegrade femoral artery
closureP#1,

Over a period of 17 mo, two interventional radiologists
performed a total of 179 diagnostic and interventional
angiographic procedures using ExoSeal VCDs to close
175 retrograde common femoral artery and 5 antegrade
superficial femoral artery access sites. The manufacturer
recommends a light MC of 2 or 3 min. We positioned
the plugs, followed by MC for 3 min. Then, when MC
pressure was released, if even scant blood seepage was
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Table 4 Chi-square test for assessing whether the frequency of ExoSeal use affected the patients’” hemostasis time

Cross table of hemostasis time and ExoSeal repeatability, P-value = 0.137

ExoSeal repeatability

Total
Repeat use Single use
Frequency 52 76 128
<3min % of hemostasis time 40.6 59.4 100
% of ExoSeal repeated use 66.7 75.2 715
Hemostasis ime % of total 29.1 425 715
Frequency 26 25 51
>3 min % of hemostasis time 51 49 100
% of ExoSeal repeated use 33.3 24.8 28.5
% of total 14.5 14 28.5
Frequency 78 101 179
Total % of hemostasis time 43.6 56.4 100
% of ExoSeal repeated use 100 100 100
% of total 43.6 56.4 100

Table 5 Multiple logistic regressions of the continuous hemostasis-relevant variables

95%CI for OR

B P < 0.05 OR
Lower limit Upper limit
Women 0.186 0.707 1.204 0.457 3.176
Age 0.013 0.354 1.013 0.985 1.042
DM, yes 0.666 0.135 1.946 0.813 4.662
HTN, yes -0.500 0.251 0.606 0.258 1.424
Smoking 0.000 0.241 0.000 0.000 0.000
Ex-smoker -0.752 0.094 0.471 0.196 1.137
Current smoker -0.280 0.599 0.756 0.266 2.149
Alcohol use 1.215 0.010 3.370 1.345 8.440
5-Fr 0.000 0.559 0.000 0.000 0.000
6-Fr -0.992 0.281 0.371 0.061 2252
7-Fr -21.226 1.000 0.000 0.000 0.000
Anticoagulation -0.447 0.599 0.640 0.121 3.386
PT-INR -2.732 0.001 0.065 0.012 0.343

DM: Diabetes mellitus; HTN: Hypertension; PT-INR: Prothrombin time-international normalized ratio; CI: Confidence inteval; OR: Odd ratio.

Table 6 Wilcoxon rank sum test of hemostasis-relevant laboratory findings

. < 3 min > 3 min
Variable P-value
n mean + SD Median (min, max) n mean + SD Median (min, max)
aPTT 100 36.54 + 8.53 34.6 (22,77.4) 40 39.53 +10.13 36.25 (24.9,71.7) 0.108
PLT count 128 171.27 + 93.64 172.5 (27, 706) 51 140.37 + 86.87 155.5 (28, 347) 0.032*
PT-INR 128 1.17 £0.18 1.11 (0.91, 1.93) 51 1.26 £0.27 1.14 (0.97, 2.34) 0.037%

P < 0.05. aPTT: Activated partial thromboplastin time; PLT count: Platelet count; PT-INR: Prothrombin time-international normalized ratio; SD: Standard

definition.

observed, MC was performed for an additional 2 min.
The overall technical success rate was 98.3%, but the
procedural success rate was slightly disappointing at
71.5%. However, if we define the procedural success as
5 min instead of 3 min of MC, as recommended by the
manufacturer, the procedural success rate will increases
to 96.1%. Boschewitz et al”’ defined procedural success
as successful plug deployment and MC for 5 min or
less!*>**!, Their procedural success rate was 97.3%. Also,
in the ECLIPSE study', that first introduced the ExoSeal
in 2009, and in the 7-Fr ECLIPSE study™®, the use of
a 7-Fr ExoSeal required only mild MC after plug place-
ment and hemostasis occurred at about 4 min. None
of the six major complications defined by the ECLIPSE
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trial™ occurred in our study, and there were no minor
complications other than a small groin hematoma > 3
cm in size.

Our study was a retrograde study, and we did not
make any special exceptions when using the ExoSeal
VCD. Therefore, we evaluated the factors affecting hemo-
stasis time in cases of hemostasis obtained with > 3
min of MC in these 179 cases. In this study, the ExoSeal
was used many times in the same patient. TACE was
performed 76 times in 26 patients with liver cancer, and
1 patient underwent embolization twice because of lower
gastrointestinal bleeding. When comparing the success
rate of hemostasis between the repeated-procedure
group (n = 78) and the single-procedure group (n =
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101), the procedural success rates were 67.9% and
74.3%, respectively. This was not different from the
overall procedural success rate of 71.5%.

If the definition of procedural success is broadened
to 5 min of manual pressure, the success rates of the
repeated-procedure group and the single-procedure
group become 97.4% and 95.0%, respectively. This was
not significantly different from the overall success rate
of 96.1%. There was also no difference from the results
of Boschewitz et a*® (95.5% procedural success rate),
in the report of their experiences using ExoSeal VCDs in
404 repeated closures. The P-values of the Student’s t-test
and chi-square test for assessing whether the ExoSeal
use frequency affected hemostasis time after multiple
ExoSeal uses were 0.606 and 0.137, respectively. This
indicated that repeated use of the ExoSeal did not affect
the hemostasis times™®.

According to the data from the multiple logistic regre-
ssions of the hemostasis-relevant variables (patient age,
sex, diabetes, hypertension, smoking, and alcohol history,
access size, and anticoagulation), only history of drinking
alcohol and PT-INR were statistically significant predictors
of the need for > 3 min of MC (Table 5). Anticoagulation
or access size did not affect hemostasis time. Also, the
PLT count (P = 0.032) and PT-INR (P = 0.037), among
the hemostasis-relevant laboratory findings (aPTT, PLT
count, and PT-INR), exhibited statistically significant
correlations with the need for > 3 min of MC by the
Wilcoxon rank sum test. Therefore, it is predictable that
history of drinking alcohol, low PLT counts, and high PT-
INR values can lead to a requirement for > 3 min of
MC. Schelp et al**! reported the experience of using
ExoSeal VCDs in 801 patients who underwent coronary
angiography and interventions through the femoral
artery. In that article, lengthy procedures, percutaneous
coronary interventions, use of GP I b/Illa inhibitors, and
elderly age of patients were the strongest independent
predictors of bleeding/vascular complications and device
failure.

Our study was limited by the fact that the number of
antegrade femoral punctures (n = 5) was too small to
compare to the number of retrograde femoral punctures
(n = 174). Among the 5 patients who underwent the
antegrade femoral puncture, 1 procedural failure occurred.
In the remaining 4 patients, hemostasis was achieved
with a 3-min MC. There were no complications among
these 5 cases. According to several other articles on the
use of ExoSeal in antegrade femoral punctures, ExoSeal
VCDs were found to be safe and effective, with high
technical success rates and acceptable complication rates
in antegrade procedures®**'], Another limitation was
that we did not analyze the failure rate according to the
operator’s learning curve because the ExoSeal was so
easy to use.

In summary, the ExoSeal VCD is a very simple, safe
and effective hemostasis device for both antegrade and
retrograde femoral punctures, and is associated with
few complications. In addition, the ExoSeal VCD is an
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instrument that can effectively obtain hemostasis even
when used repeatedly in the same patient. However,
longer light MC may be needed in patients with history
of drinking alcohol, low PLT counts, and high PT-INR
values.

ARTICLE HIGHLIGHTS

Research background

The gold standard method for achieving hemostasis at the femoral arterial
puncture site has been manual compression (MC). However, MC has limi-
tations, such as prolonged hemostasis time, patient pain and discomfort, and
a requirement for prolonged bed rest. Therefore, various hemostatic devices
have been developed to improve the efficacy and safety of percutaneous
intravascular treatment and one of those hemostasis devices is ExoSeal.

Research motivation

We have used MC or other compressive devices (such as sand bags or balloon
compressive devices) before introducing ExoSeal into our clinical practice.
When we first started to use ExoSeal, we began studying the cases in which it
was applied.

Research objectives
To report the experience of closure of the femoral artery using ExoSeal vascular
closure devices (VCDs) over a 17-mo period.

Research methods
We evaluated the technical and procedural success rates, complications, and
factors affecting the hemostasis time of the ExoSeal VCDs.

Research results

Technical and procedural successes were achieved in 176 cases (98.0%)
and 128 cases (71.5%), respectively. In one case (0.6%), a small hematoma
developed, but there were no major complications. A history of drinking alcohol,
low platelet (PLT) count, and high prothrombin time-international normalized
ratio (PT-INR) values were the statistically significant predictors of the need for
longer MC.

Research conclusions

The ExoSeal VCD is a simple, safe and effective device for hemostasis of
femoral punctures. In addition, the ExoSeal VCD is an instrument that effec-
tively achieves hemostasis with few complications, even when used repeatedly
in the same patient. However, longer light MC may be needed in patients with a
history of drinking alcohol, low PLT count, and high PT-INR values.

Research perspectives
Based on this and other studies, ExoSeal is expected to improve further and
other similar VCDs will be developed.
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Abstract

Gastrointestinal tumors (GTs) are among the most com-
mon tumors of the digestive system and are among the
leading causes of cancer death worldwide. Functional
magnetic resonance imaging (MRI) is crucial for
assessment of histopathological changes and therapeutic
responses of GTs before and after chemotherapy and
radiotherapy. A new functional MRI technique, intravoxel
incoherent motion (IVIM), could reveal more detailed
useful information regarding many diseases. Currently,
IVIM is widely used for various tumors because the
derived parameters (diffusion coefficient, D; pseudo-
perfusion diffusion coefficient, D*; and perfusion fraction,
f) are thought to be important surrogate imaging
biomarkers for gaining insights into tissue physiology.
They can simultaneously reflect the microenvironment,
microcirculation in the capillary network (perfusion) and
diffusion in tumor tissues without contrast agent intra-
venous administration. The sensitivity and specificity of
these parameters used in the evaluation of GTs vary, the
results of IVIM in GTs are discrepant and the variability
of IVIM measurements in response to chemotherapy
and/or radiotherapy in these studies remains a source of
controversy. Therefore, there are questions as to whether
IVIM diffusion-weighted MRI is feasible and helpful in the
evaluation of GTs, and whether it is worthy of expanded
use.

Key words: Intravoxel incoherent motion; Metastasis;
Gastric cancer; Colorectal cancer

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In general, the gastrointestinal tumors (GTS)
can be diagnosed by routine computed tomography/
magnetic resonance imaging (MRI) and biopsy, but the
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intravoxel incoherent motion (IVIM), a new emerging
MRI technique, plays a important role in the tumor
evaluation before and after surgery, and provides more
useful information in tumor properties, stage and che-
moradiotherapy (CRT) response. What's more, the
quantitative parameters derived from IVIM, including D,
D* and f, can gain an insight into tumor tissue physiology
changes and simultaneously reflect the microenviron-
ment, microcirculation in the capillary network and
diffusion in tumor tissues, thus, new imaging biomarkers
for monitoring and evaluating the tumor and the CRT
response in GTs.

Zuo HD, Zhang XM. Could intravoxel incoherent motion diffusion-
weighted magnetic resonance imaging be feasible and beneficial
to the evaluation of gastrointestinal tumors histopathology and
the therapeutic response? World J Radiol 2018; 10(10): 116-123
Available from: URL: http://www.wjgnet.com/1949-8470/full/v10/
110/116.htm DOI: http://dx.doi.org/10.4329/wjr.v10.i10.116

INTRODUCTION

Gastrointestinal tumors (GTs) are common tumors of
the digestive system and are among the leading causes
of cancer death worldwide™. It was estimated that there
will be 176960 new cases and 62880 deaths in United
States in 2018™. The current therapeutic methods for
GTs are surgical resection and chemotherapy and/or
chemoradiotherapy (CRT)™!. However, surgery inflicts
substantial trauma to both the body and mind. For
advanced stage patients, systemic chemotherapy is the
better choice. In this situation, imaging monitoring for the
chemotherapeutic response and evaluation is essential.
Magnetic resonance imaging (MRI) is a promising
modality for tumor detection, diagnosis and evaluation,
because of its many advantages, including absence of
radiation, multiplane and multiple-parameter imaging.
Diffusion weighted imaging (DWI) is an important
imaging sequence, based on the Brownian motion of
water molecules™. The apparent diffusion coefficient
(ADC) is sensitive to water molecules in the tissues and
reflects the microenvironmental changes of tumors®.
It is used to differentiate malignant from benign tumors
and to evaluate tumor responses after chemotherapy'®”’.
However, ADC values of the tumor are not consistent
after treatment because treatment may cause cell
swelling or fibrosis that decreases ADC values®'. Based on
the ADC reflection of the tissue diffusion and perfusion,
Le Bihan et al proposed the intravoxel incoherent
motion (IVIM) model to depict perfusion and diffusion
effects. It is a new dual exponential imaging mode with
multiple b values that is applied in oncologic imaging and
related studies!®'”. With multiple b values, IVIM-DWI
quantifies microvascular perfusion effects with smaller
b-values (0-200 s/mm?), and quantifies tissue water
molecular diffusion with higher b-values (> 200 s/mm?>).
Therefore, IVIM-DWI MRI differentiates microvascular
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perfusion activity from diffusion. Consequently, the
following parameters derived from IVIM DW-MRI can
be calculated without the contrast: (Slow) diffusion
coefficient (D), pseudo-perfusion (fast) diffusion co-
efficient (D*) and perfusion fractions, (f)®'%, The f
and D* parameters have the potential to reflect tumor
angiogenesis activity noninvasively and are significantly
correlated with microvessel density (MVD) scores'®. D
is generally thought to be the pure diffusion coefficient
that depicts extracellular and extravascular tissue water
molecular motion™. Since IVIM-DWI was introduced,
this technique showed great potential in tumor evaluation
and grading™®®.. In recent years, IVIM-DWI has also
been used to distinguish benign from malignant tumors!*”?
and to evaluate chemotherapy therapeutic responses in
various tumors!'®*®., However, the application of IVIM-DWI
in the gastrointestinal tract tumors may be challenged:
first, gastrointestinal tract tumors are relatively small and
thin, and imaging may be affected by motion artifact;
second, the exact nature of the IVIM signal is not well-
understood, and there are heterogeneous patterns of
signal attenuation on a voxelwise basis in normal tissues
and tumors™?%; third, the sensitivity and specificity of
these parameters used in the evaluation of GTs vary and
the results of the IVIM in the GTs are discrepant™®;
finally, the variability of IVIM measurements in response
to chemotherapy and/or radiotherapy in these studies
remains controversial’®. Nevertheless, the following
findings in GTs may dispel our worries to some extent
and may provide hope for the use of IVIM for GTs.

GASTRIC TUMORS

Few studies reported the IVIM-DWI was used in the
gastric cancers, because gastric cancer can be diagnosed
by contrast computed tomography (CT)/MRI*!! and may
be confirmed by endoscopy and biopsy™??. Nevertheless,
IVIM has been used to evaluate the biological behavior
of gastric cancer, including cell proliferation, differen-
tiation, invasion, metastasis and survival”®>%, as well
as to monitor chemotherapeutic responses!*®?®!, D*
and f values correlated with MVD in tumor tissues'*?,
suggesting that D* and f might serve as imaging mar-
kers for the noninvasive evaluation of MVD of tumor
grading and treatment effectiveness.

In fifty-three patients with gastric cancer reported by
Ji et a*, the D value positively correlated with human
epidermal growth factor receptor-2 (HER2) scores (r
= 0.481, P < 0.001), and the D values of HER2(+)
gastric cancers were substantially higher than those of
HER2(-) tumors (P = 0.007). With the cut-off value of
1.123 x 10°mm?/s, the D value differentiated HER2(+)
from HER2(-) gastric cancers with an area under the
curve of 0.762 (P = 0.011). Therefore, the IVIM-DWI
is feasible for preoperative assessment of HER2 status
of gastric cancers and could be a potential biomarker in
evaluating HER2 status of gastric cancers.

As for chemotherapeutic responses, IVIM-DWI
and derived parameters are useful for predicting the
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early efficacy of chemotherapy and are more sensitive
imaging biomarkers for gastric cancer. In mouse models
bearing two kinds of human gastric cancer xenografts,
and in human gastric adenocarcinoma AGS cells models
(baseline: day 0), when the mouse received 5-fluorouracil
(5-FU) (15 mg/kg)/calcium folinate (5 mg/kg) treatment,
mean D values in the treated groups (AD%: 17.12% =+
8.20%, 24.16% =* 16.87%, 38.54% =+ 19.36%) were
significantly higher than those of the controls (AD%:
-0.13% =+ 4.23%, 5.89% =+ 4.56%, 5.54% * 4.44%) at
days 1, 3, 5 and 7. The f values were significantly lower
than those of the control group (-34.13% * 16.61% vs
1.68% =+ 3.40%; -50.64% =+ 6.82% vs 3.01% =+ 6.50%;
-49.93% = 6.05% vs 0.97% = 4.38% and -46.22% =+
7.75% vs 8.14% * 6.75%). The D* values were also
significantly lower than those of the control group at all-
time points (-32.10% * 12.22% vs 1.85% = 5.54%;
-44.14% * 14.83% vs 2.29% + 10.38%; -59.06% =
19.10% vs 3.86% =+ 5.10% and -47.20% =* 20.48%
vs 7.13% =+ 9.88%). Furthermore, the histopathologic
findings showed that D positively correlated with tumor
necrosis and cellular apoptosis. Values of f and D*
correlated positively with MVD and negatively correlated
with cellular apoptosis®®. In MKN-45 human gastric
adenocarcinoma xenograft mouse models, after
fluorouracil and calcium folinate treatment, D* values in
the treated group decreased markedly (AD*% = -30%,
-34% and -20%, P < 0.05) and f values increased
dramatically (Af % = 93%, 113% and 181%, P <
0.05) on days 3, 7 and 14. D* and f values correlated
well with histopathological changes demonstrating the
reduction of cell proliferation and MVD and the increase
in tumor apoptosis and necrosis!*”. These findings
indicated that IVIM-DWI and derived parameters could
be potentially useful for early evaluation of chemo-
therapy response and may provide additional pivotal
information for the evaluation of therapeutic effect in
gastric tumors (Figure 1).

COLORECTAL TUMORS

Many studies focusing on the new techniques for the
evaluation of the colorectal tumors have been pub-
lished”*®1. A newly proposed modified VARiable PRO
jection (VARPRO) algorithm specifically tailored for
fitting the IVIM to DWI showed better performance
than did the Levenberg-Marquardt (LM) algorithm in
64% of cases and stronger “segmented” methods in
100% of cases in locally advanced rectal cancer (LARC).
Therefore, VARPRO algorithm is a better fit for the IVIM
model than is LARC DWI®*®,

In colorectal tumors, IVIM and the parameters
were used to evaluate tumor histopathology, Kirsten
rat sarcoma viral oncogene homologue (KRAS) muta-
tion status, CRT response, pathological response to
neoadjuvant chemotherapy (NACT) and relationships
with tumor prognostic markerst***3,

IVIM-DWI has been explored in genomic expression
experiments to predict the genotype of rectal cancer
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(KRAS mutant/wild type)™. D values were significantly
lower and D* values were significantly higher in the
KRAS mutant group than in the KRAS wild-type group.
According to the ROC curve, D* values displayed
moderate diagnostic significance with the area under
curve (AUC) values of 0.710. The cut-off value of
D* was 26.58 X 10 mm?/s. The findings suggest a
relatively high tumor cellularity and hypervascularity™*!
caused by mutation of the KRAS oncogene®..

IVIM parameters correlated with histopathology
of rectal tumor tissues. D values were more likely to
correlate with cell count, Ki-67 index and total nucleic
area. The f values showed good correlation with stained
vessel area, total vessel area and vessel count. D*
values correlated with mean vessel diameter’™. These
findings confirmed that D reflected cell structure and
water motion, and D* and f values reflect the vessel
microenvironment™"*?,

In rectal non-mucinous carcinoma and mucinous
carcinoma, D, D* and f distinguished rectal tumor
tissues from normal rectal wall, reflecting tumor tissue
cellularity and microenvironment changes. Furthermore,
lower f values were observed in poorly differentiated
non-mucinous carcinoma and there were significant
positive correlations with differentiation degree. This
may be related to the fewer glands and glandular
architecture in poorly differentiated tumors. D values
were higher and D* values were lower in mucinous
carcinomas than in non-mucinous carcinomas. Inte-
restingly, correlation analysis showed D and D* had
significant correlations with histological type. D was
more likely to be related to cellular microstructure than
to tumor cellularity!", and D* actually reflected blood
flow and was affected by flow velocity and vascular
geometry™¥. IVIM-DWI-derived parameters were also
useful for describing rectal tumor aggressiveness and
prognosis™". D* and f tended to increase with greater
tumor differentiation, and D and D* decreased with
advanced tumor stages. The f is the partial volume of
the whole capillary vascular fraction™ and the proportion
of the arterial blood is greater than the venous com-
ponent for f at low b values™!. This phenomenon
is reflected in well-differentiated tumors and poorly
differentiated tumors: the capillary vascular network
is relatively mature in the former, and there is poor
structure of luminal vessels leading to low perfusion
of the microcirculation in the latter™"., This could be
confirmed by the correlation between the D*, f and
MVD in colorectal tumors™®. Another important finding
is that tumor invading the vascular wall had lower D*
than did the group with no vascular wall invasion. This
suggested that D* may be related to tumor stage. IVIM
parameters were associated with some critical clinical
indices, such as carcinoembryonic antigen (CEA) and
CA199, which are related with prognosis™".

Another important application of IVIM-DWI is moni-
toring the therapeutic response. Sun et a** reported
repeatability coefficients for 3.0T MRI in rectal cancer:
correlations for D, f, and D* were 11.1%, 55.4%, and
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Figure 1 A 48-year-old male diagnosed with malignant gastric carcinoma (signet ring cell cancer). A, B: The lesion has slightly low signal on T1-weighted image
(A) and slightly high signal intensity on T2-weighted image (B); C: On DWI, the cancer shows hyperintensity (white arrows); D, E: After contrast agent injection, the lesion
shows mild-to-moderate enhancement in arterial and portal venous phases; F-H: The pseudocolor maps of D, D* and f derived from IVIM were displayed, the values of the
D, D* and fare 0.92 + 0.11 x 10° mm’/s, 26.75 + 13.61 x 10° mm®/s and 17.24% + 4.8%, respectively; I: The HE staining of the tissues (100 x).

40.3%, for intraobserver analysis, respectively, and
were 41.6%, 134.0%, and 177.6%, for interobserver
analysis, respectively. The test-retest repeatability
coefficients for D, f, and D* were 24.5%, 126.3%, and
197.4%, respectively, larger than the intraobserver
values. Therefore, D value showed better short-term
test-retest reproducibility than did f or D*. The authors
concluded that f and D* variance should be understood
prudently in longitudinal studies on rectal cancer in which
treatment response is monitored”. In a report including
25 consecutive patients with advanced rectal carcinoma,
D values were highest in the rectum (1.29 x 10°mm?/s),
then the tumor (0.96 x 10 mm?/s) and fat (0.37 x 107
mm?/s), and the f values were lower notably in tumor
(9.12%) than in fat (16.05%) in patients not receiving
neoadjuvant CRT. In patients receiving neoadjuvant
CRT, D was higher in tumor (1.10 x 10° mm?/s) and
the rectum (1.26 x 10° mm?/s) than in fat (0.33 x 107
mm?/s).

For patients not receiving CRT, the vascular area
fraction negatively correlated with D and positively
correlated with f. For the rectum, D negatively cor-
related with cellularity C in patients after CRT™'Y, The
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findings implied that D is related to tumor tissue activity
that is frequently strongly vascularized”” and indicate
the heterogeneous tumor tissue microenvironment.
Furthermore, the correlation between D and cellularity
C reflects the cellular microenvironment in the tumor,
adjacent rectal wall and fat that affects water molecule
Brownian motion directly™™. In another report with
31 patients with rectal cancer™™®, median D values
increased remarkably pre- and post-CRT and were
much higher in good responders to CRT. The median
D was lower than the median ADC before and after
CRT. The relative change was significantly greater in
the good responders than in poor responders. Median
D values showed higher AUCs than did ADC values
for treatment response evaluation. This was because
perfusion contributes to ADC in rectal cancer™ and
microcirculation or perfusion effects can be identified
by true tissue diffusion with sufficient b value sampling
and bi-exponential curve fit analysis with IVIM™.
Nevertheless, median f and D* values change before
and after CRT were not consistent with the degree
of tumor response. This may be the limitation of D*,
due to its high uncertainty and poor reproducibility®®®.
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Figure 2 A 67-year-old female diagnosed as rectal cancer (poorly differentiated adenocarcinoma). A, B: The rectal cancer is isointense on T1-weighted image (A)
with slightly high signal intensity on T2-weighted image (B); C: On diffusion weighted imaging, the cancer shows hyperintensity (white arrows); D-F: The pseudocolor
maps of D, D* and f derived from intravoxel incoherent motion are displayed, the values of the D, D* and f were 1.03 = 0.12 x 10°mm?/s, 50.35 * 24.96 x 10°mm®/s

and 20.37% * 5.9%, respectively; G: HE staining of the tissues (100 x).

Similar results were reported by Lu et ai*? and Xu et
al*. In these two studies, the IVIM-derived D value
was a promising tool for predicting and identifying the
pCR status prior to therapy. The D percentage changing
values after therapy may be helpful and more accurate
than traditional DWI for assessing pCR status.

Interestingly, in LARC before and after NACT, high
tumor f was found to be useful for predicting better
tumor response (tumor regression grade, TRG1-2)
and the sensitivity and specificity was 69% and 100%,
respectively. More importantly, f combined with tumor
volume (fpre/Vpre) offered the best prediction of poor
tumor response with a sensitivity of 88% and specificity
of 91%, as well as 5-year progression-free survival
(PFS) (P < 0.01)"", These findings indicated that high
f suggests tumor tissues with good vascular structures,
and low f indicates poor vascular structures; and high f
has been shown to be related to pathologic complete
response (pCR)™? (Figure 2).

METASTATIC LESIONS

The parameters derived from IVIM-DWI are currently
used for diagnosis of metastases, intra-tumor changes
and therapeutic responses.

In metastasis diagnosis, IVIM-DWI may be useful
in differentiating metastatic and non-metastatic lymph
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nodes in patients with rectal carcinoma. In metastatic
lymph nodes, because of the increased water molecular
diffusion and microperfusion, reduced cellular density
and increased tumor-related blood vessels within the
metastatic lymph node, mean D and f values increased
significantly, whereas mean D* values were lower than
those of normal lymph nodes. The lower D* values
may be due to the low blood velocity and MVD of tumor
tissues at low b value (< 200 s/mm?)®%, Among the
parameters, D values and D values combined with the
short-axis diameter had the highest AUC, and D* values
had the lowest®**?, suggesting that D is more sensitive
and has the highest diagnostic efficacy in distinguishing
normal from lymphatic metastasis™.

In assessment of therapeutic responses of me-
tastatic lesions, parameters derived from IVIM-DWI
changes are thought to be surrogate markers of tumor
therapeutic responses. IVIM-DWI is usually sensitive
to tumor necrosis after chemotherapy, because ADC in
CRC metastases change along with specific increases
in free molecular diffusion D that correlates with tumor
necrosis*’. In another report, distant metastasis lesions
had higher D* and relative perfusion (fD*) values,
suggesting that IVIM parameters might reflect different
clinical and histopathological features in rectal cancer™,
although there were no significant differences between
other IVIM parameters.
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In patients with liver metastases from CRC treated
with cytotoxic chemotherapy reported by Kim et a*,
after the first cycle of chemotherapy, ADC values
increased (1191.9 + 232.2 x 10° mm?/s vs 1263.5 +
266.4 x 10° mm?/s; P = 0.012) and D (1085.9 + 232.9
x 107°mm?%/s vs 1173.5 + 248.9 x 10°mm?®/s; P = 0.012),
while f values decreased (173.7% =+ 39.8% vs 133.5%
1+ 28.3%; P = 0.017) in eight responding patients. In 24
responding metastatic lesions and 12 non-responding
lesions after neoadjuvant FOLFIRI (5-FU, leucovorin,
irinotecan) plus bevacizumab therapy, f values showed
statistically significant differences between responder
and non-responder lesions, and the f variation sensitivity
and specificity were 62% and 93%, respectively'**. All
findings indicated that IVIM-DWI and the parameters
were useful for the prediction of therapeutic response
after chemotherapy for metastases in CRC.

GASTROINTESTINAL STROMAL
TUMORS

IVIM-DWI in gastrointestinal stromal tumors (GISTs) was
also investigated to evaluate therapeutic responses to
treatment with imatinib. In mice with xenografts bearing
GIST-T1 cells, ADC values increased in the treated group.
D* values in the treated group decreased significantly
(AD* = -41%, -49%, and -49%), and f increased
significantly (Af = 79%, 82% and 110%) on days 1, 3
and 7 after treatment. D* and f did not show significant
changes in the control group. The parameters from IVIM-
DWI showed good correlation with histopathology with
a decrease in cell proliferation and MVD and an increase
in apoptosis and tumor necrosis in the treated group™®.
Therefore, IVIM-DWI may serve as an effective imaging
biomarker to assess GIST response to treatment.

CONCLUSION

It is a great challenge to evaluate and predict histo-
pathological and therapeutic responses after GTs
chemotherapy. IVIM, a new sequence derived from
DWI, is a potentially useful tool for evaluation of GTs.
The derived parameters D, D* and f reflect the micro-
environment, microcirculation and blood flow changes
in tumor tissues®®!, endowing them with the ability to
predict tumor pathology and to monitor therapeutic
responses. Therefore, the IVIM could offer a potentially
accurate evaluation of chemotherapy efficacy, possibly
facilitating individualized treatment planning in patients
with GTs.

Encouragingly, based on the IVIM technique, more
precise and effective parameters emerged for GTs,
including a. The parameter a, derived from stretched-
exponential model, appears to be more suitable for
colorectal tumors in evaluating pCR after CRT because
of the superior diagnostic performance of D, D* and f”?
and their better reliability than ADC for assessing pCR
after CRT.
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In conclusion, with the technical assistance of IVIM,
IVIM-DWI will be considerably more useful in evaluating
GTs, reflecting histopathological changes and therapeutic
responses before and after chemotherapy. Much deeper
investigations and applications of IVIM-DWI in GTs are
on the horizon.
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Abstract

AIM

To evaluate reproducibility of pulmonary embolism (PE)
clot volume quantification using computed tomography
pulmonary angiogram (CTPA) in a multicenter setting.

METHODS

This study was performed using anonymized data in
conformance with HIPAA and IRB Regulations (March
2015-November 2016). Anonymized CTPA data was
acquired from 23 scanners from 18 imaging centers
using each site’s standard PE protocol. Two independent
analysts measured PE volumes using a semi-automated
region-growing algorithm on an FDA-approved image
analysis platform. Total thrombus volume (TTV) was
calculated per patient as the primary endpoint. Secon-
dary endpoints were individual thrombus volume (ITV),
Qanadli score and modified Qanadli score per patient.
Inter- and intra-observer reproducibility were assessed
using intra-class correlation coefficient (ICC) and Bland-
Altman analysis.

RESULTS

Analyst 1 found 72 emboli in the 23 patients with a
mean number of emboli of 3.13 per patient with a
range of 0-11 emboli per patient. The clot volumes
ranged from 0.0041 - 47.34 cm’ (mean +/- SD, 5.93
+/- 10.15cm?). On the second read, analyst 1 found the
same number and distribution of emboli with a range
of volumes for read 2 from 0.0041 — 45.52 cm’ (mean
+/- SD, 5.42 +/- 9.53cm’). Analyst 2 found 73 emboli
in the 23 patients with a mean number of emboli of 3.17
per patient with a range of 0-11 emboli per patient.
The clot volumes ranged from 0.00459-46.29 cm®
(mean +/- SD, 5.91 +/- 10.06 cm®). Inter- and intra-
observer variability measurements indicated excellent
reproducibility of the semi-automated method for
quantifying PE volume burden. ICC for all endpoints
was greater than 0.95 for inter- and intra-observer
analysis. Bland-Altman analysis indicated no significant
biases.

CONCLUSION

Semi-automated region growing algorithm for quan-
tifying PE is reproducible using data from multiple
scanners and is a suitable method for image analysis in
multicenter clinical trials.

Key words: Pulmonary embolism; Arteries; Computed
tomography angiography; Computer-assisted image
analysis; Thrombolytic therapy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Blood clots that occur in deep leg veins can
break away and cause the serious complication of clots
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(then termed emboli) lodged in the lungs. Measuring
the volume of the emboli with a semi-automated region
growing software program using computed tomography
pulmonary angiogram data can be helpful to evaluate
treatment efficacy in clinical drug trials. This study
demonstrates the technique to be reproducible both
between image analysts and when repeated by the
same image analyst when the data is obtained in a
multicenter setting.

Kaufman AE, Pruzan AN, Hsu C, Ramachandran S, Jacobi A, Patel
I, Schwocho L, Mercuri MF, Fayad ZA, Mani V. Reproducibility
of thrombus volume quantification in multicenter computed
tomography pulmonary angiography studies. World J Radiol
2018; 10(10): 124-134 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v10/i10/124.htm DOI: http://dx.doi.
org/10.4329/wjr.v10.i110.124

INTRODUCTION

Venous thromboembolism (VTE) represents the com-
bined disease states of deep venous thrombosis (DVT)
and pulmonary embolism (PE). PE is the most significant
sequela of DVT, occurring in more than a third of DVT
patients’"). In the United States, there is a combined
average annual incidence of over 275000 new cases
of VTE among whites of predominantly European
origin and African-Americans™. A retrospective study
demonstrated an incidence of 117 VTE cases per 100000
in a demographically white population™. The same study
showed VTE to be predominantly a disease of older age,
with males slightly more affected than females, whereas
in the younger population the incidence is higher in
females during child-bearing age™.

PE has a high mortality rate™*. The two week and
three month post diagnosis all-cause mortality rate
was found to be 11.4% and 17.4% respectively™®. Risk
of mortality in PE rests upon multiple factors including
clinical findings of shock and hypotension and elevated
markers of right ventricular dysfunction and myocardial
injury”®.. Clot burden alone is not a principal marker
in clinical risk stratification, however computed tomo-
graphy pulmonary angiogram (CTPA), is a commonly
used diagnostic tool that has been shown to help with
risk stratification of PE® "), Objectively measuring
thrombus volume from CTPA data can be particularly
useful to evaluate the efficacy of treatments for PE™?,
Indeed, clinical pharmaceutical trials of drugs such as
thrombolytics rely upon objective measures including
total thrombus volume (TTV), the sum of volumes of all
PE present in an individual, to assess drug effectiveness
and potency and to help determine the optimal duration
of therapy™®. This study is not performed to assess
CTPA measured clot volumes as a clinical prognostic
indicator. Rather, the goal of this study is to evaluate
the reproducibility of a quantifiable metric; the TTV in
PE, especially as new drugs are being developed that
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aim to eliminate and reduce clot size. Thrombus volume
measured by contrast enhanced CTPA could potentially
serve as an imaging biomarker for evaluating burden
and/or severity of PE in clinical trials. One such current
study is the DS-1040b, a Randomized Study to Assess
the Safety, Pharmacokinetics/Dynamics of DS-1040b in
Subjects With Acute Submassive Pulmonary Embolism,
NCT02923115 (www.clinicaltrials.gov).

Quantifying clot burden with CTPA requires seg-
mentation of emboli from non-thrombotic contrast-
enhanced blood within the pulmonary vasculature and
computation of clot volume. Semi-automated region
growing algorithms can be used for this purpose.
The inter and intra-observer reliability of this technique
has been tested in data obtained from a single center
using one fixed CTPA imaging protocol™. Accuracy of
this approach has also been established by the relative
volume measurement error'™?l, However, these types
of studies have not been implemented in a multicenter
setting. This is a retrospective study performed on
sample data obtained from subjects undergoing CT
pulmonary angiography for suspected PE. Images
were obtained from multiple centers as part of a study
qualification visit for a multicenter drug trial evaluating
a new thrombolytic agent and were from cases of sus-
pected PE at the site obtained in the week prior to the
qualification visit. Therefore, in addition to the stated
study goal of evaluating the quantifiable metric of TTV
in PE, the broader purpose of this study is to evaluate
the hypothesis that repeatable volume quantification
can be made using a semi-automated region growing
algorithm on in vivo PE data obtained in a multicenter
setting with inherent variability of CT scanners and
acquisition and reconstruction parameters using TTV as a
primary endpoint and individual thrombus volume (ITV),
Qanadli score and modified Qanadli score as secondary
endpoints.

MATERIALS AND METHODS

This study was performed using anonymized data in
conformance with HIPAA and IRB Regulations (March
2015-November 2016).

CTPA data was acquired from 23 scanners from 18
different centers using the standard image acquisition
for PE at the site. Table 1 describes the image acquisition
and reconstruction parameters and contrast agent
use protocol at each center. The data was completely
anonymized. Patient demographic data was not included
in the study as the cases obtained from the multicenter
sites were requested as part of our core lab qualification
assessment for participation in a clinical pharmaceutical
trial, and as such, a deidentified random sample case(s)
from each site was requested. From image metadata,
limited information on gender and/or age on less than
half of the cases were determined. No other demographic
information was available to the authors. Of the 23
patients studied, seven were known to be male. Where
the male’s age was identified the following ages were
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known: 72, 60, 82, 30 and 73. Two patients were known
to be female where their ages were known to be 21 and
77. There were also two patients of unknown gender that
were known to be 72 and 81 years old.

Two experienced image analysts performed the in
vivo study. AEK (a board-certified diagnostic radiologist
with six years clinical experience) and ANP (Bachelor
of Science with two years vascular imaging experience
under the supervision of board certified radiologists (AJ,
AEK) assessed each patient for the presence of emboli
within the pulmonary arterial tree. The extent of the
analysis was from the main pulmonary artery up to and
including emboli within segmental arteries bilaterally.
See Figure 1 for a schematic of the segmental distri-
bution of the pulmonary arteries. An embolus appeared
as a filling defect of soft tissue density within the
otherwise contrast enhanced pulmonary arterial tree. An
endoluminal filling defect was deemed a single embolus
if it was contiguous and demonstrated no intervening
contrast material fully separating it from adjacent clot.
Embolus volume was the measured parameter and the
endpoints were TTV and ITV in each patient and both
the Qanadli and modified Qanadli score in all patients.
Each separate embolus was analyzed using a semi-
automated region growing algorithm implemented in
the FDA approved Siemens syngo.via image analysis
platform. This region growing algorithm was similar
to what has been used in previous studies for quantifi-
cation of PE clot volume!” and was also based on the
methods shown in the following papers!***°l. Briefly,
the region growing algorithm was a pixel-based image
segmentation approach involving the initial selection
of seed points by the user. This segmentation method
examined the nearest neighboring pixels of initial seed
points and determined if the pixel neighbors should be
added to the region. The process was then iterated on,
using data clustering algorithms based on image pixel
data intensity and texture.

At the viewing workstation, the image analyst per-
formed segmentation and volumetric quantification of
emboli. To acquire these readings, the cursor was placed
on the dot and the left mouse button was pressed and
held in order to grow into adjacent regions with similar
density readings. The analyst then assessed the need
to include and/or exclude portions of the segmented
mask by visually assessing the anatomic extent of the
embolus and the surrounding anatomic structures and
then made appropriate corrections and adjustments to the
segmented mask. Figure 2 shows an example of in vivo
region growing. In order to determine the inter observer
reproducibility of the data analysis, the two independent
observers were blinded to each other’s interpretations
when computing the clot volumes for each of the datasets
using the same semi-automated algorithm and image
analysis package''>'*'®, One reader (AEK) repeated
the analysis a second time to establish the intra-reader
reproducibility.

A Qanadli score was calculated by assessing the
presence and degree of obstruction in the pulmonary
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Table 1 Scanner Information and computed tomography pulmonary angiogram acquisition protocol from each scanner

Site Scan Manufacturer Model Number of  Recon thickness kVp Pitch Contrast agent
slices (mm)

Academic Medical Center, 1 Siemens Definition AS+ 128 1 120 0.45 Ultravist 300

Amsterdam, Netherlands 2 Siemens Force 384 1.5 90 0.55 Ultravist 300

Azienda Ospedaliero 3 Philips Brilliance 16 16 2 120 0.9 Isovue 350

Universitaria Ospedali

Riuniti Di Ancona, Ancona,

Italy

Fondazione Poliambulanza 4 GE Optima CT660 128 0.625 120 1.375 Ultravist 370

Istituto Ospedaliero, Brescia,

Italy

Hopital de la Cavale Blanche, 5 Siemens Definition AS + 128 1 100 1.2 Tomeron 400

Brest, France

Cliniques Universitaires 6 Philips ICT Brilliance 64 256 1 120 0.797 Iomeron 400

Saint-Luc, Brussels, Belgium

CHU de Clermont-Ferrand, 7 GE Revolution GSI 64 0.625 120 1.375 Ultravist 370

Clermont-Ferrand, France

Hospital Universitario Dr. 8 Philips Ingenuity CT 64 1 120 0.952 Omnipaque 350

Josep Trueta, Girona, Spain

Medical University Graz, 9 Toshiba Aquilion64 64 0.5 120 1 Optiray 350

Graz, Austria 10 Toshiba Aquilion64 64 0.5 120 1 Tomeron 400

Universitidtsmedizin 11 Siemens Sensation 16 16 1.5 120 1.2 Tomeron 350

Greifswald, Greifswald,

Germany

Hopital Michallon - CHUGA, 12 GE Optima CT 660 128 0.625 100 0.984375 Iomeron 350

Grenoble, France

Leiden University Medical 13 Toshiba Aquilion ONE 320 1 80 0.8129 Ultravist 370

Center, Leiden, Netherlands

UZ Gasthuisberg, Leuven, 14 Siemens Definition Flash 128 1 100 0.55 Visipaque 320

Belgium 15 Siemens Definition Flash 128 1 100 0.55 Visipaque 320
16 Siemens Definition Flash 128 1 100 0.55 Visipaque 320

Cedars Sinai Medical Center, 17 GE LightSpeed VCT 64 0.625 120 0.984375 Omnipaque 350

Los Angeles, United States

Hospital Universitario 18 Toshiba Aquilion ONE 320 0.5 100 1.375 Iomeron 350

Ramon y Cajal, Madrid,

Spain

Intercoastal Medical Group, 19 Siemens Definition AS+ 128 0.6 120 1.1 Isovue 370

Sarasota, United States

CHU de St. Etienne, St. 20 Siemens Definition DS 64 1 120 1.2 Xenetix 350

Etienne, France

Strasbourg University 21 GE Discovery CT750 HD 64 0.625 100 1.375 Iomeron 400

Hospital, Strasbourg, France 22 Toshiba Aquilion One 320 1 100 0.8129 Tomeron 400

Ospedale di Circolo, 23 Siemens Sensation 40 40 0.75 100 1 Iomeron 370

University of Insubria,
Varese, Italy

All images were obtained with dose modulation of tube current. Filter and reconstruction kernels varied.

arterial tree bilaterally!”). More specifically, the Qanadli

score was calculated by assessing the CTPA in two
ways, first, by evaluating the distribution of emboli in
order to arrive at a weighting factor, and second, by
determining a level of occlusion score. There are 10
segmental arteries on each side with three segmental
arteries feeding the upper lobes, two feeding the right
middle lobe and lingula (left) and five feeding the lower
lobes. The presence of an embolus in a segmental
vessel was given a weighting score of one. Central
arteries were given heavier weighting than more distal
vessels using the following method: the weighting factor
for a vessel with an embolus was based on the number
of segmental vessels it feeds. The more distal vessels
were then excluded from the score. The scale for the
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level of obstruction of a given vessel was as follows:
0 represents no embolus detected; 1 represents a
partially occlusive embolus; and 2 represent a fully
occlusive embolus. When the weighting factor and
obstruction factors were multiplied then added together,
there was a maximal possible score of 20 per side for
a total possible raw score of 40. With this information
the Qanadli score was then calculated and reported
as a percentage by dividing the raw score by 40, the
maximal score”’,

A Modified Qanadli score was also calculated
by solely assessing the presence and degree of
obstruction in the ten segmental vessels bilaterally"®,
We performed this additional obstruction index to
pull out any difference that may be seen by using the
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Figure 1 Schematic of segmental distribution of pulmonary arteries. MPA: Main pulmonary artery; RPA: Right pulmonary artery; TA: Truncus anterior; RILA:
Right interlobar artery; RBT: Right basal trunk; RA1: Right upper lobe, apical; RA2: Right upper lobe, posterior; RA3: Right upper lobe, anterior; RA4: Right middle
lobe, lateral; RA5: Right middle lobe, medial; RAG: Right lower lobe, superior; RA7: Right lower lobe, medial basal; RA8: Right lower lobe, anterior basal; RA9: Right
lower lobe, lateral basal; RA10: Right lower lobe, posterior basal; LPA: Left pulmonary artery; LILA: Left interlobar artery; LBT: Left basal trunk; LA1: Left upper lobe,
apical; LA2: Left upper lobe, posterior; LA3: Left upper lobe, anterior; LA4: Lingula, superior; LA5: Lingula, inferior; LAG: Left lower lobe, superior; LA7: Left lower lobe,

medial basal; LA8: Left lower lobe, anterior basal; LA9: Left lower lobe, lateral basal; LA10: Left lower lobe, posterior basal.

Figure 2 Computed tomography pulmonary angiogram images demonstrating segmentation of a saddle embolus in three orthogonal views (arrows).

Qanadli with its focus on weighted central vessels vs
simply assessing obstruction in the individual segmental
vessels alone as we have done in our modified version.
The same Qanadli scale for the level of obstruction was
used in our modified version with O representing no
embolus, 1 representing a partially occlusive embolus,
and 2 representing a fully occlusive embolus. As with
Qanadli scoring, a maximum raw score of 40 and a final
score reported as a percentage relative to 40 was used.

Statistical analysis
All statistical analysis presented here was performed or
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guided by a biomedical statistician. Intra-class correlation
coefficients (ICCs) and Bland-Altman analyses were
performed using GraphPad Prism 7 for Mac, GraphPad
Software, San Diego California, United States, www.
graphpad.com. The ICCs were used to compare the
results obtained between the two readers as well as to
compare the results obtained from the two analyses
of the same reader. The agreement between the
measurements by each observer in the two reading
sessions and the agreement between the two observers
were also assessed using Bland-Altman analyses.
According to this method, the mean difference between
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Figure 3 Total thrombus volume inter- and intra-observer reproducibility (A) Intra-class correlation coefficient (ICC) plot and (B) Bland Altman plot comparing
the total PE thrombus volume results of the primary and secondary image analyst for the inter-observer reproducibility analysis (C) ICC plot and (D) Bland
Altman plot comparing the total pulmonary embolism thrombus volume results of the first and second read of the primary image analyst for the intra-observer

reproducibility analysis.

measurements is defined as “bias” and represents the
systemic error in measurements. We calculated 95%CI
for bias and for the limits of agreement. ICC provides
the overall inter- or intra-observer agreement whereas
the Bland-Altman method gives the discrepancy in
measurements at the individual level. A one sample t-test
was performed to determine if any bias was observed
on the Bland-Altman analysis. For TTV, in addition to
evaluating absolute differences by Bland Altman analysis,
we also evaluated the % difference between the two
readers or two reads.

RESULTS

Analyst 1 found 72 emboli in the 23 patients with a
mean number of emboli of 3.13 per patient. With the
three negative cases excluded the mean number of
emboli per patient was 3.6. Considering all cases there
was a range of 0-11 emboli per patient. (0 in 3 patients
(pts); 1in3 pts; 2in 7 pts; 3in2pts; 4in1pt; 5in
3 pts; 6in 2 pts; 7in 1 pt; and 11 in 1 pt). The clot
volumes ranged from 0.0041-47.34 cm’ (mean +/-
SD, 5.93 +/- 10.15 cm’). On the second read, analyst
1 found the same number and distribution of emboli.
The clot volume range varied on the upper extent as
compared to the initial read. The clot volumes for read 2
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ranged from 0.0041-45.52 c¢m’® (mean +/- SD, 5.42 +/-
9.53 cm’).

Analyst 2 found 73 emboli in the 23 patients with a
mean number of emboli of 3.17 per patient. With the
three negative cases excluded the mean number of
emboli per patient was 3.65. There was a range of 0-11
emboli per patient. (0 in 3 pts; 1in 3 pts; 2in 7 pts; 3 in
2pts; 4inl1pt; 5in2pts; 6in 3 pts; 7in 1 pt; and 11
in 1 pt). The clot volumes ranged from 0.00459-46.29
cm® (mean +/- SD, 5.91 +/- 10.06cm’).

The ICC calculated for the TTV measurements per
patient for inter-observer analysis was 0.998 and for
intra-observer analysis was 0.997, while the associated
Bland-Altman analyses for inter-and intra-observer
agreement for TTV demonstrated no inter- or intra-
observer biases (P = 0.23 for inter-observer results,
P = 0.26 for intra-observer results for TTV using a
one-sample t-test with 0, two tailed). The ICC and
Bland-Altman analyses are seen in Figure 3. The ICC
calculated for the ITV measurements per patient for
inter-observer analysis was 0.996 and for intra-observer
analysis was 0.997, while the associated Bland-Altman
analyses for inter-and intra-observer agreement for
ITV demonstrated no inter- or intra-observer biases.
(P = 0.55 for inter-observer results, P = 0.24 for intra-
observer results for TTV using a one-sample t-test with O,
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Figure 4 Individual thrombus volume inter- and intra-observer reproducibility (A) Intra-class correlation coefficient (ICC) plot and (B) Bland Altman plot
comparing the individual PE thrombus volumes results of the primary and secondary image analyst for the inter-observer reproducibility analysis (C) ICC
plot and (D) Bland Altman plot comparing the individual pulmonary embolism thrombus volumes results of the first and second read of the primary image

analyst for the intra-observer reproducibility analysis.

two tailed). The ICC and Bland-Altman analyses for the
ITV are seen in Figure 4.

A Qanadli score was calculated for each patient. The
range of for Analyst 1 was 0%-52.5% for read one and
0%-52.5% for read two. The range for Analyst 2 was
0%-72.5%. The 20 positive cases had a mean Qanadli
score with associated standard deviations of 37.25%
+/- 16.93 and 39.125% +/- 19.20 for Analysts 1 and
2 respectively. The mean and standard deviation for
Analyst 1’s second read was 37.25% +/- 16.93. The ICC
calculated for the Qanadli score per patient for inter- and
intra-observer was 0.944 and 1 respectively. ICC plots
and Bland Altman plots for inter- and intra-observer
reproducibility for Qanadli assessment are shown in
Figure 5.

The Modified Qanadli score was calculated for each
patient as a secondary study endpoint. The range for
Analyst 1 was 0%-70% for read one and 0%-72.5% for
read two. The range of scores for Analyst 2 is 0%-72.5%.
The 20 positive cases had a mean and associated
standard deviations of 38.125% +/- 20.87 and 36.625%
+/- 21.11 for Analysts 1 and 2 respectively. The mean
and standard deviation for Analyst 1's second read was
38.5% +/- 21.34. The ICC calculated for the Modified
Qanadli score per patient for inter- and intra-observer
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was 0.996 and 0.999 respectively. ICC plots and Bland
Altman plots for inter- and intra-observer reproducibility
for the Modified Qanadli assessment are shown in Figure
6.

Finally, we also evaluated the % difference in TTV
between the two analysts (P = 0.074, one sample t-test
with zero, two tailed) as well as the two reads by Analyst
1 (P = 0.063, one sample t-test with 0, two tailed).
These Bland-Altman plots are shown in Figure 7.

DISCUSSION

Emboli to the lungs cause physical obstruction of the
pulmonary arteries yielding a pathophysiologic cascade
resulting in varying degrees of cardiovascular distress!*.
Although the embolic load and distribution are considered
less pertinent than the patient’'s hemodynamic status
in evaluating risk stratification’”’ clot burden has been
shown to have predictive value of mortality in patients
with acute PE*®. For example, Collomb et af* have
shown that the hemodynamic severity of acute PE can
be determined by assessing clot burden through the
use of a vascular obstruction index as well as other
vascular load measurements such as right ventricular
(RV): left ventricular (LV) ratio, minimum LV diameter
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Figure 7 Bland Altman analysis of total thrombus volume normalized to clot size (Mean vs Difference/Mean) for (A) intra and (B) inter observer analysis.

and diameter of the central PA*!. Furthermore, Furlan
et al"” have shown that quantification of clot burden
can be accurate and reproducible at a single institution.
The challenges faced in multicenter studies include
the variety of imaging systems and models used and
the resultant variability in data acquisition. Additional
variables could include differences in the energy level
(kVp), pitch, reconstruction methods and contrast ag-
ents utilized.

Overall, inter- and intra-observer variability mea-
surements indicated excellent reproducibility of the
semi-automated analysis method for quantifying PE
thrombus volume/burden. The ICC coefficient for all
endpoints TTV (primary), ITV (secondary), Qanadli score
(secondary) and modified Qanadli score (secondary)
all had ICC values greater than 0.95 for both the
inter- and intra-observer analysis. The Bland-Altman
analysis also indicated no significant biases in any of
the metrics evaluated. Our data showed that even with
the variability inherent in multicenter data acquisition
and reconstruction, the image analysis methodology
employed here is reproducible and therefore suitable
for use in a multicenter setting. These findings have
implications on future studies of PE by allowing for both
the option of multisite data acquisition with evaluation
at an imaging core laboratory, as well as inclusion of
direct PE volume measurements and assessment of
temporal changes in embolic load. For example, in the
SEATTLE II study, a multicenter investigation to assess
the safety and efficacy of ultrasound-facilitated catheter-
directed, low dose fibrinolysis therapy in patients with
acute submassive PE, the RV/LV diameter ratio was
used as a primary efficacy outcome!®. Subsequent
research in SEATTLE II and similar studies can add
direct clot burden volumetrics in furtherance of the body
of knowledge in this area.

Our results compare well with those obtained by
Nakada et al*®, who evaluated inter- and intra-reader
reproducibility studies on manually measured PE volumes
and showed no statistical differences in either inter- or
intra-reader analyses. The intra-reader analysis in that
study was nine months, much greater than in our study.

Implications of our findings on multicenter studies:
In a recent study, we have shown that quantification
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of clot volumes by CT is unaffected by most imaging
acquisition and reconsturction parameters (except large
differences in pitch used during acquisition)®*. Results
of the current study show that the image analysis of
data acquired from a multicenter setting is robust with
the size of the clot not affecting the reproducbility of
quantification significantly. Absolute quantification
differences for TTV and ITV for both inter and inra-
observer results were in the range of 2-4 cm® (95%CI
on Bland Altman plots, Figures 3 and 4). As a percent
difference, these were of the order of 5%-10% (95%CI,
Figure 7). This indicates that with our methodology we
should be able to robustly pick up changes in absolute
thrombus volume greater approximately 2 cm® or 5%
regardless of the starting size of the clots. this data can
be used to estimate sample size requirements for clinical
trials using clot burden quantification as an endpoint in
PE treatment studies.

The study was limited by several factors. First, a
small number of subjects were evaluated at a small
number of sites. Images of subjects were chosen for
this study during a site qualification visit prior to the
start of a multicenter clinical trial evaluating a new
thrombolytic agent for PE. Cases were also chosen to
provide a spread of scanners and variations in imaging
protocols across the sites. There could therefore be a
selection bias in how these individuals were included
as part of this current study. Second, the intra-reader
variability analysis may have been affected by recall
bias as there was a short interval of two weeks between
the reads. This may have been insufficient to eliminate
recall bias which could have resulted in the perfect agree-
ment between the scores in the two reads. However,
to reduce recall bias, images were presented to the
image analyst in a randomized fashion for the two
reads. Third, we were unable to assess radiation dose
as a variable because the various scanners employ dose
modulation and this setting is dependent upon patient
size. Fourthly, we do not have access to demographic
information of the subjects as the images analyzed were
read anonymously and devoid of any Protected Health
Information to comply with HIPAA requirements and
our IRB approval. Fifthly, the inter reader assessments
were only performed by 2 analysts and the intra reader
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analysis was performed on two reads by only a single
analyst. Analysis by more individuals will improve the
robustness of the results. Lastly, Qanadli scoring may
also be inherently skewed leading to high ICC because
it relies on the weighting of affected proximal vascular
branches thereby yielding specific discreet scores. This
bias could be emphasized in our patient population that
demonstrated large and often proximal PEs.

In conclusion, the data showed that our image ana-
lysis methodology is reproducible and therefore suitable
for future use in a multicenter setting.

ARTICLE HIGHLIGHTS

Research background

Inregard to clinical evaluation of pulmonary embolism (PE), clot burden is not a
principal marker for clinical risk stratification, however clot burden is being used
to assess for pharmaceutical characteristics in clinical drug trials in multicenter
settings. To this point the technique has been studied with data obtained from
a single imaging center using one fixed computed tomography pulmonary
angiogram (CTPA) imaging protocol.

Research motivation

Data obtained from multicenter sites has not previously been studied. Thus, in
order to validate the methods employed in multicenter clinical pharmaceutical
trials of drugs such as thrombolytics, this study was commenced to assess for
repeatability and consistency of clot volume measurements being obtained
using semi-automated region growing techniques. Confirming the reliability of
these measures has value in furthering the assessment of drug effectiveness,
drug potency and in determination of optimal duration of therapy.

Research objectives

The key objective is to evaluate reproducibility of PE clot volume quantification
using a semi-automated region growing algorithm on CTPA data in a multicenter
setting.

Research methods

Anonymized CTPA data was acquired from 23 scanners from 18 imaging centers
using each site’s standard PE protocol. Two independent analysts measured PE
volumes using a semi-automated region-growing algorithm on an FDA-approved
image analysis platform. Total thrombus volume was calculated per patient as
the primary endpoint. Secondary endpoints were individual thrombus volume,
Qanadli score and modified Qanadli score per patient. Inter- and intra-observer
reproducibility were assessed using intra-class correlation coefficient (ICC) and
Bland-Altman analysis. The methods employed in this study were novel in that
they previously have not been used in a multicenter setting.

Research results

The results showed excellent reproducibility of inter- and intra-observer
variability measurements using the semi-automated region-growing method
for quantifying PE volume burden. ICC for all endpoints was greater than
0.95 for inter- and intra-observer analysis. Bland-Altman analysis indicated
no significant biases. The results confirm the validity of the methods used in
multicenter pharmaceutical trials thereby allowing for advancement in this field.

Research conclusions

Semi-automated region growing algorithm for quantifying PE is reproducible
using data from multiple scanners and is a suitable method for image analysis
in multicenter clinical trials. The utility of validating this method could affect the
advancement of thrombolytic therapy and other interventions that may be used
to treat PE.

Research perspectives
Computer-assisted image analysis has a growing role in both diagnostic and
investigative imaging. This study solidifies the foundation of semi-automated

JBaishideng® W]R I WWW.ngnet.COm

133

region growing for volume quantification by proving the repeatability of the
technique when used in a multicenter setting.
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Abstract

AIM

To determine the radiation dose and image quality in
coronary computed tomography angiography (CCTA)
using state-of-the-art dose reduction methods in unse-
lected “real world” patients.

METHODS

In this single-centre study, consecutive patients in si-
nus rhythm underwent CCTA for suspected coronary
artery disease (CAD) using a 320-row detector CT
scanner. All patients underwent the standard CT ac-
quisition protocol at our institute (Morriston Hospital)
a combination of dose saving advances including pr-
ospective electrocardiogram-gating, automated tube
current modulation, tube voltage reduction, heart rate
reduction, and the most recent novel adaptive iterative
dose reconstruction 3D (AIDR3D) algorithm. The cohort
comprised real-world patients for routine CCTA who
were not selected on age, body mass index, or heart
rate. Subjective image quality was graded on a 4-point
scale (4 = excellent, 1 = non-diagnostic).

RESULTS

A total of 543 patients were included in the study with a
mean body weight of 81 + 18 kg and a pre-scan mean
heart rate of 70 £ 11 beats per minute (bpm). When
indicated, patients received rate-limiting medication with
an oral beta-blocker followed by additional intraveno-
us beta-blocker to achieve a heart rate below 65 bpm.
The median effective radiation dose was 0.88 mSv (IQR,
0.6-1.4 mSv) derived from a Dose Length Product of
61.45 mGy.cm (IQR, 42.86-100.00 mGy.cm). This also in-
cludes what we believe to be the lowest ever-reported
radiation dose for a routine clinical CCTA (0.18 mSv).
The mean image quality (= SD) was 3.65 £ 0.61, with
a subjective image quality score of 3 ("good”) or above
for 93% of patient CCTAs.

CONCLUSION

Combining a low-dose scan protocol and AIDR3D with
a 320-detector row CT scanner can provide high quality
images at exceptionally low radiation dose in unselected
patients being investigated for CAD.

Key words: Effective radiation dose; Tube voltage;
Tube current; Iterative reconstruction; Coronary
computed tomography angiography; Image quality;
Prospectively electrocardiogram gating

© The Author(s) 2018. Published by Baishideng Publishing
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Core tip: Coronary computed tomography angiography
(CCTA) is now widely used in the diagnosis of coronary
artery disease since it is a rapid, minimally invasive te-
st with high diagnostic accuracy. To meet the demands
for increasing spatial and temporal resolution of CT
images, a number of dose saving algorithms have been
implemented to CCTA to minimise radiation exposure to
“as low as reasonably achievable” without compromising
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diagnostic image quality. This study demonstrates that
advances in CT scanner hardware and reconstruction
software allow ultra-low dose of radiation with high im-
age quality in routine clinical examination of real-world
patients.

Richards CE, Dorman S, John P, Davies A, Evans S, Ninan T,
Martin D, Kannoly S, Roberts-Davies G, Ramsey M, Obaid
DR. Low-radiation and high image quality coronary computed
tomography angiography in “real-world” unselected patients.
World J Radiol 2018; 10(10): 135-142 Available from: URL:
http://www.wjgnet.com/1949-8470/full/v10/i10/135.htm DOI:
http://dx.doi.org/10.4329/wjr.v10.i110.135

INTRODUCTION

Coronary computed tomography angiography (CCTA)
is increasingly being used in the diagnosis of corona-
ry artery disease (CAD) since it is rapid and minimally
invasive!’?!, However, the high radiation doses® pre-
viously required for optimising the image signal-to-noise
ratio in CCTA were a major healthcare concern due to
an associated increase in lifetime risk of radiation-indu-
ced malignancy™. CCTA has thus been a driving force
behind a number of dose reduction strategies to pursue
radiation exposure to “as low as reasonably achievable”
(ALARA) without compromising image quality®.,
Sub-millisievert CCTA was initially proven feasible
in 2009 using dual-source CT with prospectively elec-
trocardiogram (ECG)-triggered high-pitch spiral ac-
quisition'™, and doses as low as 0.06 mSv have been
reported using this technique with a combination of
iterative reconstruction (IR) and reduced tube volta-
gel”). However, these were conducted on highly selected
populations with low body weight and heart rate. We
prospectively analyzed the radiation exposure and image
quality in consecutive unselected patients undergoing
CCTA for suspected coronary disease with a 320-detector
row CT scanner and IR, and active reduction of tube
voltage, exposure window, and volume coverage.

MATERIALS AND METHODS

Patient cohort

This is a prospective single-centre study of 549 con-
secutive patients (age >18 years) who were referred
to our institute between June 2012 and August 2016
to undergo CCTA for suspected CAD. Patients were
excluded if they were undergoing cardiac CT for other
indications (e.g., assessment for trans-catheter aortic
valve replacement or atrial fibrillation ablation). Patients
were not pre-selected according to age, heart rate or
body mass index (BMI).

CT scanner parameters
All examinations were performed on a 320-slice CT
scanner with 320 mm x 0.5 mm detector rows giving
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z-axis coverage of 160 mm (Aquilion One, Toshiba
Medical Systems, Japan). After acquisition of scout
images, prospective ECG-gated CCTA was performed
using half-segment reconstruction and a 350 ms rota-
tion time. Scanning field of view was selected based
on scout images using volume sizes of 100-160 mm
and radiographer led to be the smallest possible that
included the area of clinical interest (20 mm below
carina to base of heart). Iodinated contrast media-75
mL of Iohexol (Omnipaque 300 if BMI < 30 kg/m?,
(Omnipaque 350 if BMI > 30 kg/m?)-was injected in a
biphasic protocol at 5 mL/s triggered by bolus tracking.

The Sure Cardio Prospective Package was used to
reduce the exposure window depending on heart rate.
For patients with a heart rate below 65 bpm, images
were acquired with an acquisition window of 70%-80%
of the interval between two consecutive QRS complexes.
If patients had a heart rate below 60 bpm the acquisition
window could be reduced further at the radiographer’s
discretion. Tube current and voltage were also minimis-
ed according to each patient’s BMI and density, using
the Sure Exposure 3D (SUREexposure, Toshiba Medical
Systems, Japan) with an automatic exposure control
system.

Unless contraindicated, patients received rate-limi-
ting medication as required with an oral beta-blocker
(atenolol 25 mg) followed by additional intravenous
beta-blocker (metoprolol 5-25 mg) aiming for a heart ra-
te below 65 bpm. All patients also received sublingual
glyceryl trinitrate (300 pg).

The effective radiation dose for each patient was
derived by multiplying the dose-length product (DLP),
recorded from the CT scanner, by the conversion factor
0.014 mSv mGy™ cm™, according to guidelines from the
International Commission on Radiological Protection'®.
The effective radiation dose can then be compared to
the lowest mean effective doses recorded in literature.
In patients with repeated coronary CT angiography sc-
ans, the cumulative DLP and the cumulative effective
dose were included in the analysis.

Image reconstruction and analysis

Images were reconstructed with a section thickness
of 0.5 mm and an increment of 0.25 mm using the Ad-
aptive Iterative Dose Reconstruction 3D (AIDR3D) al-
gorithm. CCTA images were analyzed on a dedicated
post-processing workstation by two trained observers.
Subjective image quality was assessed by the two tr-
ained observers and scored on a four-point scale (4 =
excellent, 1 = non-diagnostic). If any patients went
on to undergo invasive coronary angiography then the
accuracy of CCTA in determining the presence of signi-
ficant coronary disease (stenosis > 50%) compared with
the gold standard of invasive angiography was recorded.

RESULTS

CT data from a total of 543 consecutive patients who
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underwent CCTA for suspected CAD were assessed. A
total of six patients were excluded from the evaluation
due to failure to perform CCTA; four patients due to an
inability to obtain intravenous access and two patients
from incomplete dose data.

Table 1 summarises the characteristics of the 543
patients included in the final analysis. The mean age
was 56 = 11 years; and 33% were male. The mean
body weight was 81 + 18 kg and mean heart rate was
70 = 11 bpm. Additional IV metoprolol was required in
47% of the scans. The presence of CAD was confirmed
by CCTA in 57 (10%) of patients.

Radiation dose

The median DLP for all 543 patients was 61.45 mGy.cm
(IQR, 42.86-100.00 mGy.cm) corresponding to a me-
dian effective dose of 0.88 mSv (IQR, 0.6-1.4 mSv). A
total of 23 scans were repeated and whose cumulative
radiation doses were thus included in the final median
dose value. The frequency of the per-patient radiation
dose, plotted in Figure 1, indicates a high positive skew
with a Pearson coefficient of 3.26 from the normal dis-
tribution. This further demonstrates that the majority of
patients received a very low dose of radiation and those
that received a high dose were few in number.

A total of 328 (56%) patients received an effective
dose < 1 mSy, 409 patients (75%) received an effective
dose < 1.5 mSv. Moreover, we believe we have de-
monstrated the lowest ever-recorded effective dose for
a CCTA performed in routine clinical practice of 0.18
mSv with a subjective image quality score of 4 (Figure
2).

Image quality

The mean image quality (£ SD) for all 543 scans was
3.65 + 0.61 with a corresponding score breakdown;
excellent 392 (72%), good 118 (22%), poor but usable
30 (5%), and poor 3 (1%). We compared the patient
characteristics of the excellent and good scans (ima-
ge quality score 3 + 4) with those that were poor and
unusable (image quality score 1 + 2). There was no
difference in mean age or sex between the groups.
However, compared with excellent and good scans,
poor and unusable scans were more likely to occur in
patients with heart rates > 65 bpm (31% vs 9%, P <
0.0001) and require a higher effective dose (1.98 * 1.69
vs 1.24 £ 1.41, P = 0.0041) (Table 2).

Twenty-one of the patients underwent invasive co-
ronary angiography in addition to CCTA yielding 84 co-
ronary arteries for comparison (21 left main stem, 21
left anterior descending, 21 left circumflex and 21 right
coronary artery). CCTA correctly identified a significant (>
50%) stenosis in 16/17 coronary arteries and correctly
excluded significant stenosis in 62/67 coronary arteries.
This gave CCTA a sensitivity of 94%, specificity 93%,
negative predictive value 98% and positive predictive
value 76% to identify a significantly (> 50%) stenosis co-
ronary artery in comparison with the gold standard of
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Table 1 Patient characteristics

Parameter n (%)
Number of patients 543
Age (yr) 56 11
Gender Male/Female (33% /67 %)
Mean weight (kg) 81+ 18!
Mean heart rate (bpm) 703 +11.4
Oral Beta-blocker 204 (38)
IV Beta-blocker 255 (47)
Heart rate during scan (bpm) <60 bpm 349 (64)
60-65 bpm 112 (21)
65-75 bpm 55 (10)
> 75 bpm 18 (3)
Not recorded 11 (2)
'Weight data only available for 32% of the patients.
200 ﬂ
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Figure 1 Distribution of effective doses for patients undergoing coronary computed tomography angiography.

invasive angiography. Examples of correct and incorrect
CCTA classifications are provided in Figure 3.

DISCUSSION

We analyzed the CCTA data of 543 unselected co-
nsecutive patients with suspected CAD. The median
effective radiation dose was 0.88 mSv (IQR, 0.6-1.4
mSv) with diagnostic image quality in 99% of patients,
verifying that sub-millisievert radiation doses are po-
ssible in unselected, real-world patients undergoing
CCTA.

A number of integrated strategies were used to ach-
ieve this consistently low dose, including; prospective
ECG-gated acquisition, lowest possible tube current and
voltage, IR (AIDR3D image reconstruction algorithm)
and meticulous attention to patient preparation, both pre
scan (heart rate control) and during the scan (reducti-
on in volume of coverage to minimal size possible whilst
allowing complete acquisition in a single volume.

Prospective ECG-gated tube current modulation is
reported to be one of the most effective methods at redu-
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cing the radiation dose. Unlike traditional retrospective-
gating, where data are acquired over the whole heart
phase, in prospective gating the X-ray tube is switched
on only at predefined time-points of the cardiac cycle. In
their systematic review, Menke et a®’ confirmed a poo-
led effective dose of 3.5 mSv with prospective gating,
a factor of 3.5 lower than the pooled effective dose of
12.3 mSv with retrospective gating.

Radiation dose increases with the square of the tube
voltage at a constant tube current, reducing the tube vo-
ltage further lowers radiation exposure!'®’, Tube current
and voltage were minimised to each patient's BMI and
density, using the Sure Exposure 3D (SUREExposure,
Toshiba Medical Systems, Japan) with an automatic
exposure control system which reduces tube current
and voltage on the basis of scout images and the recons-
truction kernel™".

However, dose reduction by lowering tube voltage
and current causes a substantial increase in noise, espe-
cially in obese patients™, To overcome these limitati-
ons and allow further dose reduction, new IR algorithms
represent another milestone in CCTA™. IR algorithms
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Table 2 Characteristics of patients with image quality scoresof 1 + 2 vs 3 + 4

Image quality score 1 + 2 Image quality Score 3 + 4 P value

Female patient 12/30 (63%) 216/391 (67 %) P =0.1068
Mean age * SD (years) 57.5+10.5 55.5 +10.6 P=0.2979
No. of patients with 22 (69%) 457 (91%) P <0.0001
heart rate < 65 bpm

No. of patients with 10 (31%) 43 (9%) P <0.0001
heart rate > 65 bpm

Effective dose £ SD (mSv) 1.98 £ 1.69 124141 P =0.0041

0.18 mSv

Figure 2 Coronary computed tomography angiography examination with
image quality score 4 performed in a 52 years old female patient with
heart rate of 56 bpm with a dose of 0.18 mSv.

adaptively apply noise correction at a reduced X-ray
exposure without compromising spatial resolution ™.
AIDR and more recently 3D AIDR (AIDR3D) decreases
image noise thus allowing for reductions in tube current
while preserving overall image quality™. BMI-adap-
ted tube voltage and current work synergistically with
AIDR3D to reduce image noise while achieving a 75%
radiation dose reduction relative to a scan reconstructed
with filtered back-projection™®.

Patient irradiation is further limited by decreasing
the craniocaudal field of view to the minimum required
following analysis of the scout view™”). The wide area
detector row CT scanner can be used with less than
the maximum 16 cm (320-detector) craniocaudal covera-
ge. For example, imaging over a 14 cm (280 detectors)
craniocaudal field of view will decrease patient dose by
12.5% and is proven sufficient for most patients™,

The radiation dose with the 320-detector CT scanner
is significantly lower if data acquisition occurs as a single
volume!*®!, To facilitate this we were judicious in our use
of beta-blockers to slow the resting heart rate. Lowering
the heart rate with beta-blockers has previously shown
to be a safe practice™, reducing radiation exposure and
improving image quality®®"!. We achieved comparable
X-ray doses in our real world population to Chen et
al"® using a 320-detector CT scanner despite a slower
gantry rotation speed ( 350 ms vs 275 ms due to the
aggressive measures to control heart rate, with 65% of
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patients receiving betablockers [either oral only (15%),
iv only (27%) or both (23%)] and 85% of patients
achieving a heart rate < 65 bpm. Moreover, we have
demonstrated what we believe is the lowest ever-recor-
ded effective dose of 0.18 mSv with a subjective image
quality score of 4 (“excellent”) from a study of real-world
unselected patients. This ultra-low radiation dose for
CCTA is comparable to the radiation range reported for
a chest X-ray in two views®. Advances in radiation dose
reduction without compromising image quality justify the
use of CCTA as a non-invasive alternative to coronary
catheterization in investigating appropriate populations
for CAD™,

The prospective ECG-gated single volume acquisi-
tion with AIDR-3D protocol we use at our institution is
not the only potential strategy for very low dose CCTA.
Another contemporary strategy is Prospective ECG-
triggered high-pitch spiral acquisition which also allows
the entire heart to be scanned within one single cardiac
cycle thus significantly lowering the radiation dose**,
This coupled with IR techniques have shown ultra-low
mean effective radiation doses ranging from 0.06 mSv
to 0.3 mSv with clinically acceptable diagnostic ima-
ges”?"), While demonstrating the feasibility of ultra-
low dose CCTA, these studies were limited to carefully
selected patents with a low and regular heart rate (<
60 bpm) and a body weight of less than 100 kg. Other
IR algorithms are also in use including Model-based IR
(MBIR, GE Healthcare, Waukesha, Wisconsin) which
has also shown promising results for noise reduction
in very-low-dose CCTA®?, iDose4 and iterative model
reconstruction are alternative IR algorithms released by
Philips Healthcare (Philips Healthcare, Best, the Neth-
erlands) that have also maintained image quality at 80%
lower radiation exposure'™?.

Our study has some limitations. Whilst we included
all consecutive patients undergoing CCTA for the eva-
luation of suspected CAD we did not include cardiac CT
performed for other indications such as evaluation of
coronary bypass grafts, evaluation of left atrium ana-
tomy prior to atrial fibrillation ablation, pre-operative
assessment for trans-catheter aortic valve replacem-
ent or assessment of cardiac function so the same low
doses may not be achieved in these patient groups. In
addition, patients in atrial fibrillation were not included
and whilst the patients were not selected on the basis
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Figure 3 Examples of correlation of coronary computed tomography angiography with invasive angiography. A: Correct identification of ostial stenosis in
right coronary; B: Correct identification of significant stenosis in left anterior descending coronary; C: Coronary computed tomography angiography (CCTA) incorrectly
classifies lesion as not significant (subsequently proven to be haemodynamically significant with fractional flow reserve); D: CCTA incorrectly identifies a significant

lesion in circumflex coronary due to artefact from extensive calcification.

of body weight, body mass index was not recorded and
actual weight measurements were only available for
32% of the patients meaning the effect of patient weight
on dose could not be investigated in this study. In view
of this, the results may not be generalizable to patients
who are overweight or in atrial fibrillation.

The image quality score used is a subjective ass-
essment and was performed by the authors. Whilst the
results of patients who underwent invasive coronary
angiography are included, the proportion is relatively
small and a more robust assessment of image adequacy
would have been obtained if all patients had undergone
the gold standard of invasive angiography.

Finally, the conversion factor to determine effecti-
ve radiation dose equivalents has been a point of con-
troversy'®®.. Previous ICRP conversion factors for the
chest have varied from 0.012-0.026 mSv mGy ' cm™
potentially yielding even lower radiation estimates™”,

CONCLUSION

We report a series of over 500 CCTAs performed at our
health board with excellent image quality and median
effective dose of 0.88 mSv. This includes the lowest
ever-reported radiation dose for a routine clinical CCTA
(0.18 mSv). We have demonstrated that provided
patients are in sinus rhythm and with the judicious use
of beta blockers to achieve heart rates < 65 bpm a
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combination of low-dose CCTA scan protocol and AID-
R3D with a 320-detector row CT scanner can provide
high quality images at exceptionally low radiation dose
in patients being investigated for CAD.

ARTICLE HIGHLIGHTS

Research background

Traditionally, coronary angiography has been the gold standard in diagnosing
coronary artery disease (CAD). Coronary computed tomography angiography
(CCTA), however, is increasingly being used as a rapid and less invasive
alternative in diagnosing patients at risk of CAD. A 3D image of the heart
and coronary circulation can be rendered with a CT scanner using only an
intravenous injection of iodine-rich contrast, thus circumventing the need
for insertion of a catheter via an artery of vein. However, imaging coronary
arteries presents increased challenges, since it requires both a high temporal
resolution to reduce motion artifacts caused by cardiac motion and a high
spatial resolution to differentiate small coronary structures. While images
obtained with CCTA scanners are now comparable to coronary angiography
these CT requirements have previously resulted in higher radiation doses thus
increasing the lifetime risk of radiation-induced malignancy. Advances in CCTA
scanner hardware and image reconstruction techniques have led to reports
of exceptionally low radiation doses, down to 0.06 mSv, while maintaining
diagnostic image quality of the coronary arteries. For example, in prospective
electrocardiogram-gated acquisition the X-ray tube is switched on only for a
reduced percentage of the cardiac cycle rather than the whole cycle. Automatic
exposure control uses the lowest possible CT tube current and voltage adjusted
to the patient’s body habitus. This works in synergy with novel image IR
algorithms that adaptively apply noise correction to offset an increase in image
noise caused by a reduced tube voltage. Using pharmacological methods to
reduce heart rate, with oral or intravenous beta-blockers, has proven to reduce
cardiac motion during the acquisition leading to improved images. An initial

October 28, 2018 | Volume 10 | Issue 10 |



scout view of the thorax can also be used to minimize the volume covered per-
patient in a single complete acquisition to further reduce the radiation. However,
these previous studies were conducted on small cohorts that were pre-selected
for low body weight and heart rate, and were limited by a low prevalence of
CAD. The feasibility and effect of these low-dose scan modes on both image
quality and radiation exposure in a large patient population with various heart
rates is currently unknown. In this study, we determined the radiation dose
and subjective image quality using a combination of state-of-the-art CCTA
acquisition protocols at our institution in consecutive unselected patients
undergoing CCTA for suspected coronary disease.

Research motivation

Ultra-low radiation doses of less than one mSv have been reported in other
feasibility studies. While these advances in cardiac CT may effectively lower
radiation dose, these studies are limited to small cohorts of pre-selected
patients with very low and regular heart rates and low body habitus and are
thus not representative of the typical population undergoing screening for CAD.
This study aims to determine the feasibility of these low-dose CCTA acquisition
protocols adopted at our institution in an unselected cohort from a series of
consecutive patients who underwent CCTA for suspected CAD. We hope that
the outcome may demonstrate that CCTA is a viable, non-invasive alternative
to coronary catheterization for screening low-risk populations with suspected
CAD.

Research objectives

The primary end points of the study were effective radiation dose and
image quality in patients not selected in term of heart rate and body habitus
undergoing routine CCTA. Our objective was to demonstrate that low radiation
doses were feasible for the majority of real-world patients undergoing routine
screening for CAD with CCTA without losing diagnostic image quality.

Research methods

The radiation dose and subjective image quality were analysed over a total of
543 consecutive patients in sinus rhythm who underwent CCTA at our institute for
suspected CAD between June 2012 and August 2016. Subjective image quality
was assessed by the two trained observers and scored on a four-point scale (4
= excellent, 1 = non-diagnostic). Images were acquired with a 320-row detector
CT scanner (Aquilion One, Toshiba Medical Systems, Japan) and a number of
integrated packages that have been developed to reduce the radiation dose
to as low as reasonably achievable. Prospective electrocardiogram (ECG)-
gated acquisition was implemented using the SURE Cardio Prospective
Package over an acquisition window of 70%-80% of the interval between
two consecutive QRS complexes in ppatients with a heart rate below 65 bpm.
The Sure Exposure 3D package (SUREexposure, Toshiba Medical Systems,
Japan) automatically adjusted to the lowest possible tube current and voltage in
accordance with each patient's attenuation profile while noise reduction during
each acquisition was implemented with the three-dimensional adaptive iterative
dose reduction (AIDR-3D) image reconstruction algorithm. If necessary,
patients were prepared prior to the scan with rate-limiting oral beta-blockers
followed by additional intravenous beta-blocker to achieve a heart rate below
65 bpm unless contraindicated. During the scan, the volume of coverage was
reduced to minimal size whilst allowing complete acquisition in a single volume.
Contrary to previous studies in which the patients were prospectively selected,
the patients were not selected based on age, heart rate, and body mass index.
We believe that this is a better representation of real world patients who would
be undergoing routine CCTA for diagnosis of CAD.

Research results

The median effective radiation dose was 0.88 mSy, which includes what we
believe to be the lowest ever-reported radiation dose for a routine clinical CCTA
(0.18 mSv). The mean image quality (+ SD) was 3.65 + 0.61, with a subjective
image quality score of 3 (“good”) or above for 93% of patient CCTAs. CAD was
confirmed by CCTA in 57 (10%) of patients.

Research conclusions
The median effective radiation dose was 0.88 mSv (IQR, 0.6-1.4 mSv) with a
mean subjective image quality score (= SD) of 3.65 + 0.61 averaged over 500
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real-world unselected patients undergoing routine clinical CCTA. This ultra-
low radiation dose for CCTA is comparable to the radiation range reported
for a chest X-ray in two views. The data also includes what we believe to be
the lowest ever-reported radiation dose for a routine clinical CCTA 0.18 mSv
with a subjective image quality score of 4 (“excellent”). This demonstrates
that low radiation dose CCTA can be used as a routine clinical screening
tool for CAD without loss of diagnostic image quality. To date, radiation dose
reduction advances in CCTA technology have only been reported in feasibility
studies on small cohorts of highly selected patients with low body habitus and
heart rate. This study demonstrates that low radiation CCTA with good image
quality is possible for most patients undergoing routine screening for CAD with
CCTA using a combination of commercially available, state-of-the-art cardiac
CT technology advances. CCTA is rapid and non-invasive compared with
coronary angiography and has reduced patient recovery time. The reduced
risk in radiation-induced malignancy implies that CCTA is a feasible alternative
to coronary angiography as a primary screening tool for patients with low risk
CAD.

Research perspectives

This study did not include patients with atrial fibrillation or other cardiac CT
indications such as evaluation of coronary bypass grafts, evaluation of left
atrium anatomy prior to atrial fibrillation ablation, pre-operative assessment
for trans-catheter aortic valve replacement or assessment of cardiac function.
Feasibility studies with alternative dose-saving strategies have also recorded
ultra-low mean effective radiation doses ranging from 0.06 mSv to 0.3 mSv
with clinically acceptable diagnostic images. These include techniques such as
prospective ECG-triggered high-pitch spiral acquisition but again were limited to
carefully selected patients. Extending these techniques to unselected patients
could highlight the need for alternative protocols for undertaking routine CCTA
for assessment of different patient groups or to incorporate existing technology
at other institutions.
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Abstract

The role of radiologic imaging in the investigation of irritable bowel syndrome
(IBS) remains a subject of debate and there is some evidence, from recent studies
of utilization of imaging in IBS, which focused on associated costs and radiation
exposure, that imaging is being used relatively widely in these patients. This
review aims to assess current best evidence to accurately define the role of
radiologic imaging in IBS patients. Primary and secondary literature searches
were performed. Evidence suggests that the lack of “red flag” or alarm features in
IBS patients should reassure the clinician that the diagnosis of IBS is correct and
United States and United Kingdom guidelines recommend no radiologic imaging
for IBS patients if alarm features are not present. In patients presenting with IBS
symptoms and alarm features, radiologic testing may be used to exclude an
alternative diagnosis and the imaging modality should be chosen based on the
most likely alternative diagnosis.

Key words: Abdominal imaging; Rome criteria; Irritable bowel syndrome
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Core tip: Radiologic imaging in irritable bowel syndrome (IBS) remains contentious
and the evidence guiding its use is limited. Recent studies indicate that imaging is being
widely used in these patients. This review assesses current best evidence for the role of
imaging in IBS. Primary and secondary literature searches were performed. The
cornerstone of diagnosis remains the Rome criteria. Lack of “red flag” features in IBS
patients should strengthen diagnosis of IBS and obviate the need for radiologic imaging.
If red flag features are present, appropriate imaging may be used to exclude a suspected
alternative diagnosis.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder (FGID)
that is broadly characterized by recurrent abdominal pain and alterations in stool
consistency or form!l. Multinational expert groups in FGIDs have devised the Rome
criteria, most recently Rome IV criteria, as a symptom-based diagnostic standard to
diagnose IBS. Despite this, as IBS is associated with loss of work days and
productivity and negatively impacts quality of life, it often remains a diagnosis of
exclusion after invasive investigations are performed to rule out other specific
pathology. Interestingly, a comparison of an exclusion approach to diagnosis of IBS,
using investigations such as sigmoidoscopy, and a positive diagnostic approach using
the Rome criteria, showed little differences in terms of patients” health-related quality
of life in one Danish study of over 300 patients”’l. The positive diagnostic approach
based on Rome criteria, was however, cheaper when compared to the exclusion
approach. This study supports current guideline recommendations and suggests an
unnecessary reliance on alternative diagnostic investigations.

Epidemiology

The worldwide prevalence of IBS is estimated to be 7%-10% with wide geographic
variability’l. In the United States the prevalence of IBS is estimated to be
approximately 10% to 15% and one large European prospective, population-based
cohort study estimated prevalence of 15.4%". IBS is less common in people older than
50 compared with those younger than 50 (OR 0.75)"! and is more common in women
compared with men (OR 1.67)Vl. IBS may be associated with a number of other
disorders including fibromyalgia, depression, chronic fatigue syndrome, non-cardiac
chest pain and anxiety!l. There is conflicting evidence regarding IBS prevalence and
socioeconomic status!**”! and this relationship remains unproven.

Pathophysiology

That the diagnosis and management of IBS relies on clinical symptoms highlights that
the pathophysiology remains incompletely understood. Initial research in the early
20 century utilizing direct visualization of the gastric mucosa in patients with
gastrocutaneous fistulae provided the first scientific evidence that the gut is
physiologically responsive to stressful emotional and environmental stimuli. Later
studies showed that patients with IBS-type symptoms had an enhanced
gastrointestinal motor response to various stimuli such as fatty meals, peptide
hormones and psychological stressors and increased motility was sometimes
associated with pain!”. Recent advances in knowledge have, however, facilitated an
increased understanding of the underlying disease processes, but it remains likely
that there are multiple etiological factors involved. Those currently implicated in IBS
symptom presentation include altered gastrointestinal motility, visceral
hypersensitivity, post-infectious gastroenteritis, intestinal inflammation, altered gut
microbiota, food sensitivity and interactions of the brain-gut axis!'"l. IBS linked to
brain-gut interactions is suggested by the association of IBS with anxiety, depression
and other psychiatric conditions!'l. Furthermore, it is recognized that psychological
stress exacerbates and exaggerates the symptoms of IBS and associated psychological
and psychiatric co-morbidity negatively influence the patient experience of the
condition!"?l. Persistent post infectious gastroenteritis IBS-type symptoms are common
in up to 20% of cases!], and this is linked to an intestinal inflammatory etiology
indicating an alternate pathogenesis to brain-gut interactions!”l. Further etiological
factors for IBS development include alterations in gut microbiota and associated
predisposing influences on both the microbiome and IBS symptoms including host
genetics, stress, diet, antibiotic use and early life experiences!"*l. Gut microbiota and
their metabolites have notable influences on recognised IBS associations including the
brain-gut axis, visceral hypersensitivity, gastrointestinal motility, intestinal barrier
function and immune regulation!*l. Though causation is not established, the
expanding science of the human gut microbiome and microbe-host interactions
suggest gut microbial alterations play a key role in IBS pathophysiology!*l. These
various pathophysiological factors may co-exist in the same patient, adding to the
heterogeneity and complexity of understanding IBS and may, in part, explain the
varying response to current symptom based treatments!'”l.
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Diagnosis

The Rome criteria are criteria that were devised by expert consensus for the diagnosis
of FGIDs; these criteria define multiple different FGID including IBS. The most recent
iteration of these criteria is the Rome 1V, released in 2016. The diagnostic criteria for
IBS by the Rome IV criteria are as follows!'”l: Recurrent abdominal pain, on average, at
least one day per week in the last 3 mo associated with two or more of the following;:
Pain related to defecation; Associated with a change in frequency of stool; Associated
with a change in form (appearance) of stool. The criteria should be fulfilled for the last
3 mo with symptom onset at least 6 mo before diagnosis.

By the Rome IV criteria, the IBS subtype is classified based on the predominant
symptom of constipation or diarrhea as follows!*:: IBS with predominant constipation
(IBS-C); IBS with predominant diarrhea (IBS-D); IBS with mixed bowel habits (IBS-M);
IBS unclassified (IBS-U).

This classification is based upon the percentage of different stool types as defined
by the Bristol stool scale. IBS-C is diagnosed if > 25% are stool type 1 and 2 and < 25%
are stool type 6 and 7; IBS-D is diagnosed if < 25% are stool type 1 and 2 and > 25%
are stool type 6 and 7; and IBS-M is diagnosed if > 25% are stool type 1 and 2 and >
25% are stool type 6 and 7. IBS-U is diagnosed if the patient meets diagnostic criteria
for IBS but stool type cannot be accurately categorized into one of the other subtypes.

Assessment for alarm features should be performed in all patients that meet the
diagnostic criteria for IBSI""l. The aim of identifying alarm features is to allow
consideration of further investigations in patients with signs/symptoms of other
possible underlying conditions such as colorectal/ovarian cancer and inflammatory
bowel disease. Alarm features include the following!"*'*"l: New onset, or overt, rectal
bleeding or melena; Nocturnal pain or diarrhea; Iron-deficiency anemia; Unexplained
weight loss; Family history of colon cancer, ovarian cancer, celiac disease, IBD; Fever;
Age of onset > 50 years; Severe or progressively worsening symptoms;
Abdominal/ pelvic/rectal mass or lymphadenopathy; Recent change in bowel habits.

Although the prevalence of alarm features is high in IBS patients*! the sensitivity of
alarm features in predicting organic disease in patients with typical symptoms of IBS
is low. This may be due to the fact that besides celiac disease, which a large systematic
review demonstrated is four times as prevalent in patients with IBS compared with
the general population™, the prevalence of underlying organic disease is the same in
patients with IBS as in the general population’. However, certain alarm features such
as weight loss and anemia do offer high specificity for organic disease and the
American College of Gastroenterology (ACG) state that the absence of alarm features
should reassure the clinician that the diagnosis of IBS is correctt.

IBS burden of disease

IBS is a disease that is associated with significantly reduced health-related quality of
life and impaired work productivity’l. IBS patients utilize 50% more healthcare
resources than matched controls without IBS and overall direct and indirect annual
healthcare costs in these patients are estimated at $20 billion"!. This increased cost can
be attributed not only to increased medication use but also increased diagnostic
testing and lost wages. In 1995, Talley et al®'! estimated the excess yearly direct
healthcare cost of IBS in the United States to be $8 billion and extrapolating from that
study, excess cost of approximately $800 million was estimated for radiology services
in these patients. This highlights the importance of accurately defining the role of
radiologic imaging in the investigation of patients presenting with IBS-type
symptoms in order to rationalize the use of this expensive and, in certain jurisdictions,
limited resource.

As well as increased costs, another concern regarding the over-utilization of
radiologic diagnostic testing is the radiation exposure imparted as a result of plain
radiography, nuclear medicine and CT imaging. Although there is evidence of
significant costs associated with radiologic imaging in these patients there is a paucity
of studies assessing radiation exposure in this patient group. Englund et al*!
demonstrated that over a 10-year period in Sweden, 149 IBS patients had a radiation
exposure similar to that of a subgroup of patients with ulcerative colitis. A direct
comparison of radiation exposure in IBS patients with that of the general population
was not performed in this study so it is difficult to draw conclusions from these
results. This result does, however, again demonstrate that radiologic imaging is still
being used frequently in the investigation of patients with IBS.

ROLE OF RADIOLOGIC IMAGING IN IBS

The exact role of abdominal radiologic imaging in IBS remains poorly defined and
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some studies suggest that imaging is being used relatively widely in this patient
population” . There is a marked paucity of modern scientific studies regarding the
appropriate use of imaging in this patient group®!.

In terms of international guidelines, the ACG state the following in their position
statement on IBSP! based on an evidence-based systematic reviewl*l: “Routine
diagnostic testing with complete blood count, serum chemistries, thyroid function
studies, stool for ova and parasites, and abdominal imaging is not recommended in
patients with typical IBS symptoms and no alarm features because of a low likelihood
of uncovering organic disease”.

The ACG do recommend serological testing for celiac disease and colonoscopy in
patients with alarm features and those over the age of 50 to assess for colorectal
cancer. When colonoscopy is performed in patients with IBS-D, the ACG recommend
random biopsies are taken to assess for microscopic colitis.

The United Kingdom National Institute for Health and Care Excellence (NICE)
guidelines address the use of radiologic testing explicitly in their recommendations as
follows!'”:: “The following tests are not necessary to confirm diagnosis in people who
meet the IBS diagnostic criteria: Ultrasound; Rigid/flexible sigmoidoscopy;
Colonoscopy; barium enema; Thyroid function test; Faecal ova and parasite test;
Faecal occult blood; Hydrogen breath test”.

In an evidence-based review of the role of abdominal radiologic imaging in IBS by
O’Connor et al™! in 2012, the authors assessed that the best available evidence that
included seven systematic reviews/guidelines and five primary research articles
focusing on the use of barium enema and/or ultrasound. The authors concluded that
radiologic imaging is not required in patients fulfilling the clinical diagnostic criteria
for IBS if alarm symptoms are not present. The authors also concluded that further
investigation should be considered in patients with alarm features and the
appropriate modality should be chosen on a case-by-case basis and guided by the
most likely alternative diagnosis and the American College of Radiology (ACR)
Appropriateness Criteria. The lack of robust evidence and prospective studies
regarding the role of abdominal radiologic imaging is noted in this review.

Since this review, several studies have used MRI to investigate IBS patients. These
studies aimed to demonstrate differences in bowel response to food ingestion in IBS
patients relative to healthy volunteers*! and differences between the various IBS
subtypest’l. These studies suggest various sites of pathology to explain IBS symptoms
but it is difficult to draw any firm conclusions from these studies due to small
numbers and heterogeneous, and sometimes conflicting, results. No definitive role
has been established for the routine use of MRI in the investigation of IBS and no
studies have been performed to assess the performance of MRI relative to symptom-
based diagnostic criteria.

In the setting of IBS patients that also demonstrate alarm features, further
investigations should be guided by the most likely alternative diagnosis; this will
often involve endoscopic assessment of the bowel but radiologic testing has a role in
some circumstances. For example if a patient presents with signs/symptoms
suggestive of colorectal cancer NICE guidelines recommend direct visualization with
colonoscopy/sigmoidoscopy or CT colonography in patients unfit for colonoscopy. In
the setting of a suspected ovarian neoplasm a pelvic ultrasound is the first
investigation recommended by the ACR. In a patient with signs/symptoms
suggestive of inflammatory bowel disease radiologic imaging studies (e.g., CT or MR
enterography) may be used to supplement findings on laboratory and endoscopic
studies in order to establish a diagnosisl.

CONCLUSION

There remains a paucity of robust evidence regarding the appropriate use of
abdominal radiologic imaging in the setting of IBS and no modern prospective studies
exist. Symptom-based diagnostic criteria have a high sensitivity and specificity for
diagnosing IBS. Alarm symptoms are common in IBS patients but demonstrate low
sensitivity for alternative organic pathology if diagnostic criteria for IBS are satisfied.
Weight loss and anemia have a high specificity for underlying organic disease and in
patients meeting diagnostic criteria without alarm features, clinicians should be
reassured that the diagnosis of IBS is correct.

Based on the current best evidence, the diagnosis of IBS should be based on clinical
findings using expert consensus diagnostic criteria (Rome IV criteria) supplemented
by laboratory testing with no role for abdominal radiologic imaging in most patients.
In patients presenting with IBS symptoms and alarm features, radiologic testing may
be used to investigate for an underlying organic disease and the imaging modality
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should be chosen based on the most likely alternative diagnosis (see Table 1 for
practice guideline recommendations).
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Table 1 Practice guideline recommendations

Patients fulfilling the Rome IV diagnostic criteria for IBS and who do not display “red flag” symptoms such as blood in stool, weight loss, recurrent
fevers, anemia, and chronic severe diarrhea and who have no family history of colorectal cancer, inflammatory bowel disease, or celiac sprue do not
require radiologic imaging

Radiologic imaging is required in patients with “red flag” symptoms who fulfill the Rome IV diagnostic criteria for IBS

Consideration of the probable alternative diagnosis and adherence to the relevant American College of Radiology Appropriateness Criteria should direct
the optimal radiologic imaging of the patient with IBS

IBS: Irritable bowel syndrome.
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Abstract

AIM

To assess potential benefits of an additional unenhanced acquisition in computed
tomography angiography (CTA) in patients with suspected acute aortic
syndrome (AAS).

METHODS

A total of 103 aortic CTA (non-electrocardiography-gated, 128 slices) performed
due to suspected AAS were retrospectively evaluated for acute aortic dissection
(AAD), intramural hematoma (IMH), or penetrating aortic ulcer (PAU). Spiral
CTA protocol consisted of an unenhanced acquisition and an arterial phase. If
AAS was detected, a venous phase (delay, 90 s) was added. Images were
evaluated for the presence and extent of AAD, IMH, PAU, and related
complications. The diagnostic benefit of the unenhanced acquisition was
evaluated concerning detection of IMH.

RESULTS

Fifty-six (30% women; mean age, 67 years; median, 68 years) of the screened
individuals had AAD or IMH. A triphasic CT scan was conducted in 76.8% (n =
43). 56% of the detected AAD were classified as Stanford type A, 44% as Stanford
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type B. 53.8% of the detected IMH were classified as Stanford type A, 46.2% as
Stanford type B. There was no significant difference in the involvement of the
ascending aorta between AAD and IMH (P = 1.0) or in the average age between
AAD and IMH (P = 0.548), between Stanford type A and Stanford type B in
general (P = 0.650) and between Stanford type A and Stanford type B within the
entities of AAD and IMH (AAD: P = 0.785; IMH: P = 0.146). Only the unenhanced
acquisitions showed a significant density difference between the adjacent lumen
and the IMH (P = 0.035). Subadventitial hematoma involving the pulmonary
trunk was present in 5 patients (16%) with Stanford A AAD. The difference
between the median radiation exposure of a triphasic (2737 mGy*cm) compared
to a biphasic CT scan (2135 mGy*cm) was not significant (P = 0.135).

CONCLUSION
IMH is a common and difficult to detect entity of AAS. An additional

unenhanced acquisition within an aortic CTA protocol facilitates the detection of
IMH.

Key words: Aortic dissection; Acute aortic syndrome; Intramural hematoma; Pulmonary
trunk subadventitial hematoma; Computed tomography angiography

©The Author(s) 2018. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: A computed tomography protocol in patients with suspected acute aortic
syndrome should routinely include an unenhanced acquisition due to the added value in
the detection of intramural hematoma.
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INTRODUCTION

Acute aortic syndrome (AAS) is a life threatening condition that subsumes acute
aortic dissection (AAD), intramural hematoma (IMH), and penetrating aortic ulcer
(PAU)!'. In-hospital mortality can be as high as 68% within the first 2 d after
admission”. Recent advances in medical imaging and treatment have further
emphasized the importance of rapid and accurate assessment of suspected AAS. In
this emergency setting, computed tomography angiography (CTA) is today’s
benchmark modality"”l. Although detection of an IMH might profoundly influence
therapeutic decision-making compared to classic AAD, it is often missed in CT scans
of patients with AAS. Thus changes to the routinely performed biphasic CTA protocol
with an arterial and a venous acquisition seem necessary. The aim of this study was
therefore to assess the potential benefit of a CTA protocol that includes an additional
unenhanced acquisition added to contrast-enhanced scans in the diagnostic pathway
of patients with AAS. The focus was on the impact on the detectability of IMH in
particular. Moreover, we aimed at working out the morphological characteristics of
the different entities of AAS (i.e., AAD, IMH, and PAU) as well as the prevalence of
related complications (e.g., aortic root subadventitial hematoma and branch vessel
involvement).

MATERIALS AND METHODS
Study population

This retrospective cohort study was performed after approval by the institutional
review board. CTA examinations of patients with clinically suspected AAS, who had
been referred by the emergency department for aortic CTA, were screened. In the
surveyed period of 33 mo, 103 aortic CTA scans had been conducted for the indication
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of AAS in our radiological department.

Scan protocol

Scans were acquired at a 128-slice CT scanner (Somatom Definition AS+, Siemens
Healthcare, Erlangen, Germany). No electrocardiography (ECG)-gating was used.
Iodinated contrast agent (IMERON 300, Bracco Imaging, Milan, Italy) was applied by
a contrast media injector (ohio tandem, Ulrich medical, Ulm, Germany) injecting 100
mL at a flow of 5 mL/s over an antecubital vein via a 18G cannula. We used a
potentially triphasic CT protocol consisting of first an unenhanced spiral acquisition
of the entire aorta. Secondly, an arterial CTA of the entire aorta was performed. Bolus
timing was done using “care bolus” technique with the region of interest (ROI) within
the ascending aorta with a threshold of 120 Hounsfield units (HU). If AAS was
detected in the arterial phase, a venous phase scan was performed with a delay of 90 s
after injection start. The scanning volume of all acquisitions reached from the aortic
arch down to the groin.

Image analysis

CT images were digitally reviewed in a Picture archiving and communication system
(PACS; IMPAX EE, Agfa HealthCare GmbH, Bonn). To visually delineate and locate
AAD, IMH, PAU, and related complications predefined morphological criteria were
applied. AAD was identified by findings like an intimal flap and a double lumen in
the contrast-enhanced scans!.. If present, the extent of dissection was determined and
the Stanford classification system!*! was used according to involvement of the
ascending aorta. Moreover, the true lumen of an AAD was distinguished from the
false lumen by characteristic features as outer wall calcifications, differences in the
caliber of the lumina, the beak sign or the cobweb sign. An essential part of the
assessment of the false lumen was to identify a possible partial or total thrombosis by
measuring the radiodensity of both lumina in predefined slices in the following
regions of the aorta: (1) ascending aorta at the level of the main pulmonary artery; (2)
aortic arch; (3) descending aorta at the level of the main pulmonary artery; (4)
abdominal aorta at the level of the superior mesenteric artery origin; and (5)
abdominal aorta above the bifurcation.

In AAD, radiodensity of both lumina in all acquired phases was measured by
placing and adjusting a ROI into the true and false lumen respectively. The
radiodensity was recorded as the mean value for each region and phase in HU. In a
second step, the discrepancy in density between the true and false lumen was
calculated for each region and phase, separately.

Likewise, morphological criteria were applied to identify an IMH. These lesions
feature a crescentic, high-attenuating (60-70 HU) region of thickening of the aortic
wall on non-contrast CT. The lesions apparently exhibit no enhancement in relation to
the aortic lumen on contrast-enhanced scans. An intimal flap is not present.
Analogously to AAD, the Stanford classification system was used to classify IMH. Its
radiodensity was measured and the discrepancy in density between the wall
hematoma and the aortic lumen was calculated and processed for each region and
phase separately. The extent or amount of complications related to AAD or IMH like
dissections and occlusions of branch vessels, ischemia of abdominal organs,
aneurysmal dilatation, aortic rupture, and aortic root subadventitial hematoma were
studied in this work as well. The ten evaluated branch vessels were: (1)
brachiocephalic trunk; (2) left common carotid artery; (3) left subclavian artery; (4)
celiac trunk; (5) superior mesenteric artery; (6) inferior mesenteric artery; (7) renal
arteries, left and right; and (8) common iliac arteries, left and right.

For every scan the radiation exposure was measured by the CT dose-length
product (DLP; in mGy*cm) which was found in the corresponding DICOM-Header.
Gender and age of the study patients was stored and processed.

Statistical analysis

All data were first collected on standardized and anonymized data collection sheets
and later transferred into an Excel-file (Microsoft Corporation, Redmond, United
States) and SPSS (IBM, Armonk, United States) for statistical analysis. Prior to the
comparison of continuous variables in different groups, chi-square test was used to
confirm or rule out normal distribution. Since all of the tested groups revealed non-
Gaussian distribution, the non-parametric Mann-Whitney U test was used to evaluate
differences. P < 0.05 was considered to indicate statistical significance.

RESULTS
Study cohort
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One-hundred-three patients had been diagnosed with aortic dissection or IMH. After
the exclusion of those individuals who had chronic aortic dissection (1 = 9) or a
history of aortic surgery (n = 38) the resulting study cohort consisted of 56 individuals
with first diagnosis of AAS (19 women; mean age 66.6 years, range 35-88 years, Figure
1 and Table 1). Among all patients diagnosed with AAS, 76.8% of patients were
diagnosed with AAD compared to 23.2% with IMH. PAU was not found in our
cohort. There was no significant percentage-difference of Stanford classification
between AAD and IMH (P = 1). Age between AAD and IMH patients (P = 0.548) as
well as between Stanford A and B (P = 0.650) patients did not differ significantly
(Table 1).

Radiation dose

Radiation exposure as well as the share the unenhanced acquisition adds to the
examination is depicted in Table 2. There was a higher mean radiation exposure of
triphasic (2737.2 mGy*cm) compared to biphasic CT scans (2134.6 mGy*cm).

Characterization of dissection and IMH

Extent and boundaries: Two data sets were excluded as the distal boundary of the
AAD/IMH was not within the scan volume. In 31.5%, AAD and IMH were limited to
the thoracic aorta. In contrast to IMH, which never involved the iliac arteries, AAD
extended into the iliac arteries in 36.6% (Figure 2). Anatomic features such as kinking
of the aorta, aortic bifurcation or aneurysm detained a distal progression of AAD and
IMH in 41.5% and 53.8%, respectively (P = 0.528, Figure 3).

True and false lumen: In Stanford A AAD, in 95.8% the false lumen was located in
the dextrolateral quadrant of the ascending aorta. Stanford A IMH was most
frequently found in the sinistrolateral quadrant (57.1%). In the aortic arch, the false
lumen and IMH mainly involved the anterior, caudal and posterior quadrant, less
frequently they involved the ostia of the supraaortic branches. In Stanford A AAD, the
false lumen of the descending thoracic and suprarenal abdominal aorta was
predominantly present in the sinistrolateral and dorsal quadrant. In Stanford B AAD,
there was only a slight predominance for the dorsal and dextrolateral quadrant. At
the level of the renal arteries the false lumen was more often found on the right than
the left side (right: Stanford A: 73.9%; Stanford B: 52.6%; left: A: 30.4%; B: 42.1%). In
the infrarenal portion of the aorta, there was no significant difference in the position
of the false lumen between Stanford A and B (dextroposterior). In the descending
thoracic and abdominal aorta, IMH showed no predominance of location.

Involvement of branch vessels: Six data sets were excluded as an assessment of all
ten predefined branch vessels was not possible. Branch vessel involvement was only
38.5% in IMH compared to 75.7% in AAD (P = 0.012). In 46% at least two branch
vessels and in 20% at least four branch vessels were involved. In 34% there was no
branch vessel and in one case (2%) seven branch vessels affected. In AAD there were a
total of 225 branch vessels involved (A: 137; B: 88). 131 vessels originated from the
true lumen [A: 69 (50.4%); B: 62 (70.5%)], 34 vessels from the false lumen [A: 27
(19.7%); B: 7 (8.0%)], and 60 vessels were supplied by both Iumina [A: 41 (29.9%); B: 19
(21.6%)]. Branches that were supplied by the false lumen were patent in 23 cases [A:
19 (70.4%); B: 4 (57.1%)], partly thrombosed in 7 cases [A: 6 (22.2%); B: 1 (14.3%)] and
occluded in 4 cases [A: 2 (7.4%); B: 2 (28.6%)]. Branches that were supplied by both the
true and the false lumen were patent in 45 cases [A: 30 (73.2%); B: 15 (78.9%)], partly
thrombosed in 6 cases [A: 5 (12.2%); B: 1 (5.3%)] and occluded in 9 cases [A: 6 (14.6%);
B: 3 (15.8%)]. The brachiocephalic trunk was the vessel most often involved (57.2%). In
Stanford A dissections involvement of the coeliac trunk and the superior mesenteric
artery was more commonly seen than in Stanford B dissections (A: 38.5%, B: 26.7%; A:
41.7%, B: 13.3%; respectively). By tendency, renal artery involvement was more often
present at the left side (A: 63.7%, B: 35.7%) compared to the right side (A: 36.4%, B:
28.6%), (P = 0.424).

Density measurements

In the arterial phase the radiodensity of the patent false lumen of the thoracic aorta
was comparable to that of the true lumen, while in the abdominal aorta the
radiodensity in the patent false lumen was lower (on average more than 100 HU
difference) than in the true lumen (Figure 4 and Figure 5). In the unenhanced and
venous acquisitions 241 the radiodensity of the patent false lumen was comparable to
that of the true lumen. A false lumen thrombosis resulted in higher radiodensity in
the false lumen for the unenhanced acquisitions and lower densities in the arterial and
venous phases. IMH had a lower radiodensity compared to the vessel lumen within
the arterial and venous phases. In the unenhanced acquisition the radiodensity of the
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Table 1 Stanford classification, age and gender distribution

AAD IMH
(%) 43 (76.8) 13 (23.2)
mean age (yr) 66 +12 6910
Stanford A Stanford B AvsB Stanford A Stanford B AvsB
55.8% 44.2% 53.8% 46.2%
mean age (yr) 66 +11 67+13 P=0.785 65+10 75+13 P =0.146
Female 41.7% 10.5% P =0.039 28.6% 50%

There is no significant difference in the age distribution between Stanford A and B within the entities of acute
aortic dissection (AAD) and intramural hematoma. Though, in AAD there is a significant difference in the
gender distribution between Stanford A and B dissections. Females showed a significantly higher percentage
of type A than type B AAD. AAD: Acute aortic dissection; IMH: Intramural hematoma.

IMH was higher than the adjacent lumen in any of the regions of the aorta in which it
occurred (Figure 6). Differences in radiodensity between true lumen and IMH as well
as true lumen and thrombosed false lumen, respectively, were only significant in the
unenhanced acquisition (P = 0.035).

Complications and secondary findings

Table 3 summarizes complications and secondary findings. Subadventitial hematoma
involving the pulmonary trunk was present exclusively in patients with Stanford A
lesions. It was found in 5 patients, i.e. in 16.1% of Stanford A lesions. In these patients
pericardial effusion was present in 80%. In two cases there was pulmonary
hemorrhage present. The subadventitial hematoma was hypodense in contrast
enhanced scans compared to the lumen of the vessel (average HU differences arterial:
436 HU, venous 109 HU) while in non-contrast scans it was hyperdense (average HU
difference -13 HU).

Pericardial effusion was significantly more frequent in Stanford A lesions (P =
0.011). There was no significant difference in the occurrence of pleural
effusion/hemothorax between Stanford A and B (P = 0.357). Abdominal aortic
aneurysm was more frequent in Stanford B dissections (66.7%). Bleeding or rupture
occurred in four Stanford B cases. Although less frequent in IMH, branch vessel
involvement was the most frequent complication with 66% in total. Ischemia of
abdominal organs was found in 18.2% with kidneys being the most often affected
(12.5%).

DISCUSSION

When contemplating the assumption that a multiphasic CTA protocol adding a non-
enhanced acquisition significantly improves the detectability of AAD and IMH there
is the dimension of fast and accurate visualization and that of radiation protection
that has to be evaluated. In this respect, this study shows that the radiodensity of the
true lumen and the false lumen of AAD do not differ significantly in contrast-
enhanced scans. On the contrary, unenhanced acquisitions featured a high-
attenuating region of thickening of the aortic wall with a significant density difference
between the IMH and the adjacent lumen in the range of 5 HU up to 21 HU for all
examined regions of the aorta. A differentiation between IMH and a thrombosed false
lumen was possible due to the significantly higher contrast between IMH and
adjacent lumen compared to thrombotic material and adjacent lumen (P = 0.035).
While the mere figures might seem rather small, the reason for the resulting critical
improvement in the visualisation of the potentially life-threatening entity IMH can be
found in the way windowing is possible if no contrast agent is used. By lowering the
window level and narrowing the window width, the interpreting physician is able to
zero in on those aspects that are of diagnostic value. While the arterial phase is
essential for the delineation of pathognomonic findings like an intimal flap and a
double lumen! and the venous acquisitions facilitate the assessment of the patency of
the false lumen as well as a possible ischemia of the abdominal organs, adding an
unenhanced acquisition of the thoracic aorta should be used whenever an AAS is
suspected. In this study we were able to identify 13 IMH and 5 aortic root
subadventitial hematomas and to distinguish both these entities from a false lumen
thrombosis. This would not have been possible without the data of the unenhanced
scan. The diagnosis of an IMH might profoundly influence the therapeutic decision-
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103 cases

_ 9 cases of chronic

aortic dissection
4
94 cases of AAS

N 38 cases with a history

of aortic surgery
Study cohort of 56

patients with a first
diagnosed AAS

Figure 1 Selection process of the study cohort. After the exclusion of chronic dissections and patients with a
history of aortic surgery, 56 cases made up the study cohort of individuals with a newly diagnosed acute aortic
syndrome. AAS: Acute aortic syndrome.

making compared to classic aortic dissection. First of all, IMH has a higher rate of
rupture as compared to AADF. Research groups around the world have argued about
the right treatment of IMH. According to Tsai et al'”), similar to Stanford type A and B
aortic dissection, surgery is advocated in patients with Stanford type A IMH and
initial medical therapy in patients with type B IMH. On the contrary, a study
conducted by Song et al'""! showed acceptable outcomes of a policy of urgent surgery
for unstable Stanford type A IMH patients and initial medical treatment for stable
patients with surgery for complications. In 2014 the European Society of Cardiology
issued a guideline"'l. In accordance with this guideline, “emergency surgery of IMH is
indicated in complicated cases with pericardial effusion (in this study present in type
A:71.4%, B: 0%), periaortic hematoma (in this study present in: type A: 42.9%, B:
0.0%), or large aneurysms [in this study present in (AAA): type A: 0.0%, B: 50.0%].
Surgery within 24 h after diagnosis is required in most of Stanford type A IMH. In
elderly patients or those with significant comorbidities, initial medical treatment may
be a reasonable option. Medical treatment is the initial approach to Stanford type B
IMH. Endovascular therapy or surgery has the same indications as type B aortic
dissection. While there might still be debate about the treatment that is clinically
indicated if an IMH is detected, the importance of a rapid and accurate detection and
assessment of potentially life-threatening complications is out of doubt. Nonetheless
the ALARA principle (“as low as reasonably achievable”) dictates a limitation of the
patients’ radiation exposure. Our data indicate that adding an unenhanced acquisition
to a biphasic CT scan does, as expected, increase the radiation exposure, but to a
moderate degree of only 22% to the total radiation dose. Therefore the risk of
overlooking an IMH or aortic root subadventitial hematomata seems to be grossly
disproportionate to the benefit of a reduction in radiation exposure. In our opinion the
added radiation dose of a triphasic protocol is reasonable and can easily be justified.
The data of this study substantiate the common perception that an IMH is a more
circumscript thoracic pathology that rarely affects the abdominal aorta. This finding
allowed us to further adjust our CTA protocol and operating procedures in a way that
reduces the patients’ radiation exposure while maintaining most of the benefits the
unenhanced acquisition offers. In cases in which there is no clinical suspicion of an
abdominal involvement we now limit the unenhanced scan to the thoracic aorta,
lowering the radiation exposure.

The 56 cases diagnosed with AAS would translate into an incidence of about
8.9/100000 a year if the population of Liibeck!'” is regarded as the hinterland of our
department of radiology and nuclear medicine. This figure is considerably higher
than the 2.9/100000/ year incidence found in literaturel.

Studies based on the International Registry of Acute Aortic Dissections have found
about 6.3% of AAS to be IMH!"l. In our cohort the prevalence was as high as 23.2%.
This discrepancy partly originates from the study design and the selection process of
the study cohort which excluded about 46% of patients with AAS because of a chronic
aortic dissection or a history of aortic surgery. As many IMH evolve into an AAD
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Table 2 Radiation exposure as measured by the computed tomography dose-length product

DLP [mGy*cm]
Mean Min Max
Triphasic CT scan (unenhanced, arterial and venous) 2737.2 1583.0 4476.9
Biphasic CT scan (arterial and venous) 2134.6 766.2 3494.7
Unenhanced acquisition (percentage of a triphasic CT scan) 602.6 (22.0%)

Adding an unenhanced acquisition to a biphasic computed tomography (CT) scan does, as expected, increase
radiation exposure, however to a moderate degree. On average the unenhanced acquisition contributes only
about 22% to the total radiation dose of a triphasic CT scan. DLP: Dose-length product.

there might be a selection bias due to the small study cohort as well. However, one
might also suggest that IMH has often been overseen if the utilized CTA protocol
misses a focus on detection of even small IMH. Therefore, adding an unenhanced scan
to the CTA is suggested.

Limitations

Although the screened cohort of 868 individuals was sizable, the resulting study
cohort on which our data is based (n = 56) is not. The small size of this retrospective
cohort study limits the generalizability of the results. A further limitation of this work
can be found in the definition of branch vessel involvement. A branch vessel
involvement was defined as an intimal flap or a hematoma that extended into the
branch or alternatively the sole perfusion by false lumen. This definition leaves out
any type of dynamic obstruction. Nonetheless, we believe that this study offers some
motivational thoughts and descriptions of clinical relevance.
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Table 3 Complications and secondary findings n (%)

AAD IMH
Total
Stanford A Stanford B Stanford A Stanford B
Subadventitial hematoma of pulmonary trunk 5(9.1) 2(8.3) 0 3 (42.9) 0
Pericardial effusion 20 (35.7) 11 (45.8) 4(21.1) 5 (71.4) 0
Pleural effusion 14 (25.0) 4 (16.7) 6 (31.6) 2 (28.6) 2(33.3)
Abdominal aortic aneurysm (AAA) 17 (32.1) 2(8.7) 12 (66.7) 0 3 (50.0)
Bleeding/rupture 4(7.1) 0 3 (15.8) 0 1(16.7)
Branch vessel involvement 33 (66.0) 17 (81.0) 12 (70.6) 3 (50.0) 1(16.7)
Ischemia 10 (18.2) 5(20.8) 4(22.2) 1 (14.3) 0
Kidney 7 (12.5) 4 (16.7) 3 (15.8) 0 0
Liver 2(3.6) 1(4.2) 1(5.3) 0 0
Spleen 3(5.5) 0 2 (11.1) 1(14.3) 0
Intestine 1(1.8) 0 1(5.3) 0 0

Branch vessel involvement was the most frequent complication. Subadventitial hematoma involving the pulmonary trunk was present exclusively in
patients with Stanford A lesions. Pericardial effusion was significantly more frequent in Stanford A lesions. AAD: Acute aortic dissection; IMH: Intramural
hematoma.
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Figure 2 Extent of dissection and intramural hematoma. Nearly one third of acute aortic syndrome was limited to the thoracic aorta. There was no case in which
the intramural hematoma extended into the iliac arteries. AAD: Acute aortic dissection; IMH: Intramural hematoma.
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Figure 3 Boundaries of acute aortic dissection and intramural hematoma. Anatomic features detain a distal progression of acute aortic dissection and intramural

hematoma. AAD: Acute aortic dissection; IMH: Intramural hematoma.
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Figure 4 Density measurements, absolute values. Absolute values of the density measurements in true and false lumen/intramural hematoma in arterial, venous

and unenhanced phase of (A) thoracic and (B) abdominal aorta. IMH: Intramural hematoma.
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Figure 5 Density measurements, differences. Density differences between true and false lumen/intramural hematoma (IMH) in arterial, venous and unenhanced
phase of (A) thoracic and (B) abdominal aorta. Differences in radiodensity between true lumen and IMH as well as true lumen and thrombosed false lumen,
respectively, were only significant in the unenhanced acquisition (P = 0.035). IMH: Intramural hematoma.
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Figure 6 Acute intramural hematoma. Triphasic computed tomography angiography with an acute intramural hematoma (IMH) type Stanford A in the ascending
and descending aorta. The unenhanced scan (U) shows a hyperdense wall thickening compared to the lumen (arrows). In the arterial (A) and venous (V) phase of the
enhanced scans, the IMH con not be differentiated from a thrombotic layer.

ARTICLE HIGHLIGHTS

Research background

The life-threatening condition of an intramural hematoma (IMH) is often missed on routinely
performed contrast enhanced computed tomography (CT) angiographies (CTA) in patients with
suspected acute aortic syndrome (AAS).

Research motivation
To optimize the CT protocol for AAS.

Research objectives
To assess the potential benefit of a CTA protocol that includes an additional unenhanced
acquisition added to contrast-enhanced scans in the diagnostic pathway of patients with AAS.

Research methods

Aortic CTA of patients with suspected AAS were retrospectively evaluated for acute aortic
dissection, IMH, or penetrating aortic ulcer. The spiral CTA protocol consisted of an unenhanced
acquisition and an arterial phase. If AAS was detected, a venous phase (delay, 90 s) was added.
Images were evaluated for the presence and extent of aortic pathologies, and related
complications.

Research results

23% of patients with AAS had an IMH. There was no significant difference in the involvement of
the ascending aorta or the average age between dissection and IMH. Only the unenhanced
acquisitions showed a significant density difference between the adjacent lumen and the IMH.
Subadventitial hematoma involving the pulmonary trunk was present in five patients.

Research conclusions
IMH is a common and difficult to detect entity of AAS. An additional unenhanced acquisition
within an aortic CTA protocol facilitates the detection of IMH.

Research perspectives
The results underline the importance of a triphasic CTA as standard diagnostic procedure in
patients with suspected AAS.
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Abstract

AIM
To investigate the reliability of the established and new scoring methods for
Hoffa's fat pad synovitis using magnetic resonance imaging (MRI).

METHODS

A total of 139 knees of 115 patients who underwent MRI of the knee with and
without gadolinium contrast were enrolled in this study. Proton density (PD)-
weighted, PD-weighted fat-suppressed (PD-FS), and postcontrast T1-weighted
fat-suppressed (T1CE) images were used for evaluation. Using contrast and non-
contrast images, our grading method for synovitis was performed to measure
synovial thickness and signal intensity changes of the fat pad [Synovial
membrane (SM) score], which was compared with the established methods,
including MRI Osteoarthritis Knee Score (MOAKS), parapatellar synovitis score,
Whole-Organ Magnetic Resonance Imaging Score (WORMS), and suprapatellar
effusion diameter. Intraclass correlation coefficients (ICC) for intra and
interobserver reproducibility and Spearman correlation coefficients (r) were
calculated for the parapatellar synovitis score and each scoring method.

RESULTS

All of the scores presented substantial to almost perfect intrareliability. Among
three readers, effusion diameter had substantial to almost perfect interreliability
(ICC = 0.68-0.81) and WORMS had substantial interreliability (ICC = 0.61-0.70).
For two out of three readers, there was substantial interreliability for the
thickness score in T1CE (ICC = 0.55-0.69), SM scores in T1CE (ICC = 0.56-0.78)
and PD-FS (ICC = 0.51-0.79), and parapatellar synovitis score in T1ICE (ICC =
0.53-0.72). The parapatellar synovitis score was significantly correlated with the
thickness score in T1CE (r = 0.70) and the SM score in T1CE (r = 0.81) and PD-FS
(r=0.65).

CONCLUSION

The newly proposed quantitative thickness score on T1CE and the semi-
quantitative SM score on T1CE and PD-FS can be useful for Hoffa’s fat pad
synovitis.
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Core tip: We proposed a new grading method for Hoffa’s fat pad synovitis and
compared it with the other established methods. Our method showed substantial to
almost perfect reproducibility and significant correlations with the established methods
for both non-contrast and contrast images. Our newly proposed scoring system method
can be useful for Hoffa’s fat pad synovitis.

Hagiwara S, Yang A, Takao S, Kaneko Y, Nozaki T, Yoshioka H. New scoring system
in assessment of Hoffa’s fat pad synovitis: A comparative study with established
scoring systems. World | Radiol 2018; 10(11): 162-171

URL: https:/ /www.wjgnet.com/1949-8470/full/v10/i11/162.htm

DOI: https:/ /dx.doi.org/10.4329/wir.v10.i11.162

INTRODUCTION

Osteoarthritis (OA) of the knee is one of the most common chronic disorders that
result in pain, deformity, and loss of function. OA has long been considered a wear
and tear disease that leads to loss of cartilage because of mechanical stress. Recent
experimental data have shown that OA is a complex disease with inflammatory
mediators, which are released by cartilage, bone, and synovial fat pad!-.

The Hoffa’s fat pad is located in the knee between the patellar tendon, femoral
condyle, and tibial plateau. It is adjacent to the synovial layers and the cartilage
surface of the femur!. Similar to subcutaneous tissue, the Hoffa’s fat pad contains a
framework of fibrous cords interspersed among adipose tissuel” and is thought to
distribute the synovial fluid and absorb forces through the knee joint!’l. Several
studies have revealed that the fat pad produces growth factors and proinflammatory
cytokines, which may contribute to the pathologic development of OAI1.

Several semiquantitative methods using magnetic resonance imaging (MRI) for the
assessment of knee OA have been developed and used in various observational
studies and clinical trials; by dividing the knee into subregions for assessment, these
methods enable visualization of structures, such as the synovium, joint effusion, and
cartilagel'""l. Although each method have been reported to be clinically useful, the
reliability was not perfect!''¥, and the scoring for Hoffa’s fat pad synovitis based on
non-enhanced sequences has not been sufficient, compared with that for the other
subregions of the kneel""'l. Although enhanced sequences allow for better
characterization of synovial inflammation and for differentiation between the
synovium and effusion, few scoring methods have been reported to be specific to
Hoffa’s fat pad synovitis!"*'“l. Also, a routine knee MRI is usually obtained without
contrast administration.

The aim of this study was to evaluate reliability of the established and new scoring
methods, including non-enhanced MRI, for Hoffa’s fat pad synovitis.

MATERIALS AND METHODS
Study design and subjects

The subjects enrolled in this study were all patients who underwent knee MRI with
and without Gadolinium (Gd) contrast at our institute from January 2012 to July 2015.
During this period, MRI of the knee with and without Gd contrast was performed on
205 knees (102 on the right, 103 on the left) of 168 patients. The exclusion criteria of
this study were as follows: (1) under 18 years old; (2) postoperation with an implant
around the knee; (3) inflammatory arthritis, such as rheumatoid arthritis and
infection; (4) acute trauma with hemarthrosis; (5) intraarticular tumor; (6) difficult
evaluation due to severe deformity from OA or amputation; and (7) difficult
evaluation due to severe artifact. After exclusion of 66 knees of 53 patients, a total of
139 knees (69 on the right, 70 on the left) of 115 patients available for analyses. The
subjects had an average age of 54 years.
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The research protocol of this retrospective study was in compliance with the
Helsinki Declaration, was approved by the institutional review board, and was
registered with the University of California Irvine Medical Center.

MRI protocol

Each MRI examination in this study was performed according to a standardized
institutional protocol using the 1.5T (Avanto, Siemens Healthcare, Erlangen,
Germany) or the 3T MRI system (Achieva or dStream Achieva, Philips Healthcare,
Best, Netherland and TtioTim, Siemens Healthcare); 42 knees underwent MRI with
1.5T and 97 knees with 3T. A non-enhanced proton density (PD)-weighted fast spin-
echo sequence was performed in the sagittal plane, followed by non-enhanced PD-
weighted fat-suppressed (PD-FS) fast spin-echo sequence in the sagittal and axial
planes. After injection of 10 mL of Gd contrast (Multihance, Bracco) into a peripheral
vein, T1-weighted fat-suppressed fast spin-echo sequence (T1CE) was performed in
the sagittal and axial planes. The imaging parameters of all sequences are
summarized in Table 1.

MRI assessment

The MRI evaluation of synovitis and joint effusion was performed independently by a
board-certified orthopedic surgeon (A), who had 10 years of experience, and two
radiology residents (B, C), who had 2 years of experience each. All readers were
blinded to the clinical information but not to the MR sequences, because the imaging
characteristics were readily apparent to the observer. To evaluate intraobserver
reliability, a second trial was performed by Hagiwara S four weeks later.

Synovial evaluation

Thickness score: For the new quantitative scoring system, the thickness of the
inflamed synovium was determined as the area of enhancement along the posterior
Hoffa’s fat pad on sagittal T1CE, as low-signal regions on non-enhanced sagittal PD,
and as high-signal regions on non-enhanced sagittal PD-FS. Three sagittal slices,
including the medial and lateral aspects of the Hoffa’s fat pad and the central
patellofemoral groove, were chosen. In each slice, three points (i.e., proximal, middle,
and distal) along the posterior surface of Hoffa’s fat pad were selected. The average
thickness of the synovium from the nine points in each sequence (Figure 1) was
graded on a three-point scale: grade 1 < 0.8 mm; grade 2 = 0.8 mm to 1.6 mm; and
grade 3 > 1.6 mm.

Synovial membrane score (SM score): The contrast effects and signal intensity
changes along the posterior surface of the Hoffa’s fat pad on a single sagittal slice
through the central patellofemoral groove were used to semiquantitatively grade the
synovitis. The score was based on the contrast effects and signal intensity changes!"”!
on sagittal T1CE; low-signal areas on sagittal PD; and high-signal areas on sagittal
PD-FS. The score was graded on a four-point scale as grade 0 for lack of enhancement
or signal change; grade 1 for the presence of a linear contrast effect or signal change
on the posterior fat pad synovium; grade 2 for the presence of a nodular contrast
effect or signal change on the posterior fat pad and/or mild exudation of the fat pad
on T1CE; and grade 3 for gross a nodular contrast effect or signal change on the
posterior fat pad and/or severe exudation of the fat pad on T1CE, as seen on the
sagittal plane at the center of the patella (Figure 2).

MRI Osteoarthritis Knee Score (MOAKS) for fat pad: Hoffa’s synovitis was scored
with the MOAKS system!'"! by grading the size of the diffuse hyperintense signal in
the Hoffa’s fat pad on T1CE and PD-FS on a four-point scale, as follows: 0 = normal; 1
= mild, 2 = moderate, 3 = severe.

Parapatellar synovitis score: Synovial inflammation in the entire knee was scored, as
previously reported’l. These parapatellar sites included three in the suprapatellar
recesses (i.e., lateral, medial, and just above the trochlear groove), as well as the
medial and lateral femoral gutters. Thickening of the inflamed synovium was
determined in each site and was scored on a four-point scale, according to the
thickness, as grade 0 for lack of enhancement of the synovial tissue; grade 1 for < 2-
mm thickening of the synovial tissue; grade 2 for 2-4-mm thickening of the synovial
tissue; and grade 3 for > 4-mm thickening or nodular pattern of the synovial tissue
(Figure 3).

Effusion evaluation

Effusion diameter: Joint effusion was assessed based on the greatest diameter of the
fluid accumulation, perpendicular to the long axis of the leg on non-enhanced PD-FS,
as follows; grade 0, < 5 mm; grade 1, between 5 mm and 10 mm; grade 2, between 10
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Table 1 Magnetic resonance imaging parameters for the sequences

Sequence

Imaging parameter Tesla
SagPD SagPD-FS SagT1CE AxPD-FS AxTiICE

Repetition time (ms) 1.5T 2000 3000 438 3400 714
3T 2054-3940 3000-4150 530-782 3000-5300 530-782
Echo time (ms) 1.5T 46 46 12 43 13
3T 22-30 30-43 12-20 13-45 12-20
Matrix resolution (mm) 1.5T 0.7 x0.7 0.7 x0.7 0.7 x0.7 0.6 x 0.6 0.6 x 0.6
3T 03x33 03x03 03x03 03x03 03x03
Field of view (mm) 15T 150 150 150 150 150
3T 150 150 150 150 150
Slice thickness (mm) 15T 3.5 3.5 3.5 5 5
3T 2.5 2.5 2.5 3 3

Sag PD: Sagittal proton density-weighted sequence; Sag PD-FS: Sagittal proton density-weighted fat-
suppressed sequence; Sag T1CE: Sagittal contrast-enhanced T1-weighted fat-suppressed sequence; Ax PD-FS:
Axial proton density-weighted fat-suppressed sequence; Ax T1CE: Axial contrast-enhanced T1-weighted fat-
suppressed sequence; T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-
weighted fast spin-echo sequence; PD-FS: Proton density-weighted fat-suppressed fast spin-echo sequence.

mm and 20 mm; and grade 3, > 20 mm!"..

Whole-Organ Magnetic Resonance Imaging Score (WORMS) for synovial effusion:
Synovial effusion was evaluated to describe the synovitis according to the WORMS
system!'’l. Joint effusion was graded collectively from 0 to 3 in terms of the percentage
of the estimated maximal distention of the synovial cavity, as follows: grade 0,
normal; grade 1, < 33%; grade 2, 33% to 66%; and grade 3, > 66%.

Statistical analysis

Statistical analysis was performed by the biostatistics service of our institute using
MedCalc software (Ver.16, MedCalc Software, Ostend, Belgium). The inter and
intraobserver reliabilities of each score were assessed using intraclass correlation
coefficient (ICC) analysis. An ICC of 0.2-0.4 was considered as fair, 0.4-0.6 as
moderate, 0.6-0.8 as substantial, and 0.8-1 as almost perfect™!. Spearman’s rank
correlation (r) was computed to analyze the correlation between each scoring system
and the MOAKS score, which was the most popular MRI semiquantitative scoring
system for OA!. Because an adequate correlation between the parapatellar synovitis
score and arthroscopic and microscopic scoring has been reported”*?, the correlations
of the parapatellar synovitis score with each scoring system were computed on 1.5T
and 3T, respectively. Correlation was considered negligible for a r value < 0.2, low for
a r value of 0.2-0.4, moderate for a r value of 0.4-0.7, strong for a r value of 0.7-0.9, and
very strong for a r value > 0.9,

RESULTS

Reproducibility of the scoring systems

The ICCs for inter and intraobserver reliabilities of each score are shown in Table 2.
All of the scores had substantial to almost perfect intrareliability. Among the three
readers, interreliability was substantial to almost perfect for effusion diameter (ICC =
0.68-0.81) and substantial for WORMS (ICC = 0.61-0.70). For two out of three readers,
there was substantial interreliability for the thickness score in T1CE (ICC = 0.55-0.69),
SM scores in T1CE (ICC = 0.56-0.78) and PD-FS (ICC = 0.51-0.79), and parapatellar
synovitis score in T1CE (ICC = 0.53-0.72).

Correlation with the standard

The Spearman’s rank correlation results for the MOAKS are shown in Table 3. On the
average, the MOAKS had moderate to strong correlations with each scoring system (r
= 0.44-0.71). The correlations of each scoring system with the parapatellar synovitis
score are shown in Table 4. The parapatellar synovitis score had nearly strong
correlations with the thickness score in T1CE (r = 0.70), SM score in T1CE (r = 0.81),
and SM score in PD-FS (r = 0.65). There were no significant differences between the
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Lateral Medial
s /

Figure 1 Thickness score. A: The thickness of Hoffa’s synovitis is measured at three points at the proximal,
middle, and distal synovium along the posterior aspect of the Hoffa's fat pad (yellow arrow); B: Sagittal slices are
selected at the medial, lateral, and central patellofemoral groove.

1.5T and 3T sequences.

Figure 4 demonstrates a case with similar scores for Hoffa’s synovitis among the
PD-FS, PD, and T1CE, whereas Figure 5 demonstrates a case with different PD-FS,
PD, and T1CE scores.

DISCUSSION

This study compared the established scoring methods, including the MOAKS score
for fat pad, parapatellar synovitis score, WORMS scoring for synovial effusion, and
effusion diameter, and the new scoring methods, including the thickness score and
SM score for Hoffa’s fat pad synovitis. The thickness score and the SM score
demonstrated almost equal reproducibility with that of the other scoring systems and
were superior to the MOAKS. The associations of the thickness score and the SM score
with the MOAKS score were equal with that of the other scoring systems.
Furthermore, the parapatellar synovitis score had strong associations with the
thickness score in T1CE and the SM scores in T1CE and PD-FS.

Although the MOAKS score is based on the size and degree of hyperintensity on
T2/ intermediate-weighted imaging or on the PD-FS within the Hoffa’s fat pad!', it
does not clearly define the size and the slice delineation. This may have contributed to
the relatively low interreliability for the MOAKS sore in this study. On the other
hand, in the WORMS study, interobserver reliability was substantial despite the
subjective analysis of the synovial cavity"’. By evaluating both synovial tissue and
fluid, even without clearly distinguishing between the two entities!"’], the WORMS
system can reliably evaluate the severity of the synovitis. In this study, there was
substantial to almost perfect inter and intrareliability for the effusion diameter
scoring, likely because measurement of the anterior to posterior dimensions of the
joint fluid was straightforward and experience on orthopedic surgery or radiology
was not always necessary.

The reliability of the thickness score in TICE was better than in PD and PD-FS. An
advantage of contrast-enhanced MRI is the ability to distinguish synovial
inflammation from synovial fluid and fat tissues”"*l. Guermazi et al*! reported
excellent reproducibility using a contrast-enhanced whole-knee synovitis scoring
system. In non-contrast sequences, the border of the intensity change of synovitis is
difficult to accurately recognize; this can be one of the reasons for the relatively low
inter and intrareliability for the non-contrast analyses of the thickness score. The
additional problems of the thickness score in TICE were fragmentation and contrast
exudation of the fat pad, which might have significantly increased the variability in
measurement and, in severe cases, overestimated synovitis. The SM score is based on
a well-known scoring method for synovitis of the wrist!'”*’l. In this method, the high-
intensity change seems easy to recognize in both T1CE and PD-FS.

Because the MOAKS enables visualization of the signal intensity change within the
Hoffa’s fat pad in asymptomatic patients!”’, it was thought to be a sensitive but non-
specific finding for synovitis?®!. This was a possible reason for the relatively low
correlations between the MOAKS and the other scoring methods. Although the
parapatellar synovitis score evaluates a region of interest that is different from the
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Figure 2 Grading of the Synovial membrane score. A: Grade1 is defined as linear thickening of the posterior
Hoffa’s fat pad’s synovium; B: Grade 2 is defined as mild exudation and signal change in the posterior Hoffa’s fat pad;
C: Grade 3 is defined as gross nodular thickening of the posterior Hoffa’s fat pad’s synovium.

Hoffa’s fat pad, it can be the standard of this study, considering its correlation with
the arthroscopic and microscopic scoring of the knee and its previously reported
correlation with the WORMS score of the fat pad®*J. The thickness score in T1ICE and
the SM scores in TICE and PD-FS had strong associations with the parapatellar
synovitis score. This suggested that evaluation of synovitis using the SM score on PD-
FS had a similar reliability with that of a contrast-enhanced study. Although most
contrast studies for synovitis were based on synovial thickness!"**!, this
semiquantitative method can simply evaluate both the intensity change on the
posterior fat pad and exudation to the fat pad. Due to concerns of increased cost and
risk from contrast injection!"', the SM score in PD-FS may provide a viable alternative
to contrast-enhanced examinations for the evaluation of Hoffa’s fat pad synovitis.

Several limitations of this study should be acknowledged. First, we did not
compare the scores with arthroscopic and microscopic examinations as the standard,
because the current study was retrospective and most subjects were not in
preoperative status. Second, the parapatellar synovitis score was not a specific scoring
method for Hoffa’s fat pad. Despite this, ample correlation of the parapatellar
synovitis score with the arthroscopic and microscopic scoring had been
demonstrated"**). Third, there was variability in experience among the readers who
interpreted the knee MRIs. Although two junior radiology residents were included,
there was no significant difference in the scoring results among the readers. This
suggested that our methods would be available for many physicians who may not be
familiar with knee MRI interpretation. Finally, the use of both 1.5T and 3T MRI
systems in this study may have produced variability in the tissue contrast on the PD
or PD-FS images and in the degree of contrast enhancement on T1CE images, thereby,
affecting the scoring for Hoffa’s synovitis.

In conclusion, the newly proposed quantitative thickness score on T1CE and the
semiquantitative SM scores on T1CE and PD-FS can be useful for Hoffa’s fat pad
synovitis. Semiquantiative scoring on PD-FS sequences may be a reliable surrogate to
contrast-enhanced assessment of Hoffa’s fat pad synovitis.
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Table 2 Inter and intraobserver reliability

Intra-observer

Inter-observer

A1-A2 A1-B A1-C B-C

Thickness TICE 0.74 (0.65-0.81) 0.69 (0.60-0.77) 0.67 (0.56-0.75) 0.55 (0.42-0.65)
PD 0.68 (0.58-0.76) 0.45 (0.31-0.57) 0.49 (0.35-0.61) 0.54 (0.41-0.65)

PD-FS 0.71 (0.61-0.78) 0.59 (0.48-0.69) 0.49 (0.35-0.60) 0.63 (0.52-0.72)

SM score TICE 0.88 (0.83-0.91) 0.67 (0.56-0.75) 0.78 (0.70-0.83) 0.56 (0.43-0.66)
PD 0.88 (0.83-0.91) 0.49 (0.35-0.60) 0.72 (0.63-0.79) 0.50 (0.36-0.61)

PD-FS 0.89 (0.85-0.92) 0.51 (0.38-0.63) 0.79 (0.71-0.84) 0.62 (0.50-0.71)

MOAKS TICE 0.76 (0.68-0.82) 0.64 (0.53-0.73) 0.54 (0.41-0.65) 0.49 (0.35-0.60)
Synovitis-score TICE 0.93 (0.91-0.95) 0.65 (0.54-0.74) 0.72 (0.62-0.79) 0.53 (0.40-0.64)
WORMS (effusion synovitis) PD-FS 0.77 (0.70-0.83) 0.70 (0.61-0.78) 0.61 (0.50-0.71) 0.68 (0.58-0.76)
Effusion-diameter PD-FS 0.89 (0.85-0.92) 0.77 (0.69-0.83) 0.81 (0.75-0.86) 0.68 (0.58-0.76)

Data are presented as ICC (95%CI). T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-weighted fast spin-echo sequence; PD-
FS: Proton density-weighted fat-suppressed fast spin-echo sequence.

Table 3 Correlation with the MOAKS score

1.5T 3T Total
Thickness T1CE 0.45 0.49 0.47
PD 0.32 0.49 0.44
PD-FS 042 041 0.41
SM score T1CE 0.55 0.68 0.64
PD 0.61 0.64 0.63
PD-FS 0.64 0.74 0.71
Synovitis-score T1CE 0.68 0.51 0.56
WORMS (effusion synovitis) PD-FS 0.48 0.55 0.53
Effusion-diameter PD-FS 0.58 048 0.51

All P values are less than 0.01. TICE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-weighted fast spin-echo sequence; PD-FS:
Proton density-weighted fat-suppressed fast spin-echo sequence.

Table 4 Correlation with the parapatellar synovitis score

1.5T 3T Total
Thickness T1CE 0.63 0.73 0.70
PD 0.52 0.45 0.47
PD-FS 0.44 0.51 0.49
SM score T1CE 0.85 0.79 0.81
PD 0.42 0.76 0.66
PD-FS 0.79 0.59 0.65
MOAKS T1CE 0.66 0.56 0.59
PD-FS 0.65 0.52 0.56
WORMS (effusion synovitis) PD-FS 0.64 0.81 0.76
Effusion-diameter PD-FS 0.52 0.62 0.59

All P values are less than 0.01. T1CE: T1-weighted fat-suppressed fast spin-echo sequence; PD: Proton density-weighted fast spin-echo sequence; PD-FS:
Proton density-weighted fat-suppressed fast spin-echo sequence.
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Figure 3 Parapatellar synovitis score. A: Two slices are chosen for the parapatellar synovitis score, and each corresponds with the first and last axial slice,
respectively, in which the patella was still visible; B, C: The five sites of interest include three points in the suprapatellar recess, one point in the lateral gutter, and one
point in the medial femoral gutter. Thickening of the inflamed synovium is determined in each site and is graded on a four-point scale, according to the thickness.

Figure 4 A 69-year-old woman with osteoarthritis and a parapatellar score of 9. A: The thickness score is grade 3, the Synovial membrane (SM) score is grade
3, and the MOAKS score is grade 3 on T1-weighted fat-suppressed fast spin-echo sequence; B: The thickness score is grade 2, the SM score is grade 3, and the
MOAKS score is grade 3 on proton density-weighted fast spin-echo sequence; C: The thickness score is grade 3, the SM score is grade 3, and the MOAKS score is
grade 3 on proton density-weighted fat-suppressed fast spin-echo sequence.

Figure 5 A 71-year-old woman with osteoarthritis and a parapatellar score of 8. A: The thickness score is grade 2, the Synovial membrane (SM) score is grade
3, and the MOAKS score is grade 3 on T1-weighted fat-suppressed fast spin-echo sequence; B: The thickness score is grade 1, the SM score is grade 1, and the
MOAKS score is grade 3 on proton density-weighted fast spin-echo sequence; C: The thickness score is grade 2, the SM score is grade 3, and the MOAKS score is
grade 3 on proton density-weighted fat-suppressed fast spin-echo sequence.

ARTICLE HIGHLIGHTS

Research background

Osteoarthritis (OA) of the knee is one of the most common chronic disorders resulting in pain,
deformity, and loss of function. Several semiquantitative methods using magnetic resonance
imaging (MRI) for assessment of knee OA have been developed and used in various
observational studies and clinical trials.

Raishidengs WIR | https://www.wjgnet.com 169 November 28, 2018 | Volume 10| Issue 11 |



Hagiwara S et al. Scoring for Hoffa’s fat pad synovitis

Research motivation

Although all assessment methods had been reported to be clinical useful, their reliability was not
perfect, and the scoring for Hoffa’s fat pad synovitis based on non-enhanced sequence has not
been sufficient, compared with that for the other subregions of the knee.

Research objectives
The aim of this study was to evaluate the reliability of the established and new scoring methods,
including non-enhanced MRI, for Hoffa’s fat pad synovitis.

Research methods

This study enrolled 139 knees of 115 patients who underwent MRI of the knee with and without
Gadolinium contrast. Proton density (PD)-weighted, proton density-weighted fat-suppressed
(PD-FS), and postcontrast T1-weighted fat-suppressed (T1CE) images were used for evaluation.
Our grading method for synovitis was performed using non-contrast and contrast images to
measure synovial thickness and signal intensity changes of the fat pad (SM score). Intraclass
correlation coefficients (ICC) for intra and interobserver reproducibility and the Spearman
correlation coefficients () with the parapatellar synovitis score were calculated for each scoring
method.

Research results

The thickness score in T1CE and the SM scores in T1CE and PD-FS showed substantial to almost
perfect reproducibility. The parapatellar synovitis score statistically significant correlation with
the thickness score in T1CE (r = 0.68) and thee SM scores in T1CE (r = 0.71) and PD-FS (r = 0.66).

Research conclusions
The newly proposed quantitative thickness score on T1CE and the semiquantitative SM scores
on T1CE and PD-FS can be useful for Hoffa’s fat pad synovitis.

Research perspectives

Our findings indicated that the established scoring systems for Hoffa’s fat pad synovitis could be
further improved. Future research may propose more reliable methods for Hoffa’s fat pad
synovitis.
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Abstract

AIM

To compare high-resolution computed tomography (HRCT) findings between
humoral primary immunodeficiencies (hPIDs) subtypes; to correlate these
findings to pulmonary function tests (PFTs).

METHODS

We retrospectively identified 52 consecutive adult patients with hPIDs who
underwent 64-row HRCT and PFTs at the time of diagnosis. On a per-patient
basis, an experienced radiologist recorded airway abnormalities (bronchiectasis,
airway wall thickening, mucus plugging, tree-in-bud, and air-trapping) and
parenchymal-interstitial abnormalities (consolidations, ground-glass opacities,
linear and/or irregular opacities, nodules, and bullae/cysts) found on HRCT.
The chi-square test was performed to compare the prevalence of each
abnormality among patients with different subtypes of hPIDs. Overall logistic
regression analysis was performed to assess whether HRCT findings predicted
obstructive and/or restrictive PFTs results (absent-to-mild vs moderate-to-
severe).

RESULTS

Thirty-eight of the 52 patients with hPIDs showed common variable
immunodeficiency disorders (CVID), while the remaining 14 had CVID-like
conditions (i.e., 11 had isolated IgG subclass deficiencies and 3 had selective IgA
deficiencies). The prevalence of most HRCT abnormalities was not significantly
different between CVID and CVID-like patients (P > 0.05), except for linear
and/or irregular opacities (prevalence of 31.6% in the CVID group and 0 in the
CVID-like group; P = 0.0427). Airway wall thickening was the most frequent
HRCT abnormality found in both CVID and CVID-like patients (71% of cases in
both groups). The presence of tree-in-bud abnormalities was an independent
predictor of moderate-to-severe obstructive defects at PFTs (Odds Ratio, OR, of
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18.75, P < 0.05), while the presence of linear and/or irregular opacities was an
independent predictor of restrictive defects at PFTs (OR = 13.00; P < 0.05).

CONCLUSION

CVID and CVID-like patients showed similar HRCT findings. Tree-in-bud and
linear and/or irregular opacities predicted higher risks of, respectively,
obstructive and restrictive defects at PFTs.

Key words: Bronchiectasis; Multidetector computed tomography; Common variable
immunodeficiency; Immunologic deficiency syndromes; Respiratory function tests

©The Author(s) 2018. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Humoral primary immunodeficiencies (hPIDs) are a group of conditions
characterized by impaired antibody production and presenting with recurrent respiratory
infections, autoimmune diseases, and malignancy. Chest high-resolution computed
tomography (HRCT) is the imaging technique of choice for detecting, characterizing,
and quantifying lung complications in these patients. The aims of this study were to
compare HRCT findings in 52 patients with hPIDs subtypes (common variable
immunodeficiency disorders - CVID vs CVID-like), and evaluate whether these findings
may predict pulmonary function tests results. CVID vs CVID-like patients showed
comparable HRCT findings. The presence of tree-in-bud and linear and/or irregular
opacities were independent predictors of, respectively, significant obstructive and
restrictive defects.

Cereser L, De Carli M, d’Angelo P, Zanelli E, Zuiani C, Girometti R. High-resolution
computed tomography findings in humoral primary immunodeficiencies and
correlation with pulmonary function tests. World | Radiol 2018; 10(11): 172-183

URL: https:/ /www.wjgnet.com/1949-8470/full/v10/i11/172.htm

DOI: https:/ /dx.doi.org/10.4329/wir.v10.i11.172

INTRODUCTION

Humoral primary immunodeficiencies (hPIDs), also known as primary
predominantly antibody deficiencies, constitute the most common subgroup of
primary immunodeficiency disorders (about 50% of diagnoses)!". hPIDs encompass a
spectrum of conditions characterized by impaired antibody production, manifesting
with recurrent respiratory tract infections, increased susceptibility to autoimmune
diseases, and malignancy!'”. Common variable immunodeficiency disorders (CVID)
are the most clinically significant group of hPIDs (with a prevalence of about 1:25000-
1:50000 subjects). These disorders show distinct clinical and laboratory phenotypes
associated with low levels of IgG and IgA and/or IgM™!. CVID onset is during adult
life in 70% of the cases, generally occurring between 20 and 40 years of age”!. Other
hPIDs are often referred as “CVID-like” conditions: these conditions are in most cases
asymptomatic and include selective IgA deficiency (the most frequent hPID, with a
prevalence of 1/600 in white people) and isolated IgG subclass deficiency!>"*l.

Overall, thoracic complications develop in 60% of patients with hPIDs, representing
the leading cause of morbidity and mortality. Chest high-resolution computed
tomography (HRCT) is the imaging technique of choice for detecting, characterizing,
and quantifying lung complications, as well as for evaluating the response to
therapy!”'l. It is generally accepted that the initial evaluation of newly diagnosed
patients should include HRCT and pulmonary function tests (PFTs). Early
identification of respiratory complications provides a baseline assessment of lung
involvement, allows prompt treatment to reduce the number of pulmonary infections,
and impacts on quality of life and mortality, the latter being influenced by both
structural and functional pulmonary impairment'"'.,

Several studies have reported HRCT findings in hPIDs; these findings include non-
infective airway disorders (i.e., bronchiectasis, airway wall thickening, and air
trapping), pulmonary infections, diffuse lung parenchymal diseases [e.g.,
Granulomatous and Lymphocytic Interstitial Lung Disease (GLILD), and organising
pneumonia], and thoracic neoplasms (e.g., lymphoma)!''*'?l. However, most papers
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refer only to CVID patients, and report that HRCT abnormalities are present in more
than 90% of those patients!”'”). While some Authors reported that the severity of
HRCT abnormalities was not significantly different between CVID and CVID-like
paediatric patients!'®'”, to the best of our knowledge no studies have addressed this
issue in adult patients. Demonstrating a difference between CVID and CVID-like
patients may influence the time intervals between HRCT examinations during follow-
up in these 2 subgroups of hPIDs. In addition to this, previous studies assessing a
correlation between HRCT findings and PFTs results demonstrated contradictory
results!!7152,

The purpose of this study was twofold: (1) to compare HRCT pulmonary findings
in adult patients among different subgroups of hPIDs (i.e., CVID and CVID-like); and
(2) to assess whether HRCT findings predict PFTs results.

MATERIALS AND METHODS
Study population and PFTs

Our referring Ethical Committee approved this study. The need for informed consent
was waived due to the retrospective design of the study. By performing a
computerized search, we identified 56 adult patients who received a definite
diagnosis of hPIDs, in accordance with the European Society for Inmunodeficiencies
criteria®, in our tertiary referral centre and between 2012 and 2016. Diagnosis was
performed after a history of previously undefined respiratory disease ranging from 1
to 5 years in duration. All patients underwent HRCT and PFTs within one month
from diagnosis as a part of the diagnostic workflow performed at our institute.
Accordingly, hereinafter we are going to refer to the HRCT performed at the time of
diagnosis as baseline HRCT. Four patients were excluded from the study due to
infectious respiratory disease at the time of HRCT (clinically unstable disease) or
unavailability of the PFTs results. Therefore, the final population included 52 patients
and had the following distribution of disease subtypes: 38 CVID, 11 isolated IgG
subclass deficiency, and 3 selective IgA deficiency cases.

Lung function was evaluated according to the criteria of the European Respiratory
Society/ American Thoracic Society task forcel*. The following parameters were
measured with a spirometer (Vmax 29¢; Sensor Medics, Yorba Linda, CA, United
States): Forced expiratory volume in one second (FEV1), forced vital capacity (FVC),
vital capacity (VC), peak expiratory flow (PEF), and total lung capacity (TLC).
Obstructive ventilatory defects were diagnosed when the reduced FEV1/VC ratio was
below the 5™ percentile of the predicted value; restrictive ventilatory disorders were
diagnosed when a reduction in TLC below the 5" percentile of the predicted value
was detected in the presence of a normal FEV1/VC ratio. The severity of ventilatory
defects was assessed using a six-point scale (absent, mild, moderate, moderately
severe, severe, and very severe)!”’l. For the purposes of analysis, patients with
obstructive or restrictive defects were classified in two groups: (1) patients with
absent-to-mild defects (i.e., 2 70% of predicted values); and (2) patients with
moderate-to-severe defects (i.e., <70% of predicted values).

HRCT examinations
HRCT examinations were performed with a 64-row MDCT scanner (Discovery HD
750, GE Healthcare, Milwaukee, WI, United States), with the patient in the supine
position. The whole thorax was scanned volumetrically at suspended full inspiration
using the following acquisition parameters: tube potential, 120 kV; tube current
modulation range, 150-400 mA (based on a Noise Index set at 18.4); rotation time, 0.8
s; detector configuration, 64 mm x 0.625 mm; reconstructed section thickness and
reconstructed interval, 1.25 mm; field of view according to patient size. In 32/52
patients an additional end-expiratory volumetric scan with the same parameters was
also acquired.

Images were reconstructed using a high-spatial-frequency algorithm, and
displayed with lung parenchyma (level, -500 HU; width, 1500 HU) and mediastinum
windowing (level, 50 HU; width, 350 HU).

Image analysis

A radiologist with 8 years of experience in pulmonary imaging, blinded to patient
history and lung function, reviewed the HRCT examinations on a picture archiving
and communication system workstation (Suitestensa Ebit srl, Esaote Group Company,
Genoa, Italy). Post-processing techniques, including Multiplanar Reconstruction
(MPR), Maximum Intensity Projection (MIP) and Minimum Intensity Projection
(MinIP), were available to complement the analysis of thin source images.
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For each patient, the reader recorded two classes of abnormalities: airway
abnormalities (i.e., airway wall thickening, tree-in-bud, bronchiectasis, mucus
plugging, and air trapping), and parenchymal-interstitial abnormalities (i.e., linear
and/or irregular opacities, nodules, consolidations, ground-glass opacities, and
bullae/cysts). Radiological features were evaluated according to the Fleischner
Society glossary?l. In particular, “linear and/or irregular opacities” describe any
linear opacity of irregular thickness that does not respect the lung architecturel”? and
has been reported as being a key feature of lung disease in CVID patients.

Any individual abnormality was scored using a double three-point scale (with a
total score ranging from 2 to 6), for coding two aspects simultaneously: (1) extension,
with 1 = involvement of a single pulmonary lobe, 2 = two-to-three lobes involved, 3 =
more than three lobes involved; and (2) conspicuity in the most involved lobe, with 1
= mild, 2 = moderate, and 3 = severe. As to include in the analysis only findings that
are reasonably related to hPIDs, the minimum required total score for an abnormality
was 3.

Statistical analysis

We calculated the per-patient prevalence of each of the aforementioned HRCT
abnormalities in the overall population and in different subgroups of hPIDs patients,
i.e., the CVID group vs CVID-like group (the latter including both isolated IgG
subclass deficiencies and selective IgA deficiencies). Main clinical features (age,
duration of symptoms before definite diagnosis, and ventilatory defects) and
prevalence of HRCT abnormalities were compared between the two groups using,
respectively, the u-Mann-Whitney and y* tests. A logistic regression analysis (stepwise
approach) was performed to assess whether the HRCT findings could predict a
significant obstructive or restrictive defect at PFTs on the overall study population. As
variables we used each of the aforementioned airway abnormalities and
parenchymal-interstitial abnormalities. Obstructive and restrictive defects were
defined as relevant only if they were of moderate-to-severe nature, and not if they
were absent-to-mild. Air trapping was excluded from the model since HRCT
additional expiratory scan was not available for all patients. Analysis was performed
with a commercially available software (MedCalc version 12.5.0.0, MariaKerke,
Belgium). The a level was set to 0.05.

RESULTS

Study population and PFTs results

Of the 52 hPIDs patients 37 were females and 15 were males, with a mean age of 53.9
+12.7 years. Thirty-eight of the 52 patients (73%) were included in the CVID group,
and 14/52 patients (27%) were in the CVID-like group. No significant differences
between the two groups were found in terms of age (mean 54.9 £ 12.9 years in the
CVID group vs 51 £ 11.9 years in the CVID-like group) and average duration of
symptoms before definite diagnosis of hPIDs (2 years, range 1-3, in the CVID group vs
4 years, range 1-5, in the CVID-like group, P > 0.05). None of the patients underwent
HRCT before hPIDs diagnosis. Standard CTs were available for 15 of the 52 patients
(one examination each) and had been performed 2-4 years before the HRCT at the
time of hPIDs diagnosis.

The results of the PFTs show that almost half of the patients (25/52, 48.1%) had
ventilatory defects (Table 1). Three patients in the CVID group had concomitant
moderate-to-severe obstructive defects and restrictive defects. None of the patients in
the CVID-like group showed restrictive defects. No statistically significant differences
were found between the two subgroups of hPIDs in terms of prevalence of obstructive
(CVID: 44.7% vs CVID-like: 42.9%, P = 0.8474) and restrictive defects (CVID: 13.1% vs
CVID-like: 0%, P = 0.2052).

Distribution of HRCT abnormalities in the study groups

We recorded a high prevalence of HRCT findings, with one or more abnormalities
detected in 47/52 hPIDs patients (90.4%). The prevalence of specific airway
abnormalities was not significantly different between the CVID and CVID-like groups
(P > 0.05, Table 2). Airway wall thickening was the most commonly found
abnormality and showed a comparable prevalence in both groups (71.0% in the CVID
group and 71.4% in the CVID-like group, Figure 1).

Regarding HRCT parenchymal-interstitial abnormalities, linear and/or irregular
opacities were present in 31.6% of the patients in the CVID group and in none of those
in the CVID-like group, with borderline significance (P = 0.0427, Table 2). Nodules
were the most frequent finding in both groups, with a prevalence of 50.0% (Figure 2).

Baishidengs WJR | https://www.wjgnet.com 175 November 28, 2018 Volume 10| Issue 11 |



Cereser L et al. HRCT findings in humoral primary immunodeficiencies

Table 1 Pulmonary function tests results n (%)

Obstructive defect Restrictive defect
Absent Mild Significant! Any Absent Mild Significant Any
CVID (1 = 38) 21 (55.3) 10 (26.3) 7 (18.4) 17 (44.7) 33 (86.9) 1(2.6) 4 (10.5) 5 (13.1)
CVID-like (1 = 14) 8 (57.1) 2 (14.3) 4 (28.6) 6 (42.9) 14 (100) 0(0) 0(0) 0(0)
All patients (1 = 52) 29 (55.8) 12 (23.1) 11 (21.2) 23 (44.2) 47 (90.4) 1(1.9) 4(7.7) 5(9.6)

Data are presented as number of patients with percentages in parentheses.
IModerate-to-severe defect. CVID: Common variable immunodeficiency disorder; CVID-like: Including isolated IgG subclass deficiency and selective IgA

deficiency.

Correlation between HRCT abnormalities and PFTs

The distributions of HRCT-detected airway and parenchymal-interstitial
abnormalities according to severity of ventilatory defects assessed at PFTs are
reported in Tables 3 and 4.

Regarding HRCT-detected airway abnormalities, both mucus plugging (P = 0.0112,
Figure 3) and tree-in-bud (P = 0.0014, Figure 4) were found to be significantly
associated with a relevant obstructive defect assessed at PFTs. However, on
multivariate analysis, tree-in-bud was the only independent predictor (P = 0.0027) of
relevant obstructive defect, with an odds ratio (OR) of 18.75 (95%Cl: 2.76-127.52).

Additionally, regarding HRCT-detected parenchymal-interstitial abnormalities, the
presence of linear and/or irregular opacities (Figure 5) was the only predictor of
relevant restrictive defect both at univariate (P = 0.0029) and multivariate analysis (P
=0.0344; OR, 13.00; 95%ClI: 1.21-139.97).

DISCUSSION

Pulmonary abnormalities in hPIDs adult patients were common in our series: Only
9.6% of our patients had negative HRCTs at the time of diagnosis, a finding in
agreement with the literature (range 4%-17%)"'"*1. The prevalence of most of airways
and parenchymal-interstitial findings was not significantly different between the
CVID and the CVID-like groups. Similarly, PFTs results were comparable between the
two subtypes of hPIDs, showing a larger prevalence of obstructive defects (45% in the
CVID group and 43% in the CVID-like group) over restrictive defects (13% in the
CVID group and 0 in the CVID-like group). These findings are in agreement with the
previously reported prevalences in CVID patients (9%-53% for obstructive defects and
5%-34% for restrictive defects)!”'”**1. Conversely, to the best of our knowledge, this is
the first study reporting prevalences in adult CVID-like patients. Overall, our findings
support the hypothesis that neither imaging nor PFTs can reliably differentiate
between the two groups of CVID and CVID-like patients. One might argue that the
relevance of this result is impaired by the relatively small population included in the
present study. However, our series reflects the rarity of both conditions, and is one of
the largest published reports on HRCT as far as we know.

Of note, linear and/or irregular opacities were more frequently found in CVID
patients (32%) than in CVID-like patients (0), although statistical significance was
borderline (P = 0.0427). Gregersen et al! highlighted the importance of this
abnormality in CVID adult patients, both because of its frequency (about 52% of
cases) and its close association with impaired gas diffusion. In line with the relevant
literature!''*1, we found that only one HRCT abnormality, linear and/or irregular
opacities, was a predictor of significant restrictive defects. This result emphasizes the
importance of prompt identification of this abnormality at baseline evaluation.
Overall, our results support the assumption that CVID-like patients are clinically and
immunologically comparable to CVID patients!'**], although the latter show more
frequently radiological abnormalities associated to interstitial disease (i.e., linear
and/or irregular opacities).

It is likely that the prevalence of different HRCT findings might reflect the effects of
the specific disease on the lungs in CVID and CVID-like patients. The most frequent
findings in our cohort were bronchiectasis (69.2%) and airway wall thickening (71.2%,
Figure 2), and are in line with those previously reported in adult patients (range 40%-
70% for bronchiectasis and 68%-75% for airway wall thickening)'%""*%1, Such a high
prevalence can be explained by the cumulative effect of respiratory tract
infections!"”"**!1. Other common findings in our study were nodules (found in 50% of
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Figure 1 Airway wall thickening. A 65-year-old male patient with common variable inmunodeficiency disorder.
High-resolution computed tomography shows diffuse airway wall thickening in the right middle and lower lobes
(straight arrows); centrilobular and tree-in-bud nodules in the right lung are also detected (curved arrow).

patients vs 29%-55% reported in literature)”"*! and mucus plugging (in 44.2% of
patients). We did not differentiate among various types of nodules, since their
characteristics reflect a wide spectrum of conditions (including infectious diseases,
previous infections or lymphoproliferative and/or granulomatous conditions) that
cannot be histologically confirmed in most patients!"**!. We believe that the high
prevalence of nodules should be considered as an epiphenomenon of other coexisting
pulmonary abnormalities rather than a definite hallmark of CVID or CVID-like hPIDs.
However, the finding of mucus plugging mirrors more specifically the inflammation
of large airways!, with a reported prevalence in hPIDs ranging between 25% and
35%011. Last, air trapping was frequent (50%) in the subgroup of patients for whom
an expiratory scan was available. Although incomplete, the prevalence we describe is
in the range of those previously reported in CVID patients (45 %-63 % )",

Concerning the less frequent HRCT findings, we detected tree-in-bud abnormalities
in 19% of the patients, similarly to what reported by Tanaka et al*! (20%) in a study
assessing a CVID population. This sign reflects a spectrum of both endobronchiolar
and peribronchiolar disorders”l. The main causes of tree-in-bud findings in the
general population are reported to be acute or chronic infections mainly from
nontuberculous mycobacteria and bacteria (e.g., Staphylococcus aureus and Pseudomonas
aeruginosa)”>*l. Previous studies demonstrated the presence of potentially pathogenic
bacteria (and viruses) in the lungs of patients with clinically stable hPIDs!™. In our
series, most of the tree-in-bud cases were of infectious origin, albeit asymptomatic, at
the time of HRCT. The majority of these patients (80%) showed coexisting
bronchiectasis, a major predisposing factor for infections””. Follicular bronchiolitis
(FB) is another cause of tree-in-bud sign detected at HRCT!**?l. FB is a reactive
pulmonary lymphoid disorder reported in CVID patients, is presumably related to
recurrent pneumonia, and is characterized by the development of lymphoid follicles
and germinal centres with peribronchial/peribronchiolar distribution”. In our
population, 2 of the 10 cases with tree-in-bud abnormalities were CVID patients who
developed GLILD, a condition in which FB is a typical finding™*’l. In addition,
consolidation was found in 27% of our study population (vs 17%-64% reported in the
literature) and ground-glass opacities in 25% of the patients (vs 12%-34% in the
literature)”'*”**1. Although the nature of most of these abnormalities remained
undetermined, it is likely that they represent the effects of subclinical or previous
infections, thus not requiring specific radiological work-up in the absence of clinical
suspicion of lymphoma or cancer.

In patients with CVID, HRCT was proven to detect silent progression earlier than
PFTs, because of its capability to assess even subtle structural abnormalities™*l. Not
surprisingly, alterations detected by PFTs are less frequent than those detected by
HRCT"™), an observation confirmed in our study that also includes CVID-like patients
(prevalence was 48.1% by PFTs vs 90.4% by HRCT). This observation raises some
questions on how to follow up the patient after baseline evaluation. Current
recommendations suggest PFTs intervals of 6-12 mo, and HRCT intervals ranging
from 1 to 5 years!""l. By multivariate analysis, we found that detection of tree-in-bud
abnormalities predicts obstructive defects (OR 18.75), and detection of linear and/or
irregular opacities predicts restrictive defects (OR 13.00). By contrast, none of the
other, more frequent findings were independent predictors of obstructive or
restrictive defects. This observation supports previous data on CVID showing a
moderate correlation between PFTs and HRCT results, as well as the idea that these
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Table 2 Prevalence of high-resolution computed tomography-detected abnormalities in the two humoral primary immunodeficiencies

subtypes (CVID and CVID-like), and comparison between the two groups n (%)

Abnormality All patients n = 52 CVID n=38 CVID-like n=14 P-value (CVID vs CVID-like)
Airway abnormalities
Bronchiectasis 36 (69.2) 27 (71) 9 (64.3) 0.8964
Airway wall thickening 37 (712) 27 (71) 10 (71.4) 0.7501
Tree-in-bud 10 (19.2) 6 (15.8) 4 (28.6) 0.8464
Mucus plugging 23 (44.2) 16 (42.1) 7 (50) 0.8888
Air trapping! 16 (50) 12 (52.2) 4 (44.4) 0.8557
Parenchymal-interstitial abnormalities
Consolidation 14 (26.9) 11 (28.9) 3 (21.4) 0.8495
Ground-glass opacity 13 (25) 12 (31.6) 1(7.1) 0.1487
Nodules 26 (50) 19 (50) 7 (50) 1
Linear and/ or irregular opacities 12 (23.1) 12 (31.6) 0(0)2 0.0427
Bullae/cysts 5(9.6) 5(13.2) 0(0) 0.3695
ap <0.05.

1Values are calculated on the 32 patients (23 CVID + 9 CVID-like) for whom additional expiratory scan was acquired. Chi-square test: CVID vs CVID-like
patients; CVID: Common variable immunodeficiency disorders; CVID-like: Including isolated IgG subclass deficiency and selective IgA deficiency.
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two examinations assess different aspects of the disease’l. Of note, Maarschalk-
Ellerbroek et al'”! found a poor correlation between detection of tree-in-bud
abnormalities and PFTs. However, these authors evaluated tree-in-bud abnormalities
in a combined score with mucus plugging, which impairs a direct comparison with
our findings. Our results suggest that morphological assessment with HCRT might be
postponed as much as possible to maximize cost-effectiveness and reduce radiation
exposure. A possible exception to this might be the case of patients showing tree-in-
bud or linear and/or irregular opacities: scheduling HRCTs at shorter intervals for
these patients might provide a reliable morphological counterpart of pulmonary
function. Our hypothesis is extrapolated from the observation of baseline
examinations in our population; therefore, further studies with a more specific
purpose and a prospective design should be performed to confirm this statement.

We acknowledge that our study has some limitations. First, an HRCT
supplementary expiratory scan was not available in 38% of the patients because of the
retrospective nature of the study. Hence, we were not able to include air trapping as a
variable in the logistic regression analysis to predict PFTs results. Previous studies
found a significant correlation between air trapping and airway obstruction both in
children and in adult patients with CVIDP*. While we acknowledge that we should
have included air trapping to study both CVID and CVID-like groups, we believe that
most of the relevant HRCT findings support our conclusions. Second, we did not
consider the extent and/or distribution of individual HRCT findings in the prediction
analysis of PFTs results. The use of dedicated HRCT scoring systems, which were
originally developed for CVID patients and/or for paediatric populations only, could
help studying this issue also in adult patients with CVID and CVID-like
conditions!”"”***l. Third, we were not able to assess the radiologic evolution of the
disease over time because of the lack of previous HRCTs, which could have been used
for a comparison with the baseline HRCT. However, our study actually reflects the
clinical reality, in which a delay between the onset of respiratory infections-related
symptoms and the definite diagnosis of hPIDs is common (median of 8 years in adults
aged over 30 years old, according to The United Kingdom Primary Immunodeficiency
Registry)!l. In this scenario, the first HRCT is frequently performed only at the time
of diagnosis.

In conclusion, we found no significant difference in the prevalence of most of
HRCT findings or PFTs abnormalities between CVID and CVID-like conditions. Our
results support the hypothesis that these two conditions are comparable hPIDs
subtypes and candidate to similar management. The detection of tree-in-bud
abnormalities was found to be an independent predictor of obstructive defects
assessed at PFTs, while the detection of linear and/or irregular opacities was an
independent predictor of restrictive defects assessed at PFTs. Our observations
suggest that patients showing these findings might benefit from more frequent
HRCTs during follow-up as to evaluate the morphological abnormalities associated
with their function impairment.
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Table 3 Distribution of high-resolution computed tomography-detected airway abnormalities according to the severity of obstructive

defect at pulmonary function tests in the overall study population, and results of logistic regression analysis for prediction of moderate-
to-severe obstructive defects at PFTs n (%)

Absent Mild Moderate Severe Univariate analysis Multivariate analysis
Abnormality

n=29 n=12 n=9 n=2 P-value P-value (odds ratio)
Bronchiectasis 19 (66.5) 9 (75) 7 (77.8) 1 (50) NS NS
Airway wall thickening 20 (69) 9 (75) 6 (66.7) 2 (100) NS NS
Tree-in-bud 2(6.9) 2 (16.7) 5 (55.6) 1 (50) 0.0014 0.0027 (18.75)
Mucus plugging 8 (27.6) 8 (66.7) 5 (55.6) 2 (100) 0.0112 NS

NS: Non-significant.

Table 4 Distribution of high-resolution computed tomography-detected parenchymal-interstitial abnormalities according to the severity

of the restrictive defects at pulmonary function tests in the overall study population, and results of logistic regression analysis for
prediction of moderate-to-severe restrictive defects at PFTs n (%)

Absent Mild Moderate  Severe Univariate analysis Multivariate analysis
Abnormality

n=47 n=1 n=4 n=0 P-value P-value (odds ratio)
Consolidation 11 (23.4) 1 (100) 2 (50) 0(0) NS NS
Ground-glass opacity 10 (21.3) 1 (100) 2 (50) 0 (0) NS NS
Nodules 23 (48.9) 1 (100) 2 (50) 0(0) NS NS
Linear and/or irregular opacities 8 (17) 1 (100) 3 (75) 0 (0) 0.0029 0.0344
Bullae/cysts 5 (10.6) 0(0) 0 (0) 0(0) NS NS

NS: Non-significant.

Figure 2 Nodules. A 64-year-old female patient with common variable immunodeficiency disorder. High-resolution computed tomography shows multiple, small
nodules with peribronchial and perifissural location in the upper and lower lobes of both lungs (arrows). A diagnosis of granulomatous and lymphocytic interstitial lung
disease was subsequently made.
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Figure 3 Mucus plugging. A 65-year-old male patient with common variable immunodeficiency disorder. Para-coronal 2-mm minimum intensity projection high-
resolution computed tomography image shows mild bronchiectasis with extensive mucus plugging in the left lower lobe (arrow).

Figure 4 Tree-in-bud. A 40-year-old female patient with isolated IgG2 subclass deficiency. High-resolution computed tomography shows centrilobular and tree-in-
bud nodules in the right upper lobe (straight arrows); small mucus plugging in the left lower lobe is also detected (curved arrow).

v,

Figure 5 Linear and/or irregular opacities. A 66-year-old female patient with common variable immunodeficiency disorder. A: High-resolution computed
tomography shows patchy areas of ground-glass opacity, along with reticulation and linear and/or irregular opacities (arrows) in both lower lobes; B: Coronal
reformatted image shows the peripheral and basal-predominant distribution of the findings (arrows).

ARTICLE HIGHLIGHTS

Research background

Common variable immunodeficiency disorders (CVID) are the most clinically significant group
of humoral primary immunodeficiency diseases (hPIDs), manifesting with recurrent respiratory
tract infections and increased susceptibility to autoimmune diseases and malignancy. Other
hPIDs are often termed “CVID-like” conditions, and include selective IgA deficiency and
isolated IgG subclass deficiency. The initial evaluation of patients newly diagnosed with hPIDs
should include high-resolution computed tomography (HRCT) and pulmonary function tests
(PFTs).
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Research motivation

To the best of our knowledge no previous studies assessed whether HRCT findings differ in
terms of prevalence among the two subtypes of hPIDs in adult patients. Demonstrating a
difference between CVID and CVID-like patients may influence the time intervals between
HRCT examinations during follow-up in these 2 subgroups of hPIDs. Moreover, previous
studies assessing a possible correlation between HRCT findings and PFTs results demonstrated
contradictory results.

Research objectives

The purpose of this study was twofold: (1) to compare HRCT pulmonary findings in adult
patients with different subgroups of hPIDs (i.e., CVID vs CVID-like); and (2) to assess whether
HRCT findings predict PFTs results.

Research methods

We included 52 adult patients (38 CVID and 14 CVID-like) who received a definite diagnosis of
hPIDs and underwent HRCT and PFTs within one month from the time of diagnosis. One
pulmonary radiologist, blinded to patient history and lung function: (1) reviewed the HRCT
examinations; (2) recorded two classes of abnormalities, namely airway abnormalities and/or
parenchymal-interstitial abnormalities; and (3) scored all abnormalities according to their
extension and conspicuity. We calculated the per-patient prevalence of each HRCT abnormality
in the overall population and in both subgroups of hPIDs patients, (CVID and CVID-like
groups). We performed a logistic regression analysis to assess whether HRCT findings were
predictive of a relevant obstructive or restrictive defect at PFTs on the overall study population.

Research results

Of the 52 hPIDs patients, 37 were females and 15 were males, with a mean age of 53.9 + 12.7
years. We found a high prevalence of HRCT findings (90.4% patients had one or more
abnormalities). The prevalence of each of the airway abnormalities considered was not
significantly different between the CVID and CVID-like group. Regarding HRCT-detected
parenchymal-interstitial abnormalities, the only relevant result was the finding of linear and/or
irregular opacities, showing a prevalence of 31.6% in the CVID group and 0 in the CVID-like
group, with borderline significance. The presence of tree-in-bud abnormalities was an
independent predictor of obstructive defects at PFTs (Odds Ratio, OR, of 18.75, P < 0.05), while
the presence of linear and/or irregular opacities was an independent predictor of restrictive
defects at PFTs (OR = 13.00; P < 0.05).

Research conclusions

No previous research compared the prevalence of HRCT findings in different subtypes of hPIDs
adult patients. After dividing hPIDs patients in CVID vs CVID-like groups, we observed no
significant difference in the prevalence of most of airways and parenchymal-interstitial findings
between the two groups. This observation supports the hypothesis that these two groups
represent comparable hPIDs subtypes, and are candidate to similar management. Tree-in-bud
and linear and/ or irregular opacities were found to be independent predictors of, respectively,
obstructive and restrictive defects on PFTs.

Research perspectives

Our results suggest that morphological assessment with HRCT might be delayed as much as
possible to maximize cost-effectiveness and reduce radiation exposure. A possible exception to
this might be the case of patients showing tree-in-bud or linear and/or irregular opacities:
Scheduling HRCTs at shorter intervals for these patients might provide a reliable morphological
counterpart of pulmonary function. Further prospective studies with a proper design are needed
to confirm this hypothesis in the follow-up period.
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Abstract

AIM
To investigate the hemothorax size for which tube thoracostomy is necessary.

METHODS

Over a 5-year period, we included all patients who were admitted with blunt
chest trauma to our level 1 trauma center. Focus was placed on identifying the
hemothorax size requiring tube thoracostomy.

RESULTS

A total number of 274 hemothoraces were studied. All patients with
hemothoraces measuring above 3 cm received a chest tube. The 50% predicted
probability of tube thoracostomy was 2 cm. Pneumothorax was associated with

odds of receiving tube thoracostomy for hemothoraces below 2 cm (Odds Ratio:
4.967, 95%Cl: 2.225-11.097, P < 0.0001).

CONCLUSION

All patients with a hemothorax size greater than 3% underwent tube
thoracostomy. Prospective studies are warranted to elucidate the clinical outcome
of patients with smaller hemothoraces.

Key words: Chest trauma; Blunt; Hemothorax; Chest tube; Occult; Computed
tomography scan
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Core tip: There is no clear recommendation for tube thoracostomy in hemothorax
management based on computed tomography scan measurements. In this study, we
found that any hemothoraces above the cut-off size of 3 cm should be drained using tube
thoracostomy. Smaller hemothoraces may warrant drainage based on other findings such
as presence of pneumothorax.

Malekpour M, Widom K, Dove ], Blansfield ], Shabahang M, Torres D, Wild JL.
Management of computed tomography scan detected hemothorax in blunt chest
trauma: What computed tomography scan measurements say?World ] Radiol 2018;
10(12): 184-189

URL: https:/ /www.wjgnet.com/1949-8470/full/v10/i12/184.htm

DOI: https:/ /dx.doi.org/10.4329/wjr.v10.i112.184

INTRODUCTION

Blunt chest trauma is commonly encountered in the emergency department as an
individual presentation or part of the clinical scenario of a trauma patient!"!
According to the 2012 National Trauma Data Bank (NTDB) Research Data Set, 738396
patients with available Abbreviated Injury Scale were admitted nationwide. Patients
with chest trauma constituted 87387 (11.8%) of the registered patients among which,
73809 (84.5% of chest trauma patients) had blunt chest trauma and 12200 (16.5% of
blunt chest trauma patients) had hemothorax (Committee on Trauma, American
College of Surgeons. NTDB 2012. Chicago, IL).

Although hemothorax is managed by tube thoracostomy in hemodynamically
unstable and critical patients after initial chest/pelvic x-ray and focused assessment
with sonography in trauma (FAST), virtually all stable blunt trauma patients undergo
chest computed tomography (CT) scan as part of their trauma workup!. This is
partially due to higher sensitivity of chest CT imaging in detecting pneumothorax,
hemothorax and pulmonary contusions along with suboptimal imaging preparation
and positioning for supine chest radiography in the acute setting!’l. Tube
thoracostomy is an invasive procedure which can lead to immediate procedural
injuries, infections, and pain, which can contribute to respiratory failure in patients
with chest wall injury. Patients with hemothoraces managed without chest tube can
lead to infections and trapped lung. Therefore, it is clinically important to know
which patients should receive a chest tube.

At the advent of helical CT scanning, chest CT scan was reserved for cases where
chest radiography had uncertain and equivocal results. Hence, up to 30% of blunt
trauma patients had their hemothoraces identified on chest CT images, which were
not readily identifiable on plain chest X-rays, a.k.a. occult hemothorax!*‘. Thanks to
fairly universal application of chest CT in assessment of blunt chest trauma patients,
“occult hemothorax” is not practically occult anymore. In fact, the previously
published research papers on occult hemothorax have included hemothoraces that are
undoubtedly within the identification range of chest radiography!*’.. In addition, these
studies have included extrapolations from plain radiography studies as their cutoff
value, primarily due to the absence of existing studies focusing on chest CT
measurements!*’l,

In this study, we investigated the association between the measured size of
hemothoraces on chest CT images and the likelihood of tube thoracostomy in an
attempt to identify a CT scan-based cutoff value of chest tube placement in blunt chest
trauma patients.

MATERIALS AND METHODS

Following the approval of the Institutional Review Board of Geisinger Medical
Center, we retrospectively studied all patients with the diagnosis of hemothorax and
blunt chest trauma that were admitted to our level I trauma center from the beginning
of September 2009 to the end of August 2014. Excluded patients were those who were
admitted after 24 h from the traumatic accident, patients who were admitted with a
chest tube in place, those with chest tube placement before CT scan imaging, patients
with chronic hemothorax and those with known pleural diseases. The decision to
place a chest tube was based on the clinical judgement of the trauma surgeon for each
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individual case.

We extracted demographic and clinical data including age, sex, Injury Severity
Score (ISS), mechanism of injury, Glasgow Coma Score (GCS), pneumothorax,
number of rib fractures, pulmonary contusion and aortic injury. These variables were
used in multivariate analysis. Hemothorax was measured as the size (centimeters) of
the deepest lamellar fluid stripe in the dependent pleural gutter on axial CT scan
images (Figure 1).

Continuous variables were expressed as means + SD. Non-parametric continuous
data were expressed as median with inter-quartile range. Categorical data were
expressed as frequencies (%). Logistic regression was used to analyze the predicted
probability for tube thoracostomy. Logistic regression with stepwise selection was
used to identify variables that increased the chance of tube thoracostomy. SAS 9.4
(SAS Institute, Cary NC) was used for statistical analyses and P < 0.05 was considered
significant.

RESULTS

Over the 5-year study period, 271 patients were admitted with the diagnosis of
hemothorax and blunt chest trauma. Forty-three patients were excluded and the
analysis was performed on the remaining 228 patients. A total number 274
hemothoraces were included from 150 males and 78 females. Table 1 summarized the
demographic data and the clinical findings of our patients. The mechanism of injury
was predominantly fall (41%) and motor vehicle crash (38%). Patients had a mean ISS
of 20 £ 11. Most patients (86%) had a mild GCS (13-15). The median number of rib
fractures was 5 (3, 8) and pneumothorax was identified in 128 (56%) patients.

The median size of hemothorax was 1.4 cm (0.9, 2.4). As shown in Figure 2, using
logistic regression, we plotted the chest tube insertion versus the measured size in the
predicted probability graph. All patients with hemothoraces measuring above 3 cm
underwent tube thoracostomy. We found that the probability of receiving a chest tube
was more than 50% when the hemothorax measured more than 2.05 cm.

Logistic regression with stepwise selection was used to identify variables associated
with odds of receiving a chest tube for hemothoraces < 2 cm. As table 2 summarizes,
ISS and associated pneumothorax were associated with significantly higher odds of
tube thoracostomy (P = 0.004 and P < 0.0001, respectively). In the 2-3 cm hemothorax
range, between 14 patients who underwent tube thoracostomy, pneumothorax was
not identified in two (14%). In the same hemothorax range, 15 patients did not receive
a chest tube with pneumothorax absent in six (40%). In the remaining 9 patients
(60%), pneumothoraces were radiographically identified as compromising less than
5% of the volume of the ipsilateral hemothorax.

DISCUSSION

We have reported the first study investigating the likelihood of tube thoracostomy
based on the measurement of hemothoraces in chest CT scans of blunt chest trauma
patients. We found that tube thoracostomy was performed in all patients with
hemothoraces measuring more than 3 cm. We also found that the chance of tube
thoracostomy was above 50% in patients with hemothoraces measuring above 2 cm;
with pneumothorax significantly influencing the decision making. Although a few
studies have investigated management of occult hemothorax and included the size in
their analyses!®”'"], they are primarily limited in founding their criteria on
extrapolations of chest radiography measurements!®’], which would highlight why
our study was necessary.

The first study directly investigating chest tube placement in management of occult
hemothorax was published in 2005 by Bilello et al®! As the investigators stated,
measurements and the 1.5 cm cutoff was set by extrapolation of pleural fluid
measurements in chest radiography. Nearly half of the hemothoraces in this study
were classified as moderate/large, which by definition, should have been identified in
chest radiography and not be included in the study. The following year, another
study was published by Stafford et al"! on the incidence and management of occult
hemothorax. In this study, the mean measurement of hemothorax in patients
receiving chest tubes was close to 2 cm. More recently, the prospective study by
Mahmood et al” in 2011 also reported 18% of the patients (the comparison group) to
have measurements above 1.5 cm.

This discrepancy might be stemming from difficulty of extrapolation of chest
radiography measurements into chest CT scan measurements. Some of the earlier
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Figure 1 Representative computed tomography scan images of patients with hemothorax. Left: Abdominal window computed tomography (CT) scan showing
a 2 cm right-side hemothorax in one patient; Right: Lung window CT scan showing a 6 cm right-side hemothorax in another patient.

chest X-ray measurements were based on lateral decubitus measurements rather than
decubitus images!"!l. In addition, chest X-ray fluid measurements propose a range of
volumes rather than an exact number!™. The need to have CT scan-based
recommendations is also stemming from clinicians” inclination towards chest CT scan
rather than relying on chest X-ray images. This inclination is scientifically supported
by a very recent study showing that up to 71% of patients with blunt chest injury have
some or all injuries identified only on chest CT scans!"?. This shows why there was a
need for a study based on CT scan measurements alone.

Based on aforementioned literature, the term “occult hemothorax” might not be a
clinically applicable name as almost all patients with blunt chest trauma would
undergo chest CT scan, which is capable of picking smallest effusions. Hence, the
term “small hemothorax” would better delineate the clinical picture as “overt
hemothorax” (i.e., large hemothoraces that are identified readily with FAST or chest
X-ray) is the only practically true clinical entity that would undergo tube
thoracostomy before chest CT imaging.

Our studied population is rather comparable to previously studied patients. In the
Bilello et al' study, 78 patients with an average ISS close to 25 were included. Less
than 40% of patients required tube thoracostomy!l. The study of Stafford et all""!
included 88 patients with an average ISS of 20. Chest tubes were required in 48% of
patients!"’l. Lastly, the prospective study by Mahmood et al"” included 81 patients with
an average ISS of 18. Tube thoracostomy was required in only 17% of patients, which
is probably reflecting the better job of a prospective study to include patients with
smaller hemothoraces. Our study is thus far the largest study that includes 274
hemothoraces from 228 patients.

This study was limited by the operator-based measurements of hemothoraces.
Availability or design of a computerized program to measure hemothorax would
potentially eliminate this bias. Another limitation was stemming from the
radiographic appearance of hemothorax, which does not always form a complete
crescentic shape in trauma. Therefore, it is not always easy to define the deepest
lamellar fluid stripe. A program that can measure the volume of the hemothorax
rather than one single measurement of the thickness would overcome this limitation.
Volumetric measurements have been used in other areas of medicine and would be a
reachable goal in hemothorax studies!"*'“l. Finally, our study was limited by the
absence of tube thoracostomy criteria in small hemothoraces. Although the study was
performed in a level I trauma center with well-trained trauma surgeons, the final
decision of tube thoracostomy was made by the clinical judgement of the trauma
surgeon. By expanding the study period over 5 years and including all patients, we
tried to partially overcome this limitation. A prospective study including multiple
centers with defined criteria for tube thoracostomy would overcome several of the
limitations and would be a promising next-step to our current study.

In conclusion, based on chest CT scan measurements, patients with hemothoraces
measuring above 3 cm required tube thoracostomy. Hemothoraces greater than 2 cm
had more than 50% chance of receiving a chest tube. Further prospective studies are
required to validate the cutoff and to investigate associations with outcomes.
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Table 1 Demographic data

Variable n (%)
Age (yr), (mean + SD) 60.8 £19.5
Gender

Female 78 (34)
Male 150 (66)
Mechanism of injury

Fall 93 (41)
MCC 25 (11)
MVC 86 (38)
Other 21 (9)
Pedestrian struck 3(1)
ISS (mean + SD) 20+11
GCs

Severe 25 (11)
Moderate 6(3)
Mild 197 (86)
Associated pneumothorax 128 (56)
Number of rib fractures, median (IQR) 5(3,8)
Pulmonary contusion 112 (49)
Aortic injuries 7 (3)
Size (cm) , median (IQR) 1.4(0.9,24)

MCC: Motor cycle crash; MVC: Motor vehicle crash; ISS: Injury severity score; GCS: Glasgow coma scale; SD: Standard deviation; IQR: Interquartile range.

1.00

Probability of chest tube
o
3
T
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Figure 2 Predicted probability for tube thoracostomy. The x-axis is the size of hemothorax and the y-axis is the probability of chest tube placement, which is
either zero (no chest tubes) or one (chest tube placed). Each black dot represents a patient with a corresponding hemothorax size.

ARTICLE HIGHLIGHTS

Research background
No definite recommendation exists on the size of hemothoraces that require drainage using tube
thoracostomy.

Research motivation
Hemothoraces are prevalent findings in trauma patients, yet, no standard-of-care exists that
identifies need for chest tube placement based on the size of the hemothorax.

Research objectives
Identifying the cut-off size for a hemothorax based on computed tomography findings that
would warrant placement of a chest tube.

Research methods
Retrospective study of a trauma center database

Research results
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Patients with hemothorax size over 3 cm received chest tube. In patients with smaller
hemothoraces, presence of other findings such as pneumothorax warrants placement of chest
tube.

Research conclusions
Tube thoracostomy should be performed in any trauma patient with a hemothorax size of
greater than 3 cm.

Research perspectives

Findings are immediately applicable to the practice of trauma surgery at our center. It would
also be beneficial for other subspecialties including emergency medicine, radiology and
pulmonary medicine.
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