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Abstract

The coronavirus disease-19 (COVID-19) pandemic has been a wake-up call in
which has forced us to react worldwide. Health policies and practices have
attracted particular attention in terms of human and financial cost. Before COVID-
19, chronic kidney disease was already considered a risk multiplier in patients
with diabetes and hypertension, the two now being the major risk factors for
COVID-19 infection and adverse outcome. In contrast to the urgent need for
action, the nephrology field is considered to be in a state of stagnation regarding
the management of chronic kidney disease patients who still experience
unacceptably high morbidity and mortality. Ironically and paradoxically in a field
lacking robust clinical trials, clinical practice is driven by guidelines-based
medicine on weak evidence. The Emperor’s syndrome, referring to Hans
Christian Andersen’s fairy tale, has been described in medicine as voluntary
blindness to an obvious truth, being a weak evidence-based therapeutic
intervention or weak health care. A promising positive example of improving
heart and kidney outcomes is the emerging treatment with sodium-glucose
cotransporter 2 inhibitors. COVID-19 could boost actions for patient-centered care
as a positive shift in nephrology care.

Key Words: Emperor’s syndrome; Chronic kidney disease; Guidelines-based medicine;
Patient-centered care; COVID-19; Evidence-based medicine
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Core Tip: In chronic kidney disease mortality is still unacceptably high. Despite many
“whistle-blowers” of a “naked” Emperor (healthcare, polypharmacy without robust
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evidence), the change in clinical practice is slow. Examples are the absence of patient
participation in the decision-making process, the low percentage of peritoneal dialysis
in Europe and the United States, and the lack of algorithm-based therapeutic
interventions. Sodium-glucose cotransporter 2 inhibitors are a positive example of
evidence-based multitask treatment. The coronavirus disease-19 pandemic is a good
time for reflection and action regarding a shift to patient-centered care in nephrology.

Citation: Bacharaki D, Diamandopoulos A. Emperor’s syndrome in the COVID-19 era: Time
for patient-centered nephrology? World J Nephrol 2021; 10(1): 1-7

URL: https://www.wjgnet.com/2220-6124/full/v10/il/1.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i1.1

INTRODUCTION

The last decades have witnessed the rise of two major health problems, the “non-
communicable diseases” (namely cardiovascular disease, cancer, chronic respiratory
disease and diabetes)!, and global pandemics, the most recent being coronavirus
disease-19 (COVID-19)P. Chronic kidney disease (CKD) although not listed in the
above, is a risk multiplier for cardiovascular morbidity and mortality” and is thus
emerging as a global cause of death!”. Only recently a promising therapeutic treatment
in CKD management has emerged due to the beneficial effects of sodium-glucose
cotransporter 2 inhibitors on heart and kidney outcomes!*.

Apart from this foreseen emerging treatment, the field of nephrology regarding
CKD management suffers from stagnation, due mainly to a lack of robust clinical trials
for clinically meaningful endpoints, or lack of positive results’”. There are also factors
inherent to CKD, such as the high percentage of older patients with many
comorbidities who are excluded from randomized controlled trials!], and the complex
pathophysiology of the interaction of heart kidney adverse outcomes!. Traditional
cardiovascular risk factors (arterial hypertension, diabetes mellitus, and dyslipidemia)
cannot explain the increased morbidity and mortality, so other factors related to CKD
per se are considered to be implicated, such as oxidative stress, uremia, and
inflammation, marking CKD as a prototype disease of premature ageing!l. A major
contributor to mortality is also considered to be mineral and bone abnormalities that
accompany CKD, leading to accelerated atherosclerosis, vascular and heart valve
calcification, collectively described as CKD-mineral and bone disorder!.

THE PROBLEM

Ironically and paradoxically, in this complex field of CKD which lacks robust
evidence, the contemporary nephrologist is called to manage CKD patients, who are at
very high risk of cardiovascular morbidity and mortality, especially in those with end-
stage renal disease, with guidelines-based medicine produced from weak evidence!.
Furthermore, during the decision-making process the patient is not in the center of this
process, but is a passive recipient!'’l.

This also holds true for the choice of renal replacement treatment (hemodialysis or
peritoneal dialysis) which is guided in major part by the healthcare policy"". The
COVID-19 pandemic is like a hurricane that besides devastation provides the dynamic
for changes in many fields, political and medical™"*?. In this context, it has provided a
wake-up call in relation to peritoneal dialysis (PD), being as high as 85% in Hong
Kong with a PD-first policy, and < 15% in the rest of the world. PD offers an “at home”
therapy which diminishes the risk of contamination compared to hemodialysis in
specialized hemodialysis centers, but at the same time poses less financial burden and
offers time flexibility in patients” lives!''.

This situation of voluntary blindness to an obvious truth in the medical field,
already described as “The Emperor's clothes syndrome”" refers to the homonymous
fairy tale by Hans Christian Andersen, where the Emperor (healthcare) is naked yet
nobody dares to cry it out.

Actually there have been voices that “cried out” but they are muted in clinical
practice. In the present article we highlight different aspects that contribute to the
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observed “Emperor’s syndrome” in the clinical management of CKD patients and
suggest a paradigm shift toward patient-centered care. We perceive patient
management from 3 perspectives, the historical perception of the triangle “disease,
therapist, patient”, the medical view and the patient’s view.

HISTORICAL PERCEPTION

Looking back at the timeline of the history of medicinel'), the perception of the
“disease, therapist and treatment” has changed drastically from a “patient-centered”
view to “evidence-based” medicine. The turning point was the “Germ theory of
disease” in the 19" century, which changed the perception of disease from a “holistic
view” as an “imbalance” inside the organism to a “specific cause for a specific
disease”. Together with this change of view, the treatment approach shifted from a
“holistic” view that aimed to “restore” the balance to a narrow approach that targeted
the specific cause of the disease. The patient’s role diminished from an active
contributor, through personal beliefs, adaptation and lifestyle choices, to a mere
passive recipient of the treatment. He is no longer “unique”, but a “number” in a trial,
observational or randomized, which will provide the necessary information to form
“guidelines” for the disease!"”.

But are these “Guidelines” at least a solid ground on which to rely upon safely for
patient management in the form of Evidence-Based Medicine (EBM)? EBM should
integrate the best available evidence from the doctor’s experience and the patient’s
point of view. This ideal definition of EBM, as introduced by Professor Sackett et al'},
was at the heart of medical practice by Hippocrates (460-370BC), the Greek Father of
Medicine!'”. He instructed doctors to analyze pre-existing data, communicate with the
patient and adapt treatment to the individual patient, who is considered unique and
called to participate actively in the treatment through changes in lifestyle patterns('’..

The clothes of the “naked Emperor” (our healthcare) is what we consider nowadays
EBM since it has been degraded to “Guidelines-based Medicine”!". Furthermore,
Professor loannidis emphasized the fact that EBM has been hijacked!” in our modern
times, since medicine, healthcare, science denialism and quacks provides a complex
interplay that leads people astray in their life choices, including health.

It seems that history has made circles in this perception. “Authority” based
Medicine of the Past, under the leadership of Hippocrates, Galen and Aristotle, has
been replaced by “Guidelines” of contemporary EBM. The homology is that as
contemporary “Guidelines” are followed blindly, Galen’s and Aristotle’s statements
were not contradicted by their successors, given their prestige and “authority”, even
though, ironically, both actively encouraged experimentation and the questioning of
established theory™.

MEDICAL POINT OF VIEW VS PATIENTS’ VIEW

At present, the patient is regarded as a conglomeration of different diseases-each
demanding a specific treatment, governed by “guidelines” from expert committees. In
nephrology, this task is covered by the Kidney Disease Improving Global Outcomes
(KDIGO) initiative”. These guidelines have 2 grades of “strength of
recommendation”, 1 for “strong” and 2 for “weak” (equals suggestion). Each of them
is accompanied by a letter (A, B, C, D) corresponding to a level of “Quality of
Evidence”, respectively “High”, “Moderate”, "Low” and “Very Low”. Therefore, there
are 8 options for each guideline, plus “statements that are not graded” as expert
opinion.

PRESENT EXAMPLES OF GUIDELINE-DRIVEN CLINICAL PRACTICE

Hyperphosphatemia: A frequent occurrence in advanced CKD, carrying the fear of
accompanying phosphate (Ph) cardiovascular toxicity. The KDIGO 2017 update
suggests lowering Ph levels to the normal range (2C)".. This can be achieved with Ph
binders, drugs that modify Ph migration from bone via parathyroid hormone control,
diet and dialysis modification. Despite the “suggestion” and the accompanying “low
quality of evidence (C)” for the use of Ph binders in the CKD population, in the real
world the corresponding pill burden (average number 19) represents a major burden
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for patients in their daily life” and a burden for the healthcare system in terms of
financial cost!”. Even more frustrating is the fact that there is no definitive proof that
“correction” of hyperphosphatemia translates into improved outcomes, such as
cardiovascular and all-cause mortality®l.

Furthermore, the current practice management is not guided by an algorithm based
(for example) on the calcification propensity of the individual patient, although the
large cross-sectional calcification outcome in renal disease (CORD) study (933 patients
from 47 centers in 6 European countries) showed that “Abdominal Aortic Calcification,
detected by lateral lumbar radiograph, is associated with several risk factors of
uraemic calcification” and thus “could form part of a cardiovascular risk
stratification”™”). Of note, in the CORD study “19% of patients had no visible
calcification in their abdominal aorta, even though some of them were > 80 years of
age”. Despite the implication that “the ‘non-calcified” patients have some typical
biochemical and/or genetic features that protect them from calcification” and the
strong prognostication role of abdominal aortic calcification as a simple clinical tool for
mortality™), there is actually scientific paucity regarding in-depth investigation of the
pathophysiology and clinical management of the “non-calcifiers”. The
non-stratification of the calcification propensity could also potentially annulate
therapeutic strategies, for example manipulation of serum magnesium, or
pharmaceutical parathyroidectomy by cinacalcet, as in the EVOLVE trial*.

Dyslipidemia: A very significant and modifiable factor for cardiovascular morbidity
and mortality in the general population with high prevalence in the CKD population,
dyslipidemia is characterized by high triglycerides, low high-density lipoprotein-
cholesterol and altered lipoprotein composition™. In the general population, the main
culprit is considered to be low-density lipoprotein-cholesterol which is targeted with
distinct drug classes (statins, ezetimibe, and proprotein convertase subtilisin/kexin
type 9 inhibitors) alone or in combination, to ever decreasing lower levels!". Although
there are some sceptics regarding the use of statins in the general population,
suggesting that these drugs stimulate atherosclerosis and heart failure™, in end-stage
renal disease the question becomes even harder “Should Statins Be Banned from
Dialysis?”. This controversy derives from the fact that the apparent benefit in
cardiovascular risk of statins in the general population diminishes as renal function
declines and is almost null in maintenance dialysis patients. This led to the KDIGO
2013 suggestion that statins should not be stopped in dialysis patients if already
prescribed (2c), but should not be initiated either (2a)f*1.

In real world practice, nephrologists still widely prescribe statins in dialysis
patients, which are considered safe and effective drugs®™, even though a recent
observational study suggested that statins may promote vascular calcification in CKD
patients™.

On the other hand, much cheaper, pharmaceutical or not, ways of reducing
cardiovascular risk are not promoted. For example, as shown by our group and others,
the manipulation of serum and dialysate magnesium (Mg). Serum Mg, driven in part
by dialysate Mg, is inversely associated with vascular calcification™!, and cardiac
hypertrophy!l. Mortality has been shown to be correlated both with serum!™ and
dialysate Mg *l. Another neglected tool is the Mediterranean diet, a magic poly-
weapon against all traditional and non-traditional CV risk factors!*!. Although the
Mediterranean diet is associated with beneficial surrogate goals (Ph load, oxidative
stress, inflammation, metabolic acidosis, blood pressure control, lipid control), cardiac
parameterst*? and possibly even mortality!*’), it is not a goal strongly implemented in
clinical practice.

Are patients aware of the statistics and do they take part in the decision-making
process? What would their preference be between implementing a Mediterranean type
diet, and using multiple drugs for blood pressure, Ph load and lipid control?

Considering hyperphosphatemia and dyslipidemia management as described
above, the “naked Emperor” is in front of us in clinical practice when a patient is
characterized as “non-compliant” and the prescribed treatment is of low evidence in
terms of EBM. Furthermore, there is extensive literature on the notion of patient non-
adherence, or non-compliance; these two notions are used in the same context in the
bibliography, but today the first is preferred as the second implies doctor’s authority.
That is because the literature testifies to a shift in the healthcare perspective from
“every patient is a potential defaulter” towards not “labelling” patients as adherent or
not and acknowledging patients’ self-knowledgel*!.

A good strategy for “hyperphosphatemia” and “dyslipidemia” management could
be to reconcile evidence-based inputs (ideally from robust stratified studies) to patient-
centered decisions. Given that CKD patients have multiple co- morbidities and
considering the patient as the sum of distinct clinical entities, by targeting each of them
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with a guidelines-based approach, do we treat the diseases or the patient!”!? At the end
of the day is personalized medicine just good medicinel*I?

If patient management is already confusing in the field of nephrology for the
reasons stated above along with the difficulties in conducting clinical trials"?, it
becomes even more so considering the scepticism around the experimentation from
which guidelines are drawn. Professor Ioannidis in the provocative article “Why Most
Published Research Findings Are False”[*] urges us as doctors to be cautious in the
interpretation of the published literature. Furthermore, there is an ongoing debate
regarding the acceptance of the P statistical value taken as the “bible” for clinical
decisions or be more sceptic about it!*l.

CONCLUSION

In a field lacking robust clinical trials, such as CKD, nephrologists are called to manage
these high-risk CKD patients with low evidence guidelines-driven medicine and at the
same time they do not usually include patients in the decision-making process. The
Emperor (healthcare) is naked and although there have been voices that cry out,
maybe the hurricane of COVID-19 could serve as a wake-up call for many aspects of
the social, political and medical fields.
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Abstract

BACKGROUND
Low-molecular-weight dextran (LMWD) is considered a safe alternative to

contrast media for blood displacement during optical coherence tomography
(OCT) imaging.

AIM
To investigate whether the use of LMWD for OCT is protective against kidney
injury in patients with advanced renal insufficiency.

METHODS

In this retrospective cohort study, we identified 421 patients with advanced renal
insufficiency (estimated glomerular filtration rate < 45 mL/min/1.73 m? who
underwent coronary angiography or percutaneous coronary intervention; 79
patients who used additional LMWD for OCT imaging (LMWD group) and 342
patients who used contrast medium exclusively (control group). We evaluated the
differences between these two groups and performed a propensity score-matched
subgroup comparison.
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RESULTS

The median total volume of contrast medium was 133.0 mL in the control group
vs 140.0 mL in the LMWD group. Although baseline renal function was not
statistically different between these two groups, the LMWD group demonstrated
a strong trend toward the progression of renal insufficiency as indicated by the
greater change in serum creatinine level during the 1-year follow-up compared
with the control group. Patients in the LMWD group experienced worsening renal
function more frequently than patients in the control group. Propensity score
matching adjusted for total contrast media volume consistently indicated a trend
toward worsening renal function in the LMWD group at the 1-year follow-up.
Delta serum creatinine at 1-year follow-up was significantly greater in the LMWD
group than that in the control group [0.06 (-0.06, 0.29) vs -0.04 (-0.23, 0.08) mg/dL,
P =0.001], despite using similar contrast volume.

CONCLUSION
OCT using LMWD may not be protective against worsening renal function in
patients with advanced renal insufficiency.

Key Words: Coronary artery disease; Kidney injury; Contrast media; Dextran; Optical
coherence tomography; Renal insufficiency

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Low-molecular-weight dextran (LMWD) is considered a safe alternative to
contrast during optical coherence tomography (OCT) imaging. We evaluated
differences between patients who used additional LMWD for OCT (LMWD group)
and those who used contrast exclusively (control group) and performed a propensity
score-matched subgroup comparison. The LMWD group demonstrated a strong trend
toward the progression of renal insufficiency during the 1-year follow-up. Propensity
score-matched analysis indicated a trend toward worsening renal function in the
LMWD group at the 1-year follow-up. Additional use of LMWD for OCT may not be
protective against worsening renal function in patients with advanced renal
insufficiency.

Citation: Misawa T, Sugiyama T, Kanaji Y, Hoshino M, Yamaguchi M, Hada M, Nagamine T,
Nogami K, Yasui Y, Usui E, Lee T, Yonetsu T, Sasano T, Kakuta T. Low-molecular-weight
dextran for optical coherence tomography may not be protective against kidney injury in
patients with renal insufficiency. World J Nephrol 2021; 10(2): 8-20

URL: https://www.wjgnet.com/2220-6124/full/v10/i2/8.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i2.8

INTRODUCTION

The presence of renal insufficiency has been reported to be associated with the
increased risk of cardiovascular events!l. Contrast-induced acute kidney injury (AKI)
is a contributing factor to poor outcomes after angiographic procedures™. The
incidence of contrast-induced AKI increases sharply as renal function decreases!”.
Some patients may even experience a prolonged decrease in renal function late after
the index procedurel’. Moreover, the presence of prolonged renal insufficiency in the
long-term was associated with the increased risk of cardiovascular events'’. Renal
insufficiency and the total contrast volume are widely known as risk factors for
contrast-induced AKI". Thus, reducing total contrast volume during coronary
angiography and/or percutaneous coronary intervention (PCI) is an important
priority to prevent contrast-induced worsening renal function, particularly in patients
with advanced renal dysfunction.

Recently, intracoronary optical coherence tomography (OCT) has been widely used
to assess coronary plaque characteristics and optimize PCI in patients with coronary
artery diseasel*). OCT imaging requires blood displacement from the vessel lumen,
and contrast media is the standard flushing agent, although the potential risk of
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contrast-induced AKI exists*’l. Previous studies have demonstrated the feasibility of
low-molecular-weight dextran (LMWD) as a safe alternative to contrast media for
blood displacement during OCT imaging. Previous studies reported that OCT using
LMWD might decrease the required total amount of contrast without losing image
quality®. On the other hand, LMWD-induced AKI has been repeatedly
reported!”"”l. Therefore, the protective role of LMWD against kidney injury remains
uncertain in patients with advanced renal insufficiency, particularly regarding the
long-term influence.

In the present study, we sought to investigate whether the additional use of LMWD
for OCT imaging is protective against kidney injury in patients with advanced renal
insufficiency undergoing coronary angiography and/or PCI by using propensity
score-matched subgroup analysis during 1-year follow-up.

MATERIALS AND METHODS
Study population

This study was performed in compliance with our institutional ethics committee
guidelines, and the study received its approval. All patients provided written
informed consent before invasive coronary angiography or PCI for future data
utilization.

In this retrospective cohort study, we identified 700 patients with advanced renal
insufficiency [estimated glomerular filtration rate (eGFR) < 45 mL/min/1.73 m?] who
underwent diagnostic coronary angiography or PCI between March 2016 and June
2019 at Tsuchiura Kyodo General Hospital. The study period was chosen because,
after March 2016, the total volume of injected flushing agents, including contrast
medium and LMWD, was accurately documented by the use of an automated power
injector. The final decision to perform an OCT examination by LMWD was at the
operator’s discretion. Patients receiving maintenance dialysis were excluded from the
analysis. Patients with insufficient data regarding the use of contrast/ LMWD or
follow-up renal function were also excluded from the analysis. Thus, the final analysis
included 421 patients with advanced renal insufficiency, including 342 patients with
contrast medium exclusively (control group) and 79 patients receiving additional
LMWD for OCT imaging (LMWD group) (Figure 1). We compared patients’ clinical
characteristics and the factors associated with renal function between these two groups
using propensity score-matched subgroup analysis. All patient data and procedural
details were obtained from patients” medical records.

Coronary angiography and PCI

Each patient underwent diagnostic coronary angiography via the radial artery with a
5-French system, and PCI with a 6-French or 7-French system. A low-osmolarity
contrast medium (iopamidol; Fuji Pharma Co., Ltd., Tokyo, Japan) was injected using
an automated power injector (ACIST CVi; ACIST Medical Systems Inc., Eden Prairie,
MN, United States) at a rate of approximately 3.0-4.0 mL/s. All patients undergoing
PCI were treated by coronary drug-eluting stent implantation. To determine the
appropriate stent size and obtain optimal stent expansion, we used online quantitative
coronary angiography and intracoronary imaging, including OCT and intravascular
ultrasound findings. The type of stent was chosen at the operator’s discretion, and the
interventionist determined the PCI strategy.

OCT image acquisition

OCT images were acquired using frequency-domain OCT systems: Abbott OCT
(ILUMIEN OPTIS; Abbott Vascular, Santa Clara, CA, United States) or Terumo optical
frequency-domain imaging system (Lunawave; Terumo Corporation, Tokyo, Japan).
The technique of OCT image acquisition has been described elsewhere!”. OCT imaging
pullbacks were performed automatically by the dedicated devices while injecting the
flushing agent, which was either contrast medium or LMWD-40 (Otsuka Pharma-
ceutical Factory, Inc., Tokushima, Japan), at a flow rate of 3.0-4.5 mL/s via the guiding
catheter using an automated power injector. Pullback speed was 18 mm/s with the
Abbott OCT system and 20 mm/s with the Terumo optical frequency-domain imaging
system.

Renal function assessment
Laboratory data were sampled before coronary angiography and/or PCI at the
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n=700

Patients with advanced renal insufficiency (eGFR < 45 mL/min/1.73 m2)
who underwent CAG or PCL
were identified in our institution between March 2016 and June 2019

n=169 Hemodialysis
n=280 Insufficient data of follow-up renal function
n=30 Insufficient data of contrast or LMWD volume

n=421

Patients with advanced renal insufficiency (eGFR < 45 mL/min/1.73 m2)

CAG or PCI without LMWD
(Control group)
n=342

[

l

CAG or PCI with LMWD
(LMWD group)
n=79

Propensity-score matching

Age, Gender, eGFR at baseline, Procedure (CAG/PCI), total contrast volume

[

CAG or PCI without LMWD
(Control group)
n=175

CAG or PCI with LMWD
(LMWD group)
n=75

Figure 1 The patient population in this study. CAG: Coronary angiography; eGFR: Estimated glomerular filtration rate; LMWD: Low-molecular-weight
dextran; OCT: Optical coherence tomography; PCI: Percutaneous coronary intervention.
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protocol-specified timing for evaluating renal function. Morning fasting blood samples
on the day of the procedure were obtained in patients undergoing elective procedures.
In patients with acute coronary syndrome (ACS) and those undergoing urgent
procedures, blood samples were obtained at admission. We calculated eGFR using the
equation modified for Japanese patients: eGFR (mL/min/1.73 m?) = 194 x (serum
creatinine)™ % x (age)??” x 0.739 (for women)""l. Advanced renal insufficiency was
defined as eGFR <45 mL/min/1.73 m"7,

Contrast-induced AKI was defined as a > 0.3 mg/dL increase in serum creatinine
level from baseline within 5 d after the procedure!”l. Worsening renal function in the
long-term was defined as a > 0.3 mg/dL increase in serum creatinine level from
baseline to the 1-year follow-up!"”l. We evaluated the incidence of contrast-induced
AKI and worsening renal function, and serial changes in serum creatinine level within
5d, and at 1 mo and 1-year post-procedure. We defined delta creatinine (ACre) as the
difference between post- and pre-procedural serum creatinine levels. Risks for
contrast-induced renal dysfunction were stratified by the Mehran risk score.

Hydration protocol

Our institutional standard protocol for hydration was applied in all patients
undergoing elective procedures and in selected patients with ACS. Intravenous
normal saline (1.5 mL/kg/h) was administrated for at least 3 h before contrast
exposure after blood sampling for baseline renal function, and was continued for at
least 12 h after the procedure. After the literature review, this protocol was approved
by the institutional ethics committee on the condition of close clinical monitoring for
signs of intolerance in patients with heart failure®l.

Statistical analysis

The statistical analysis was performed using R version 3.6.2 (The R Project for
Statistical Computing, Vienna, Austria). Categorical data are expressed as absolute
frequencies and percentages and were compared using the y*test or Fisher’s exact test,
as appropriate. Continuous variables are expressed as mean * SD for normally
distributed variables and median (25"-75" percentile) for non-normally distributed
variables. Analyses were performed with the Mann-Whitney U test for non-normally
distributed variables. Changes in serum creatinine (baseline, 5 d, 1 mo, and 1-year
post-procedure) were evaluated using one-way repeated measures analysis of
variance.

To reduce the effect of bias regarding exposure to LMWD in this observational
study, we adjusted for significant differences in patients” baseline characteristics
between the control and LMWD groups using propensity score-matched subgroup
analysis. We applied propensity score-matched subgroup analysis, adjusted for age,
sex, indication (coronary angiography or PCI), baseline eGFR level, and total contrast
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volume. The propensity score-matched subgroup analysis adjusted for these
confounders was performed with a 1:1 algorithm using nearest-neighbor matching
with a caliper width of + 0.10 and no replacement. The effect of the additional use of
LMWD on renal function was assessed between these propensity score-matched
subgroups. The relationship between worsening renal function (dependent variable),
flushing agent, and other potential confounders was evaluated using multivariate
logistic regression analysis (stepwise forward method) to assess whether LMWD use
remained associated with worsening renal function. The associated variables in the
univariate analyses (P < 0.10) were entered into the propensity score-matched models.
We used the Hosmer-Lemeshow test to establish the goodness-of-fit of the model, and
P > 0.05 indicated that the model provided a valid representation. Receiver operating
characteristic (ROC) curves were analyzed to determine the optimal cut-off values for
the confounding variables to predict worsening renal function. A two-sided P < 0.05
was considered statistically significant.

RESULTS

Patients’ baseline characteristics

The final analysis included 342 patients in the control group and 79 patients in the
LMWD group (Figure 1). Patients’ characteristics in these two groups are shown in
Table 1. The baseline eGFR level and the distribution of GFR categories were not
different between the two groups. A median volume of 133.0 mL of contrast medium
was used in the control group. In the LMWD group, a median LMWD volume of 67.6
mL for OCT imaging plus 140.0 mL of contrast medium was used. No anaphylactic
reactions occurred. Hemodialysis was required in one patient in the control group
during the 1-year follow-up.

Renal function post-procedure in the entire study cohort

The LMWD group demonstrated a strong trend toward the progression of renal
insufficiency as indicated by the greater change in serum creatinine levels during the
1-year follow-up compared with the control group (Table 1, Figure 2A). Contrast-
induced AKI occurred in 9 patients (11.4%) in the LMWD group and 42 patients
(12.3%) in the control group (P = 1.000). However, patients in the LMWD group
experienced worsening renal function more frequently than patients in the control
group (Table 1).

Propensity score-matched comparisons

A propensity score-matched cohort adjusted for age, sex, indication (coronary
angiography or PCI), baseline eGFR level, and total contrast volume yielded 150 (75
patients each in the control and LMWD groups) well-matched patients regarding
potential confounding baseline variables for the clinical and procedural characteristics.
A comparison of renal function after the procedure between the control and LMWD
groups in the propensity score-matched cohort is shown in Table 2. The baseline eGFR
level and the distribution of GFR categories were not different between the two
groups. Moreover, no patients had GFR category 5 in the matched cohort. The
incidence of contrast-induced AKI was not significantly different between the two
groups. In contrast, the LMWD group demonstrated a strong trend toward the
progression of renal insufficiency as indicated by the greater change in serum
creatinine level during the 1-year follow-up compared with the control group (Table 2,
Figure 2B). Although the prevalence of worsening renal function was not statistically
different (25.3% vs 12.0%, P = 0.059), ACre at 1-year follow-up was significantly greater
in the LMWD group than that in the Control group [0.06 (-0.06, 0.29) vs -0.04 (-0.23,
0.08) mg/dL, P = 0.001], despite using similar contrast volume. ROC curve analyses
demonstrated that the optimal cut-off values for LMWD volume and baseline eGFR
level to predict worsening renal function were 52.0 mL for LMWD volume [area under
the curve (AUC): 0.614; 95% confidence interval (CI), 0.504-0.724] and 38.4
mL/min/1.73 m?for baseline eGFR level (AUC: 0.654; 95%CI: 0.555-0.753).
Multivariable logistic regression analysis revealed that the factors independently
associated with worsening renal function were greater LMWD volume (= 52.0 mL)
[odds ratio (OR): 2.83, P = 0.019] and lower baseline eGFR level (< 38.4 mL/min/1.73
m?) (OR: 4.27, P = 0.004) (Table 3). The Hosmer-Lemeshow test provided a P value of
0.993 in the matched cohort, which indicated a proper goodness-of-fit for this model.
Moreover, greater LMWD volume particularly identified patients with a high risk for
worsening renal function in worse baseline renal function (Figure 3).
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Total (n = 421) Control (n = 342) LMWD (n = 79) P value

Sex

Male 281 (66.7) 219 (64.0) 62 (78.5) 0.017

Female 140 (33.3) 123 (36.0) 17 (21.5)
Age, yr 75.0 [69.0, 80.0] 76.0 [69.0, 80.0] 74.0 [68.0, 79.0] 0.178
Body mass index, kg/m? 24.0[21.1,26.2] 23.9[21.1, 26.0] 24.4[21.3, 26.6] 0.273
Procedure

Coronary angiography 279 (66.3) 238 (69.6) 41 (51.9) 0.004

PCI 142 (33.7) 104 (30.4) 38 (48.1)
Diagnosis

Stable CAD 350 (83.1) 288 (84.2) 62 (78.5) 0.243

Acute coronary syndrome 71 (16.9) 54 (15.8) 17 (21.5)
Prior myocardial infarction 155 (36.8) 106 (31.0) 49 (62.0) <0.001
Prior PCI 209 (49.6) 148 (43.3) 61 (77.2) <0.001
Prior CABG 22 (5.2) 20 (5.8) 2(2.5) 0.397
Hypertension 266 (63.2) 210 (61.4) 56 (70.9) 0.122
Dyslipidemia 178 (42.3) 140 (40.9) 38 (48.1) 0.257
Diabetes mellitus 218 (51.8) 172 (50.3) 46 (58.2) 0.214
Stroke 21 (5.0) 20 (5.8) 1(1.3) 0.147
Current smoking 56 (13.3) 35 (10.2) 21 (26.6) <0.001
Serum creatinine, mg/dL 1.33 [1.22,1.56] 1.33 [1.20, 1.52] 1.36 [1.27,1.62] 0.057
eGFR, mL/min/1.73 m? 38.4[32.9,42.3] 38.5[32.6, 42.4] 36.9 [33.1, 41.8] 0.368
GEFR category

3b (30 < eGFR < 45) 352 (83.6) 284 (83.0) 68 (86.1) 0.783

4 (15 < eGFR < 30) 64 (15.2) 54 (15.8) 10 (12.6)

5 (eGFR < 15) 5(1.2) 4(1.2) 1(1.3)
Hemoglobin Alc, % 6.3[5.8,6.9] 6.3[5.7,7.0] 6.4[6.0,6.9] 0.109
Low-density lipoprotein cholesterol, 86 [71,107] 87 [72,108] 82 [70,103] 0.301
mg/dL
Hemoglobin, g/dL 11.8[10.5, 13.4] 11.8 [10.5, 13.4] 12.1[10.9, 13.5] 0.375
C-reactive protein, mg/dL 0.14 [0.05, 0.42] 0.13 [0.05, 0.40] 0.15 [0.06, 0.53] 0.180
NT-proBNP, pg/mL 864.5 [279.8, 3471.3] 991.0 [288.3, 3700.0] 633.0 [177.3,1775.5] 0.099
LVEEF, % 57 [44, 66] 58 [44, 66] 52 [43, 63] 0.140
Mehran risk score 81[6,11] 81[6,11] 81(7,11] 0.710
Catheterization procedure

Total agent volume, mL 150.0 [103.0, 226.0] 133.0 [92.0,192.3] 207.0 [167.5, 271.8] <0.001

Total contrast volume, mL 135.0 [95.0, 193.0] 133.0[92.0,192.3] 140.0 [102.0, 195.0] 0.618

LMWD volume, mL 0.0 [0.0, 0.0] 0.0[0.0, 0.0] 67.6 [43.3, 86.0] <0.001

OCT 79 (40.6) 92 (26.9) 79 (100.0) <0.001
Renal function post-procedure

ACre within 5 d, mg/dL -0.01[-0.11, 0.13] 0.00 [-0.10, 0.14] -0.03 [-0.14, 0.12] 0.414

ACre at 1 mo, mg/dL -0.01[-0.15, 0.11] -0.01 [-0.16, 0.11] -0.01 [-0.13, 0.09] 0.686
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ACre at 1 yr, mg/dL
Acute kidney injury

Worsening renal function (ACre 2 0.3
mg/dL/1 yr)

0.01 [-0.13, 0.18] 0.00 [-0.14, 0.16] 0.07 [-0.04, 0.34] 0.004
51 (12.1) 42 (12.3) 9 (11.4) 1.000
80 (19.0) 58 (17.0) 22 (27.8) 0.039

Data are presented as 1 (%) or median (2575 percentile). CABG: Coronary artery bypass graft surgery; CAD: Coronary artery disease; ACre: Delta

creatinine; eGFR: Estimated glomerular filtration rate; LMWD: Low-molecular-weight dextran; LVEF: Left ventricular ejection fraction; NT-proBNP: N-

terminal pro B-type natriuretic peptide; OCT: Optical coherence tomography; PCI: Percutaneous coronary intervention.
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DISCUSSION

The main findings of the present study are: (1) The additional use of LMWD for OCT
was identified in 18.8% (79/421) of the study patients with advanced renal
insufficiency; (2) The LMWD group demonstrated a strong trend toward the
progression of renal insufficiency as indicated by the greater change in serum
creatinine level during the 1-year follow-up compared with the control group; (3)
After propensity score matching, the LMWD group demonstrated a significant trend
in the progression of renal insufficiency at the 1-year follow-up; and (4) Multivariable
logistic regression analysis revealed that greater LMWD volume and lower baseline
eGFR level were independently associated with worsening renal function in the
propensity score-matched cohort. To the best of our knowledge, this is the first study
to demonstrate that the additional use of LMWD for OCT imaging may not be
protective against worsening renal function in patients with advanced renal
insufficiency, particularly with respect to the long-term influence.

Impact of renal insufficiency for worse outcomes

Various studies have reported that renal insufficiency is independently associated
with cardiovascular events and mortality™*1. Notably, patients with eGFR < 45
mL/min/1.73 m>were associated with a 1.49-fold increase in the risk of cardiovascular
events compared with patients with eGFR > 75 mL/min/1.73 m? which resulted in a
substantial reduction in life expectancy for patients with eGFR <45 mL/min/1.73
m?»*l. Hypertension and diabetes mellitus are important causes of kidney
dysfunction, which increase the risk of cardiovascular events. One of the mechanisms
of cardiovascular complications in renal insufficiency involves endothelial
dysfunction. Bajaj et al”! reported that coronary microvascular dysfunction was
associated with impaired left ventricular mechanics and cardiovascular events in
patients with chronic kidney impairment.

Contrast and LMWD for OCT imaging

OCT enables clear visualization of culprit and non-culprit plaque morphologies®” and
PCI optimization®*]. LMWD is considered a safe alternative to contrast media for
blood displacement during OCT imaging. Moreover, a recent study demonstrated that
the changes in serum creatinine level just after the procedure did not differ between
the patients treated with OCT guidance and those with intravascular ultrasound
guidance, which included mainly normal and mild renal insufficiency®’l. However,
these previous studies enrolled a relatively small number of patients, and sample sizes
were too small to draw definitive recommendations for the safety of additional use of
LMWD for OCT in patients with advanced renal insufficiency. In contrast, our study
involved a much larger number of patients with advanced renal insufficiency
receiving LMWD additionally as a substitute flushing agent. In daily clinical practice,
the additional use of LMWD for OCT has been preferentially performed in patients
with advanced renal insufficiency to reduce the total contrast volume and prevent
contrast-induced AKI. However, the safety of LMWD over contrast medium against
kidney injury, particularly over the long-term, has not been fully studied. To our
knowledge, our study is the first report examining the possibility of LMWD-related
kidney injury when LMWD is used for OCT combined with contrast medium in
patients with advanced renal insufficiency during a 1-year follow-up.

LMWD and renal impairment

In the previous studies that reported the association between LMWD and AKI'*", the
total LMWD volume was much greater than that used for OCT because LMWD was
used mainly to correct hypovolemia as a substitute for plasma concentrate. In contrast,
in our study, the LMWD group showed a strong trend toward worsening renal
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Total (n = 150) Control (n = 75) LMWD (n = 75) P value

Sex

Male 119 (79.3) 61 (81.3) 58 (77.3) 0.687

Female 31 (20.7) 14 (18.7) 17 (22.7)
Age, yr 75.0 [67.5, 80.0] 75.0 [69.0, 80.0] 74.0 [67.0, 79.5] 0.643
Body mass index, kg/m? 23.7 [21.0, 25.9] 23.0[20.8, 25.4] 24.5[21.3,26.8] 0.030
Procedure

Coronary angiography 84 (56.0) 43 (57.3) 41 (54.7) 0.869

PCI 66 (44.0) 32 (42.7) 34 (45.3)
Diagnosis

Stable CAD 121 (80.7) 61 (81.3) 60 (80.0) 1.000

Acute coronary syndrome 29 (19.3) 14 (18.7) 15 (20.0)
Prior myocardial infarction 77 (51.3) 30 (40.0) 47 (62.7) 0.009
Prior PCI 93 (62.0) 34 (45.3) 59 (78.7) <0.001
Prior CABG 4(2.7) 2(2.7) 2(2.7) 1.000
Hypertension 98 (65.3) 45 (60.0) 53 (70.7) 0.230
Dyslipidemia 63 (42.0) 28 (37.3) 35 (46.7) 0.321
Diabetes mellitus 81 (54.0) 37 (49.3) 44 (58.7) 0.326
Stroke 5(3.3) 4 (5.3) 1(1.3) 0.367
Current smoking 29 (19.3) 9 (12.0) 20 (26.7) 0.037
Serum creatinine, mg/dL 1.36 [1.25, 1.63] 1.37[1.26,1.71] 1.35[1.25,1.61] 0.612
eGFR, mL/min/1.73 m? 37.6 [32.8,42.0] 38.0[31.0, 42.2] 37.0[33.2,41.8] 0.949
GEFR category

3b (30 < eGFR < 45) 125 (83.3) 59 (78.7) 66 (88.0) 0.189

4 (15 < eGFR < 30) 25 (16.7) 16 (21.3) 9 (12.0)

5 (eGFR < 15) 0(0.0) 0(0.0) 0(0.0)
Hemoglobin Alc, % 6.31[5.9,6.9] 6.1[5.7,6.9] 6.5[6.0,7.0] 0.058
Low-density lipoprotein cholesterol, 87 [70,108] 88 [72,114] 81 [70, 103] 0.155
mg/dL
Hemoglobin, g/dL 11.8 [10.5, 13.4] 11.5[10.3, 13.5] 12.1[10.9,13.3] 0.230
C-reactive protein, mg/dL 0.14 [0.05, 0.46] 0.12[0.05, 0.35] 0.15 [0.06, 0.53] 0.320
NT-proBNP, pg/mL 835.5 [244.8, 3265.3] 1560.0 [270.0, 4268.5] 632.0 [175.0, 1679.5] 0.076
LVEF, % 53 [43, 64] 56 [44, 64] 52 [43, 63] 0.697
Mehran risk score 81[7,11] 81(7,11] 81[7,11] 0.548
Catheterization procedure

Total agent volume, mL 174.1 [120.0, 244.8] 130.0 [88.0, 196.5] 209.7 [170.1, 271.8] <0.001

Total contrast volume, mL 138.0 [97.5, 200.0] 130.0 [88.0, 196.5] 142.0 [104.5, 200.0] 0.408

LMWD volume, mL 7.6 0.0, 68.2] 0.0 [0.0, 0.0] 68.5 [43.9, 86.0] <0.001

OCT 95 (63.3) 20 (26.7) 75 (100.0) <0.001
Renal function post-procedure

ACre within 5 d, mg/dL -0.03 [-0.15, 0.13] -0.04 [-0.15, 0.14] -0.03 [-0.14, 0.10] 0.848

ACre at 1 mo, mg/dL -0.03 [-0.17, 0.09] -0.06 [-0.23, 0.10] -0.02 [-0.14, 0.08] 0.276
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ACre at1yr, mg/dL 0.01 [-0.14, 0.19] -0.04 [-0.23, 0.08] 0.06 [-0.06, 0.29] 0.001
Acute kidney injury 14 (9.3) 7(9.3) 7 (9.3) 1.000
Worsening renal function (ACre 2 0.3 28 (18.7) 9 (12.0) 19 (25.3) 0.059
mg/dL/1 yr)

Data are presented as 1 (%) or median (25%-75" percentile). CABG: Coronary artery bypass graft surgery; CAD: Coronary artery disease; ACre: Delta
creatinine; eGFR: Estimated glomerular filtration rate; LMWD: Low-molecular-weight dextran; LVEF: Left ventricular ejection fraction; NT-proBNP: N-
terminal pro B-type natriuretic peptide; OCT: Optical coherence tomography; PCI: Percutaneous coronary intervention.

Table 3 Univariable and multivariable logistic regression model for predicting worsening renal function (ACre = 0.3 mg/dL/1-year) in

matched cohort

Univariable Multivariable
Variable - gs"@m lower 9ls°4,C| upper L, o oR 95"{..C| lower 95°@C| upper
limit limit limit limit
Female 1.72 0.68 4.39 0.256
Age 0.96 0.92 0.99 0.036 Not selected
Body mass index, kg/m?  1.02 0.92 1.13 0.759
PCI 1.61 0.70 3.67 0.260
Acute coronary syndrome  1.92 0.75 4.95 0.175
Prior myocardial 1.33 0.58 3.05 0.496
infarction
Prior PCI 1.68 0.69 411 0.258
Hypertension 0.95 0.40 2.23 0.897
Diabetes mellitus 2.04 0.86 4.87 0.107
Stroke 1.09 0.12 10.20 0.938
Current smoking 117 043 3.22 0.756
eGFR <38.4 mL/min/1.73 4.18 1.58 11.00 0.004 427 1.59 11.40 0.004
)
LVEF, % 0.98 0.95 1.01 0.220
Mehran risk score 1.07 0.98 1.17 0.127
Total agent volume, mL 1.00 0.99 1.01 0.533
Total contrast volume, mL  0.99 0.99 1.01 0.776
LMWD volume 252 mL  2.76 1.19 6.37 0.018 2.83 1.18 6.76 0.019

CI: Confidence interval; eGFR: Estimated glomerular filtration rate; LMWD: Low-molecular-weight dextran; LVEF: Left ventricular ejection fraction; OR:
Odds ratio; PCI: Percutaneous coronary intervention.

function at the 1-year follow-up, after propensity score-matched comparisons, even
though LMWD volume for OCT was a median of 68.5 (43.9, 86.0) mL. The
pathogenesis of contrast-induced AKI involves several mechanisms, such as
nephrotoxic effects on tubular epithelial cells, tubular obstruction, decreased renal
perfusion, and renal vasoconstrictionl. Osmotic nephrosis characterized by
vacuolization and swelling of proximal tubular cells is induced by many substrates
such as contrast medium and LMWD!"’l. LMWD is also associated with hyperoncotic
kidney injury™. Excretion of LMWD particles could be reduced, particularly in the
presence of renal insufficiency. In previous studies, approximately 70% of LMWD was
excreted by the kidneys within 24 h, while the remaining LMWD was excreted over
several days!*”. Administration of LMWD accompanied by a certain amount of
contrast medium could potentially cause prolonged renal insufficiency in the long-
term.
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Figure 2 Serial comparison of serum creatinine levels at baseline, and within 5 d, 1 mo, and 1-year post-procedure. A: Entire study cohort.
Renal function was consistently lower in the low-molecular-weight dextran (LMWD) group than in the control group; B: Propensity score-matched cohort. The LMWD
group demonstrated a trend toward worsening renal insufficiency during the 1-year follow-up compared with the control group. LMWD: Low-molecular-weight dextran.
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Figure 3 Prevalence of worsening renal function stratified by the cut-off values for low-molecular-weight dextran volume and baseline

estimated glomerular filtration rate level in propensity score-matched cohort. eGFR: Estimated glomerular filtration rate; LMWD: Low-molecular-
weight dextran.
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Clinical implications
The present study indicated that the additional use of LMWD in patients with
advanced renal insufficiency showed a strong trend toward renal impairment at the 1-
year follow-up. Our results also suggested that greater LMWD volume may be a
contributing factor to the progression of long-term renal dysfunction in patients with
advanced renal insufficiency. Excessive use of LMWD in place of contrast medium
may not effectively decrease the prevalence of renal impairment after OCT imaging.
Our results, including the propensity score-matched comparison, suggest that using
LMWD for OCT in patients with advanced renal insufficiency should be avoided, or at
least care should be exercised to reduce the amount of LMWD. The present study also
suggested the importance of long-term follow-up of renal function after LMWD use
for OCT imaging. Since our study is of hypothesis generating nature, further studies
are needed to test this hypothesis.

Study limitations

First, this was a retrospective study from a single center with a relatively small sample
size and, thus, has inherent limitations. Although we used propensity score matching
to adjust for differences in patients” baseline clinical characteristics, including renal
function, the final decision regarding the choice of flushing agents for OCT was at the
operator’s discretion, and selection bias cannot be canceled. Second, because we
collected data from our institutional OCT registry, some patients with ACS underwent
pre- and post-PCI OCT examinations for the culprit lesion, and some underwent OCT
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examination for the non-culprit lesion before or after culprit lesion assessment/
treatment for the clinical research. This nature of the study cohort might have led to an
increase in contrast medium and/or LMWD volume. Third, we did not evaluate the
influence of medical therapy and clinical status post-procedure on the incidence of
contrast-induced AKI and worsening renal function, which could have affected our
results. Although this study evaluated the renal function only within 5 d, and at 1 mo
and 1-year post-procedure, the mid-term effect of LMWD on renal function was not
fully studied. Fourth, the prevalence and severity of proteinuria and the cause of renal
insufficiency were not assessed, and both could be closely related to the progression of
renal dysfunction. Finally, we did not assess clinical outcomes or perform extensive
subgroup analyses because of the relatively small number of events.

CONCLUSION

In this retrospective study, we observed the greater extent of the progression of renal
dysfunction and the higher prevalence of worsening renal function, particularly at the
1-year follow-up, in patients with advanced renal insufficiency who underwent OCT
imaging using LMWD. These findings provide a novel insight regarding LMWD use
by interventionalists who are involved in OCT examinations. Further large,
prospective studies are warranted.

ARTICLE HIGHLIGHTS

Research background

Low-molecular-weight dextran (LMWD) is considered a safe alternative to contrast
media for blood displacement during optical coherence tomography (OCT) imaging.
On the other hand, LMWD-induced acute kidney injury has been repeatedly reported.

Research motivation
The protective role of LMWD against kidney injury remains uncertain in patients with
advanced renal insufficiency, particularly regarding the long-term influence.

Research objectives
To investigate whether the use of LMWD for OCT is protective against kidney injury
in patients with advanced renal insufficiency.

Research methods

In this retrospective cohort study, we identified 421 patients with advanced renal
insufficiency (estimated glomerular filtration rate < 45 mL/min/1.73 m? who
underwent coronary angiography or percutaneous coronary intervention; 79 patients
who used additional LMWD for OCT imaging (LMWD group) and 342 patients who
used contrast medium exclusively (control group). We evaluated the differences
between these two groups and performed a propensity score-matched subgroup
comparison.

Research results

Although baseline renal function was not statistically different between these two
groups, the LMWD group demonstrated a strong trend toward the progression of
renal insufficiency as indicated by the greater change in serum creatinine level during
the 1-year follow-up compared with the control group. Patients in the LMWD group
experienced worsening renal function more frequently than patients in the control
group. Propensity score matching adjusted for total contrast media volume
consistently indicated a trend toward worsening renal function in the LMWD group at
the 1-year follow-up. Delta serum creatinine at 1-year follow-up was significantly
greater in the LMWD group than that in the control group [0.06 (-0.06, 0.29) vs -0.04 (-
0.23, 0.08) mg/dL, P = 0.001], despite using similar contrast volume.

Research conclusions
Additional use of LMWD for OCT may not be protective against worsening renal
function in patients with advanced renal insufficiency.
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Research perspectives
Since our study is of hypothesis generating nature, further large, prospective studies
are warranted.
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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) is a highly contagious infection caused by
the severe acute respiratory syndrome coronavirus 2 virus and has a unique
underlying pathogenesis. Hemodialysis (HD) patients experience high risk of
contamination with COVID-19 and are considered to have higher mortality rates
than the general population by most but not all clinical series. We aim to highlight
the peculiarities in the immune state of HD patients, who seem to have both
immune-activation and immune-depression affecting their outcome in COVID-19
infection.

CASE SUMMARY

We report the opposite clinical outcomes (nearly asymptomatic course vs death)
of two diabetic elderly patients infected simultaneously by COVID-19, one being
on chronic HD and the other with normal renal function. They were both
admitted in our hospital with COVID-19 symptoms and received the same
treatment by protocol. The non-HD sibling deteriorated rapidly and was
intubated and transferred to the Intensive Care Unit, where he died despite all
supportive care. The HD sibling, although considered more “high-risk” for
adverse outcome, followed a benign course and left the hospital alive and well.
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CONCLUSION

These cases may shed light on aspects of the immune responses to COVID-19
between HD and non-HD patients and stimulate further research in patho-
physiology and treatment of this dreadful disease.

Key Words: Case report; Hemodialysis; Siblings; COVID-19; Host response; Immune-
activation; Immune-depression

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The pandemic of novel severe acute respiratory syndrome coronavirus 2 is
life threatening only for a limited subgroup of patients who manifest severe respiratory
failure (SRF). Hemodialysis (HD) patients are in a paradox state of immune-activation
and immune-depression, and it is not yet clear if they are more or less vulnerable to
SRF. We report the case of two siblings with coronavirus disease 2019 (COVID-19)
infection at the same time and opposite outcome, death of the brother with normal renal
function and rather indolent course of the brother on HD. This case challenges the
relevance of HD as an independent risk factor for COVID-19 associated mortality.

Citation: Bacharaki D, Chrysanthopoulou E, Grigoropoulou S, Giannakopoulos P, Simitsis P,
Frantzeskaki F, Flevari A, Karagiannis M, Sardeli A, Kavatha D, Antoniadou A, Vlahakos D.
Siblings with coronavirus disease 2019 infection and opposite outcome—the hemodialysis’s
better outcome paradox: Two case reports. World J Nephrol 2021; 10(2): 21-28

URL: https://www.wjgnet.com/2220-6124/full/v10/i2/21.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i2.21

INTRODUCTION

The pandemic of coronavirus disease 2019 (COVID-19) by the novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) originating from China on
December 2019 poses still a major health and financial problem worldwidell. It is a
respiratory virus, highly contagious mostly by large droplet transmission, and causes
common cold or no symptoms in nearly 80%. However, in a subset of 20%, the
infection causes sudden deterioration with severe pneumonia and respiratory failure
necessitating intubation, a condition with high mortality rates!”.

Stable hemodialysis (HD) patients present with the paradox of immune-activation
and immune-depression”. We report the case of two siblings infected at the same time,
one of them on maintenance HD due to end stage renal disease (ESRD) (patient 1, HD)
and the other with normal renal function (patient 2, non HD). Although ESRD is
associated with increased overall mortality compared to age-matched controls™! and in
particular with COVID-19P, the sibling on HD survived and the other died from
multiorgan failure attributed to COVID-19 infection. This case report emphasizes the
need for further studies to discover prognostic markers, which will allow us to plan
more effective treatment algorithms.

CASE PRESENTATION

Chief complaints

We report the contrasting outcome of two Caucasian diabetic, elderly brothers
simultaneously infected by COVID-19 and referred to our hospital early in the course
of disease. The laboratory timeline from admission to outcome is shown in Figure 1.
Table 1 depicts the main clinical and laboratory characteristics on day 1 and during
admission.

Patient 1: The younger brother, a 65-year-old male, complained of malaise and
developed mild fever (37.3 °C) on April 23, 2020.

Patient 2: The older brother, a 78-year-old male, developed non-productive cough,
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mild sore throat and fever up to 38 °C on April 20, 2020.

History of present illness

Patient 1: He had been hospitalized and treated in a private clinic with HD facilities
for diabetic foot and had completed a 10-d course with antibiotics (ticarcillin/
clavulanic acid) when he developed fever.

Patient 2: He had been visiting his brother regularly during his hospitalization for his
leg infection.

Patients 1 and 2: SARS-CoV-2 was detected in a nasopharyngeal swab specimen by
real-time reverse-transcriptase polymerase chain reaction on April 23, and the next day
both siblings were admitted to our hospital.

History of past illness
Patient 1: ESRD due to diabetic nephropathy, maintained on regular HD for 6 years.

Patient 2: Obese patient with type 2 diabetes mellitus and normal kidney function.

Personal and family history
Patients 1 and 2 have no special personal and family history.

Physical examination

Patient 1: Clinical examination on admission revealed a malnourished man [body
mass index (BMI) 28 kg/m?] looking older than the stated age, with bilateral 2+ leg
edema, temperature of 37.3 °C, pulse rate of 70 beats per min, blood pressure of 90/60
mmHg, respiratory rate of 22 breaths per min and oxygen saturation 98% while
breathing ambient air. Lung auscultation revealed bibasilar crackles.

Patient 2: Clinical examination on admission revealed an obese man (BMI 31 kg/m?),
temperature of 38.3 °C, pulse rate of 85 beats per min, blood pressure of 128/80
mmHg, respiratory rate of 22 breaths per min and oxygen saturation 95% on room air.

Laboratory examinations
Laboratory assessment shown in Table 1 and Figure 1.

Patient 1: Normal white blood cell (WBC) count with lymphocytes > 1000/pL and
mildly elevated C-reactive protein (CRP 45.3 mg/L) and ferritin (342 ng/mL).

Patient 2: Leukocytosis (WBC 12015/ pL) with lymphopenia (675/pL) and high CRP
(210 mg/L) and ferritin (542 ng/mL).

Imaging examinations

Chest computed tomography (CT) revealed bilateral pleural effusions and ground

glass infiltration with central distribution, characteristic of COVID-19 pneumonial.
For patient 1, pulmonary infiltration was < 10%, corresponding to a CT severity

score of 101; while for patient 2, pulmonary infiltration was > 25%-49%, corresponding

to a CT severity score of 19.

FINAL DIAGNOSIS

COVID-19 disease with respiratory involvement. Patient 1 was considered also
hypervolemic on admission.

TREATMENT

Patients 1 and 2

They were both treated for COVID-19, according to the current protocol of the
Infectious Disease department, with a loading dose of 200 mg of hydroxychloroquine
at day 1, followed by 100 mg b.i.d. for 5 d, along with azithromycin 500 mg daily
during the same period time. They both received prophylactic anticoagulation with
tinzaparin 3500 IU subcutaneously once daily.
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Table 1 Clinical and laboratory characteristics on day 1 and during admission

Clinical and laboratory characteristics Patient 1, HD Patient 2, non HD
Age 65 78

Sex M M
Race Caucasian Caucasian
BMI 28 31
Malnourished Yes No
Diabetes mellitus Type 2 Type 2
Other PAD No
Days from illness onset to admission 3 3
Fever Yes Yes
Cough No Yes
Dyspnea No No

CT score 10 19
Respiratory failure No Yes
Gastrointestinal bleeding Yes Yes
WBC count (k/pL) 5900 13.500
Neutrophil count 4035 12.015
Lymphocyte count (k/pL) 1227 675
NLR 3.3 17.8
Ferritin (ng/mL) 341 542
CRP (mg/L) 453 210
Albumin (g/dL) Bl5 49

D- dimers (ng/mL) 3191 39364
eGFR (mL/min/1.73 m% (MDRD) <15 65
Frailty index 7 7
Charlson comorbidity index 7 4

BMI: Body mass index; CRP: C-reactive protein; CT: Computed tomography; eGFR: Estimated glomerular filtration rate; HD: Hemodialysis; M: Men;
MDRD: Modification of diet in renal disease; NLR: Neutrophil-lymphocyte ratio; PAD: Peripheral artery disease; WBC: White blood cells.
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Patient 1 continued his thrice weekly HD schedule and reached euvolemia within
the next week by increasing dialysis ultrafiltration gradually. On HD day, tinzaparin
was given only during HD session, at the dialysis circuit.

OUTCOME AND FOLLOW-UP

Patient 1 had a mild COVID-19 disease, while patient 2 deteriorated rapidly into the
critical form with severe respiratory failure and eventually died.

Patient 1: On April 30, 2020, while on acetylsalicylic acid 100 mg and tinzaparin 3500
IU daily, he developed severe gastrointestinal bleeding, reaching a nadir value of
hemoglobin of 8.1 g/dL from a baseline value of 10.1 g/dL on admission and received
two units of red blood cells and one unit of fresh frozen plasma. Anticoagulation was
stopped until hemoglobin stabilization. Colonoscopy was not diagnostic. His
hospitalization was uneventful thereafter, without respiratory distress or need for
supplementary oxygen. He was discharged after two negative SARS-CoV-2
polymerase chain reaction tests on May 14, 2020.

Patient 2: On the second hospitalization day he developed severe respiratory distress
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syndrome requiring intubation and admission to the intensive care unit (ICU). He was
placed on intermittent prone position for the first 3 d in ICU with satisfactory
response. On day 2 in ICU, his condition was complicated by fast atrial fibrillation,
circulatory collapse and acute kidney injury (AKI). Tocilizumab, an interleukin-6
inhibitor, was given intravenously at 8 mg/kg (750 mg) in two infusions, 12 h apart, as
per ICU protocol for severe COVID-19. After 2 d, treatment with continuous renal
replacement treatment (hemodiafiltration) for AKI was initiated. On day 8 in ICU, he
suffered from gastrointestinal bleeding requiring red blood cell transfusions. On May
12, 2020, he developed a gram-negative bacteremia with Pseudomonas aeruginosa and a
pneumonia due to Acinetobacter baumanni. On May 15, he was also offered a 2 h
duration hemoadsorption-session with hemoadsorber HA-330 (Jafron, adsorbent
material styrene divinylbenzene copolymers, Jafron, Zhuhai, China) as per ICU
protocol. HA-330 filters are used as “salvage therapy” in critically ill septic patients
with multiorgan failure (renal failure included). Hemoadsorption was not continued
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because of lack of improvement and on May 21, 2020 he died because of septic shock
and multiorgan failure. SARS-CoV-2 was detected in repeated nasopharyngeal swab
specimens throughout the ICU stay.

DISCUSSION

We present the case of two elderly diabetic brothers infected with COVID-19. The
younger brother on HD for 6 years, complicated with peripheral artery disease,
diabetic foot with gangrene and malnutrition survived and left the hospital alive and
well. The older brother with arterial hypertension and normal renal function had a
turbulent course, was intubated and eventually died in ICU from sepsis.

The clinical question on outcome of COVID-19 infection in patients on HD remains
controversial. The European Renal Association COVID-19 Database collaboration,
including 768 dialysis patients, concluded that the 28-d probability of death with
COVID-19 in patients on dialysis is high (25% for all patients and 33.5% among those
admitted in the hospital) and is associated predominantly with frailty and also with
age. Surprisingly none of the known co-morbidities showed statistical significance by
multivariate analysis, apart from obesity > 35 kg/m? BMI and heart failurel’. The
much larger OpenSafely platform concluded that dialysis or ESRD (kidney dialysis
around 24.000 patients) was associated with an almost four-fold increased risk of
COVID-19 related deaths. Age above 60 years, diabetes and obesity > 35 kg/m? were
also independent risk factors for mortality!”. Other studies from Spain! and United
States!”! reported a high COVID-19 related mortality among dialysis patients. In
contrast, Naaraayan et al'"”! found that patients with ESRD-HD have a milder course of
COVID-19 illness. These discrepancies may be in part due to the unique pathogenesis
of COVID-19 with two distinct immune responses from the host, as recently
described!", or to differences in the genetic background.

To evaluate the severity of the clinical condition of the siblings at baseline, we
measured the total comorbidity burden by the use of Charlson comorbidity index!?..
The index score was 7 for patient 1 and 4 for patient 2, corresponding to an estimated
10-year survival rate of 0% and 53%, respectively. Of note, according to the Clinical
Frailty Scale, both brothers had the same high frailty score of 7 on admission!"’.

From a laboratory point of view (radiology and blood panel), the HD patient had a
better profile from the start, according the data emerged from the general
population!?. He appeared “less inflamed” on admission (Table 1 and Figure 1) with
lower WBC, no lymphopenia, lower neutrophil to lymphocyte ratio, less CRP and
ferritin'“! levels and lower pulmonary CT imaging score. Other positive prognostic
markers for the HD patient in the first 5 d of admission were lower lactate
dehydrogenase!'! and d-dimers!! (Figure 1). Of note, both siblings had gastrointestinal
bleeding, which has been reported as one of the manifestations of COVID-19
infection".

Cardiac troponin was not predictive of outcome, although it has been described as
predictive in a study", notably with no dialysis patients included. Increased troponin
levels in patients with kidney disease may be due to cardiac injury associated with
chronic structural heart disease rather than acute ischemia, especially when the levels
do not change rapidly over timel™. Interestingly troponin levels were high from the
admission in the HD patient and decreased afterwards. On the contrary, they were
low in the non-survivor and started to rise only after intubation and AKIL

The strength of this report is that it involves two brothers with presumably similar
genetic background and similar co-morbidities, except for the renal function. To the
best of our knowledge, this is the first report of COVID-19 disease in a family with
member(s) maintained on chronic HD.

CONCLUSION

We report the opposite outcome of two diabetic elderly brothers infected simul-
taneously by COVID-19, in which, despite the odds, the one on HD survived and the
other with normal renal function followed the typical severe form and died. The
surprising different outcome of these two brothers questions the relevance of HD as an
independent risk factor of COVID-19-related death and emphasizes the need for
further research.
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Abstract

Gadolinium-based contrast agents (GBCAs) used in magnetic resonance imaging
are vital in providing enhanced quality images, essential for diagnosis and
treatment. Nephrogenic systemic fibrosis (NSF) with GBCAs has been a deterrent
for the physician and has led to avoidance of these agents in patients with
impaired kidney function. NSF is a progressive debilitating multisystem condition
described classically in patients with renal insufficiency exposed to gadolinium
contrast media. It is characterized by an induration and hardening of the skin.
NSF is described to first involve the extremities and can imperceptibly involve
internal organs. Lack of therapeutic interventions to treat NSF makes it more
challenging and warrants deep insight into the pathogenesis, risk factors and
treatment strategies.

Key Words: Magnetic resonance imaging; Gadolinium-based contrast agents; Nephrogenic
systemic fibrosis; Chronic kidney disease; Dialysis; End stage kidney disease
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Core Tip: Nephrogenic systemic fibrosis is a chronic debilitating fibrosing disorder
resulting in progressive hardening or induration of the skin. It mostly develops in
patients with impaired kidney function. This review aims to provide insight into the
pathogenesis, risk factors, clinical features and challenges in the management of
nephrogenic systemic fibrosis.
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INTRODUCTION

Nephrogenic systemic fibrosis (NSF) was first described in 1997 by Cowper et al[1] in
a renal transplant recipient with poor graft function. He described this as a
scleromyxedema-like condition. However, no data on NSF were published until
2000[1]. This later emerged as one of the greatest concerns for nephrologists. NSF was
originally named nephrogenic fibrosing dermopathy due to the characteristic skin
findings[2]. However, subsequent studies showed that some patients also had
systemic involvement. Symptoms typically include thickening of the skin with
pruritus. Symptoms and signs may progress rapidly, with some patients developing
contractures and joint immobility. This may be fatal in a few patients. In this review,
we attempt to explain the pathogenesis, risk factors, clinical features and therapeutic
interventions in NSF.

CLINICAL FEATURES

Cutaneous and subcutaneous involvement

The skin lesions are predominantly erythematous papules or nodules which coalesce
to form indurated plaques. The lesions are commonly distributed symmetrically and
initially involve the lower extremities. They then spread proximally to involve the
upper extremities. Furthermore, the trunk is usually involved, and the head is mostly
spared except for a scleral plaque. During evolution, lesions are slightly edematous
and erythematous associated with itching and a burning sensation. With time they
become hard and “woody” sometimes assuming a “cobblestone” appearance. The
timing of the appearance of skin lesions following gadolinium-based contrast agents
(GBCAs) exposure is controversial. It may vary from a few months to several years (1
d to 10 years)[3]. The course of skin lesions is usually unremitting and chronic.
However, a rapid progressive fulminant course has also been reported in approx-
imately 5% of patients[4].

SYSTEMIC INVOLVEMENT

Several case studies have reported the involvement of subcutaneous structures such as
fascia, joints, muscle and periarticular tissue and tendons[5]. Involvement of joints can
be severe and compromise range of motion with loss of ambulation and confinement
to a wheelchair. Deep fibrosis results in flexion contractures of joints mainly in the
hands, wrists, knees and ankles. Data from Mendoza et al[6] showed fibrosis of deep
visceral organs such as diaphragm muscles, the myocardium including small coronary
arterioles, lungs, kidneys and testes. Another analysis by Schieren et al[7] revealed
esophageal dysmotility with consecutive liver fibrosis and esophageal varices. Visceral
involvement in the form of cardiomyopathy and pulmonary fibrosis was also reported
by Swartz et al[8]. Yellow scleral plaques are also a frequent finding in patients of NSF,
and are seen clinically in young patients. These scleral plaques differ from the typical
Cogan plaques of aging (present in older age) that are due to calcium phosphate
deposition, and acellular collagen in the sclera with no inflammatory response[9].

DIFFERENTIAL DIAGNOSIS

Various disorders may mimic the skin lesions of NSF. In patients with similar skin
lesions, conditions such as lipodermatosclerosis, deep morphea, scleromyxedema,
eosinophilic fasciitis, and chronic-graft-versus-host disease should also be considered.
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HISTOPATHOLOGICAL FINDINGS

NSF is characterized by dermal fibrosis. In the early phase, collagen bundles are found
dispersed within edema and mucin. The circulating fibrocytes are interspersed
between the strands of collagen. The CD34 positive dendritic processes encircling
collagen bundles are present. These circulating fibrocytes are dual positive (CD34 and
procollagen I) suggesting characteristics of mesenchymal stem cells of bone marrow
origin. In advanced lesions there is proliferation of spindle shaped dermal fibrocytes
leading to thick and fibrosed dermis. NSF skin lesion histology is typically charac-
terized by markedly increased cellularity, persistence of thick bundled collagen,
preserved clefts and CD34 positive fibrocytes in the absence of inflammation[10].
Moreover, Mendoza et al[6] found an early dermal infiltration with CD 68+ /factor
XIIa+ dendritic cells by immunohistochemistry and in situ hybridization studies.
Immunohistochemistry has revealed substantial upregulated expression of
transforming growth factor p1 (TGF1) mRNA in the dermis, and affected tissue of
NSF with TGFB1 upregulation could be a pathogenetic event in this entity.

GBCAS

Gadolinium (Gd) is a metal of the lanthanide series recognized for its high
paramagnetic properties. Ionized Gd is toxic and requires chelation with a ligand for
clinical use. GBCAs are categorized based on their biochemical structure (linear vs
macrocyclic) and chelate charge (nonionic vs ionic). Macrocyclic chelates (for example
gadobutrol, gadoterate meglumine, and gadoteridol) bind Gd more tightly than linear
chelates (gadodiamide) and are more stable both in vitro and in vivo. They have a lower
dissociation rate; thus, there is a reduced association with NSF[11]. The recommended
dose is 0.1 mmol/kg[12]. They have minimal protein binding capacity, and a short
half-life of 1.5 h in patients with normal kidney function. Elimination of GBCAs is
impaired and retention takes place in those with renal insufficiency[13]. Based on the
reported incidence of NSF, the American College of Radiology (ACR) Committee on
Drugs and Contrast Media has classified Gd-based contrast agents into various
groups[14] (Table 1).

RISK FACTORS

Chronic kidney disease

Although the true cause of NSF is still unknown; almost all patients who develop NSF
have an underlying kidney dysfunction. Approximately 90% of the patients described
in the registry have end-stage kidney disease and they are either on hemodialysis or
peritoneal dialysis[15]. The remaining patients have some degree of chronic kidney
dysfunction or acute kidney injury (AKI). From the previously published literature, it
can be estimated that one or more exposures to group 1 GBCA may pose a risk in
developing NSF in patients with an estimated glomerular filtration rate (eGFR) < 30
mL/min/1.73 m?)[16].

Endothelial dysfunction is common in chronic kidney disease (CKD) patients, which
interferes with platelets to interact and attach to damaged endothelium and thus can
be a critical risk factor. Moreover, vascular surgery related procedures, central catheter
placement, right atrial clots from indwelling hemodialysis catheters, deep venous
thrombosis or thrombosed vascular access are frequently observed before the
occurrence of NSF[17]. Thus, it can be speculated that this endothelial dysfunction
primes for a secondary event or a trigger such as Gd that eventually initiates the
process of fibrosis.

AKI

AKI or acute dysfunction of the kidney can also be a risk factor for NSF. NSF has been
noted in 10%-20% of patients with AKI, often superimposed upon baseline CKD. NSF
has also developed in patients with AKI without underlying CKD[18].

Frequency and dose of exposure

There are case reports of NSF after a single exposure and single dose of GBCAs.
Higher cumulative doses of Gd, either administered in a single dose or multiple
administrations can augment the chances of developing NSF[19].
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Table 1 American College of Radiology manual classification of gadolinium-based agents relative to nephrogenic systemic fibrosis

Group I: Agents associated with the greatest number of NSF cases:

Gadodiamide (Omniscan® - GE Healthcare)

Gadopentetate dimeglumine (Magnevist® - Bayer HealthCare Pharmaceuticals)

Gadoversetamide (OptiMARK® - Guerbet)

Group II: Agents associated with few, if any, cases of NSF:

Gadobenate dimeglumine (MultiHance® - Bracco Diagnostics)

Gadobutrol (Gadavist® - Bayer HealthCare Pharmaceuticals; Gadovist in many countries)

Gadoteric acid (Dotarem® - Guerbet, Clariscan - GE Healthcare)

Gadoteridol (ProHance® - Bracco Diagnostics)

Group III: Agents for which data remains limited regarding NSF risk, but for which few, if any cases of NSF have been reported:

Gadoxetate disodium (Eovist - Bayer HealthCare Pharmaceuticals; Primovist in many countries)

NSF: Nephrogenic systemic fibrosis.

Other possible risk factors

As only some patients with kidney dysfunction develop NSF following the use of Gd
and other patients do not, cofactors may have a contributory role. These include
metabolic acidosis; raised serum levels of iron, calcium, and phosphate; the use of
high-dose erythropoietin stimulating agents, pre-existing vasculopathy, and other
acute proinflammatory states[20-22]. However, the probable role of these cofactors
has not yet been well-established. Therefore, routine screening prior to Gd adminis-
tration is not advised.

Possible risk factors for NSF are shown in Table 2.

POSTULATED MECHANISM

The exact mechanism of NSF is unknown. It is hypothesized that usually a trigger is
needed to initiate the fibrosing process and Gd may act as a potential trigger for NSF
development in patients with kidney disease. The most widely held hypothesis is that
kidney dysfunction impairs the renal excretion of Gd which prolongs its half-life and
increases the chance of Gd dissociation from the chelate. Kidneys are responsible for
the elimination of almost all (97%) Gd contrast from the body. Reduced kidney
function results in a substantial increase in its half-life from 1.5 h (normal kidney
function) to 5.61 h and 9.18 h at CKD stage 4 and 5, respectively[23]. Free Gd can bind
with anions such as phosphate or iron, and form insoluble precipitates that are
deposited in various tissues[24]. Vascular injury and endothelial dysfunction enhance
free Gd invasion into tissues, where Gd is phagocytosed by macrophages to release
local profibrotic cytokines and sends signals to attract circulating fibrocytes into the
tissues. These circulating fibrocytes are cardinal cells that play the interlinking role
between Gd deposition and the initiation of fibrosis. In tissues, circulating fibrocytes
commence the fibrosing process that is similar to the normal healing process followed
by scar formation. This hypothesis is held up by the presence of excess Gd in the
affected tissues of NSF patients when compared to unaffected tissues[25] (Figure 1). A
few studies have shown Gd in tissues using scanning electron microscopy and energy
dispersive X-ray spectroscopy[26]. However, these techniques are complicated and are
not considered a pre-requisite for the diagnosis of NSF.

CURRENT STATUS OF NSF IN THE ERA OF NEW GBCAS

Since their introduction in magnetic resonance imaging (MRI), there have been many
advances in GBCAs during the last 30 years. The risk of developing NSF with newer
GBCAs, even in patients with impaired kidney function or on dialysis, is exceedingly
small. This risk is further reduced by prescribing low standard recommended dosages
and avoiding repeated use.

WIN | https://www.wjgnet.com 32 May 25,2021 | Volume10 | Issue3 |

Jaishideng®



Bhargava V et al. Nephrogenic systemic fibrosis

Table 2 Patients at high risk of nephrogenic systemic fibrosis

Risk factors for NSF

Patients on dialysis (hemodialysis or peritoneal dialysis)

Advanced or end-stage CKD (CKD 4 or 5, eGFR < 30 mL/min/1.73 m? without dialysis
Acute kidney injury

Proinflammatory state in a patient with impaired kidney function

Higher doses and multiple administrations of GBCAs, within a short period of time

NSF: Nephrogenic systemic fibrosis; CKD: Chronic kidney disease; eGFR: Estimated glomerular filtration rate.

Co-existing risk factors in impaired kidney function: Bone marrow produces
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Figure 1 Postulated pathophysiology of nephrogenic systemic fibrosis. PTH: Parathyroid Hormone; ECM: Extracellular matrix; hPMBC: Human
peripheral mononuclear blood cells; MCP-2: Monocyte chemoattractant protein-2; MMP: Metalloproteinases; TIMP: Tissue inhibitor of metalloproteinase.

In a large retrospective analysis by Chrysochou et al[27] from the United Kingdom,
in 74 patients with stage 5 CKD without dialysis undergoing GBCA-enhanced MRI
(with gadobenate dimeglumine), no NSF events were reported. Similarly, following
the administration of gadobenate dimeglumine, Altun et al[28] reported no NSF events
in over 25000 patients, including at-risk patients (CKD stage 4 and 5 ) and 549 patients
on dialysis. All patients were given gadobenate dimeglumine at the standard dose (0.1
mmol/kg). Various studies including, the Pro-FINEST prospective multicenter trial
(255 patients), the RESCUE trial a prospective European multicenter study (70
patients), and the SECURE study (476 patients) have assessed the safety of gadoterate
meglumine in patients with acute and CKD or on dialysis. No NSF was reported in
any of these studies[29-31]. The ACR guidelines also cite that the risk of NSF is
sufficiently low or possibly non-existent with group II agents[32]. Due to limited dose
exposure, underpowering, and the retrospective nature of some studies, clinicians
should be aware and not misinterpret these guidelines as newer agents having
unconditional safety.

PREVENTIVE STRATEGIES
It is important to identify patients at risk of developing NSF when group I GBCAs are
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used. They should be screened for conditions and other factors that may be associated
with renal function impairment. eGFR should be calculated for every patient using
readily available Modification of Diet in Renal Disease or the Chronic Kidney Disease
Epidemiology Collaboration calculators. However, in dialysis patients or known AKI
cases, calculation of eGFR is not useful and is unnecessary as these patients are at high
risk for NSF and group I GBCAs should be avoided. Some questionnaires that include
risk factors for compromised kidney function can also be produced which can include
questions on the history of kidney disease including dialysis and kidney
transplantation. Although there are many other factors which may contribute to renal
impairment such as multiple myeloma, systemic lupus erythematosus, urinary tract
infection, medicines such as nonsteroidal anti-inflammatory drugs and aminoglyc-
osides, the ACR Committee on Drugs and Contrast Media does not routinely
recommend screening for these possible risk factors as the advantages of screening for
these risk factors are considered low. The risk of NSF among patients exposed to
standard doses of group II GBCAs is sufficiently low and assessment of renal function
with a questionnaire or laboratory testing is optional prior to intravenous adminis-
tration. The lowest recommended dose of GBCAs should be used in at-risk patients to
attain the required clinical information. If multiple doses/sessions of Gd are required
in these patients then group II agents should be preferred. Limited data exist on the
beneficial effects of postprocedural hemodialysis.

MANAGEMENT

Multiple interventions, alone or in combination have been tried but none of them have
been beneficial. There is no proven efficacious therapy for the management of NSF.
Due to the rare nature of this condition, most of the studies involve a small number of
cases and lack long-term follow-up. Although some patients have shown improve-
ment in skin condition followed by recovery of renal function, further studies are
needed. Available treatment options are corticosteroids, PUVA, immunomodulators,
pentoxifylline, and extracorporeal photopheresis (ECP).

ECP is an immunomodulatory procedure in which a patient's leukocyte rich plasma
is treated ex vivo with a photosensitizing agent and UV-A radiation followed by
reinfusion of the treated blood product. Several case series have suggested the role of
ECP in patients with NSF[33,34]. However, frequency and duration of ECP, other
additional therapy, severity of the disease, and interpatient biological variability are
some of the important factors speculated in determining the response to ECP.
Common practice for using ECP is to begin with one cycle per week for 4 wk (i.e.,, 8
ECP sessions over 4 wk), then taper down to once every 2 wk (4-5 cycles) and then
monthly. The total number of sessions is determined by response and clinical recovery
in the patient[35].

Kay et al[36] reported 2 patients with NSF who responded to imatinib mesylate
therapy. Improvements in skin thickening and knee joint contractures were observed.
The patients received 400 mg/day imatinib mesylate orally. Imatinib mesylate acts by
blocking signal transduction via both the TGFPR and the PDGF-BB receptor.

Pentoxifylline improves red blood cell flexibility to improve circulation and is
known for its antifibrotic activity. As thrombosis is speculated to be an inciting event
in NSF, this mechanism could explain the improvements noted clinically with
pentoxifylline[19].

Sodium thiosulfate is a crystalline substance that has antioxidant and chelating
properties. The TGF-f/Smad signaling cascade is one of the pathways involved in the
pathogenesis of both NSF and calciphylaxis. It is already used in calciphylaxis. There is
a possibility that sodium thiosulfate acts through the same mechanism of action as
calciphylaxis in NSF. However, more studies are required to establish this relationship.
The most common side effects are nausea and vomiting and the dosage administered
is 12.5 g to 25 g post-dialysis. Yerram et al[37] reported rapid improvement in NSF
following intravenous sodium thiosulfate.

CONCLUSION

NSF is a progressive, severely disabling fibrotic condition, which develops in patients
with impaired kidney function exposed to GBCAs. However, the occurrence of NSF
with newer contrast agents has been questioned in recent times. Determination of the
putative underlying mechanisms, etiological or triggering factors necessitates further
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research and long-term data. Genetic predisposition may be a new revelation in future
studies. Therapeutic approaches in the present literature are limited and have reduced
benefit.
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Abstract

Newborn infants who had neurogenic bladder dysfunction (NBD) have a normal
upper urinary tract at birth. Most of them will develop deterioration of renal
function and chronic kidney disease if they do not receive proper management.
Children with NBD can develop renal damage at adolescence or earlier, which is
due to high detrusor pressures resulted from poor compliance of the bladder,
detrusor overactivity against a closed sphincter or detrusor sphincter dyssynergia.
To preserve renal function and prevent deterioration of the kidneys, NBD must be
treated immediately after being diagnosed. Over the last few years there was
great progress in the treatment of children with the NBD. We searched PubMed
and the Cochrane Library for peer-reviewed articles published in any language up
to March 10, 2021, using the search term “neurogenic bladder children.” Our
search excluded diagnosis, pathophysiology, surgical treatment of spinal cord
injury and spina bifida. The research identified the effectiveness of treatment
regimens targeting prevention of chronic kidney disease and the indications of
kidney transplantation. The results of the research showed that NBD in children
should be diagnosed early in life, and the child should receive the proper
management. The literature search concluded that the management of NBD in
children would be personalized for every case and could be changed according to
response to treatment, side effects, child compliance, availability of treatment
modality and costs of treatment. The objectives of the study are to present the
different options of management of NBD in children and the selection of the
proper method in a personalized manner.

Key Words: Neurogenic bladder dysfunction; Antimuscarinics; Onabotulinum toxin A;
Neural stimulations; Renal transplantations
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INTRODUCTION

Newborn infants who had neurogenic bladder dysfunction (NBD) have a normal
upper urinary tract. Most of them will develop deterioration of renal function if they
do not receive proper management[l,2]. Renal damage is due to high detrusor
pressures resulting from poor compliance of the bladder, detrusor overactivity against
a closed sphincter or detrusor sphincter dyssynergia[3,4]. To preserve renal function
and prevent deterioration of the kidneys, NBD must be treated immediately after
being diagnosed. Over the last few years great progress in the treatment of children
with the NBD has occurred.

NBD is classified to subcategories according to urodynamic findings: (1) sphincter
overactivity combined with detrusor inactivity that results in incomplete bladder
emptying; (2) sphincter overactivity during detrusor contraction that leads to affection
and deterioration of upper tract; (3) incompetent sphincter associated with detrusor
inactivity leading to large bladder capacity, urine leakage and incomplete emptying;
and (4) detrusor hyper-reflexia and loss of bladder compliance[5-7].

Neglecting the case of NBD or improper management can end with deleterious
effects on the upper tract that end with renal dysfunction and chronic kidney failure.
Since the introduction of clean intermittent catheterization (CIC) for the treatment of
NBD, a variety of medications and interventions were introduced. Children differ
from adults in accepting certain treatment modalities, loss of compliance, and
sensitivity to adverse effects. The variety of options made it possible to shift from one
method to another seeking child acceptance, while aiming to avoid upper tract deteri-
oration resulting from high pressure in the bladder. The objectives are to present
different treatment options that have Food and Drug Administration and European
Union approval for treatment of NBD in children. Each treatment modality has its
advantage and limitations, and consequently the management can be personalized for
every child.

SEARCH METHOD

We searched PubMed and the Cochrane Library for peer-reviewed articles published
in any language up to March 10, 2021 using the search term “neurogenic bladder
children.” It revealed 3143 articles, and 65 articles were fulfilling the criteria of the
search. Articles that were excluded from the study were those dealing with diagnosis,
urodynamic, pathophysiology, surgical treatment of spina bifida and spinal cord
injury. The data collected ranged from standard methods of treatment of NBC to the
newly introduced pharmacological product, minimally invasive interventions and the
place of kidney transplantation in cases of renal failure. The different modalities were
classified to (1) standard initial management; (2) pharmacological treatment; (3)
botulism toxins; (4) neural stimulation; (5) vesicostomy; and (6) kidney trans-
plantation. Every item presented for its mode of action, adverse effects, efficacy,
availability and factors influencing the choice of management. The data are presented
in the narrative review.
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MANAGEMENT OF NBD IN CHILDREN

Different modalities are available for the personalized treatment of NBD in children to
prevent renal deterioration. Every modality has a mode of action, adverse events,
advantages and limitations. Different modalities are presented in Table 1.

Standard initial management: CIC
CIC in combination with anticholinergics (oxybutynin) had been considered the
standard therapy for children with NBD with detrusor hyperactivity[8,9]. This
treatment is feasible and effective in developing countries, where untreated
neuropathic bladder is an important cause of preventable chronic renal failure[10,11].
CIC enables complete bladder emptying and thus avoids bladder residual urine
with its consequences of repeated urinary tract infection. Complete bladder emptying
with CIC prevent the occurrence of high-pressure voiding that led to detriment for
kidney function. CIC requires proper education and training and good patient
compliance on a long-term basis. Patients and caregivers must learn how to catheterize
properly. CIC by parents for newborns and infants would become a part of their
everyday routine. CIC can be successfully taught to boys and girls around the age of 6
years. The required frequency of catheterization depends on several factors differs
from one child to another. Most children are not able to perform CIC, where this task
is taken by the mother who may not completely be dedicated to do this job, partic-
ularly working women.

Pharmacological treatments

Anti-muscarinics: (1) Oral oxybutynin suppresses detrusor hyper-reflexia and
eliminates uninhibited detrusor contractions leading to urinary leakage. It prevents
high-pressure bladder storage and high-pressure emptying. The frequent side effects
(SEs) of oxybutynin is dry mouth, which leads most patients and particularly children
to discontinue the treatment. There is cumulative evidence that prolonged use of
bladder anti-muscarinic drugs would increase the risk to develop of dementia[12]; (2)
Intravesical oxybutynin. Anti-muscarinic is considered the gold standard treatment for
patients having overactive bladder (OAB). It is effective in most cases. Patients who
developed SEs or reposted no improvement discontinue the treatment[13,14]. Patients
who experience intolerable SEs would benefit from intravesical oxybutynin chloride,
which is an effective therapy for NBD[13,15,16]. The effect of intravesical oxybutynin is
often transient. Supplementation of oxybutynin with hydroxypropyl cellulose (HPC),
which adheres to the mucosal layer, reduces the absorption of oxybutynin from
bladder mucosa and diminishes the systemic SEs. It is termed modified intravesical
oxybutynin therapy, which proved to be safe and showed excellent efficacy[17,18]. It
had been shown that children with NBD who had been treated with intravesical
oxybutynin hydrochloride combined with HPC had superior efficacy over oxybutynin
alone or oral anticholinergic drugs or children who showed intolerance to oral
medications for NBD. Following catheterizing of the bladder and emptying it, the
modified oxybutynin chloride solution was instilled into the bladder at a dosage of 5
mL each time and remained until the next catheterization. This procedure would be
repeated twice daily. Intravesical oxybutynin chloride is an effective method with
fewer SEs than oral medication. The modified oxybutynin chloride solution is injected
into the bladder at a dose of 5 mL twice daily; follow-up at 6 mo showed favorable
effects with no side effect[19,20]. Intravesical oxybutynin hydrochloride in a daily dose
of 2.5 mg combined with HPC was safe with effective outcome in long-term treatment
for children with NBD. The modified intravesical oxybutynin treatment for children
with NBD offers a new option for improving continence and bladder compliance[21];
and (3) New anti-muscarinic drugs. These newly introduced anti-muscarinic drugs
antagonize the muscarinic receptors in detrusor muscle and consequently decrease
intravesical pressure and the uninhibited bladder overactivity. The pediatric
population with OAB NBD had limited treatment options. Formerly the only widely
available anti-muscarinic was oxybutynin, which had many SEs that are not tolerated
by the children. The main SEs are dry mouth, headache, blurred vision, flushing and
cognitive impairment. The newly developed anti-muscarinic drugs overcame most
adverse effects of oxybutynin[22-24].

Solifenacin: Controlled studies suggest that solifenacin may be useful for pediatric
NBD. It is available in the form of oral suspension that is given to children as once
daily with possibility of dose adjustment[25-28]. Once-daily oral suspension of
solifenacin is available that allows greater dosing flexibility in all patients[25-28]. Once
daily oral suspension demonstrated superiority over placebo for the change from
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Table 1 Management of neurogenic bladder dysfunction to prevent upper tract deterioration

Management of neurogenic bladder dysfunction in children

Ref. Mode of action and advantages Limitations
CIC[8-11] Enable complete bladder emptying and prevent high bladder pressure and urinary tract Required proper education and
infection compliance, pediatrics and some

children are not able to perform CIC

Oral oxybutynin[12]  Antimuscarinic, suppress detrusor hyper-reflexia, prevent high pressure Dry mouth, abdominal pain that leads
to discontinuation of treatment.
Limited availability of liquid
oxibutynin for children. Risk to
develop dementia

Intravesical Intravesical oxybutynin chloride combined with hydroxypropyl cellulose leads to mucosal Administered with urethral catheter

oxybutynin[13-21] adhesion and minimal side effects

Solifenacin succinate  Works against muscarine receptors in detrusor muscles, relaxes it and decreases

[22-31] intravesical pressure. It is a competitive muscarinic receptor antagonist. Available as one
daily oral suspension and is used in pediatric population

Tolterodine[32] Antimuscarinic and calcium channel modulating properties. Available for children as a
solution or as tablet. Oral solution is available for children from 5-16 yr

Propiverine Antimuscarinic and calcium channel modulating properties. Low incidence of adverse

hydrochlorid[33,34]  events. Superior tolerability over oxybutynin

Trospium chloride
[35,36]

Antimuscarinic and calcium channel modulating properties. Dosage 10-45 mg
administered three times per day. Is tolerated by children

Mirabegron f5-adrenoceptor agonist, demonstrated to be effective in adults with overactive bladder
Onabotulinum toxin
A (Botox—BTX-A)
[45-48]

Is injected in the detrusor muscle, leading to fits relaxation. The dose should not exceed 6
U/kg, ranging from 50, 100 and 200 U. 200 U are a well-tolerated and effective treatment
for children aged 5-17 yr with NBD. Patients may be considered for reinjection when the
clinical effect of the previous injection diminishes (median 6-12 mo in most children)

Neural stimulations
[49-54]

Sensory fibers in the pudendal nerve (afferents) innervates the urethra sensation of urine
flow. This will lead to reflex generation of positive feedback to enhance bladder
contraction in amplitude and duration and inhibit contraction of the external urethral
sphincter. Electrical activation of pudendal nerve afferents provides a new approach to
restore efficient bladder emptying. Long-term outcome in children showed good results
maintained for 2 yr

Vesicostomy[55-62] ~ Patients with impaired renal function before kidney transplantation would improve or
stabilize kidney function after vesicostomy. The long-term outcomes of vesicostomy in
NBD patients are effective in reversing the deleterious consequences when conservative

treatment fails
Renal Children with renal insufficiency due to NBD can receive a renal allograft and achieve
transplantations[63-  good long-term results. Correction of structural urogenital abnormalities and optimization
65] of emptying and storage functions of the bladder has to be achieved before renal

transplantation

twice daily

Minimal adverse effects

Low incidence of adverse effects
(1.5%)

Minimal adverse effects

Minimal adverse effects

Still not approved for children

Repeated injections are safe and
effective in children

Maintenance treatment was necessary
in 29% of children. Cost-effective as a
primary treatment

Vesicostomy is an incontinent
abdominal stoma. The child will have
a social embarrassment

There is no one technique for the
urinary drainage of the lower urinary
tract, it should be individualized for
each case

CIC: Clean intermittent catheterization; NBD: Neurogenic bladder dysfunction.

baseline to normality. It was well tolerated in children aged 5-12 years, adolescents

aged 12-18 years and in pediatric populations[29-31].

Tolterodine is available as an oral solution. A dose of 0.2-2.0 mg twice daily was
described for pediatric age group 4 mo to 4 years. For older children, 5-10 years, the
dose is solution of 0.5-4.0 mg twice daily. At adolescence, the dosage is oral capsules

or tablets 4-6 mg once daily[32].

Propiverine hydrochloride: It has a low incidence rate of SEs (less than 1.5%).
Recommended dose is 0.7-0.8 mg/kg body weight/day. It was shown that it has

superior tolerability over oxybutynin[33,34].

Trospium: Dosage of 10 mg and up to 25 mg for children with bladder overactivity

showed good response and was well tolerated with minimal adverse effects[35]. A
dose of 15-45 mg administered three times per day showed a significant increase in
bladder capacity that was tested with a urodynamic study[36].

Anticholinergic agents: Mirabegron, a p;-adrenoceptor agonist, was approved by the
Food and Drug Administration for adults and children. It is safe and effective in
children.
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Onabotulinum toxin A (Botox—BTX-A)

Intradetrusor injection has been proven to be an effective and safe long-term therapy
for the management neurogenic detrusor overactivity (NDO), which is defined as
detrusor hyper-reflexia leading to involuntary detrusor contractions during the
bladder filling leading to incontinence, reflux and consequently deterioration of renal
function. The case is due to the interruption of the signaling pathways that control
bladder function.

Neurological causes of NDO include spinal cord injury, multiple sclerosis,
myelomeningocele, spina bifida occulta, split cord malformation, lipomyelomenin-
gocele and tethered spinal cord[37,38]. Children with NBD whose urodynamic invest-
igation shows detrusor pressure of 40 cm H,O or higher, are at risk of upper tract
deterioration and renal failure. The target of treatment of NDO in children is to keep
low detrusor pressure and adequate storage[39]. Early treatment with CIC for children
with NDO is recommended by European Association of Urology and European
Society for Pediatric Urology[40].

CIC combined with oral anticholinergic is recommended by the International
Children’s Continence Society[41]. Children who do not respond to these regimens of
treatment are more than 15%, in addition to the reported SEs[42-44].

Onabotulinum toxin A 200 U is effective and tolerated treatment option for adults
with NDO who were not well controlled with anticholinergic therapy[45]. Onabo-
tulinum toxin A showed positive efficacy and safety in children at doses up to 360 U. It
was shown that 32%-100% of children achieved continence, detrusor pressure was
reduced by 32% to 54%, and the maximum pressure was below the 40 cm H,O
threshold[46].

The dose should not exceed 6 U/kg, ranging from 50, 100 and 200 U treatment for
children aged 5-17 years who were inadequately managed with other therapies.
Onabotulinum toxin A 200 U is well-tolerated and effective. The 200 U dose
demonstrated objective and clinically subjective significant greater improvement;
urodynamic assessment showed increases in functional bladder capacity. Repeat
treatment with onabotulinum toxin A showed continued safety and efficacy[47].

Patients may be considered to receive second injection in case the clinical effect of
the previous one gets diminished, which was observed after 6-12 mo in most patients.
Repeat injections of botulinum toxin A have been shown to be safe, and do not lead to
increased risk of fibrosis in the bladder wall. It is safe and effective in children with
NBD with a positive effect on their dryness, quality of life and protection of the upper
tract[48].

Neural stimulations

NBD leads to urinary retention due to bladder hypocontractility and/or increases in
the outlet resistance. Chronic urinary retention led to reflux, upper urinary tract deteri-
oration, urinary tract infection and incontinence. Children who are not compliant to
CIC or refractory to pharmacologic approaches would benefit from percutaneous tibial
nerve stimulation (PTNS).

The scientific background is that pudendal afferent sensory fibers innervate the
urethra sensation of passage of urine. This will lead to reflex generation of positive
feedback to stimulating the bladder to contract in amplitude and duration. Another
sequence is to relax the external urethral sphincter. Electrical stimulation of pudendal
nerve afferents significantly improves voiding efficiency. Pudendal sensory has an
important feedback role in an efficient bladder emptying. Activation of afferents of the
pudendal restore efficient bladder emptying[49].

Sacral nerve stimulation is becoming the latest advancement in treatment of NBD
after technical development and showed successful results in clinical studies[50-52].
Long-term outcome in children treated with PTNS for dysfunctional voiding and OAB
showed good results and remained stable after 2 years[53].

Neural stimulation improved both storage and voiding and functions of the bladder
in about 60% of the patients. Neural stimulation has its limitation for cost-effective
compared to anti-muscarinics. Neural stimulation is the ideal option in refractory OAB
or when the child does not tolerate anti-muscarinics[54].

Vesicostomy

The aim of urological treatment and follow-up in children with NBD is to avoid upper
tract deterioration[55]. Early diagnosis and establishment of proper treatment would
minimize the consequences of dysfunction of bladder. Lower urinary tract dysfunction
in childhood will affect bladder function at puberty in both storage and emptying
functions that will precipitate renal failure[56].
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Vesicostomy could be the best treatment for the hostile bladder in myelodysplastic
[57]. Vesicostomy is a temporary procedure to maintain low detrusor pressure and to
stabilize renal function in children not responding to anticholinergics and CIC. It can
be reversed at any age. Vesicostomy provided overall resolution, improvement or
stabilization of the preoperative parameters. Hydronephrosis would achieve complete
resolution or stabilization of the renal function. Patients with impaired renal function
before surgery would improve or stabilize kidney function after vesicostomy.

Vesicostomy would be closed at any age. Children who will be candidates for
kidney transplantation would have an additional procedure during closure that could
be ani-reflux procedure for the refluxing ureters or augmentation cystoplasty. At the
time of closure, a bladder capacity of > 300 mL would not need augmentation
cystoplasty.

Vesicostomy could be considered an emergency option when the child presents
with renal failure, and the aim is to stabilize renal function and reverse the deleterious
consequences of NBD, aiming at preparing the patient for definitive treatment[58-62].

Renal transplantations

Children who developed renal failure secondary to lower urinary tract dysfunction are
treated with regular ambulatory hemodialysis that will be followed with renal
transplantation. Optimization of bladder function before transplantation will ensure
the safety and survival of the allograft. The technique and therapeutic option are
personalized and differ from one case to another[63-65]. The decision for kidney
transplantation would be considered early in life when measures to control NBD are
not satisfactory and the kidney shows progressive deterioration.

RESULTS

Innovations in the treatment of NBD in children solved the dilemma of the ideal
treatment. There are many options that would be used in treatment of NBD and guard
against upper tract deterioration. Newly introduced drug delivery systems using
intravesical oxybutynin chloride solution supplemented with HPC, which is a mucosal
adhesive substance, reduced systemic SEs and proved to be safe and showed excellent
efficacy[17,18].

Drug delivery systems using fluid suspension of the newly introduced anti-
muscarinics made it possible to treat pediatric population without the need for clean
intermittent catherization. These drugs included: solifenacin[30,31], tolterodine[32],
propiverine[33,34] and trospium[35]. Studies demonstrated the superior tolerability of
these drugs over oxybutynin, with higher efficacy and minimal SEs.

Onabotulinum toxin A (Botox —BTX-A) intradetrusoral injection has been proven to
be an effective and safe long-term therapy for the management of NDO and NBD. It
prevents incontinence and reflux and consequently deterioration of renal function. It
can be repeated without causing fibrosis of the detrusor muscle.

Neural stimulation with PTNS or sacral nerve stimulation for children who are not
compliant to CIC or refractory to pharmacologic approaches would benefit from the
progressive improvements in these modalities. PTNS can modulate the voiding and
storage function of the bladder leading to an overall subjective improvement of
symptoms in about 60% of the patients and 47%-56% improvement of filling and
voiding function parameters[53,54]. Children with renal insufficiency due to NBD can
receive a renal allograft and achieve good long-term results. Correction of structural
urogenital abnormalities and optimization of emptying and storage functions of the
bladder has to be achieved before renal transplantation[63-65]. Urinary diversion or
vesicostomy are resorted to before transplantation to stabilize and improve kidney
function. Availability of different effective and safe treatment modalities made it
unacceptable for a child with NBD to develop renal impairment. The variety of options
facilitates safe and effective control of the deleterious effect of NBD on the upper tract.

CONCLUSION

NBD in children can end with deleterious effects on the upper tract that end with renal
dysfunction and chronic kidney failure. This would indicate dialysis or kidney
transplantation. Choice of proper management will differ from one child to another,
where the management would be personalized. CIC combined with oral oxybutynin is
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the basic and standard treatment. Children who receive oxybutynin and develop
adverse effects that lead to discontinuation of treatment would shift intravesical
oxybutynin. The new anti-muscarinic drugs have minimal adverse effects, high
tolerability, availability of solution form and dose adjustment. Mirabegron is a f;-
adrenoceptor agonist that is a promising drug for children with NBD. Children who
develop adverse events from anti-muscarinics, B,-adrenergic agonist drugs or are non-
compliant to CIC would be candidates for detrusor muscle injection with onabo-
tulinum toxin A, which proved to be safe with no adverse effects.

PTNS is an emerging modality for treatment of NBD in children. It has no adverse
effects, which is accepted by the child and parents. Kidney transplantation would be
the last resort for treatment of NBD in children when they have progressive deteri-
oration of kidney function and the child did not respond to other treatments. The type
of management for NBD in children would be personalized for every case and could
be changed accordingly.
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Abstract

BACKGROUND

Hypercalciuria is the most common metabolic risk factor for calcium urolithiasis
and is associated with bone loss in adult patients. Reduced bone mineral density
(BMD) was already described in idiopathic hypercalciuria (IH) children, but the
precise mechanisms of bone loss or inadequate bone mass gain remain unknown.
Life-long hypercalciuria might be considered a risk to change bone structure and
determine low bone mass throughout life. The peak of bone mass should occur
without interferences. A beneficial effect of citrate formulations and thiazides on
bone mass in adult and pediatric patients with IH have been shown.

AIM
To evaluate whether pharmacological therapy has a beneficial effect on bone mass
in children and adolescents with IH.

METHODS

This retrospective cohort study evaluated 40 hypercalciuric children non-
responsive to lifestyle and diet changes. After a 2-mo run-in period of citrate
formulation (Kcitrate) usage, the first bone densitometry (DXA) was ordered. In
patients with sustained hypercalciuria, a thiazide diuretic was prescribed. The
second DXA was performed after 12 mo. Bone densitometry was performed by
DXA at lumbar spine (L2-L4). A 24-h urine (calcium, citrate, creatinine) and blood
samples (urea, creatinine, uric acid, calcium, phosphorus, magnesium, chloride,
hemoglobin) were obtained. Clinical data included age, gender, weight, height
and body mass index.
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RESULTS

Forty IH children; median age 10.5 year and median time follow-up 6.0 year were
evaluated. Nine patients were treated with Kcitrate (G1) and 31 with Kcitrate +
thiazide (G2). There were no differences in age, gender, body mass index z-score
and biochemical parameters between G1 and G2. There were no increases in total
cholesterol, kalemia and magnesemia. Calciuria decreased in both groups after
treatment. Lumbar spine BMD z-score increased after thiazide treatment in G2.
There was no improvement in G1.

CONCLUSION

Results point to a beneficial effect of thiazide on lumbar spine BMD z-score in
children with IH. Further studies are necessary to confirm the results of the
present study.

Key Words: Children; Adolescent; Hypercalciuria; Bone mineral density; Thiazides;
Citrate

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Should pediatric idiopathic hypercalciuria be treated with hypocalciuric
agents? Reduction in bone mass has already been described in hypercalciuric pediatric
patients, and the precise mechanisms of bone loss or failure to achieve adequate bone
mass remain unknown. Initial recommendations for the treatment of hypercalciuric
pediatric patients consist of lifestyle changes and adequate diet. Children rarely comply
with those recommendations and require potassium citrate supplementation or thiazides
to reduce calciuria. However, anticalciuric therapy in children and adolescents is not
based on strong clinical evidences. We speculate if the anticalciuric effect of pharma-
cologic therapy has a beneficial role on bone mass in pediatric idiopathic hypercal-
ciuria and compromised bone mass in adulthood.

Citation: Penido MGMG, Tavares MS. Should pediatric idiopathic hypercalciuria be treated
with hypocalciuric agents? World J Nephrol 2021; 10(4): 47-58

URL: https://www.wjgnet.com/2220-6124/full/v10/i4/47.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i4.47

INTRODUCTION

Idiopathic hypercalciuria (IH) is the leading metabolic risk factor of pediatric
urolithiasis (UL) and has high morbidity with or without UL. This morbidity is related
to hematuria, renal colic, abdominal pain, urinary tract infection, voiding dysfunction
symptoms and bone mass reduction[1]. Studies have showed a decrease in bone
mineral density (BMD), especially at the lumbar spine, in idiopathic hypercalciuria
children and adolescents[2-10]. Garcia-Nieto et al[4] in 1997 showed the BMD
reduction in 30% of their pediatric patients with IH. In sequence, Freundlich ef al[10],
Penido et al[2] and Schwaderer et al[9], demonstrated that 38%, 35% and 47% of their
pediatric hypercalciuric patients also had significant reduction in BMD.

We all know that the highest accumulation of bone mass occurs during childhood
and adolescence. The peak of bone mass is reached at the end of the second decade of
life[11]. A current understanding is that the persistent hypercalciuria would be an
important contributor to diminished bone mass. Thus, the peak bone mass should
occur without interference in order to prevent the possibility of osteopenia,
osteoporosis and fractures during adulthood[11,12]. The mechanisms of bone loss or
failure of adequate bone mass gain is not completely understood. However, it is a
consensus that bone mass acquired during childhood and adolescence is one of the
major determinants of adult bone health[11,12]. The investigation on bone metabolism
in pediatric IH is necessary to prevent the potential harmful consequences of this
metabolic disorder.
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In children with IH, the need for hypocalciuric therapy and its nature and duration
remains to be determined. At present, anticalciuric therapy in pediatric hypercalciuria
is not based on strong clinical evidence but more on clinical observation. This
treatment may be required not only to protect against stone formation but also against
low bone density.

The initial approach to pediatric IH consists in dietary modification with high fluid
intake, low sodium and the Recommended Dietary Allowances[13] of protein and
calcium. However, children do not comply with these recommendations, and
frequently require anticalciuric therapy. If dietary recommendations fail, pharmaco-
logical therapy should be considered[12,13].

A beneficial effect of citrate formulations [particularly potassium citrate (Kcitrate)]
on bone mass in adult patients with IH has been shown since the 1990s[14-19].
Recently, it has been described that supplementation with alkaline potassium salts
leads to reduction in urinary calcium excretion and reduction in bone resorption[20].
Nevertheless, some authors pointed out that the current evidence is still heterogeneous
[21].

In pediatric patients, Kcitrate has been shown to decrease the recurrence of new
stones and the growth of residual stone fragments following lithotripsy[22,23].
However, until now there is no study confirming the beneficial effect of Kcitrate on
bone mass in children and adolescents.

Studies in vitro have suggested that thiazides reduce osteoclastic activity[24] and
stimulate osteoblast differentiation and bone mineral formation[25]. Bolland et al[26]
demonstrated in 122 postmenopausal women that hydrochlorothiazide produces small
positive benefits on cortical bone density. LaCroix ef al[27] demonstrated in a
randomized, double-blind, placebo controlled study that low-dose hydroch-
lorothiazide could preserve BMD in older adults. As for Kcitrate, up to now there is no
study confirming the beneficial effect of thiazides on bone mass in pediatric patients.
In this sense, the aim of this study was to examine whether pharmacological therapy
has a beneficial effect on bone mass in children and adolescents with IH.

MATERIALS AND METHODS

Design
This is a retrospective cohort study with 40 children and adolescents diagnosed with
IH. The study protocol is represented in Figure 1.

Patients and treatment

All 40 pediatric patients were evaluated and regularly followed at the Pediatric
Nephrology Unit of the Nephrology Center of Santa Casa de Belo Horizonte, Belo
Horizonte and the Pediatric Nephrology Unit of Clinic Hospital, School of Medicine of
Federal University of Minas Gerais, in State of Minas Gerais, Brazil, between 1990 and
November 2018. Inclusion criteria included no previous treatment of IH, no history of
drug use with possible actions on calcium metabolism during the preceding year
before diagnosis, diurnal and nocturnal continency, symptomatic (defined as lumbar
and/or abdominal pain, voiding dysfunction or gross hematuria) and urinary calcium
excretion = 4 mg/kg per 24 h or an increased calcium/creatinine ratios, according to
age[28-31]. Exclusion criteria included: Patients older than 18 years of age at initial
evaluation, patients with chronic immobilization, physically impaired, nephrocal-
cinosis, hypercalcemia, defects of the lumbar spine, history of malignancy,
hyperuricemia, excessive oral ingestion of calcium or vitamin D, tubular defects, long-
term steroid treatment and concurrent conditions associated with metabolic bone
disease. Patients were kept on a usual diet, water intake, physical exercise and sun
exposure. All parents/caregivers were asked in detail about the dietary habits. All 40
patients had a complete evaluation at 4-mo intervals during the entire follow-up
period, and all clinical and laboratory data were recorded.

Initial approach was high fluid intake and dietary modifications: Calcium and
protein according to Recommended Dietary Allowances[13], sodium restriction (2.0-
2.4 g/d) and potassium supplementation (3.0-3.5 g/d) with fruits and vegetables.
However, none achieved a normal calciuria level. Kcitrate (0.5-1.0 mEq/kg per day)
was added to the treatment for 2 mo, and the first bone densitometry was done,
according to the protocol study. If no normalization of calciuria occurred after 2 mo on
Kcitrate or if signs and symptoms continued (chronic abdominal pain or prolonged
gross hematuria)[12], a diuretic thiazide (0.5-1.0 mg/kg per day) was added. After 12
mo on Kcitrate alone or Kcitrate and thiazide treatment, the second bone densitometry
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Figure 1 Study protocol for children and adolescents with idiopathic hypercalciuria. IH: Idiopathic hypercalciuria.
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was done. Patients took Kcitrate or Kcitrate in combination with thiazides for at least 1
year. Nine patients were treated with Kcitrate alone and were called Group 1 (G1).
Thirty-one patients were treated with Kcitrate + thiazide and were called Group 2
(G2).

Bone densitometry

Bone densitometry was performed by dual-energy X-ray absorptiometry (DEXA)
using a Lunar DPX-IQ 2516 device. The exposure to radiation was 0.96 mrem for the
lumbar spine.

A 76-KeV X-ray source of energy was used and the accuracy of this test was 0.1%.
BMD was measured in the lumbar spine between L1-L4 and was also corrected for
volume of the vertebra, as described by Kroger[32] and Gordon et al[33]. Lumbar spine
BMD Z scores were calculated in relation to individuals of the same gender and age
range and corrected for height according to the literature[34,35].

Laboratory and clinical data

Two 24-h urine samples were obtained, followed by a two single fasting urine samples
(were kept refrigerated). A venous blood sample was drawn after the collection of the
urine samples. Blood samples were analyzed for creatinine, urea, uric acid, calcium,
phosphorus, magnesium, chloride, sodium, potassium, pH, bicarbonate, parathyroid
hormone, alkaline phosphatase, hematocrit and hemoglobin. The 24-h urine samples
analysis included calcium and creatinine. A complete urinalysis was performed on the
two single fasting urine samples, and the pH determined. Clinical data included
patient age, gender, weight, height and body mass index (BMI).

Statistical analysis

Clinical, laboratory and bone densitometry data are expressed as median, minimum
and maximum values. The normality of data distribution was analyzed using the
Shapiro-Wilk's test. In the case of non-normal distributions, non-parametric tests were
chosen and data represented as medians, first and third quartiles and/or range. The
following tests were used for comparison between groups: The Mann-Whitney U test
and T test for unpaired samples when normality conditions were fulfilled and the
Wilcoxon test when they were not. The statistical analysis was conducted with SPSS
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ver. 18.0 (SPSS, Chicago, IL, United States). Anthropometric data were analyzed with
AnthroPlus software[36]. The significance level was set at 5%. The comparison
between lumbar BMD z-scores before and after treatment were analyzed by the
Wilcoxon paired test. The statistical review of the study was performed by a biome-
dical statistician.

Ethical aspects

The study was approved by the institutional review board of the Clinics Hospital of
the Federal University of Minas Gerais, Brazil (ETIC 0479.0.203.000-10, December 01,
2010) and by the Research Ethics Committee of Santa Casa de Belo Horizonte. It was
conducted in accordance with the ethical standards laid down in the 1964 Declaration
of Helsinki. The participants and/or their guardians were adequately informed about
the study and signed informed consent forms.

RESULTS

Study group characteristics

The group of study contained 40 pediatric patients, of whom 22 (55%) were males and
18 (45%) were females (1.2:1.0, male/female ratio). The mean age of clinical
presentation was 10.5 + 3.5 (3.2-19.6) years. The children and adolescents were
regularly followed for a median time of 6.0 (range 4.5-8.3) years. All patients had
normal physical examination, including blood pressure evaluation. Blood levels of
hematocrit, hemoglobin, bicarbonate, pH, creatinine, urea, phosphorus, calcium,
parathyroid hormone, alkaline phosphatase, sodium, potassium, magnesium, uric acid
and chloride were all within the normal range. In the same way, the 24-h urine sample
was collected properly, and its volume evaluated according to Tiselius[37] and
Hellerstein et al[38]. No patient showed clinical signs of malnutrition or had protei-
nuria and urinary infection during the sample collection. There were no differences in
BMI z-score and age between G1 and G2 before and after treatment (Table 1). No
increase in total cholesterol or low-density lipoprotein-cholesterol as well as no
hypokalemia nor hypomagnesemia were observed with pharmacologic treat-ment
(Kcitrate or thiazides).

As already mentioned, the study sample was divided into two groups: G1
composed of 9 patients treated with Kcitrate alone and G2 composed of 31 patients
treated with Kcitrate + thiazide. The mean urinary calcium excretion in G1 before and
after the treatment were 5.12 + 0.84 and 2.57 + 0.82 mg/kg per 24 h, respectively (P =
0.0004). The median urinary calcium excretion in G2 before and after the treatment
were 5.2 (4.3-7.0) and 2.9 (2.0-4.3) mg/kg per 24 h, respectively (0.001) (Table 2).

BMD

All patients underwent bone densitometry, and all had BMD z-score of the lumbar
spine (L1-L4) < -1. The interval between BMD measurements was 1 year. BMD z-score
of the lumbar spine (L1-L4) increased significantly after the treatment in G2 (from -1.7
to -1.4; P = 0.04; U-Test Mann-Whitney), and there was no improvement in G1 (from -
1.3 to -1.6; P = 0.16; U-Test Mann-Whitney) (Figure 2).

DISCUSSION

The acquisition of bone mass occurs during childhood and adolescence. The maximum
peak of bone mass is reached at the end of the second decade of life. It is known that
bone mass acquired during childhood and adolescence is the major determinant of
adult bone health. Several studies have already demonstrated reduced BMD in
hypercalciuric pediatric patients[1-6,9,10]. If reduced BMD in childhood can compro-
mise adult peak bone mass, therapeutic strategies to optimize bone mass in pediatric
IH should be considered. Considering that the chronic loss of calcium in the urine is a
risk factor for the reduction of BMD and may therefore compromise the final bone
mass in adulthood, there is a question that is not yet answered: “should pediatric
idiopathic hypercalciuria be treated with hypocalciuric agents?” This study evaluated
the BMD of pediatric patients with IH before and after treatment with Kcitrate and
thiazides in order to examine whether pharmacological therapy has a beneficial effect
on its bone mass.
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Table 1 Demographic variables in G1 and G2

Age (yr), mean * SD Gender, M/IF BMIz-score before, mean + SD BMiz-score after, mean £ SD
Gl (n=9) 9114257 4/5 0.74 +0.76 -0.80 +0.76
G2 (n=31) 10.09 +3.65 18/13 0.822.06 0.63+1.15
P value NS NS '0.72 '0.80

1T test. There were no differences in age, gender, body mass index z-score, and biochemical parameters between G1 and G2. There were no increases in
total cholesterol and in low-density lipoprotein-cholesterol as well as hypokalemia and hypomagnesemia. BMI: Body mass index; F: Female; M: Male.

Table 2 Biochemical variables in G1 and G2

Calciuria before (mg/kg per 24 h) Calciuria after (mg/kg per 24 h) P value
G1 (1 =9), mean + SD 512 +0.84 2,57 £0.82 10.0004
G2 (1 = 31), median (Min-Max) 5.2 (4.3-7.0) 2.9 (2.0-4.3) %0.001

1T test (normal distribution).

2Wilcoxon test (abnormal distribution). Calciuria was significantly lower after treatment in G1 as well as in G2.

Group 1 Group 2
L1-L4 BMD z-score in children on L1-L4 BMD z-score in children on
K-citrate alone K-citrate + HCTZ
_ n=9 =
0.5 - n =31
0.0 . ] N
~ 1 [
-~
_ -0.5 1 :
E. = o0
g 0 S g
(9] 2 -1 4
g -1.5 ¢ 1
y s . ———
8204 o 27
% -2.5
= -3 [
30/ 013 =13 PR =R = 14
Before After Before After
P =0.20 P =0.04

Figure 2 Comparison of the lumbar spine bone mineral density z-score between Group 1 and Group 2 before and after treatment. Test: U-
test Mann-Whitney. BMD: Bone mineral density; HCTZ: Hydrochlorothiazide.

Study group characteristics

The male/female ratio of our patients was 1.2:1.0, and the mean age at onset of clinical
presentation was 10.5 years, in accordance with other studies[9,39]. As shown in
Table 1, there were no differences in BMI z-score and age between G1 and G2 before
and after treatment. It should be noted that BMI must not be different in the two
groups evaluated (G1 and G2). According to Garcia-Nieto et al[40], there is a
correlation between the improvements in the BMI and BMD values, indicating that the
BMI is a decisive factor to increase the BMD. Schwaderer et al[9] found a negative
correlation between BMD and BMI. However, there are some studies reporting the
opposite. Both weight gain[41] and exercise[42-45] lead to an increase in BMD. A
Brazilian study showed that the lean body mass is the main predictor of bone mass at
the end of adolescence in healthy individuals[43]. Inomoto[44] evaluated the effects of
physical exercise (moderate exercise activities for 2 h) in Japanese children and
concluded that the observed increase in BMD was associated with an increase in
overall muscle quantity. In the same way, Sardinha et al[45] reported that daily
vigorous physical activity for 25 min a day seems to improve femoral neck bone health
in children. These recommendations should be given to all children and adolescents.
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Laboratorial data and treatment

No increase in total cholesterol, low-density lipoprotein-cholesterol, hypokalemia and
hypomagnesemia were observed with thiazide use. It is known that diuretics,
especially thiazides, have a significant effect on lipid profiles. However, Akhtar et al
[46] in a meta-analysis of randomized controlled trials concluded that further research
is needed because this conclusion is supported by a low number of studies. Hollifield
[47] showed that the undesirable effects of hypokalemia and hypomagnesemia are
associated with increasing doses of hydrochlorothiazide. In the present study, the
thiazide dose was low (0.5-1.0 mg/kg per day), and no changes were seen in chole-
sterol, potassium and magnesium levels.

In the two studied groups (G1 and G2), a significant reduction in urinary calcium
excretion after treatment with Kcitrate and/or thiazides was observed, in accordance
with Garcia-Nieto et al[40] and Moreira Guimarées Penido et al[3]. There were no
differences in biochemical and mineral parameters between G1 and G2 before and
after treatment, as previously demonstrated[3,40].

BMD

BMD z-score of the lumbar spine (L1-L4) increased significantly after the treatment in
G2, and there was no improvement in G1 (Figure 2). G1 was treated with Kcitrate
alone and G2 was treated with Kcitrate and thiazides. Our results continued pointing
to a beneficial effect of thiazide on BMD z-score in children with IH. However,
pharmacological treatment of children and adolescents with IH is not yet based on
strong scientific evidence. Usually, this treatment is initiated in patients who do not
improve calciuria or maintain signs and symptoms with non-pharmacological
treatment, which includes modification of dietary habits with high water intake.

In IH adult patients a beneficial effect of Kcitrate on bone mass was observed. Pak et
al[15] treated their adult patients with Kcitrate and observed that spinal bone density
increased in most of them. Marangella et al[17] suggested that treatment with an
alkaline salt, such as potassium citrate, can reduce bone resorption. Vescini et al[18]
showed that long-term treatment with Kcitrate increases forearm BMD in idiopathic
calcium stone formers. Recently, Lambert et al[20], based on the role of acid-base
homeostasis as a determinant of bone health and the contribution of supplemental
alkali in promoting skeletal integrity, performed a meta-analysis study. The authors
confirmed that supplementation with alkaline potassium salts determined a significant
reduction in urinary calcium excretion and reduction in bone resorption. Granchi et al
[21] highlighted the main functions of citrate, focusing especially on its role in the
pathophysiology of metabolic bone diseases. However, the authors believe that
current evidence is still very heterogeneous. In a model of hypercalciuria, Krieger et al
[48] demonstrated that Kcitrate significantly raises urine citrate levels and lowers
urinary calcium. However, the increases in phosphate, oxalate, and pH levels would
lead to increase calcium oxalate and calcium phosphate supersaturation. The authors
pointed that Kcitrate may not be beneficial in preventing calcium phosphate stone
formation because it can induce complex changes in urinary chemical constitution[48].

In pediatric patients, there is no study confirming the beneficial effect of Kcitrate on
bone mass. The mechanism of the association between the use of Kcitrate and
interruption of bone mass loss can occur through the reduction of endogenous acid
production with a consequent decrease in urinary calcium excretion[49]. In a study
involving dietary load of Kcitrate in prepubescent girls, there was no change in
urinary calcium excretion, although net acid excretion decreased[50]. In the same way,
rats also did not decrease urinary calcium excretion after a load of alkaline potassium
[51]. The differences observed in bone metabolism between children and adults (bone
modeling vs remodeling) may be involved in the difference in calciuric response to
alkaline potassium in these two groups. Jones et al[49] concluded in a cross-sectional
study of 330 boys and girls that urinary potassium was associated with BMD
independently of lean body mass in these well-nourished, calcium-replete children.
The authors also suggested that these findings should be confirmed in longitudinal
studies. According to Perez-Suarez et al[8] and others, the indiscriminate use of
Kcitrate and thiazides indefinitely is not advisable[3,8,52-54]. Pharmacological
treatment should be reserved in three situations: When there are marked clinical
complaints as sustained dysuria, frequent macroscopic hematuria, or recurrent renal
colic; when ultrasonography shows stones or nephrocalcinosis or in case of repeated
fractures[3,9,52].

The effect of diuretic thiazides on the bone may extend beyond its anticalciuric
actions and probably is related to the stimulation of osteoblastic bone formation[55].
Studies have shown that the mitogenic action of the thiazide diuretic may be partly

WIN | https://www.wjgnet.com 53 July 25,2021 | Volume10 | Issue4 |



Penido MGMG et al. Pediatric idiopathic hypercalciuria and its treatment

Jaishideng®

due to the increased proliferation of osteoblastic cells associated with the inhibition of
osteoclastic bone resorption due to the reduction in osteoclastic cell differentiation,
which is mediated by the direct inhibition of hematopoietic precursors[55,56]. Data in
the literature suggest a protective effect of thiazide diuretic treatment on bone health
by increasing BMD. In fact, thiazides increase renal calcium reabsorption by inhibiting
the sodium chloride cotransporter in the distal tubule. This action favors an increase in
sodium urinary excretion and decrease in urinary calcium excretion[57]. Spivacow et al
[58] evaluated retrospectively BMD and biochemical markers of bone turnover in
response to thiazide therapy in 52 adult female patients with IH and nephrolithiasis
(25 were pre-menopausal G1, and 27 were postmenopausal G2). The authors
concluded that correction of hypercalciuria with long term treatment with low-dose
hydrochlorothiazide/amiloride prevented bone loss. Patients with osteoporosis had a
significant increase in BMD at the lumbar spine[58]. A systematic review and meta-
analysis evaluated the effectiveness of thiazides on serum and urinary calcium levels
and BMD in adult patients with osteoporosis. The authors concluded that thiazides
might play a role in preserving bone mass and be effective in the prevention and treat-
ment of osteoporosis[59]. Recently, van der Burgh et al[60] in a cross-sectional analysis
of the Rotterdam Study concluded that the decrease in fracture risk in patients who
used thiazide diuretics is explained by the increase in bone mass and not by the
improvement in bone microarchitecture[60]. The Rotterdam Study is an ongoing
prospective population-based cohort study with Dutch citizens and was designed to
investigate chronic diseases in the elderly.

The administration of thiazides is considered to be an appropriate treatment for
hypercalciuria in adult patients with IH, however, only a few published articles have
reported on children with IH treated with thiazides. According to Garcia-Nieto ef al
[40], these studies have been cross-sectional and were controversial in relation to the
used technology to measured bone mass. Although there is evidence showing the
ability of thiazide to control calciuria, little is known on its impact on BMD, especially
in children.

Reusz et al[61] showed in their 18 pediatric patients with IH a positive effect of
thiazides on BMD and an important reduction in urinary calcium excretion.
Schwaderer et al[9] recommended the pharmacological treatment (Kcitrate and/or
thiazide) if a decreased in BMD is observed, even if modifications in life habits have
improved the clinical presentation of the metabolic change. Srivastava and Schwaderer
[12] believe that the use of drug therapy should be reserved for children with
symptomatic IH and/or rare monogenic disorders. Moreira Guimaraes Penido et al[3]
showed that the BMD of the lumbar spine (L1-L4) and its respective z-scores increased
significantly after treatment with Kcitrate or Kcitrate and thiazides. The authors
suggested a possible beneficial effect of this treatment on bone mass and pointed out
that a normal calciuria with a persistent positive calcium balance could impact and
contribute to an ideal peak in bone mass and/or an adequate bone mass acquisition
over the years. Garcia-Nieto et al[40] studied 22 children with IH and bone mass
reduction who had received thiazides for 2.4 years and compared them with a group
of 32 IH children also with bone mass reduction, who had not received thiazide
treatment. The authors concluded that thiazide treatment does not improve the BMD z
-score in children with IH. They also concluded that more than half of the hypercal-
ciuric children showed a spontaneous improvement in their bone mass, suggesting
that there is a tendency for the spontaneous improvement of BMD, which is associated
with increased body mass[40]. The same Spanish group (2020) evaluate BMD
evolution in 34 IH patients through three bone densitometry studies during over 20
years. They concluded that improved BMD may be related to female sex, increment of
body mass, and reduction in bone resorption. No relationship with the use of thiazide
diuretics was mentioned by the authors[8].

The weaknesses of our study were the fact of being retrospective, the small number
of patients, especially in the K-citrate only group, the lack of long-term follow-up, and
the fact that the thiazide treated patients received also K-citrate, which may have
protected from hypokalemia and hypomagnesemia. Further prospective longitudinal
studies with two subgroups of symptomatic hypercalciuric children (thiazides group
vs no treatment group) are necessary.

CONCLUSION

BMD should be considered in the management of pediatric patients with IH. The
diagnosis and prevention of bone mass reduction should be detected in these patients
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because they are considered to be at risk of reduced bone mass. Low BMD with
subsequent osteopenia, osteoporosis, and increased fracture risk can have a consid-
erable impact on the health system and in patient quality of life.

Some authors believe that hypercalciuria is not a disease but the physiology of
people who occupy one extreme of a continuous spectrum of urine calcium excretion
rates[52]. However, if this spectrum of high calcium excretion can cause harmful
consequences and diseases in adulthood, it could be considered as a disease in
pediatric patients. In fact, in most cases, it is simply a benign metabolic abnormality
and as such should be conducted. However, it is known that reduced BMD is reported
in pediatric hypercalciuria and can impact the health of adult bone.

Studies with IH pediatric patients indicated that citrate or thiazide diuretic
treatment may improve BMD[3,61]. However, the treatment with these medications
has very well-defined indications for use. As aforementioned, the initial approach of
IH consists of dietary modifications and high fluid intake. In case of no normalization
of calcium excretion with the dietary modifications and high fluid intake, hypocal-
ciuric agents are considered. The first line of hypocalciuric agents is Kcitrate. Thiazide
should be initiated combined with potassium citrate only if there is low BMD and/or
fractures, and no improvement of calciuria levels and symptoms was obtained|[3,4,6,
12,13]. Controlled studies in the future will be able to define if children and adole-
scents with IH should or should not be treated.

In conclusion, we continue to speculate if thiazide has a role in bone mass and if
steady positive calcium balance could impact on the achievement of optimal peak
bone mass. However, we do believe that prospective randomized controlled studies
are the key to test the effectiveness of pharmacological therapy in children with IH and
if it prevents impairment of bone mass in adulthood.

ARTICLE HIGHLIGHTS

Research background

Idiopathic hypercalciuria (IH) is the leading metabolic risk factor for pediatric
urolithiasis. The reduction in bone mass has already been described in hypercalciuric
children. Life-long hypercalciuria might be considered a risk to change bone structure
and determine low bone mass throughout life. A beneficial effect of citrate formu-
lations and thiazides on bone mass in adult and pediatric patients with IH have been
shown.

Research motivation

Considering that HI can cause a reduction in mineral bone density in children and
adolescents and lead to osteopenia, osteoporosis, and an increased risk of fractures in
adulthood, it would be important to know how to diagnose and treat this metabolic
disorder.

Research objectives
Evaluated whether pharmacological therapy has a beneficial effect on bone mass in
children and adolescents with IH.

Research methods

This is a retrospective cohort study that evaluated hypercalciuric children non-
responsive to lifestyle and diet changes. They were treated with potassium Kcitrate or
with Kcitrate combined to thiazides. Before and after treatment they underwent bone
densitometry.

Research results

Forty IH children, median age 10.5 years and median time follow-up 6.0 years, were
evaluated. Nine patients were treated with Kcitrate (G1) and 31 with Kcitrate +
thiazide (G2). Calciuria decreased in both groups after treatment. Lumbar spine bone
mineral density z-score increased after thiazide treatment in G2. There was no improve
-ment in G1.

Research conclusions
Results point to a beneficial effect of thiazide on lumbar spine bone mineral density z-
score in children with IH.
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Research perspectives
Future perspectives are to understand better the pathogenesis of HI in order to treat
children and adolescents, preventing bone mass reduction.
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Abstract

BACKGROUND

Chronic kidney disease (CKD) is a common medical condition that is increasing in
prevalence. Existing published evidence has revealed through regression analyses
that several clinical characteristics are associated with mortality in CKD patients.
However, the predictive accuracies of these risk factors for mortality have not
been clearly demonstrated.

AIM

To demonstrate the accuracy of mortality predictive factors in CKD patients by
utilizing the area under the receiver operating characteristic (ROC) curve (AUC)
analysis.

METHODS
We searched Ovid MEDLINE, EMBASE, and the Cochrane Library for eligible
articles through January 2021. Studies were included based on the following
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criteria: (1) Study nature was observational or conference abstract; (2) Study
populations involved patients with non-transplant CKD at any CKD stage
severity; and (3) Predictive factors for mortality were presented with AUC
analysis and its associated 95% confidence interval (CI). AUC of 0.70-0.79 is
considered acceptable, 0.80-0.89 is considered excellent, and more than 0.90 is
considered outstanding.

RESULTS

Of 1759 citations, a total of 18 studies (n = 14579) were included in this systematic
review. Eight hundred thirty two patients had non-dialysis CKD, and 13747
patients had dialysis-dependent CKD (2160 patients on hemodialysis, 370 patients
on peritoneal dialysis, and 11217 patients on non-differentiated dialysis modality).
Of 24 mortality predictive factors, none were deemed outstanding for mortality
prediction. A total of seven predictive factors [N-terminal pro-brain natriuretic
peptide (NT-proBNP), BNP, soluble urokinase plasminogen activator receptor
(suPAR), augmentation index, left atrial reservoir strain, C-reactive protein, and
systolic pulmonary artery pressure] were identified as excellent. Seventeen
predictive factors were in the acceptable range, which we classified into the
following subgroups: predictors for the non-dialysis population, echocardio-
graphic factors, comorbidities, and miscellaneous.

CONCLUSION

Several factors were found to predict mortality in CKD patients. Echocardio-
graphy is an important tool for mortality prognostication in CKD patients by
evaluating left atrial reservoir strain, systolic pulmonary artery pressure, diastolic
function, and left ventricular mass index.

Key Words: Chronic kidney disease; End stage kidney disease; End stage renal disease;
Dialysis; Mortality; Death; Predictors

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although the current evidence has shown that several clinical factors are
associated with mortality in chronic kidney disease (CKD), the accuracy of mortality
prediction has not been clearly demonstrated. Our systematic review of studies that
reported prognostic mortality factors using area under the receiver operating charac-
teristic curve analysis in CKD patients provides an accuracy measurement. A total of
18 studies were identified. Eight hundred thirty two patients had non-dialysis CKD,
and 13747 patients had end-stage kidney disease. Of 24 predictive factors, none were
considered outstanding for mortality prediction. A total of seven predictive factors
were identified as excellent. Our review summarizes the current accuracy of prognostic
factors for CKD mortality.

Citation: Hansrivijit P, Chen YJ, Lnu K, Trongtorsak A, Puthenpura MM, Thongprayoon C,
Bathini T, Mao MA, Cheungpasitporn W. Prediction of mortality among patients with chronic
kidney disease: A systematic review. World J Nephrol 2021; 10(4): 59-75

URL: https://www.wjgnet.com/2220-6124/full/v10/i4/59.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i4.59

INTRODUCTION

Chronic kidney disease (CKD) is defined by the presence of kidney damage (such as
hematuria or structural abnormalities), an estimated glomerular filtration rate (eGFR)
of less than 60 mL/min per 1.73 m? or albuminuria of greater than 30 mg in 24 h with
duration of more than 3 mo[1]. The prevalence of CKD ranges from 8% to 16% of the
population worldwide[2,3]. CKD is more prevalent in low- and middle-income
countries compared with high-income countries[4]. With the increasing prevalence of
hypertension and diabetes, it is projected that CKD prevalence in adults over 30-years-
old will increase from 14.4% in 2020 to 16.7% in 2030[5]. Moreover, in the general
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population of the United States, the average GFR decline rate is approximately 1
mL/min per 1.73 m? per year[6,7] with a lifetime risk of developing CKD (as defined
by eGEFR less than 60 mL/min per 1.73 m?) of more than 50%]8].

Progression of CKD has been associated with significantly increased adverse clinical
outcomes, such as end-stage kidney disease (ESKD), dialysis dependence,
cardiovascular events, and all-cause mortality[9,10]. Tonelli et al[11] conducted a meta-
analysis of 38 studies that included over 1.3 million participants. They showed that the
absolute risk for death increased exponentially with decreasing kidney function[11].
Several risk factors have been identified to predict mortality in CKD patients. One
meta-analysis demonstrated that age, diabetes, previous cardiovascular disease,
adiponectin, and C-reactive protein are all risk factors for mortality in dialysis patients
[12]. Alternatively, an analysis of the Cleveland Clinic CKD Registry of 621 CKD
patients with age > 65 years showed that increasing age, congestive heart failure,
absence of arteriovenous fistula, and lack of nephrology care prior to dialysis initiation
were significant risk factors for increased 1-year mortality after dialysis initiation[13].
However, data on mortality risk factors for non-dialysis dependent CKD patients are
limited.

Nearly all of the available evidence has reported their findings using regression
analysis. Thus, the accuracy of mortality prediction has not been clearly demonstrated.
In this study, we conducted a systematic review of studies that utilized associated area
under the receiver operating characteristic (ROC) curve (AUC) analysis to report
predictive factors for mortality in CKD patients. This method allows the reader to
assess the predictive accuracy of distributional models in comparison with regression
analyses[14]. Our findings would help guide the future design of an accurate mortality
risk calculator for CKD patients.

MATERIALS AND METHODS

Search strategy

This manuscript follows the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analysis)[15] statement as well as MOOSE (Meta-analysis of
Observational Studies in Epidemiology)[16] guidelines. A systematic search was
conducted through Ovid MEDLINE, EMBASE, and the Cochrane Library from each
respective database inception to January 2021. The domain for the systematic search on
Cochrane Library included PubMed, EMBASE, ClinicalTrials.gov, and International
Clinical Trial Registry Platform (ICTRP). The following search terms were used:
(“chronic kidney disease” OR “CKD” OR “end-stage kidney disease” OR “ESKD” OR
“end-stage renal disease” OR “ESRD”) AND (“mortality” OR “death” OR “survival”)
AND (“area under curve” OR “AUC”). The detailed search strategy for each database
is summarized in Supplementary material, Appendix 1. No language restrictions were
applied during the systematic search.

Inclusion criteria

The eligibility of each study was determined by the following inclusion criteria: (1)
The study nature was observational or conference abstract; (2) Study populations
involved patients with non-transplant CKD at any CKD stage severity; and (3)
Predictive factors for mortality were presented with AUC analysis and its associated
95% confidence interval (CI). Case reports, case series, review articles, or articles
concerning pediatric patients were excluded. Study eligibility was independently
evaluated by two investigators (Hansrivijit P and Chen YJ]). Disagreements were
resolved by mutual consensus among all authors. The quality of each study was
appraised using the Newcastle-Ottawa quality scale which assesses six components:
(1) representativeness of the subjects, (2) ascertainment of the exposure, (3)
demonstration of the outcome of interest was not present at the start of study, (4)
assessment of outcome, (5) follow-up duration period was long enough for the
outcome to occur, and (6) adequate follow-up duration.

Review process and data extraction

The titles and abstracts of all references were screened (Hansrivijit P and Chen Y]J)
prior to proceeding with full-text review. The full-text of the selected screened articles
were then reviewed to determine their eligibility for inclusion into the systematic
review. A standardized data collection form was invented to extract the following
information from included study: first author’s name, year of publication, country of
origin, study design, subject(s), sample size, age, male sex, AUC and its 95%CI, and
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follow-up duration. Full articles or conference abstracts that reported the AUC without
95%CI were excluded. An AUC of 1.0 represents the ideal predictor with a 100%
sensitivity and 0% false positive rate. Thus, in this mortality model, factors with AUC
closer to 1.0 represented a better predictor for mortality, with AUC of 0.70-0.79
considered acceptable, 0.80-0.89 considered excellent, and more than 0.90 considered
outstanding[17,18].

RESULTS

Study characteristics

A total of 1759 citations underwent three passes of article screening. After duplicates
were removed, another 1665 irrelevant articles were excluded after the title and
abstract were screened. The methods and results of the remaining 94 articles were then
evaluated for eligibility in accordance with the inclusion criteria. Only 31 articles
passed this stage to undergo full-text review. A final total of 18 studies from 2004 to
2021 consisting of 14579 subjects were included in this systematic review. Figure 1
provides a flowchart of the literature search and study selection. All studies were
observational in nature (retrospective in 33.3% and prospective in 66.7%). The median
age was 62.0 (£ 4.1) years, and 57.3% were male. The median duration of follow-up
was 2.0 (+ 1.1) years. Table 1 describes the included study characteristics and results.
The risk of bias assessment is shown in Supplementary Table 1.

Study population

Of 14579 patients from 18 studies, 832 patients had non-dialysis CKD, and 13,747
patients had dialysis-dependent CKD. Among studies that included dialysis-
dependent CKD patients, 2160 patients required hemodialysis (HD) and 370 patients
required peritoneal dialysis (PD). The remaining 11217 patients (from four studies)
had been composed of a non-differentiated mixed population of HD and PD patients.
Figure 2 illustrates the study population classification.

Predictive factors for mortality

A total of 24 predictive factors for mortality were identified. We classified these factors
into three categories depending on their AUCs. None had an AUC greater than 0.90,
which is considered outstanding for mortality prediction. The majority (n = 17) were in
the acceptable range (AUCs 0.70-0.79). A total of seven predictive factors were
identified as excellent (AUCs 0.80-0.89). Table 2 shows the predictive factors for
mortality based on the population studied.

DISCUSSION

Excellent predictors (AUC 0.80-0.89)

N-terminal pro-brain natriuretic peptide (NT-proBNP) and brain natriuretic peptide
(BNP) were found to be excellent predictors of mortality in dialysis patients[22,24]. In
the general population, numerous factors such as age, female sex, and obesity can
influence NT-proBNP level separate from heart failure[37]. BNP is eliminated by three
main mechanisms: enzymatic metabolism, clearance through receptors, and urinary
excretion[22]. Both BNP and NT-proBNP can be elevated in dialysis patients due to
poor renal clearance, concomitant heart disease, heart failure, and volume expansion
[38,39]. The mechanisms underlying the link between elevated BNP and NT-proBNP
with increased mortality have not been fully established. One study suggested that
chronic HD induces recurrent transient episodes of myocardial ischemia that result in
myocardial stunning, hibernation, and remodeling[40]. Burton et al[40] described in
this study that the decline in cardiac function and cardiac stunning were correlated
with increasing BNP levels. These myocardial changes likely have a causative
pathophysiologic role in the high cardiovascular complication rates and deaths in HD
patients.

Soluble urokinase plasminogen activator receptor (suPAR) and C-reactive protein
(CRP) were also excellent predictors for mortality in dialysis patients[29,36]. SuPAR is
a proteolytic cleavage product of the glycosyl-phosphatidylinositol anchor of the
urokinase plasminogen activator receptor expressed on immune and endothelial cells
[41]. The concentration of suPAR is low in healthy individuals, but it becomes elevated
in the presence of infection or inflammatory diseases[41]. Observational studies of
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Table 1 Study characteristics

Ref. Country Study type n Subject Age, yr Male, % AUC for mortality (95%Cl) Follow-up
Dara et al[19], United States ~ Retrospective 476 HD patients 66 58 APACHE III on hospital mortality -
2004 0.76 (0.66-0.84) and 30-d mortality

0.78 (0.68-0.86); SOFA score on
hospital mortality 0.65 (0.55-0.75)
and 30-d mortality 0.66 (0.55-0.76)

Miskulin et al United States ~ Prospective 1779 Outpatient 62 53 ICED 0.72 (0.69-0.75); CCI 0.67 lyr
[20], 2004 dialysis (0.65-0.70); Wright- Khan indices
patients 0.68 (0.65-0.70); Davies indices 0.68
(0.65-0.70)
Wang et al[21], Hong Kong Prospective 238 ESRD on 55.7 51.3 cTnT 0.774 (0.706-0.841); High 3yr
2007 continuous PD sensitivity CRP 0.691 (0.614-0.768
Sun et al[22], 2008 China Prospective 217 HD patients 65.4 622 BNP on CV events 0.61 (0.57-0.70); 2 yr
NT-proBNP on CV events 0.83
(0.75-0.91)
Selim et al[23], Macedonia Prospective 125 HD patients 48.8 - BNP > 1200 pg/mL on CV 2yr
2010 mortality 0.612 (0.473-0.750); NT-

proBNP > 10000 pg/mL on CV
mortality 0.747 (0.677-0.816)

Breidthardtetal  Switzerland Retrospective 113 HD patients 67.9 60 BNP: all-cause mortality 0.70 (0.60- 735d
[24], 2011 0.81); BNP: CV mortality 0.82 (0.73-
0.90)
Tomaszuk- Poland Prospective 39 HD patients 59 63.8 Perfusion defects on MCE for 3yr
Kazberuk et al death 0.752 (0.582-0.878)
[25], 2011
Chiang et al[26], ~ Taiwan Prospective 132 ESRD patients  53.7 47.0 Short-term detrended fluctuation 34 mo
2016 on PD analysis (DFAal) < 0.95-0.761
(0.617-0.905)
Sato et al[27],2017 Japan Retrospective 302 HD patients 63.4 65.4 Neutrophil-lymphocyte ratio for 1- 1 yr
yr mortality 0.791 (0.602-0.980)
Wang et al[28], China Prospective 300 CKD 3-5 60 53.6 UPCR for mortality 0.78 (0.72-0.84); 68 mo
2018 eGFR for mortality 0.75 (0.69-0.81);

Mitral E/E’ ratio for mortality 0.74
(0.67-0.80); LV mass index for
mortality 0.72 (0.65-0.79); LVEF for
mortality 0.50 (0.42-0.58)

Wilazet et al[29], Poland Prospective 64 HD patients 66 66 SuPAR 0.84 (0.7-0.94) 3yr
2018
Danial et al[30], Malaysia Retrospective 160 CKD 3-5 with - 57.5 Mortality risk score model 0.789 Few weeks
2019 adverse drug (0.700-0.878) (until end
reaction date of
ADRs)
Jagadeswaranet  India Prospective 129 Pre-dialysis 50.6 51.2 Malnutrition inflammation score 36 mo
al[31], 2019 CKD 3-5 for mortality 0.709 (0.604-0.815)
Mukai et al[32], Sweden Prospective 261 CKD 5 (both 56 66 Skin autofluorescence for all-cause 25 mo
2019 dialysis and mortality 0.78 (0.71-0.86);
non-dialysis) Augmentation index for all-cause

mortality 0.81 (0.75-0.87)

Pladys et al[33], France Retrospective 9052 ESRD on 68.4 - Rennes score model 1(REIN and lyr
2020 dialysis SNDS data) 0.789 (0.761-0.816);
Model 2 (REIN data only) 0.794
(0.768-0.821); Wright classification
0.631 (0.621-0.639); Modified CCI
0.703 (0.689-0.716)

Shahidi et al[34],  Iran Retrospective 824 HD patients 57.9 61.8 Hemoglobin change on mortality =~ 24.08 mo

2020 0.61 (0.56-0.65)

Gan et al[35], 2021 Australia Prospective 243 CKD 3-4 65.6 62.6 Left atrial reservoir strain for CV. 3.9 yr
death 0.84 (0.76-0.90)

Rroji et al[36], Albania Prospective 125 ESRD on 52.4 60.0 CRP on CV mortality 0.80 (0.73- 2yr

2021 dialysis 0.92); Left ventricular mass index

on CV mortality 0.76 (0.65-0.88);
Ratio of early mitral inflow
velocity/annular diastolic velocity
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(E/E’) on CV mortality 0.75 (0.64-
0.86); Systolic pulmonary artery
pressure on CV mortality 0.80
(0.68-0.92); Pulse pressure on CV
mortality 0.72 (0.60-0.84)

APACHE: Acute physiology and chronic health evaluation; AUC: Area under receiver operating characteristic curve; BMI: Body mass index; BNP: Brain

natriuretic peptide; CAPD: Continuous ambulatory peritoneal dialysis; CCI: Charlson Comorbidity Index; CKD: Chronic kidney disease; CRP: C-reactive

protein; CI: Confidence interval; cTnT: Cardiac troponin T; CV: Cardiovascular; E/E": Ratio of early inflow velocity/annular diastolic velocity; eGFR:

Estimated glomerular filtration rate; ESRD: End-stage renal disease; HD: Hemodialysis; ICED: Index of coexisting disease; LV: Left ventricular; MCE:

Myocardial contrast echocardiography; ND: Non-dialysis; NT-proBNP: N-terminal pro-brain natriuretic peptide; PAP: Pulmonary artery pressure; PD:

Peritoneal dialysis; REIN: Renal epidemiology and information network; SOFA: Sequential organ failure assessment; SNDS: French national health

insurance information system; SuPAR: Soluble urokinase plasminogen activator receptor; UPCR: Urine protein creatinine ratio.
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dialysis patients have shown that higher suPAR levels are detected in patients that
have severe angiographic coronary artery disease[29,42] or after cardiovascular events,
both of which are associated with significantly increased cardiovascular death[43].
Increased suPAR levels are also associated with end-organ fibrosis, such as cirrhosis
[44,45] and focal segmental glomerulosclerosis[46]. Similarly, CRP is a nonspecific
acute phase reactant that can be elevated in the setting of infection or inflammatory
processes[47]. Higher CRP levels are associated with pulmonary hypertension, which
could represent crosstalk between inflammatory cells and pulmonary wall
components[36,48,49]. Moreover, a population-based study demonstrated that CRP is
independently associated with elevated parathyroid hormone levels (PTH) and
increased mortality[50]. Elevated PTH in CKD patients can lead to renal osteodys-
trophy and accelerated vascular calcification. The associations between suPAR, CRP,
and increased death suggest that these markers show promise for use as standard
CKD mortality predictors in the future.

Echocardiography has been shown as a useful tool in the assessment of mortality
risk in CKD patients. Gan et al[35] have demonstrated that impaired left atrial
reservoir strain (LASr) is the best predictor of adverse cardiovascular outcomes in
CKD stage 3-4 patients. In this assessment, the left atrium is divided into a total of 12
segments: six segments each from the apical four- and two-chamber views. LASr is
measured from the average peak systolic strain from the 12 segments[35]. Impaired
LASr is defined as < 23%, based on a previously reported lower limit of reference
value[51]. A few hypotheses have been postulated to link impaired LASr and mortality
in the CKD population. First, the left atrium may be more predictive for mortality
because it is a thin-walled chamber and may exhibit earlier alterations before the left
ventricle[51]. Second, alterations of LASr irrespective of left ventricular (LV) function
have been noted in heart failure with preserved ejection fraction[52], further
highlighting it as a more sensitive marker. The underlying mechanisms for reduced
LASr are believed to be a consequence of atrial fibrosis, which could be accelerated in
the setting of CKD due to the attendant high systemic inflammatory state[53,54]. These
potential pathophysiologic mechanisms may explain the significance of reduced LASr
as an early indicator for poor outcomes in non-dialysis CKD patients.

Rroji et al[36] added that systolic pulmonary artery pressure (PAP) is predictive for
mortality in dialysis patients. Other studies have concordantly shown that pulmonary
hypertension (PH) confers a significant mortality risk in dialysis patients[55,56]. The
prevalence of PH increases with CKD severity[55], and several studies have proposed
mechanisms for the association between PH and CKD for both non-dialysis and
dialysis patients. Arteriovenous fistulas for dialysis access and exposure to bio-
incompatible dialysis membranes are a few of these factors that could increase the risk
for PH in CKD patients[48,57]. The latter causes neutrophil activation that
subsequently migrates to the lungs, resulting in increased pulmonary inflammation
and vascular resistance[57]. For non-dialysis CKD patients, CKD itself can
pathophysiologically directly incite pulmonary circulatory dysfunction and remodel-
ing through uremic toxins, systemic inflammation, altered vasoregulation and
endothelial dysfunction[48]. Altogether, prompt detection of PH via measurement of
the systolic PAP could result in earlier intervention in order to prevent excess
mortality in CKD patients.

Augmentation index (Alx) was predictive of mortality in CKD patients[32]. Alx was
derived from the arterial pulse wave analysis using a tonometry-based SphygmoCor
device[32]. Augmentation pressure (AP) is defined as the maximum systolic pressure
subtracted from the inflection point pressure (the merging of incident and the reflected
wave). Alx is defined as AP divided by pulse pressure (PP), presented as a percentage.
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Table 2 Predictive factors for mortality in chronic kidney disease patients

AUC range Interpretation Predictive factors (AUC) Subjects Ref.
>0.90 Outstanding = = =
0.80-0.89 Excellent NT-proBNP (0.83) HD Sun et al[22]
BNP (0.82) HD Breidthardt et al[24]
SuPAR (0.84) HD Wilazet et al[29]
Augmentation index (0.81) ND, HD, PD Mukai et al[32]
Left atrial reservoir strain (0.84) ND Gan et al[35]
CRP (0.80) HD, PD Rroji et al[36]
Systolic PAP (0.80) HD, PD Rroji et al[36]
0.70-0.79 Acceptable APACHE III (0.76) HD Dara et al[19]
ICED (0.72) HD, PD Miskulin et al[20]
cTInT (0.77) PD Wang et al[21],
NT-proBNP > 10000 pg/mL (0.75) HD Sun et al[22]
MCE perfusion defect (0.75) HD Tomaszuk-Kazberuk et al[25]
DFA1 < 0.95 (0.76) PD Chiang et al[26]
Neutrophil /lymphocyte ratio (0.79) HD Sato et al[27]
UPCR (0.78) ND Wang et al[28]
eGEFR (0.75) ND Wang et al[28]
Mitral E/E’ ratio (0.74, 0.75) ND, HD, PD Wang et al[28] and Rroji ef al
36]
LV mass index (0.72, 0.76) ND, HD, PD Wang et al[28] and Rroji ef al
[36]
Mortality risk score (0.79) ND Danial et al[30]

Malnutrition inflammation score (0.71) ND Jagadeswaran ef al[31]

Skin autofluorescence (0.78) ND, HD, PD Mukai et al[32]
Rennes score (0.79) HD, PD Pladys et al[33]
Modified CCI (0.70) HD, PD Pladys et al[33]
Pulse pressure (0.72) HD, PD Rroji et al[36]

APACHE: Acute physiology and chronic health evaluation; AUC: Area under receiver operating characteristic curve; BMI: Body mass index; BNP: Brain

natriuretic peptide; CAPD: Continuous ambulatory peritoneal dialysis; CCI: Charlson Comorbidity Index; CKD: Chronic kidney disease; CRP: C-reactive

protein; CI: Confidence interval; cTnT: Cardiac troponin T; CV: Cardiovascular; E/E": Ratio of early inflow velocity/annular diastolic velocity; eGFR:

Estimated glomerular filtration rate; ESRD: End-stage renal disease; HD: Hemodialysis; ICED: Index of coexisting disease; LV: Left ventricular; MCE:

Myocardial contrast echocardiography; ND: Non-dialysis; NT-proBNP: N-terminal pro-brain natriuretic peptide; PAP: Pulmonary artery pressure; PD:

Peritoneal dialysis; REIN: Renal epidemiology and information network; SOFA: Sequential organ failure assessment; SNDS: French national health

insurance information system; SuPAR: Soluble urokinase plasminogen activator receptor; UPCR: Urine protein creatinine ratio.
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This index represents arterial stiffness, which could be a result of various patho-
physiologic mechanisms. For example, fibrosis, disruption of elastin fibers, calci-
fication, or diffusion of macromolecules within arterial walls are potential contributors
[32]. Although Alx is useful in predicting mortality in CKD patients, given the
invasive nature of this procedure, the clinical use of this parameter to monitor and
prognosticate outcomes in the ambulatory setting is limited.

Acceptable predictors (AUC 0.70-0.79)

Non-dialysis population: Several predictive factors for mortality have been identified
among non-dialysis CKD participants. Urine protein creatinine ratio (UPCR), eGFR,
mortality risk score and malnutrition inflammation score (MIS) have been
demonstrated to be predictive of mortality in this patient population[28,30,31]. It is
thus not surprising that Wang et al[21] reported that UPCR and eGFR are predictive of
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Ovid MEDLINE
(n = 250)

EMBASE
(n = 567)

A\ J

Cochrane
(n = 2529)

Records after duplicates removed
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Figure 1 Flowchart of the literature search and study selection. “Undesired study design” includes non-human studies (n = 2); “Insufficient data” includes
conference abstracts that reported only area under the receiver operating characteristic curve (AUC) without 95% confidence interval (n = 5); “Subjects are
contaminated” refers to a study that has mixed chronic kidney disease (CKD) and non-CKD subjects (n = 1).
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Figure 2 Algorithm of study population classification. CKD: Chronic kidney disease; ESRD: End-stage renal disease; HD: Hemodialysis; N: Number of
population classification; PD: Peritoneal dialysis.
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mortality among CKD patients. The presence of proteinuria in CKD patients has been
widely associated with an increased risk of CKD progression and death[58]. Similarly,
eGFR decline represents progression of CKD severity, which independently confers a
significantly increased mortality risk[59,60]. Renal interstitial fibrosis/scarring and
tubular atrophy are consistent with GFR decline and degree of proteinuria[58]. Along
with these changes, the tubular epithelial cells are stimulated to synthesize reactive
oxygen species, which further attracts inflammatory cells and interstitial myofibro-
blasts, leading to more fibrosis and scarring[58]. These interstitial changes are
associated with CKD progression, which could indirectly increase mortality[58]. Thus,
early interventions aiming to prevent proteinuria and CKD progression are essential
for reducing mortality in CKD patients.
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In 2019, Danial et al[30] developed a mortality risk score for CKD patients. In this
study, the authors investigated mortality from adverse drug reactions (ADRs) that
specifically occurred in CKD patients. The mortality risk prediction model included
the following variables: (1) History of heart disease; (2) Dyslipidemia; (3) Electrolyte
imbalance; (4) Psychotic agents; (5) Creatine kinase; (6) Total number of medications;
and (7) Conservative management (how the treatment was provided to subjects with
ADR)[30]. The authors noted that these clinical factors are easily obtained in clinical
practice, and this score allowed preemptive identification of CKD patients at risk of
ADR-associated mortality. These patients may thus have a significant benefit with
early clinical intervention and medication adjustment. However, this model has not
been proven to be predictive of mortality outside the scope of ADR, and consequently,
its applicability in general CKD patients may be limited.

MIS is another mortality risk predictor tool for both pre-dialysis and dialysis-
dependent CKD patients. The MIS consists of ten elements obtained from the past
medical history, physical examination, body mass index, and laboratory indices[61]. In
2001, Kalantar-Zadeh et al[61] demonstrated that the MIS correlated with morbidity
and mortality in maintenance HD patients. Later, Jagadeswaran et al[31] applied MIS
to a pre-dialysis Indian population and found that MIS had a 56.5% sensitivity and
81% specificity (AUC 0.709; 95%CI: 0.604-0.815) for mortality prediction during a 36-
mo follow-up. The mortality risk increased by 13.7% for each additional point in the
MIS. These studies demonstrate the importance of malnutrition prevention for both
pre-dialysis and dialysis-dependent CKD patients.

Echocardiographic factors: The ratios of early inflow velocity/annular diastolic
velocity (E/E’) through the mitral valve and the LV mass index are predictive of
mortality in CKD patients, regardless of dialysis status[28,36]. Mitral E/E’ ratio may be
a marker of LV diastolic dysfunction[62] or a predictor of pulmonary hypertension
[36]. Diastolic dysfunction has been associated with increased mortality in various
CKD and non-CKD patient populations[63-65]. Similarly, an increased LV mass index
represents LV hypertrophy, a well-established predictor for heart failure and death in
CKD patients[66]. The 2013 European Society of Hypertension/European Society of
Cardiology guidelines recommend performing echocardiography to refine
cardiovascular risk assessment in hypertensive patients[67]. However, there are no
recommendations specifically for CKD patients, despite studies showing an increased
prevalence of LV hypertrophy with advancing CKD[68]. Our study further adds to the
available evidence supporting echocardiography for mortality risk stratification in
CKD patients. It should be highlighted that a combination of echocardiographic
findings should be utilized to predict mortality in CKD patients, rather than isolated
findings. This concept is supported by Tripepi et al[69] where the measurement of LV
mass index in isolation does not provide significant prognostic value for CKD patients.

Real-time myocardial contrast echocardiography (MCE) is a non-invasive tool for
assessment of myocardial ischemia in HD patients[70]. During this procedure,
intravenous contrast is utilized to assess myocardial perfusion adequacy, which is
defined as homogenous enhancement in > 50% of myocardial wall thickness for each
segment[25]. One study showed that MCE and coronary angiography resulted in
equal accuracy for anticipating combined cardiovascular endpoints and death[25]. The
authors concluded that MCE is a safe and uncomplicated test that can aid in the
selection of candidates for coronary revascularization. However, this data was limited
to only HD patients. The utility of MCE should be confirmed in large multi-center
studies of non-dialysis CKD patients.

Comorbidities: Comorbidities may serve as significant predictors for mortality in
dialysis patients. Miskulin et al[20] investigated the index of coexisting disease (ICED)
as an accurate mortality predictor in dialysis patients. In this study, ICED had greater
discriminatory ability than other instruments. ICED is comprised of 19 medical
conditions and 11 physical impairments; these are classified into four and three
severity levels, respectively[20]. Another unique feature of ICED is the assessment of
physical limitations, which has been shown as a strong prognostic factor in dialysis
patients[71].

The Rennes comorbidity score and modified Charlson Comorbidity Index (CCI)
have also been demonstrated to be predictive for mortality among dialysis patients
[33]. The Rennes comorbidity score consists of seven components: Age, albumin level,
cardiac, respiratory, and hepatic diseases, active malignancy, and walking disability
[33]. Similarly, the modified CCI consists of 16 matrices composed of a wide range of
medical comorbidities found in the original CCI plus patient’s age[33]. Pladys et al[33]
found that the original CCI (without including patient’s age) had a low ability to
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predict 1-year mortality. Surprisingly, the Rennes score resulted in a very impressive
ability to predict 1-year mortality among dialysis patients despite its inclusion of only
seven variables[33]. Altogether, we conclude that specific comorbidities are crucial in
determining mortality risk among dialysis patients. Not unexpectantly, accuracy is
improved by the consideration of several high-yield comorbidities rather than relying
solely on one particular comorbidity.

Miscellaneous: Acute physiologic assessment and chronic health evaluation
(APACHE) III is an acceptable predictor for hospital, and 30-d mortality among HD
patients admitted to the intensive care unit (ICU)[19]. The APACHE III prognostic
system was invented in 1991 and has been validated in several patient populations
[72]. The APACHE III is calculated from clinical data obtained during the first 24 h of
ICU admission. It consists of several components, including the primary reason for
ICU admission, age, sex, race, preexisting comorbidities, and location prior to ICU
admission[72]. Although several modifications have been made to the original
APACHE score, only APACHE III has confirmed accuracy for mortality prediction in
critically ill HD patients. Dara et al[19] compared the performance of APACHE III with
the SOFA score. They found that APACHE III outperformed SOFA score for mortality
prediction in critically ill HD patients. In our systematic review, this was the only
study that focused on ICU patients.

The prognostic value of serological biomarkers, such as cardiac troponin T (cTnT)
and NT-proBNP, for mortality in dialysis patients has been shown in observational
studies[21,22]. As noted earlier, these biomarkers highlight the association between
cardiac remodeling and death in dialysis patients. cInT has been shown to predict
mortality in PD patients independent of inflammation, residual renal function, and
cardiac hypertrophy[21]. This was supported by the recent Netherland Cooperative
Study on the Adequacy of Dialysis report, where the predictive power of cTnT for
mortality is superior to other risk factors in a mixed population of HD and PD patients
[73]. We suggest the use of cTnT for its prognostic value in at least PD patients due to
its ease of testing.

Pre-dialysis neutrophil-lymphocyte ratio (NLR) is a novel and strong short-term
predictor for all-cause mortality in HD patients[27]. NLR has been shown to have
predictive utility in numerous disease states, including acute myocardial infarction
and autoimmune disease[74,75]. NLR represents systemic inflammation, nutritional
status, and atherosclerosis, which are all prevalent in CKD patients[76,77]. One single-
center Japanese cohort revealed that NLR is superior to other generic biomarkers for 1-
year survival among patients with ESKD due to diabetic nephropathy[27]. Although
the usefulness of NLR has been widely studied in CKD patients, more data on its
accuracy in diverse CKD patients are needed.

Skin autofluorescence (SAF) has been studied in healthy and uremic individuals[78-
80]. SAF is predictive of microvascular disease progression, cardiovascular events, and
nonspecific adverse clinical outcomes in diabetic and CKD patients regardless of
dialysis status[79,81-84]. SAF is measured by illuminating approximately 1 cm? of skin
surface with a 300-420 nm light source. SAF is calculated as the ratio between the
emission light and reflected excitation light, multiplied by 100[32]. It is speculated that
SAF represents the accumulation of advanced glycation end-products that cause
collagen and elastin cross-linking, which can translate into increased arterial stiffness
[65-87]. In 2019, Mukai et al[32] found that SAF in CKD patients is predictive of
adverse clinical outcomes, including death. This study supports the association
between SAF, arterial stiffness, and increased mortality in CKD patients.

PP is the difference between systolic and diastolic blood pressure. Rroji et al[36]
demonstrated that PP has a significant impact on dialysis patient survival. In their
study, patients with pulmonary hypertension had significantly higher PP compared
with patients without pulmonary hypertension. The underlying mechanism between
increased PP and death in CKD is not fully understood. However, we postulate that
increased PP, either from a reduction of diastolic blood pressure or increase of systolic
pressure, could increase morbidity and mortality due to reduced coronary perfusion
pressure, elevated systemic vascular resistance, or decreased vascular compliance[88].
However, the predictive value of PP in CKD patients needs to be demonstrated in a
larger study.

Detrended fluctuation analysis (DFA) of heart rate dynamics is another prognostic
marker for PD patients. In recent years, heart rate variability derived from beat-to-beat
heart rate dynamic monitors has been used as a surrogate marker of autonomic
modulation in an effort to predict patient outcomes[89-91]. DFA is a scaling analysis
method to represent the correlation properties of a signal[92]. This form of analysis
permits the detection of long-range correlation embedded in non-stationary time series
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[93]. To date, a few studies have demonstrated that DFA provides significant
information on risk of cardiovascular events in heart failure and acute coronary
syndrome patients[94,95]. In 2016, Chiang and colleagues showed that lower short-
term DFA was predictive of total mortality in PD patients (median follow-up duration
of 34 mo)[26]. They were the first study to measure and associate autonomic dysregu-
lation with clinical outcomes in ESRD patients. Subsequent studies have shown
consistent data obtained from the general population, where reduced DFA was
associated with increased mortality via sudden cardiac death[96]. DFA shows potential
promise in CKD patients since ESRD is associated with an overactive sympathetic
nervous system[97]. This dysregulation results in an amplification of intracellular
cyclic AMP (cAMP), which leads to an increase of the action potentials in the sinoatrial
node[98]. These pathophysiological changes can be detected in the altered beat-to-beat
variability[99]. However, DFA is a relatively new method of clinical analysis, and its
application in other patient populations such as HD and non-dialysis CKD remains to
be elucidated.

Limitations

Our study has several limitations that should be considered. First, the predictive
factors reported in each study were not homogenous. They varied from each study
due to study design and patient population. Because of this limitation, a meta-analysis,
subgroup analysis, and test of homogeneity could not be performed. Second, all
included studies were observational in nature, making them susceptible to selection
bias. However, we minimized this bias by conducting the risk of bias assessment.
Third, the pooled sample size for PD patients remained relatively small compared to
non-dialysis CKD and HD patients. Generalization of our research findings to the PD
population should be cautiously performed. Nonetheless, the findings from our
research could be applied towards the design of future prospective studies with the
goal of developing a prognostication scoring system for mortality in CKD patients. To
date, the outstanding factors (defined by AUC 2 0.90) for mortality prediction in CKD
patients have yet to be discovered.

CONCLUSION

Several factors were identified to provide accurate predictions of mortality in CKD
patients. Echocardiography is an important tool for mortality prognostication in CKD
patients by evaluating LASr, systolic PAP, mitral E/E’ ratio, and LV mass index. NT-
proBNP, BNP, suPAR, CRP, and Alx are excellent factors in mortality prediction
among CKD patients.

ARTICLE HIGHLIGHTS

Research background

Chronic kidney disease (CKD) is a common medical condition that is increasing in
prevalence. Understanding the accuracy of mortality risk factors in CKD patients
could mitigate death.

Research motivation

Evidence has shown that several clinical factors are associated with mortality in CKD
patients using regression analyses. However, the accuracy of these mortality
predictive factors has not been clearly demonstrated.

Research objectives
To establish the accuracy of mortality predictive factors among CKD patients by
utilizing the area under the receiver operating characteristic curve (AUC) analysis.

Research methods

Ovid MEDLINE, EMBASE, and the Cochrane Library were searched for eligible
articles through January 2021. Only studies that reported their mortality predictive
factors with AUC and 95% confidence interval were included. These factors were
classified as acceptable, excellent, or outstanding based on their AUC.
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Research results

Of 1759 citations, a total of 18 studies (1 = 14579) were included in the systematic
review. Eight hundred thirty two patients had non-dialysis CKD, and 13747 patients
had dialysis-dependent CKD (2160 hemodialysis, 370 peritoneal dialysis, and 11217
undifferentiated modalities of dialysis). Of 24 predictive factors, none were considered
outstanding for mortality prediction. A total of seven predictive factors (N-terminal
pro-brain natriuretic peptide, brain natriuretic peptide, soluble urokinase plasminogen
activator receptor, augmentation index, left atrial reservoir strain, C-reactive protein,
and systolic pulmonary artery pressure) were identified as excellent. Seventeen
predictive factors were in the acceptable range, which we classified into the following
subgroups: predictors for the non-dialysis population, echocardiographic factors,
comorbidities, and miscellaneous.

Research conclusions

This study determined several mortality risk factors for CKD patients that were
deemed acceptable or excellent. Echocardiography is an important tool for mortality
prognostication in CKD patients.

Research perspectives

The results of this study provide a preliminary perspective on the importance of
identifying better prognostic factors for mortality in CKD patients. There is a lack of
predictive risk factors with an AUC greater than 0.90. Currently identified mortality
risk factors can be combined to create a risk calculator for CKD patients, which could
be subsequently validated in future research.
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Abstract

It has already been established that in end-stage renal disease, hyperphospha-
temia causes soft tissue calcification including vascular calcifications. It has also
been supported that there is a connection between increased serum pho-sphate
and morbidity in subjects, who suffer from renal disease. However, studies in
these populations conferred mixed results. Several warnings are included in the
role of serum phosphorus on cardiovascular disease in normal populations.
Homeostasis of serum phosphate is obtained by the cooperation between
regulatory hormones, cellular receptors and bone metabolic factors. There is the
probability that one or more phosphate regulatory factors, rather than phosphate
directly, may be responsible for observed associations with calcifi-cation and
cardiovascular events in normal populations. Experimental studies have shown
that the restriction of dietary phosphate prevents the pro-gression of kidney
dysfunction, although high dietary phosphate aggravates the renal function. In
the current review, we discuss the role of serum phosphorus on progression of
renal dysfunction and cardiovascular outcomes in chronic kidney disease patients
and its involvement in important health risks in the general population.

Key Words: Phosphorus; Renal insufficiency; Chronic; Dialysis; Cardiovascular diseases

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Disordered phosphorus homeostasis in chronic kidney diseases is associated
with bad outcomes including cardiovascular morbidity/mortality and progression of
renal dysfunction in end-stage of renal disease. Potential health consequences in
cardiovascular and kidney disease could be developed in subjects with a high intake of
dietary phosphorus despite the apparently normal renal function, due mainly to
abnormalities in metabolism and in regulatory factors, rather than to serum phosphorus
itself. The maintenance of serum phosphorus in normal range should be obtained.
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INTRODUCTION

High serum phosphate concentrations have been connected to adverse health outco-
mes in chronic kidney disease (CKD) including cardiovascular disease, progre-ssion of
kidney disease and all-cause mortality[1-3]. Hyperphosphatemia in CKD has been also
associated with the development of secondary hyperparathyroidism, which is
responsible for bone disease implicating the stimulation of regulatory hormones such
as fibroblast growth factor-23 (FGF23) and parathyroid hormone (PTH), which in turn
may promote left ventricular hypertrophy[4,5]. The kidneys are unable to regulate the
serum phosphorus concentrations despite the wide fluctuations in dietary phosphorus
intake[6]. In a normal kidney function the phosp-horus urinary excretion is increased
independently of dietary intake and phosphorus absorption from the gastrointestinal
tract and fasting serum phosphate is maintained within a tight range. Therefore,
elevation of serum phosphate due to reduced urinary excretion is a main manifestation
of advanced renal failure. Previ-ously, we considered the importance of serum phos-
phate in elderly patients with type 2 diabetes mellitus (T2DM) and we observed the
high serum phosphate to be associated with both low estimated glomerular filtration
rate (eGFR) and albuminuria, despite the fact that high serum phosphorus levels were
found to be non-significant risk factor for the occurrence of T2DM[7]. A positive
phosphate balance occurs in the early stage of renal dysfunction, serum phosphate
levels mainly increase in advanced stages of CKD and remain elevated in patients in
the end-stage renal disease (ESRD) without dialysis treatment (Figure 1).

In the meantime, phosphate is needed in mineralization and bone growth and
phosphorus intake is obtained by a rich diet in meat, grains, and dairy products.
However, it has been shown that the elevation of serum 1,25-dihydroxyvitamin D
[1,25(OH),D] concentrations due to low dietary calcium intake is inhibited by high
phosp-horus intake. Moreover, phosphorus intake may be a major source of acid load
in the body[8-10]. Therefore, there remains the question whether high phosphorus
intake adversely affects bone mass rather than improves bone function. Kidney
Disease Improving Global Outcomes (KDIGO) clinical guidelines recommended the
maintenance of serum phosphate concentrations within the normal laboratory range in
dialysis patients using dietary phosphate restriction or intestinal phosphate binders in
order to achieve a such as goal[11]. Several studies have also considered the effect-
iveness of these approaches in patients with CKD stages 3-5 before the initiation of
dialysis[12-17]. It should initiate interventions in early stages of CKD including the
control of phosphorus and the use of vitamin D analogs, thus the development of
parathyroid hyperplasia and the skeletal complications of CKD to be prevented[18].
Vitamin D analogs are used to suppress hyperparathyroidism having lesser toxicity on
calcium and phosphorus than calcitriol. However, it is important that PTH is not over-
suppressed, because the decrease of bone turnover to abnormally low levels includes
the risk for adynamic renal bone disease, which is combined by exacerbation of extra-
skeletal deposition of calcium in blood vessels and other tissues.

In the current review, we discuss the role of serum phosphorus on progression of
renal dysfunction and cardiovascular outcomes in CKD patients and its involvement
in potential health risks in the general population. We also report evidence for the
relationship between dietary phosphate intake and adverse outcomes in these popu-
lations.

RELATIONSHIP BETWEEN SERUM PHOSPHORUS AND PROGRESSION
OF KIDNEY DYSFUNCTION

Many years ago, experimental studies showed that the restriction of dietary phosphate
prevents the progression of kidney dysfunction, although high dietary phosphate
aggravates the renal function[19,20].
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However, few clinical studies were conducted to the effect of serum phosphorus
concentrations on the rate of CKD progression. It has been shown that in CKD patients
serum phosphorus concentrations > 4 mg/dL were associated with an increased risk
of ESRD development in both National Health and Nutrition Examination Survey
(NHANES) participants and in a United States veterans with CKD study[21,22]. In the
Ramipril Efficacy In Nephropathy (REIN) Study, an independent risk of elevated
serum phosphorus for exacerbation of renal function in patients with proteinuric CKD
was found, although a restriction of the risk was shown caused by the renoprotective
action of ramipril[23]. Elevated baseline serum phosphate concentrations were found
to be independently related to progression of renal disease in a post hoc analysis of the
African American Study of Hypertension and Kidney Disease (AASK) Study[24].
Large study including almost 100000 patients showed that increased serum phosphate
concentrations were combined with high incidence of ESRD[25]. Controversially, the
Kidney Early Evaluation Program (KEEP) Study did not show an independent
association between serum phosphorus concentrations and exacerbation of renal
function in ESRD adjusting for demographic and clinical characteristics in multiva-
riable analysis, despite there being a higher prevalence rate of cardiovascular disease
(CVD) among patients with higher serum phosphorus[26]. The above studies were
different regarding follow-up time and, particularly in the KEEP study, the measure-
ments of serum phosphorus became the baseline and an averaged over time value was
not used.

The positive association between serum phosphorus and progression of kidney
disease may be attributed to the extension of endothelial dysfunction to the glomerular
endothelium, due to acute phosphorus loading, in addition to phosphorus-induced
calcification. Another proposed potential mechanism includes the injury of podocytes
and overexpression of pituitary-specific positive transcription factor 1 (Pit-1) trans-
porter in rats caused by the elevation of serum phosphorus[27].

Fibroblast growth factor 23 (FGF23) is a hormonal factor, which is significantly
involved in maintenance of serum phosphate balance. FGF23 concentrations increase
progressively starting in the early CKD as a physiologic adaptation to serum phos-
phate homeostasis. Eventually, the elevated FGF23 concentrations play an important
role on bone disease of these patients[28]. ESRD incidence has also been associated
with increased concentrations of FGF23. Studies including participants with mild CKD
showed that the risk of all-cause mortality and progression to ESRD was higher in
combination with increased FGF23[29,30]. However, a more complicated relationship
between FGF23, phosphorus and CKD progression was suggested, due to the asso-
ciation remained stable despite adjustment for phosphorus concentrations.

Accounting for the daily fluctuation of phosphorus, it seems that vascular calci-
fication, endothelial dysfunction, injury of podocytes and high FGF23 result in
progression of renal disease, due to high serum phosphorus.

In Figure 2, mechanisms which are connected to the relationship between serum
phosphorus and the progression of renal dysfunction are shown.
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SERUM PHOSPHATE AND CARDIOVASCULAR DISEASE IN ADVANCED
CHRONIC KIDNEY DISEASE

The patients in advanced CKD present increased calcifications, even those at a young
age[31]. It has already been established that in ESRD patients, hyperphosphatemia is
the reason of soft tissue calcification including vascular calcifications. Loss of the
smooth muscle phenotype, expression of bone-specific markers and mineralization of
the extracellular matrix was caused by the addition of exogenous phosphate to
cultured vascular smooth muscle cells[32,33]. These processes collectively have as an
effect calcification of the medial blood vessel wall (Ménckeberg’s arteriosclerosis)
resulting in the loss of normal vessel compliance. It has been shown that inferior epiga
-stric arteries removed from ESRD patients undergoing renal transplantation
presented medial arterial calcification in a 44% prevalence rate[34,35].

High evidence connecting phosphate overload with medial arterial calcification in
renal failure was provided by animal models.

Moreover, it has been highly supported that extended vascular calcification,
especially coronary artery calcification may play a potential role in the dispropor-
tionately increased prevalence rate of CVD in this population of patients[36]. Many
years ago, an independent association between serum phosphate > 5.5 mg/dL and all-
cause and cardiovascular mortality in hemodialysis patients was shown[37]. Another
large study including > 40000 hemodialysis patients showed that serum phosphorus
concentrations > 5 mg/dL were associated with a high risk of death[38]. However,
such an association is not restricted to hemodialysis patients in different countries. A
serum phosphate concentration > 3.5 mg/dL was independently associated with
mortality and this risk was linearly elevated with an increase in concentration equal to
each 0.5 mg/dL in a large retrospective study including 6730 CKD patients from
Veterans Affairs Medical Centers[3]. An Italian study including > 1700 CKD patients
showed a significant relationship between serum phosphorus and the likelihood of
death[39]. Furthermore, the evidence for significant relationship between higher
serum phosphorus and mortality in CKD patients was confirmed by a meta-analysis
including 47 studies and 327644 CKD participants[40].

Currently, a multinational, randomized controlled large simple trial including a
total of 3600 adult ESKD patients receiving dialysis is ongoing with primary endpoints
the cardiovascular death, non-fatal major cardiovascular or peripheral arterial events
(ClinicalTrials.gov Identifier: NCT03573089). The participants were randomized either
to intensive (< 1.50 mmol/L) or liberalized (2.0-2.5 mmol/L) serum phosphate target.
The choice and dose of phosphate binders is at the treating physician's discretion and
local practice to achieve and maintain serum phosphate concentration within the
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required target range according to randomization.

Furthermore, HiLo is currently running as another multicenter, cluster-randomized
clinical trial of approximately 4400 patients with ESRD undergoing hemodialysis with
a primary hypothesis the targeting serum phosphate levels of < 5.5 mg/dL to be
compared to less stringent control of serum phosphate to target levels of > 6.5 mg/dL
having as a goal the reduction of all-cause mortality and all-cause hospitalization
among these patients (ClinicalTrials.gov Identifier: NCT04095039). Secondarily, this
trial will test if less stringent control of serum phosphate results in increased serum
albumin and protein catabolic rate (PCR), as markers of diet and nutrition.

The main mechanism for the relationship between hyperphosphatemia and adverse
cardiovascular outcomes has been attributed to vascular calcification caused by
phosphorus, but there may be additional potential explanations including acute
endothelial dysfunction particularly in cases of an acute elevation of serum phosp-
horus. It has been used a diet containing either low (400 mg) or high (1200 mg)
phosphorus and serum phosphate concentrations were measured before and 2 h after
the meals in combination with flow-mediated dilation of the brachial artery
measurement. It was found that the high dietary phosphorus load increased serum
phosphorus at 2 h (by an average of 0.8 mg/dL) and significantly decreased flow-
mediated dilation (by an average of 4.5%)[41]. Such a finding supports that a
significant elevation of serum phosphorus, due to oral phosphorus loading, may be
important in the pathogenesis of CVD. We recently considered the importance of
serum phosphate in elderly patients with T2DM, strongly related to endothelial
dysfunction, vs non-diabetes mellitus in relation to renal function[7]. We enclosed 110
subjects and 29 of the participants had T2DM (a ratio equal to 26.4%). We found high
serum phosphate to be associated with hypertension, albuminuria, smoking, low
estimated glomerular filtration rate (eGFR) and metabolic disorders including higher
body mass index (BMI), higher serum glucose and higher uric acid levels, possibly due
to phosphorus contribution to diabetes mellitus-induced endothelial dysfunction
and/or vascular calcification.

In vitro experiments also showed that high phosphorus loading inhibited nitric
oxide (NO) production due to increased reactive oxygen species release and endo-
thelial NO synthase inactivation via conventional protein kinase C (PKC), resulting in
impaired vasodilation[41].

Furthermore, there are reports that phosphorus might result in direct actions on the
myocardium, causing fibrosis[42]. Although one such as conception was supported by
in vitro studies, direct clinical evidence has been provided by studies, which have
connected hyperphosphatemia with left ventricular hypertrophy in CKD[43] and
ESRD patients[44]. A relationship between high serum phosphorus and arterial
compliance, which may indirectly result in left ventricular hypertrophy, has also been
reported[45].

High FGF23 concentrations have been already found to be a significant risk factor
for adverse outcomes including death in patients with CKD[29,46,47]. Higher risk of
heart failure, stroke, and death among individuals with preserved renal function were
also associated with increased FGF23 concentrations[48].

According to the above, calcification of the medial blood vessel wall (Ménckeberg's
arteriosclerosis), endothelial dysfunction and inhibition of nitric oxide (NO) produ-
ction caused by increased reactive oxygen species release, mainly in cases of acute
overload of phosphorus, are involved in the pathophysiological mechanisms of CVD
in advanced CKD due to phosphorus. Regulatory factors of serum phosphorus
including FGF23 are also implicated in bad outcomes in these patients and high

phosphorus may have an additional direct action on myocardium inducing fibrosis
(Figure 2).

SERUM PHOSPHATE AND CARDIOVASCULAR DISEASE IN EARLY
RENAL DYSFUNCTION AND IN GENERAL POPULATION

A connection between increased serum phosphate and adverse outcomes in patients
who suffer from mild to moderate renal dysfunction or even in subjects who have
apparently a normal kidney function has been supported. However, studies in these
populations conferred mixed results. Among 3490 male United States veterans with
stage III-IV CKD it was demonstrated that there is a significant relationship between
higher serum phosphate concentrations and mortality and incident myocardial
infarction[3]. Controversially, another previous study did not find any adjusted associ-
ation of serum phosphate concentrations with all-cause mortality or progression of
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renal dysfunction among 10672 individuals who had early CKD in the community-
based Kidney Early Evaluation Program (KEEP)[26]. Different demographic character-
istics, causes of CKD, comorbidities and the timing of serum phosphate measure-
ments, which vary throughout the day as 1.0 mg/dL, may have contributed to hetero-
geneous associations[49]. Data from the CARE (Cholesterol And Recurrent Events)
study showed an independent association between increased phosphorus and risk of
mortality in subjects who had underwent a myocardial infarction[50]. It is worth
mentioning that most of the enrolled patients in this study had baseline serum
phosphate in normal range and the baseline eGFR was more than 60 mL/min per 1.73
m?. Supportively, a number of large epidemiological studies have suggested that mild
elevations of serum phosphorus even within the normal range are associated with the
risk of CVD including cardiovascular events, vascular calcification and cardiac valve
calcification in general population[51-54]. Interestingly, a previous study found that
the risk of mortality increases by 1.09 (HR: 1.09; 95%ClI: 1.06, 1.84) per every 1.0 mg/dL
increase in serum phosphorus considering the relationship between elevated serum
phosphorus concentrations over time and mortality in participants with eGFR > 60
mL/min per 1.73 m?[25]. Another study found that young men and women with rela-
tively high serum phosphate concentrations (> 3.9 mg/dL) had a greater pre-valence
rate of coronary artery calcification 15 years later[55].

Many warnings are included in the role of serum phosphorus on CVD in normal
populations. Phosphate homeostasis is obtained by regulatory hormones, cellular
receptors and bone metabolic factors[56-58]. Common genetic variants located within
or near multiple genes of mineral metabolism have been identified, which were
associated with serum phosphate concentrations among 16264 individuals without
apparently kidney dysfunction[59]. It is probable that one or more regulatory factors
of phosphorus, rather than phosphate directly, may be responsible for observed associ-
ations with calcification and cardiovascular events in normal populations.

On the other hand, in early CKD and general populations the range of serum
phosphate concentrations is typically found within or just above the normal laboratory
range. In experimental models higher concentrations of phosphorus were used to
induce calcification, ruling out the manifestation of calcification to be a plausible
mechanism for the observed associations between serum phosphorus and cardio-
vascular events in normal populations. Coronary artery calcium represents calcified
atherosclerosis rather than medial arterial calcification in normal populations in
contrast to advanced renal disease population of patients[60].

Findings related to the risk due to high phosphorus were shown to be controversial
in early stages of CKD, because of different demographic characteristics, causes of
CKD, comorbidities and the timing of serum phosphate measurements, which vary
throughout the day. One or more phosphate regulatory factors including FGE23
and/or cellular receptors, due to genetic variants linked to multiple genes of mineral
metabolism, rather than serum phosphate itself directly, are responsible for observed
associations between high serum phosphate and both calcification and cardiovascular
events in normal populations.

In Figure 3, potential mechanisms which are involved to the relationship between
serum phosphorus and cardiovascular disease in different stages of renal dysfunction
are shown.

IMPORTANCE OF DIETARY PHOSPHORUS INTAKE

Previous studies have supported that the elevated dietary phosphorus intake is
connected to endothelial dysfunction[41] and increased FGF23 concentrations[61].
Particularly in subjects with a normal kidney function it has been shown a significant
relationship between high FGF23 Levels and acute oral phosphorus loads[62]. In
disagreement, in the Chronic Renal Insufficiency Cohort (CRIC) Study an association
between dietary phosphorus intake and FGF23 concentrations was not found[63]. It
seems that the interrelation between FGF23 and phosphorus intake is influenced by
the kidney function and a preserved kidney function rather than CKD is required thus
the association between them to be significant. Moreover, the usage of foods contai-
ning inorganic phosphorus additives confuses the results, because inorganic
phosphorus is not captured completely by dietary surveys resulting in invalid findings
regarding the association between FGF23 and dietary phosphorus intake. On the other
hand, a strong, independent association between dietary phosphorus intake and left
ventricular mass assessed by magnetic resonance was shown in MESA (Multi-Ethnic
Study of Atherosclerosis) Study[64]. Increased oral phosphorus load was also found to
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Figure 3 Mechanisms, which are involved to the relationship between serum phosphorus and cardiovascular disease in different stages
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promote the generation of tumors and a significant association between phosphorus
and cancer may occur[65].

According to above discussed, the elevated intake of dietary phosphorus seriously
disrupts phosphate homeostasis in healthy individuals. A disordered phosphorus
homeostasis has potential health consequences in bones, cardiovascular, and kidney
disease, even in the presence of reserved kidney function. Furthermore, the increased
serum phosphorus, even without elevated oral phosphorus intake, as in advanced
CKD patients, may be linked to worse outcomes.

The dietary phosphorus intake is reflected by the serum phosphate concentrations
in dialysis patients. It has been established that a significant fall in serum phosphorus
is clearly obtained by the restriction of dietary phosphorus or the use of oral
phosphate binders[66]. Therefore, serum phosphate levels could be used as a marker
of dietary intake in this population. However, a such as relation has not been com-
pletely established in CKD patients without dialysis or in normal population, despite a
cross-sectional study in NHANES III which showed a mildly significant association
between dietary and fasting serum phosphorus concentrations[67]. Since kidney
function maintains the balance of serum phosphorus independently on phosphorus
intake, fasting serum phosphorus is a very poor indicator of dietary phosphorus intake
in normal population or in patients without dialysis. In these subjects repeated
measurements of serum phosphorus throughout the day could reflect the wide
fluctuation in phosphorus intake.

Moreover, it has been shown a circadian variation of serum phosphorus in healthy
subjects and in patients with early renal failure[49,68]. The phosphorus concentrations
might vary to 2 mg/dL during a 24-h time. It has been proved that the lowest serum
phosphate concentration is in morning specimens and the least difference in serum
phosphate concentrations on high- compared with low-phosphate diets also to be at
this time of day, without an increase of urine phosphate excretion, PTH or FGF23 to be
combined[49]. The mechanisms for phosphorus circadian variation phenomenon are
still unclear. Nevertheless, the high variation of serum phosphorus during daytime,
due to high oral phosphate load, could result in adverse outcomes, even in normal
kidney function[41]. Other factors which influences the relation between dietary
phosphorus intake and serum phosphate levels may be the use of foods with additives
containing inorganic phosphate and the different bioavailability of phosphorus from
various food sources. Phosphorus in meat can be absorbed more than the same
amount of phosphorus in cereals. The ratio between calcium and phosphorus dietary
intake is also other confounder in the relation between intake and serum phosphorus
concentrations.
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Table 1 Dietary phosphorus recommendations

Dietary phosphorus recommendations

Restricting dietary phosphorus intake in dialysis patients, thus serum phosphate levels to be maintained within normal range with the use of intestinal
phosphate binders or intensive hemodialysis

Restricting dietary phosphorus intake in adults CKD stages 3-5, thus serum phosphate levels in repeated measurements to be maintained within normal
range with the use of intestinal phosphate binders

Consideration of bioavailability of phosphorus sources (animals, vegetables, additives) in patients with CKD stages 1-5
Control of serum phosphorus to be in normal range in healthy individuals

Prescribing a high phosphorus intake (diet or supplements) in adult kidney transplant recipients with hypophosphatemia, because a severe drop in serum
phosphorus 1.5 mg/dL or below can cause neuromuscular disturbances, due to impaired cellular metabolism

CKD: Chronic kidney disease.

Dietary phosphorus intake
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/
/
/
/
//
/
/
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Healthy individuals CKD stages 3-5 Dialysis binders,
\ Binders hemodialysis

\\ /
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Serum phosphorus normal range

Figure 4 Phosphate control is schematically depicted in different populations.

Although many observational studies have been conducted on the relation between
serum phosphorus concentrations/dietary intake and outcomes, it still remains
undetermined whether phosphorus is a real toxin or is a simple marker for adverse
events. The cause for this would be the lack of a reasonable approach. However,
clinical studies including The Modification of Diet in Renal Disease (MDRD) study
observed a significant reduction in the risk of ESRD or death with reduced dietary
protein intake and, by extension, reduced intake of dietary phosphorus, as the main
intervention[69,70]. Even though the comparisons of randomized groups in previous
studies do not prove a beneficial cause effect of either protein restriction or
phosphorus restriction on morbidity/mortality, such a restriction should be recom-
mended, thus serum phosphorus could be retained within normal range for the
reduction of risk for cardiovascular events and the protection of renal function.

In Table 1, recommendations of dietary phosphorus are listed and in Figure 4,
phosphate control in different populations of patients are included.

CONCLUSION

Disordered phosphorus homeostasis in CKD is associated with bad outcomes
including cardiovascular morbidity / mortality and progression of renal dysfunction in
ESRD. Elevated intake of dietary phosphorus seems to disrupt phosphate homeostasis
even in healthy individuals, due mainly to abnormalities in regulatory factors
including FGE23 connected to genetic variants of mineral metabolism multiple genes,
eventually resulting in potential health consequences in bones, cardiovascular, and
kidney disease. Therefore, the maintenance of serum phosphorus in normal range
should be obtained. However, further studies are still required to clarify the
underlying pathophysiologic mechanisms and, particularly, to define interventions,
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which would attenuate the adverse outcomes due to phosphorus.
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Abstract

Nephrotic syndrome (NS) is relatively common in children, with most of its
histological types being minimal changed disease. Its etiology has long been
attributed to lymphocyte (especially T-cell) dysfunction, while T-cell-mediated
vascular hyperpermeability increases protein permeability in glomerular
capillaries, leading to proteinuria and hypoproteinemia. Based on this etiology,
steroids and immunosuppressive drugs that are effective against this disease have
also been considered to correct T-cell dysfunction. However, in recent years, this
has been questioned. The primary cause of NS has been considered damage to
glomerular epithelial cells and podocyte-related proteins. Therefore, we first
describe the changes in expression of molecules involved in NS etiology, and then
describe the mechanism by which abnormal expression of these molecules
induces proteinuria. Finally, we consider the mechanism by which infection
causes the recurrence of NS.

Key Words: Nephrotic syndrome; Gene; Immunity; Viral infection; Children
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Core Tip: There is no doubt that some vascular hyperpermeability factor is involved in
the incidence of proteinuria in idiopathic nephrotic syndrome (INS). However, no
etiological molecule has been identified in INS as a factor for increasing the
permeability of renal glomerular capillaries with reproducibility and clinical
consistency. In addition, since the onset is sometimes observed in the family, there is
high incidence of INS in East Asian children and there is the association of steroid-
sensitive NS in childhood in Japan with the HLA-DR/DQ region, it is highly possible
that some genetic factors are involved in the onset of NS. In our opinion, INS is a
multifactorial disease in which immunological stimuli, trigger the production of
substances that impair podocytes, resulting in dysfunction of the slit membrane and
cause proteinuria.
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INTRODUCTION

Nephrotic syndrome (NS) is a chronic kidney disease that is relatively common in
children, with an annual incidence of 2 to 7 per 100000 in the pediatric population[1].
An epidemiological study of pediatric idiopathic NS (JP-SHINE study) was conducted
in Japan, and found an incidence of 6.49 per 100000, which is 3 to 4 times that reported
for Caucasians[2]. The male-female ratio was 1.9%, and 32.7% of patients had frequent
recurrences during the 1- to 4-year observation period, which was similar to previous
reports[2].

NS is classified into idiopathic (INS), secondary, and congenital depending on the
cause and timing of proteinuria. INS accounts for 90% of NS in children. Furthermore,
since more than 80% of INS in children is minimal change NS (MCNS), more than 70%
of NS in childhood is MCNS. This epidemiology differs strongly from that in adults[1].

Focal segmental glomerulosclerosis (FSGS) is the second most common disease in
pediatric INS after MCNS. However, the difference between MCNS and FSGS has
been debated for many years, with no conclusions being reached|[3,4]. It remains
unclear whether they are distinct due to differing etiologies or stages/severity
(early/mild for MCNS and advanced/severe for FSGS). The etiology of MCNS and
FSGS has not yet been concluded.

TOPICS IN NS

Relationship between INS and T-cell function

Regarding INS etiology, the involvement of T-cell dysfunction proposed by Shalhoub
[5] in 1974 has long been supported[5]. In this study, steroid therapy showed a rapid
and significant effect in INS patients, whose lymphocytes released vascular hyperper-
meability factors into the culture supernatant. Additionally, INS patients were in
remission when they suffered from measles, and malignant lymphoma patients often
had INS. Finally, the recurrence of INS patients was significantly higher during upper
respiratory tract inflammation.

From these observations, it was concluded that lymphocytes (mainly T cells) in INS
patients are dysfunctional and overproduce vascular hyperpermeability factors. These
factors have been thought to increase vascular protein permeability in renal glome-
rular capillaries and lead to proteinuria[6,7].

In fact, when the supernatant from immortalized T cells from NS patients is admini-
stered to rats, it effaces foot processes and causes proteinuria, but the normal control
T-cell supernatant does not show such changes[8].

T cells include helper T cells (CD4 antigen-positive) that are presented with antigens
from monocytes and macrophages and regulate immune responses, and killer T cells
(CD8 antigen-positive) that damage virus-infected cells. Furthermore, helper T cells
include Thl and Th2 cells, which differ in cytokine secretion and effector functions.
Th1 cells produce interleukin (IL)-2, interferon (IFN)-y and tumor necrosis factor
(TNF)-a, and Th2 cells produce IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13. So, far, many
groups have investigated the dynamics of blood cytokine levels in MCNS patients[9].

It has been reported that there is no significant difference between cytokine levels in
remission in MCNS patients and controls, but IL-4 and IL-13 levels are elevated at the
onset of NS, that is, Th2-dominant fluctuations are observed. On the other hand, there
have been some reports denying these fluctuations, and no consensus has been
reached[10,11].

Reasons for the different observations may be differences in patient backgrounds,
lack of standardization of analysis methods (such as sampling and timing), and there
are no suitable in vitro cultured cells or in vivo animal models. At present, there is no
established evidence that Th1l or Th2 dominance causes NS. Yap et al[12] found the
elevated mRNA expression of IL-13 in the T cells of NS patients[12]. After that, an

increase IL-13 concentration in blood and T-cell were confirmed by other groups[13,
14].
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IL-13 receptors are expressed in glomerular epithelial cells, and the addition of IL-13
to cultured glomerular epithelial cells reduces barrier function[15]. Furthermore, since
strong expression of IL-13 in rats causes MCNS-like nephropathy[16], it is possible that
an increase in IL-13 in MCNS patients has an effect on the pathology. However, there
is a report that the blood concentration of IL-13 is not necessarily high in MCNS
patients[17], and future examinations of cytokine concentration in the renal region are
necessary.

It has been reported that the expression of a molecule called c-mip (c-maf inducing
protein) is increased in MCNS T cells[18]. Subsequent analysis revealed that c-mip
expression was increased not only in T cells but also in glomerular epithelial cells
when NS recurred[19]. Mice in which c-mip is overexpressed in glomerular epithelial
cells show proteinuria, with c-mip modifying the tyrosine kinase signal by the slit
membrane. C-mip has been suggested as a mediator causing glomerular epithelial cell
damage in MCNS[19].

There have also been reports of the effectiveness of TNF-a inhibitors in nephrotic
patients[20] and of nuclear factor-xB (NF-«B) pathway activation in the blood cells of
MCNS patients[21], but the number of cases was small, and then no further examin-
ations have been reported.

The CD25- and CD4-positive regulatory T-cell population has an inhibitory effect on
the immune response and specifically expresses the transcription factor Foxp3. The
forkhead box P3 (FOXP3) gene is thought to be the master gene in regulatory T-cell
development and function. Examination of recurrence of MCNS revealed that the
number of suppressive T cells was the same as normal, but the regulatory T cells of
ability to suppress T-cell proliferation was reduced at the time of MCNS recurrence
[22]. In addition, immune dysregulation, polyendocrinopathy, enteropathy, X-linked
syndrome, multiple endocrine disorders and digestive diseases caused by mutations in
the FOXP3 gene are complicated by NS. A relationship between MCNS and regulatory
T cells has been strongly suggested, while epigenomic changes in the lymphocytes of
MCNS patients are also being investigated[23]. Changes in histone methylation[24]
and DNA methylation[25] in MCNS have been reported, but there is currently no data
on whether these are related to changes in lymphocyte function leading to MCNS.
Since steroids induce epigenetic changes, this field is expected to gain interest, speci-
fically in understanding the mechanism of steroid sensitivity in MCNS.

Relationship between INS and B cell function

Although the function of B cells in MCNS is extremely poorly understood compared to
that of T cells, rituximab (a human monoclonal antibody against the B cell antigen
CD20) is clinically effective against frequently relapsing NS. That is, it became clear
that depletion of B cells is a treatment for MCNS[26]. However, it is unclear whether
this arises from an effect of rituximab on B cells or a change in T-cell function mediated
by B cells.

On the other hand, rituximab binds to acid sphingomyelinase-like phosphodi-
esterase 3b (SMPDL-3b), a protein expressed in glomerular epithelial cells. Serum from
NS patients reduces SMPDL-3b expression levels in cultured glomerular epithelial
cells, induces cytoskeletal changes, and reduces the filtration barrier function, whereas
rituximab increases SMPDL-3b expression level and suppresses the changes obtained
with NS patient serum/[27].

This suggests that rituximab may exert a proteinuria-suppressing effect directly on
glomerular epithelial cells without the intervention of immune cells. However, the
extent of involvement of this mechanism in the clinical effects of rituximab is unknown
at this time.

Other factors

Hemopexin: Hemopexin is a blood factor potentially associated with MCNS. It is an
enzyme involved in heme metabolism, and its administration to rats induces reversible
proteinuria[28]. Hemopexin activity is increased in MCNS patients[29], and since
hemopexin acts on the cytoskeleton of glomerular epithelial cells via nephrin in vitro
[30], it may be involved in MCNS. However, this report included a small number of
cases, and it is unclear whether its observations can be generalized.

Angiopoetin-like 4: In 2011, Clement ef al[31] found an increase in Angiopoetin-like 4
(Angptl4) levels in the blood of MCNS patients[31]. Angptl4 expression is also
enhanced in epithelial cells in the glomeruli of MCNS patients, and proteinuria occurs
when Angptl4 is strongly expressed specifically in glomerular epithelial cells in mice
[31]. Therefore, it was suggested that an increase in Angptl4 Leads to MCNS, but this
possibility has now been refuted. Subsequent analysis revealed that mice expressing
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Angptl4 in the liver did not exhibit proteinuria, and that Angptl4 in the blood acted on
glomerular endothelial cells and had a proteinuria-lowering effect[32]. Interestingly,
Angptl4 levels are elevated by lowering blood albumin, but Angptl4 suppresses
lipoprotein lipase activity, which suppresses the conversion of triglycerides to free
fatty acids and causes hyperlipidemia[32]. Therefore, Angptl4 may play a role in NS
hyperlipidemia.

CD80: CD80 (B7-1) is a membrane protein that is expressed on activated B cells and
antigen-presenting cells. It binds to CD28 on CD4 + T cells in response to T-cell rece-
ptor activation and promotes T-cell proliferation. Thus, interaction co-stimulation
signaling between CD80 and CD28 mediates the interaction between T cells and B cells
or antigen-presenting cells and regulates the adaptive immune response. On the other
hand, cytotoxic lymphocytes-associated antigen-4 (CTLA-4), which is a negative co-
stimulatory receptor, also binds to CD80 as a ligand, but its affinity is ten times higher
than that of CD28 and CD80, and therefore strongly inhibits the binding of CD28 and
CD80.

Animal experiments have shown that when glomerular epithelial cells are
stimulated and injured, they express CD80[33]. Urinary CD80 levels increase during
recurrence of MCNS, which is not seen in FSGS patients or those in remission, sugge-
sting that changes in CD80 expression may be specific to MCNS[34]. The addition of
serum from MCNS patients to cultured podocytes has been shown to increase CD80
expression in vitro[35], suggesting that there is a close relationship between MCNS and
CD80 expression. It is believed that these are not only involved in the onset and
recurrence of MCNS, but are also potential biomarkers for differentiating MCNS from
FSGS.

A two-hit hypothesis has been proposed, whereby the induction of CD80 expression
by a serum stimulus is the first hit, and the subsequent decrease in CTLA4 expression
that suppresses the CD80 signal is the second hit[36].

Abatacept is a chimera of CTLA4 and IgG that binds to CD80 and suppresses the
CD80-CD28 signal, attenuating the immune response. Therefore, several groups have
recently investigated whether suppressing CD80 on glomerular epithelial cells by
abatacept leads to an attenuation of proteinuria. Yu et al[37] reported the adminis-
tration of abatacept to 5 FSGS patients [4 rituximab-resistant and 1 steroid-resistant NS
(SRNS)] and the improvement of nephrotic-level proteinuria in all of them[37].

On the other hand, Garin et al[38] reported that abatacept had a temporary
inhibitory effect on proteinuria in MCNS patients, whereas there was no change in
proteinuria in FSGS patients despite a decrease in urinary CD80 antigen[38]. Another
group has reported that abatacept has a poor effect on proteinuria in FSGS patients
[39]. Future cases need to be collected to analyze the involvement of CD80 and aba-
taept on NS.

Genetic factors

More than 50 genes mutated in hereditary podocytopathies have been identified
(Table 1). The causative gene of congenital and SRNS is being elucidated. Depending
on the gene mutated, NS can be roughly classified into three types for convenience:
congenital NS developing symptoms early in life (NPHS1, NPHS2, NPHS3, CD2AP,
MYOIE, PTPRO etc.), NS with an adult onset in the form of autosomal dominant
inheritance (TRPC6, ACTN4, INF2 etc.), and NS with symptoms in other organs (WT1,
LAMB?2, LMX1B, MYHO efc.). Many of these genes encode proteins that are strongly
expressed in glomerular epithelial cells, so these genetic diseases are considered
podocyte diseases. In Western studies, two-thirds of infant NS cases developing within
the first year of life are explained by four gene mutations (NPHS1, 24%; NPHS2, 38%;
LAMB2,5%; and WT1,3%). It has also been reported that in steroid-resistant
congenital NS that develops under 2 years of age, mutations in 24 of the currently
known genes are found in nearly 90% of cases[40]. The analysis of more than 2000
cases of SRNS found that 30% of cases were explained by 27 known genes[41].

It is important to understand to what extent genetic background is involved in the
onset of steroid-sensitive NS (SSNS) and MCNS. Familial onset of SSNS is rare, in fact,
it was reported that the onset of SSNS in the sibs is 3%[42]. Certainly, the frequency of
known genetic abnormalities in SSNS is extremely lower than that in SRNS. For
example, the analysis of 38 SSNS patients did not find any genetic abnormalities[43].
Minor nephrin abnormalities have been reported in siblings with proteinuria[44]. In
addition, a mutation in LMX1B, the causative gene of Nail-Patella syndrome, has been
found in patients with proteinuria without extrarenal symptoms[45]. Furthermore, a
gene mutation in EMP2 was found by analysis of familial SSNS that developed in early
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Table 1 Genetic forms of podocytopathies

Gene Inheritance OMIM ID Pathology  Function Features
NPHS1 AR 602716 FSGS/MCD  Slit membrane Congenital. Finish type
NPHS2 AR 604766 FSGS/MCD  Slit membrane Develop ESRD in the first or second decades
CD2AP AR 607832 FSGS Slit membrane Severe early-onset SRNS
CRB2 AR 609720 FSGS Slit membrane Child onset SRNS
FATI AR 600976 FSGS Slit membrane First or second decade onset SRNS. Tubular ectasia, haematuria and
facultative neurological involvement
TRPC6 AD 603652 FSGS Slit membrane Both child and adult onset SRNS
MYOIE AR 601479 FSGS Actin binding Child onset SRNS
PLCE1 AR 608414 FSGS/MCD  Actin binding Infantile to child onset SRNS
INF2 AD 613237 FSGS Actin binding Complicated by Charcot-Marie-Tooth disease
ACTN4 AD 604638 FSGS Actin binding Adult onset SRNS
MYH9 AD 160775 FSGS/MCD  Actin binding Complicated by Epstein syndrome
ANLN AD 616027 FSGS Actin binding Both child and adult onset SRNS
KANK1 AR 607704 MCD Actin regulation
KANK2 AR 614610 MCD Actin regulation  Early-onset SSNS
KANK4 AR 614612 FSGS Actin regulation ~ Early-onset SRNS
ARHGDIA AR 601925 FSGS/DMS  Actin regulation  Onset age is younger than 3 yr
ITSN1 AR 602442 FSGS/MCD  Actinregulation ~ SSNS
ITSN2 AR 604464 FSGs Actin regulation ~ SSNS
MAGI2 AR 606382 MCD Actin regulation ~ SSNS
TNS2 AR 607717 FSGS/MCD  Actin regulation ~ SSNS
DLC1 AR 604258 FSGS Actin regulation ~ SSNS
ARHGAP24  AD 610586 FSGS Actin regulation
LAMB2 AR 609049 DMS/FSGS  Integrin and Pierson syndrome
laminin
ITGA3 AR 605025 FSGS Integrin and Infantile onset SRNS. Congenital interstitial lung disease and mild
laminin epidermolysis bullosa
ITGB4 AR 147557 FSGS Integrin and Congenital or infantile onset SRNS. Epidermolysis bullosa and pyloric
laminin atresia
Wr'1 AD 256370 DMS/FSGS  Nucleus Denys-Drash syndrome. Frasier syndrome. Wilms tumor
LMX1B AD 161200 FSGS/MCD  Nucleus Nail-patella syndrome
SMARCALTI AR 606622 FSGS Nucleus Schimke immunoosseous dysplasia
NUP93 AR 614351 FSGS Nucleoporins Child onset SRNS
NUP107 AR 607617 FSGS Nucleoporins Child onset SRNS
NUP205 AR 614352 FSGS Nucleoporins Early onset SRNS
XPO5 AR 607845 FSGS Nucleoporins Speech development delay
COQ2 AR 609825 FSGS/CG CoQ10 Early-onset NS
biosynthesis
COQ6 AR 624647 FSGS CoQ10 Early-onset NS. Hearing loss
biosynthesis
PDSS2 AR 610564 FSGS CoQ10 Leigh syndrome
biosynthesis
MTTL1 AR 590050 FSGS CoQ10
biosynthesis
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FSGS S1P metabolism  Hyperpigmentation, increased ACTH, hypoglycemia, and hypocalcemia
with seizures, ichthyosis, primary hypothyroidism and developmental
delay

FSGS Lysosome Progressive myoclonic epilepsy

FSGS: Focal segmental glomerulosclerosis; MCD: Minimal change disease; ESRD: End-stage renal disease; ACTH: Adrenocorticotropic hormone; SRNS:

Steroid-resistant nephrotic syndrome; DMS: Diffuse mesangial sclerosis; CG: Collapsing glomerulopathy.
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childhood[46]. EMP2 is expressed in glomerular epithelial and endothelial cells,
regulates the expression of the membrane protein caveolin, and its mutation is thought
to cause morphological changes to epithelial cells. Additionally, mutations of the
kidney ankyrin repeat-containing proteins 1, 2 and 4 known as the cause of SRNS have
also been found in SSNS patients[47].

Ashraf et al[48] focused on a family with SSNS and performed a whole exome
analysis of its members. A novel causative gene, called ITSN2, was identified in this
family. By combining this result with those from the genomic analysis of NS families
with a blood relative, six novel causative genes were identified. The 17 families with
mutations in this gene had an NS which was partially sensitive to steroid treatment.
Interestingly, all identified genes were involved in the same pathway (Rho signaling)
and were found to interact with each other. This pathway also includes genes involved
in SRNS, which is indicative of a common mechanism in SSNS and SRNS. In addition,
this study suggested that steroids also act on this signaling pathway[48].

These facts suggest that gene mutations affect glomerular epithelial cell function.

Large-scale studies have begun on not only causative genes whose mutations
determine the onset of disease, but also polymorphisms in susceptibility genes that
increase the risk of onset. In the case of diseases affected by multiple susceptibility
genes, the magnitude of the risk of developing the disease is expressed by the “odds
ratio.” Specifically, it is expressed as a numerical value indicating how many times the
risk of developing the disease is higher in a person who has a susceptibility gene than
that of a person who does not have the susceptibility gene.

Genome-wide association studies (GWAS) are comprehensive analyses of the single
nucleotide polymorphisms (SNPs) an individual has in their genome. A GWAS was
performed in less than 200 cases of acquired NS in Japan, and an SNP in the intron of
GPC5, which encodes Glypican-5, was found to correlate with NS onset. Glypican-5 is
expressed in glomerular epithelial cells and its specific knockdown in these cells turns
mice resistant to the development of experimental proteinuria. It is believed that the
expression levels of this gene define susceptibility to glomerular epithelial cell damage
[49].

In a GWAS of about 200 childhood-onset SSNS cases, the proportion of HLA-DQA1
polymorphisms on chromosome 6 was significantly increased in SSNS (odds ratio 2.1)
[50]. Jia et al[51] performed a GWAS using an SNP array optimized for Japanese
patients, including 224 pediatric SSNS patient and 419 healthy subject control speci-
mens. As a result, SNPs showed a significant genome-wide association in the HLA-DR,
DQ region of the short arm of chromosome 6. This result was also confirmed in
another cohort consisting of 213 pediatric SSNS patients and 710 healthy controls[51].

A GWAS using an SNP array optimized for Japanese patients was performed on 987
pediatric SSNS patients and 3206 healthy controls. As a result, in addition to the HLA-
DR, DQ region, variants (polymorphisms) showing a significant genome-wide
association with the NPHSI-KIRREL? region of chromosome 19 19q13.12 were
identified. Furthermore, the relationship between multiple NPHS1 variants and
glomerular NPHST mRNA expression was investigated. The expression of NPHS1
mRNA from chromosomes having haplotypes with these risk variants was reduced. It
has been clarified that NPHST is involved in expression regulation[52].

Although polymorphisms in the multiple susceptibility genes do not cause the
disease, they can have a significant impact on the risk of developing NS. These
macroscopic genome analyses, which are expected to gain popularity in the future, are
effective not only for clarifying the dynamics of susceptibility genes but also for
establishing the genetic differences found in populations such as specific ethnic groups
and races.

Mechanism of glomerular epithelial cell damage in NS

As mentioned above, various genetic abnormalities can cause NS. It has also been
suggested that changes in circulatory factors and local tissues may be involved in the
onset of non-genetic NS. Despite these various causes, changes in glomerular epithelial
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cells are common throughout NS. In particular, fusion of the foot process is observed
in most cases, and basement membrane detachment, vacuolar degeneration, and
inclusion body formation are strongly associated with barrier rupture.

Glomerular epithelial cells receive chemical or mechanical stimuli from the
glomerular blood vessels and Bowman's cavity to transmit intracellular signals[53].
These signals control the development, morphogenesis, and maintenance of
morphology of glomerular epithelial cells, and are closely related to proteinuria[54].

Slit membrane complexes such as Nephrin, Nephl, and Podocin play a major role in
controlling the cytoskeletal structure of glomerular epithelial cells, and various
adapter proteins are used in the intracellular region of slit membrane proteins, due to
stimulation-dependent phosphorylation[55,56]. The slit membrane functions as a
conversion point for receiving extracellular signals such as humoral factors[19,57]. This
signaling system is extremely important for executing reversible morphological
changes in epithelial cells and as the point of action of NS drugs.

Significance of viral infection in the onset and recurrence of INS in children

There are many reports on the immunological background of INS patients and
abnormalities in renal glomeruli. In recent years, there have been an increasing
number of research papers on relationship between upper respiratory tract infection
(URI) and the onset and recurrence of INS.

In children, it has been known for over 30 years that the onset and recurrence of INS
are observed in URI. Specifically, about 70% of INS recurrences are triggered by URI
[58]. Despite interesting findings reported in recent years, the molecular mechanism
that links URI to the onset and recurrence of INS has not been elucidated.

Involvement of Toll-like receptors in INS pathology

Innate immunity plays an important role in the initial recognition of pathogens (e.g.,
bacteria, viruses, and parasites), phagocytosis or digestion, and the subsequent
induction of an inflammatory response and the induction of acquired immunity.
Macrophages, neutrophils, and phagocytes such as dendritic cells play a central role in
this process. These cells express pattern recognition receptors (PRRs) that recognize
pathogen-associated molecular patterns (PAMPs) and transmit activation signals
through PRRs. The Toll-like receptor (TLR) family of PRRs, consist of 13 types
reported in humans, each of which recognizes different PAMPs such as proteins lipids,
and nucleic acids of bacteria, viruses, and parasites. TLRs have specific signaling
pathways depending on the adapter molecule which lead to the induction of differ-
ential gene expression patterns. The main signal transduction pathways are the
MyD88-dependent and TRIF-dependent pathways. The former is involved in the
induction of the inflammatory response through NF-xB activation, and the latter
activates the IFN regulatory factor (a transcription factor) which finally induces type I
IFN and is involved in the antiviral response.

There are some reports that the expression of TLR-3 and TLR-4 in peripheral blood
mononuclear cells (PBMC) is enhanced at the time of INS onset or recurrence[59,60].
Mishra et al[60] compared the mRNA expression levels of TLR-3, TLR-4, and CD80
using PBMC of 40 SSNS cases (25 of whom were initial or recurrent and 15 were in
remission; histological type was mainly MCNS), 30 cases of SRNS (tissue type was
mainly FSGS) and 23 control children. The mRNA expression levels of these molecules
were increased in patients with initial and recurrent SSNS. On the other hand, patients
with SRNS displayed a decreased expression compared to those of normal controls
[60].

TLR-3 is localized in the cell and recognizes viral double-stranded RNA, while TLR-
4 is present on the cell surface and recognizes sugars, lipids, and proteins derived from
the virus[61]. Therefore, the fact that the expression of these TLRs is enhanced is
consistent with the fact that many INS recurrences are triggered by URL

Involvement of alveolar surfactant protein in recurrence of INS

When MCNS patients relapse with URI, their levels of pulmonary surfactant proteins
surfactant protein A (SP-A) and surfactant protein D (SP-D) in the serum increase. As a
result of activating signal-regulatory protein-o (SIRPa), structural changes (such as
disappearance of podocyte foot protrusions) occur, resulting in the appearance of
proteinuria[62].

This inference is based on the elevation of SP-A and SP-D levels in the serum
collected at the time of recurrence of MCNS patients. SIRPa is stimulated by adding
the MCNS patient's serum at the time of recurrence to cultured podocytes, and protein
phosphatase non-receptor type 1 is released, which dephosphorylates nephrin,
activates podocyte NF-kB, promotes CD80 and pro-inflammatory cytokine production,
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and causes structural podocyte changes. SIRPa is a transmembrane protein that
contains a tyrosine phosphorylation site in the cytoplasmic region and is expressed in
dendritic cells, macrophages, nerve cells, and microglia. SIRPa is also expressed in
podocytes, and it was clarified that it is involved in the regulation of podocyte
structure and function as one of the major tyrosine phosphorylated proteins in renal
glomeruli[63-65].

In addition, SP-A and SP-D, which are mainly produced by alveolar type II
epithelial and Clara cells, are known as useful biomarkers of interstitial pneumonia,
but they are also SIRPa agonists[66]. Therefore, a hypothesis that SP-A and SP-D
serum levels increase during URI causing abnormalities SIRPa in podocytes and leads
to recurrence of INS can be formulated.

Certain viruses that are prone to the onset and recurrence of INS in children
Approximately 85% of microorganisms that cause URI, the so-called cold syndrome,
are viruses. The main causative viruses are rhinovirus and coronavirus, followed by
RS virus, parainfluenza virus, and adenovirus. It is well known that pediatric INS
patients are prone to recurrence when suffering from cold syndrome. There were
various studies examining the link between recurrence and the causative virus such as
RS virus, influenza virus A and B, parainfluenza virus, varicella herpes zoster virus,
and adenovirus, but it was unclear whether a specific pathogen was involved in
recurrence. In 2017, two facilities reported that infection with a specific virus was
involved in recurrence. Lin et al[67] proposed the hypothesis that rhinovirus (HRV)
infection leads to increased expression of CD80 in the renal podocytes of patients and
causes recurrence[67]. Lin et al[67] examined 32 MCNS patients who relapsed during
URI due to HRV, using PBMC and renal biopsy tissue, and compared the patients with
CD80-positive T cells of PBMC to control children with PBMC. The ratios of CD80-
positive T cells to CTLA-4 positive T cells and the ratios of Th17 to Treg increased at
the time of recurrence in MCNS when compared to those in control children, but they
normalized during the remission period. Furthermore, in an immunostaining study
using renal tissue of MCNS patients who underwent renal biopsy at the time of
recurrence, CD80 was strongly expressed renal glomeruli, but CTLA-4 was weakly
expressed. It is speculated that HRV infection increases the CD80 CTLA-4 ratio of
PBMC in MCNS patients, resulting in an increase in the Th17 Treg ratio. As a result,
the expression of CD80 in podocytes is enhanced and structural podocyte changes
occur, leading to recurrence[67].

The Epstein-Barr (EB) virus is a double-stranded DNA herpesvirus found in
cultured cells of Burkitt lymphoma that frequently occurs in children in equatorial
Africa. It is also called human herpesvirus type 4. A characteristic of herpesviruses,
including EB virus, is that they cause latent infections centered on B lymphocytes[68].
Dossier et al[69,70] have proposed the etiologic significance of the EB virus in INS
because of findings of infection and reactivation of the EB virus in pediatric patients
with initial INS[69,70]. According to them, about half of children with INS have
amplification of EB virus DNA. This amplification occurs in a locus with a previously
reported monobasic polymorphism in children with SSNS (6p21.32), associated with
the ability to produce EB virus nuclear antigen 1. Additionally, depletion of B cells
with rituximab relieves INS, but the cells that are persistently infected with EB virus
are B cells. These facts were cited as the basis for the EB virus etiology[70].

On the other hand, it is a well-known fact that pediatric INS resolved due to viral
infections, such as influenza and measles[71,72].

It has been reported that CD25, CD4, Foxp3, and regulatory T cells (Tregs) levels
increase in the blood during measles, and that changes in the T-cell-producing
cytokine balance during measles are involved in NS remission[73]. An increase in the
number of Tregs was observed in response to intercurrent influenza B virus infection
and prednisolone administration, along with a parallel decrease in the amount of
proteinuria[74]. Moreover, both influenza virus infection and glucocorticoid (GC)
administration, which is the key treatment for INS, increase the number of Tregs[75,
76]. Therefore, it may be hypothesized that Tregs play an important role in INS
pathogenesis in patients with INS complicated by influenza B and measles infections.

New insights in the drugs of MCNS

(1) GC: Approximately 80% of pediatric MCNS patients are in remission with GC, but
how GC improves MCNS remains unclear. GC may act directly on podocyte receptors
to suppress the appearance of proteinuria. In fact, dexamethasone has a significant
effect on the structure and function of human podocytes[77], and has been shown to
suppress the intracellular signaling of podocyte NFxB[78]; (2) Cyclosporine (CsA): The
suppression of intracellular signal transduction of activated T cells was thought to be a
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possible mechanism of CsA in MCNS. CsA acts on the calcineurin-dependent dephos-
phorylation of synaptopodin in podocytes to stabilize the actin cytoskeleton and
reduce proteinuria[79]; and (3) Rituximab (RTX): RTX, a monoclonal antibody that acts
against the B cell surface antigen CD20, is also highly effective in MCNS. However, its
mechanism of action is not well known.

It speculated that the depletion of B cells may reduce self-reactive T cells through
cell-cell interactions[80]. Fornoni et al[27] indicated that RTX not only recognizes CD20
on the surface of B cells, but also binds to and protects podocyte SMPDL-3b
preventing the destruction of the actin cytoskeleton and suppressing proteinuria[27].

Why don’t we still understand the cause of MCNS?

Among the genetic abnormalities identified for congenital NS and SRNS, many have
been found to be explained by glomerular epithelial cell abnormalities, however, many
aspects of MCNS pathogenesis remain unknown. There are various possible reasons
for this. (1) Factors other than the currently analyzed blood factors; (2) Involvement of
not one but multiple factors (Genetic, immunological or circulatory factors etc.); and (3)
Caused by a combination of such factors (e.g., glomerular epithelial cell factor +
immunological factor, T cell factor + B cell factor,1st hit + 2nd hit, efc.)

Considering these problems, carrying out comprehensive analysis, such as analysis
of genome, epigenome, proteome, and transcriptome using a large cohort will be
essential for future studies. Additionally, clarifying the genetic background of patients
with a familial history may provide an opportunity to approach the more common
cause of idiopathic INS.

CONCLUSION

There is no doubt that some vascular hyperpermeability factor is involved in the
incidence of proteinuria in INS. However, no etiological molecule has been identified
in INS as a factor for increasing the permeability of renal glomerular capillaries with
reproducibility and clinical consistency.

In addition, since the onset is sometimes observed in the family, there is high
incidence of INS in East Asian children[2] and there is the association of SSNS in
childhood in Japan with the HLA-DR DQ region[51], it is highly possible that some
genetic factors are involved in the onset of NS.

In our opinion, INS is a multifactorial disease in which immunological stimuli,
trigger the production of substances that impair podocytes, resulting in the
dysfunction of the slit membrane and causing proteinuria.
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Abstract

BACKGROUND

Lemierre's syndrome is a disease that causes anaerobic sepsis, internal jugular
vein thrombosis, and septic embolism in the lungs and other organs after acute
oropharyngeal infection. It was named after André-Alfred Lemierre in 1936.

CASE SUMMARY

Here, we have reported a case of Lemierre’s syndrome in a 56-year-old female
patient who presented with a sore throat. The patient had septic shock, had not
voided, and had severe hyperglycemia at the time of her visit. Imaging tests
revealed bilateral pneumonia, pleural effusion, pulmonary embolism, and renal
vein thrombosis. The patient was admitted to the intensive care unit and placed
on mechanical ventilation due to acute respiratory distress syndrome. Continuous
renal replacement therapy was administered to treat renal failure with anuria.
Klebsiella pneumoniae was cultured from blood and sputum samples. After
reviewing various results, the patient was ultimately diagnosed with Lemierre’s
syndrome. The patient was treated with appropriate antibiotics and thrombolytic
agents. She was discharged from the hospital after recovery.

CONCLUSION

Lemierre’s syndrome is associated with a high mortality rate. Therefore, clinicians
should be familiar with the signs and symptoms of this disease as well as the
preemptive examinations, procedures, and treatments.

Key Words: Lemierre's syndrome; Klebsiella pneumoniae; Diabetes Mellitus; Pulmonary
embolism; Septic pneumonia; Case report
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Core Tip: Lemierre’s syndrome is mostly caused by Fusobacterium. However, we
present a rare case of Lemierre’s syndrome caused by Klebsiella pneumoniae in a
patient with poor glycemic control. Uncommon in Lemierre’s syndrome, renal vein
thrombosis and acute kidney injury occurred, continuous renal replacement therapy
was performed, and mechanical ventilation was performed for serious pulmonary
complications. The incidence of Lemierre's syndrome decreased after antibiotics were
developed. However, when Lemierre’s syndrome occurs, the mortality rate from its
complications is high, so we want to emphasize that patients with systemic symptoms
accompanied by fever and sore throat should be suspicious of Lemierre's syndrome.

Citation: Hwang SY, Shin SJ, Yoon HE. Lemierre's syndrome caused by Klebsiella
pneumoniae: A case report. World J Nephrol 2021; 10(5): 101-108

URL: https://www.wjgnet.com/2220-6124/full/v10/i5/101.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i5.101

INTRODUCTION

Lemierre” syndrome, also known as postanginal sepsis, was first named in 1936 after
the French microbiologist André-Alfred Lemierre. This syndrome is characterized by
anaerobic sepsis and blood clots in the internal jugular vein (IJV) after acute
oropharyngeal infection. It also causes septic embolism in the lungs and other organs
1

Lemierre’s syndrome is typically caused by Fusobacterium necrophorum, which is a
part of the normal flora of the oropharynx. However, the recent development of
various antibiotics and advancements in medical care have led to diversified and
antibiotic-resistant strains.

Therefore, after referring to the current literature, we have reported a single case of
Lemierre’s syndrome caused by Klebsiella pneumoniae (K. pneumoniae). In accordance
with the course of this disease, pulmonary embolism, occurring after oropharyngeal
infection, developed into acute respiratory distress syndrome.

CASE PRESENTATION

Chief complaints
A 56-year-old female patient presented to the emergency department of our institution
with sore throat, dyspnea, abdominal pain, and diarrhea.

History of present illness
The patient was unable to eat due to a sore throat and had been unable to take her
diabetes medication for 5 d prior to the visit.

Subsequently, the patient visited the hospital with abdominal pain, diarrhea, and
shortness of breath.

History of past illness

The patient had been prescribed medication for diabetes and hypertension 2 years
previously. She also had a history of a canceled surgery for chronic right-sided otitis
media.

Personal and family history
The patient had diabetes, hypertension, and chronic otitis media.

Physical examination

At the time of admission, the patient’s blood pressure, pulse rate, respiratory rate,
body temperature, and oxygen saturation level were 11.3/7.8 kPa, 104, 22, 36 °C, and
90%, respectively. The patient was conscious. Swelling and redness were observed in
the left neck and both tonsils. Rales were auscultated throughout the chest.
Auscultation of the abdomen revealed a normoactive bowel sound with no tenderness.
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No urine was produced after catheter insertion.

Laboratory examinations
Blood tests revealed an evaluated white blood cell count (16.47 x 10°/uL), anemia
(hemoglobin level, 7.2 g/dL; hematocrit level, 24.4%), renal failure (blood urea
nitrogen, 78.8 mg/dL; creatinine level, 4.22 mg/dL). The patient was hyperglycemic,
with a glucose level of 32.6 mmol/L. The patient had uncontrolled diabetes, with a
glycated hemoglobin level of 11%. The C-reactive protein level was also elevated at
207.58 mg/dL. An arterial blood gas test revealed acidosis of pH 7.27. Additionally, a
pCO,level of 25 mmHg, a pO,level of 83 mmHg, and a bicarbonate level of 11.5
mEq/L indicated metabolic acidosis.

The anion gap was 21.5 mEq/L, and the serum lactate level was 1.8 mmol/L.
Therefore, a provisional diagnosis of lactic acidosis was established. Urine ketone was
present in trace amounts. Spot urine microalbumin/creatinine ratio was 123.6

mg/gCr.

Imaging examinations
Chest radiography showed multiple patchy infiltrations in both Iungs (Figure 1).

Chest computed tomography (CT) revealed peribronchial consolidation and
ground-glass opacity with cavitary nodules in both lungs. Pulmonary thromboem-
bolism (PTE) in the segmental and subsegmental pulmonary arteries of the right lower
lobe was suspected (Figure 2).

Abdominal computed tomography showed extensive thrombosis in the left renal
vein, extending to partial thrombosis in the suprarenal inferior vena cava (IVC).

A neck angio CT was performed on the third day to assess left neck swelling. A 13
mm % 10 mm nodular lesion was observed on the left parotid gland (Figure 3).

Further diagnostic work-up
For further evaluation, blood, sputum, and urine cultures, hypercoagulability test
were performed.

The hypercoagulability test showed decreased protein S activity and less free
protein S antigen but normal total protein S antigen, protein C activity, and protein C
antigen. The von Willebrand factor and factor V Leiden were normal, and lupus anti-
coagulant level was elevated. However, anticardiolipin and anti-p2 glycoprotein-1
antibodies were absent.

Additionally, the following findings were noted: prothrombin time, 14.5 s; antith-
rombin III, 72.1; D-dimer, 2.01; and fibrinogen, 926.1. These results did not meet the
diagnostic criteria for disseminated intravascular coagulation.

On the fourth day of hospitalization, as pneumonia was worsening, sputum
analysis was performed using bronchoalveolar lavage.

A fine-needle aspiration biopsy of the nodule on the left parotid gland was
performed on day 14. The nodule was found on neck angio CT. Biopsy results
indicated that the nodule consisted of inflammatory cells. Although there was a
possibility of cervical lymphadenopathy, the mass was not removed and was closely
observed.

The patient had a history of discontinued treatment for chronic right-sided otitis
media. Therefore, she underwent otoscopy after being transferred to a general hospital
unit. Chronic otitis media with cholesteatoma was suspected. An additional temporal
bone was identified on CT. The focal bone defect was suspected to be the right tegmen
mastoideum. Therefore, surgical therapy was considered after the acute inflammation
was controlled.

Follow-up chest CT was performed as there was no further clinical improvement in
pneumonia. Progression of invasive aspergillosis was observed.

Microbiological identification of the causative agent

K. pneumoniae was identified on culture of blood samples taken immediately after

admission and on culture of sputum samples extracted via bronchoscopy. Except for

piperacillin and ampicillin, the bacteria were susceptible to other antibiotics.
Aspergillus niger (A. niger) was identified on a follow-up sputum culture. The (1-3)-p-

D-glucan assay confirmed the presence of invasive Aspergillus.
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Figure 2 Computed tomography scan of the chest showed suspicious pulmonary thromembolism in segmental and subsegmental
pulmonary arteries of right lower lobe (orange arrow).

FINAL DIAGNOSIS

The final diagnosis was Lemierre’s syndrome due to K. pneumoniae.

TREATMENT

After admission, the patient was transferred to the intensive care unit to undergo
treatment for anuria and metabolic acidosis. After continuous renal replacement
therapy and administration of a large amount of fluid, the patient started to urinate on
the first day of hospitalization. Acute renal failure improved on the second day.
However, oxygen demand gradually increased, and pneumonia was aggravated in
both lungs on chest radiographs. Therefore, mechanical ventilation was initiated.
Piperacillin-tazobactam and levofloxacin were used as empirical antibiotics. They
were used to simultaneously manage Streptococcus pneumoniae and Pseudomonas spp.,

uisnidenge WIN | https://www.wjgnet.com 104 September 25,2021 | Volume10 | Issue5 |



Hwang SY et al. Atypical case report of Lemierre's syndrome

Figure 3 Computed tomography scan of the neck showed the 13 mm x 10 mm size nodular lesion (orange arrow) in left parotid gland.
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the causative agents of severe community-acquired pneumonia. These antibiotics were
selected based on previous reports of fluoroquinolone combination therapy leading to
a better prognosis than B-lactam alone in severe cases[2].

Enoxaparin, a low-molecular-weight heparin, was initiated on the second day to
treat the pulmonary thromboembolism.

However, the patient’s clinical condition further deteriorated due to pneumonia.
Therefore, on the fourth day, the initial antibiotics were replaced with vancomycin and
meropenem.

As there was no improvement in pneumonia after the antibiotics were changed,
mechanical ventilation was continued. On the ninth day, vancomycin was discon-
tinued due to a lack of evidence of a gram-positive bacterial infection. Amikacin was
added to meropenem. On day 13, improvement was seen in pneumonia. The patient’s
oxygen demand decreased, and therefore, she was weaned from mechanical
respiratory support. She was subsequently transferred to a general hospital unit.

Moreover, A. niger was isolated in a follow-up sputum culture. Therefore, we
started administering amphotericin following consultation with the infectious disease
medical staff.

Subsequently, the patient recovered gradually, amphotericin was switched to
itraconazole and low-molecular-weight heparin was switched to apixaban. She was
ultimately discharged from the hospital.

OUTCOME AND FOLLOW-UP

Leukocytosis occurred on the 12" day after discharge; therefore, the patient was re-
hospitalized. There was suspicion of an abscess in the right lung field. An air-fluid
level was identified (Figure 4).

A. niger was not identified in the follow-up culture performed after hospitalization.
K. pneumoniae susceptible to third-generation cephalosporins was identified, consistent
with the initial culture result. Therefore, during hospitalization, piperacillin-
tazobactam was administered. The patient was discharged with a prescription of
cefditoren and itraconazole.

Itraconazole was discontinued after 3 mo. The lung lesion with bilateral ground-
glass opacity on radiography did not improve. Therefore, the patient continued taking
cefditoren and received continuous respiratory rehabilitation treatment. To reduce the
risk of PTE recurrence, apixaban was administered for > 6 mo.

DISCUSSION

In 1989, Sinave et al[3] summarized the key symptoms of Lemierre’s syndrome and
suggested the following diagnostic criteria: (1) Primary infection of the oropharynx; (2)
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Figure 4 Chest radiography showed large cavitary consolidation with internal air-fluid level in right upper and middle lobes.
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Sepsis with at least one bacteria identified on a blood culture; (3) Clinical or imaging
findings of IJV thrombosis; and (4) At least one metastasis.

Lemierre’s syndrome was a common disease until the development of antibiotics.
However, recently it has become a rare disease and has been called the “forgotten
disease”[1].

This disease occurs mainly in adolescents and young adults. However, its cause has
not been clearly established.

In young adults, pharyngitis symptoms are observed during the initial stages of the
disease. In contrast, elderly individuals manifest early metastatic complications, such
as pneumonia and brain abscesses. This suggests that infection of the IJV causes
complications in other organs through blood circulation. In recent studies, 7% cases of
Lemierre’s syndrome progressed to septic shock[4]. Pulmonary impairment was the
most common metastatic complication, leading to pneumonia, pulmonary embolism,
pleural effusion, pneumothorax, and thoracic empyema. A total of 10% cases required
mechanical respiratory assistance for acute respiratory distress syndrome. This was
the case in our study.

Less than 5% patients receive renal replacement therapy for acute renal failure[4].
However, for 2 d, our patient underwent continuous renal replacement therapy for
acute kidney injury caused by septic shock and renal vein thrombosis.

Lemierre’s syndrome is primarily caused by Fusobacteria, which are a part of the
normal flora in the oropharynx, genitourinary tract, and gastrointestinal tract. Among
the 13 species of Fusobacterium, F. necrophrum is the most common pathogen[5]. In
other case reports, Bacteroides spp., Streptococcus spp., Enterococcus spp., Peptostre-
ptococci, and Proteus mirabilis have been identified as pathogens.

In the present case, K. pneumoniae was the causative pathogen. However, K.
pneumoniae has rarely been reported as a cause of Lemierre’s syndrome in previous
case reports. Based on some retrospective studies, only 2.5% cases have been reported
to be caused by K. pneumoniae[6].

In a study published in 2015, eight of nine patients with Lemierre’s syndrome
associated with K. pneumoniae had poorly controlled diabetes[7].

Similarly, our patient had poor blood glucose control with a glycated hemoglobin
level of 11% and a serum glucose level of 32.6 mmol/L at the time of admission.

Patients with type 2 diabetes mellitus are vulnerable to infection because of the
decreased activity of neutrophils[8]. The underlying mechanism of the increased
susceptibility of patients with type 2 diabetes mellitus to K. pneumoniae is as follows.
The hypermucoviscosity phenotype of K. pneumoniae, especially K1/K2 isolates, is
resistant to phagocytosis[9]. Poor glycemic control significantly reduces phagocytosis
of virulent K1/K2 K. pneumoniae. Additionally, Lin ef al[10] showed that older patients

WIN | https://www.wjgnet.com 106 September 25,2021 | Volume10 | Issue5 |



Jaishideng®

Hwang SY et al. Atypical case report of Lemierre's syndrome

with poor glycemic control had decreased phagocytosis activity.

Beta-lactamase-resistant beta-lactam antibiotics are recommended for typical
Lemierre’s syndrome. Beta-lactamase produced by F. necrophorum may lead to therapy
failure[7].

Therefore, treatment should be changed from empirical antibiotics to targeted
antibiotics based on the results of the blood culture and antibiotic susceptibility
analysis.

If K. pneumoniae is the likely cause of Lemierre’s syndrome, drugs that can also treat
gram-negative aerobic rods should be used until the causative pathogen is identified.
Additionally, the appropriate drug must be selected based on the susceptibility data of
K. pneumoniae in the region and the risk of an Extended-spectrum beta-lactamases-
producing strain[11,12].

In our patient, IJV thrombosis was not observed. Instead, pulmonary thromboem-
bolism, partial thrombosis of the suprarenal IVC, and extensive thrombosis of the left
renal vein were observed.

The hypercoagulability test results led to the suspicion of protein S deficiency.
However, protein S deficiency is difficult to diagnose solely based on the results
obtained once in the acute phase[13].

We have scheduled another test for the protein S deficiency diagnosis 3 mo later.
Since prolonged prothrombin time and decreased antithrombin III levels are common
in sepsis, the result was considered to be non-specific.

We compared the hypercoagulability properties of F. necrophorum and K. pneumoniae
because they are related to the pathogenesis of Lemierre’s syndrome.

F. necrophorum produces a component of the cell surface called hemagglutinin,
which forms thrombi[4]. Russo et al[14] have suggested that this is because K.
pneumoniae causes more frequent metastatic spread in the K1/K2 group. Another
possibility is increased capsule production in the hypervirulent type.

Although the hypothesis has not been tested, it appears that the mucoviscosity of
the strain’s thick capsules persists in the bloodstream and causes greater aggregation
of bacterial cells to form thrombi[14].

The role of anticoagulation for IJV thrombosis is controversial. As Lemierre’s
syndrome has a low incidence rate, there is a lack of controlled investigations for
anticoagulation treatment.

Also, anticoagulation medication was introduced to prevent respiratory failure and
propagation of the septic thrombus to the intracranial sinuses.

There is no clear evidence to outline the appropriate duration of anticoagulation
treatment. Previously reported findings suggest a duration of 4 wk to 6 mo[15].
Schubert et al[16] analyzed 23 patients diagnosed with septic thrombosis of the IJV
from 1998 to 2010. The primary infection site in 11 patients was the middle ear[16].
Otitis is a common disease. However, it can progress to systematic infection by
forming septic thromboses in the IJV. Therefore, source control is fundamental even if
it is a local infection.

In addition, the incidence rate of Lemierre’s syndrome is increasing again in recent
years. The development of various antibiotics and advancements in medical care have
led to the emergence of various new pathogenic strains and multidrug-resistant
strains. The syndrome may be fatal as it is accompanied by numerous systemic
complications. Therefore, Lemierre’s syndrome must be suspected in cases of fever or
throat pain associated with infections of the oropharynx and middle ear. Preemptive
examinations, consultation with other specialists, appropriate procedures, and
targeted treatments are essential.

CONCLUSION

The primary site of infection in Lemierre’s syndrome is the oropharynx.
Oropharyngeal infections cause IJV thrombosis and anaerobic sepsis. The disease
typically manifests as sore throat, a symptom of oropharyngeal infection. This can lead
to metastatic complications and death. Lemierre’s syndrome is a rare disease[17].
Therefore, it is difficult for doctors with no experience with this syndrome to suspect it
[5]. In addition, symptoms of oropharyngeal infection are often resolved when the
patient visits the hospital. This disease should be considered in the differential
diagnosis when systemic complications caused by upper respiratory tract infection are
suspected.

Atypical Lemierre’s syndrome should be suspected in cases in which a typical
causative strain is not identified or cases of thromboembolism at a site other than the
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IJV thrombosis. After diagnosis, it is essential to assess whether surgery or
intervention is necessary through active consultation with other specialists.
Appropriate antibiotic treatment according to the causative strain must be initiated.
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Abstract

BACKGROUND
Hema-Plus, a recombinant human erythropoietin (tHuEPO) or epoetin alfa has
shown effectiveness in correction of anemia in Thai population in clinical practice.
This study was aimed to demonstrate efficacy and safety under the evidence-
based approach.

AIM

To evaluate the efficacy and safety of rHUEPO (Hema-Plus) for treatment of
anemia over 12 wk in Thai patients with Stage V chronic kidney disease (CKD) on
peritoneal dialysis (PD).

METHODS

This study was an open-label, multi-center study to enroll 30 CKD patients
identified to start PD with hemoglobin (Hb) less than 9.5 g/dL, serum ferritin
more than 100 ng/mL, serum transferrin saturation more than or equal to 20%
and who had not previously received epoetin. Patients with conditions that could
increase the risk of adverse effects from study participation or interfere with study
outcomes, were using concomitant androgens or had secondary hyperpara-
thyroidism were excluded. All eligible patients started Hema-Plus by SC injection
at 4000 IU once or twice weekly (week 0) and with follow-up at weeks 2, 4, 8, and
12. Dosage adjustment could be done to achieve Hb level of 11-12 g/dL. Primary
end point was mean change in Hb level from baseline to end of treatment (week

109 November 25,2021 | Volume10 | Issue6 |


https://www.f6publishing.com
https://dx.doi.org/10.5527/wjn.v10.i6.109
http://orcid.org/0000-0002-8521-7721
http://orcid.org/0000-0002-8521-7721
http://orcid.org/0000-0002-6903-5039
http://orcid.org/0000-0002-6903-5039
http://orcid.org/0000-0002-6903-5039
http://orcid.org/0000-0002-2291-1580
http://orcid.org/0000-0002-2291-1580
http://www.thaiclinicaltrials.org/
mailto:pchuengsaman@gmail.com

Chuengsaman P et al. tHuEPO (Hema-Plus®) in Thai PD patients

study participants, or their legal
guardian, provided informed
written consent prior to study
enrollment.

Conflict-of-interest statement: All
authors declare no potential
conflicting interests related to this
paper. Although, Apexcela Co.,
Ltd. supported for the study
funding and medication, the study
was conducted and the study
results were interpreted without
the influence of the pharmaceutical
company.

Data sharing statement: No
additional data are available.

CONSORT 2010 statement: We did
not use CONSORT (for reporting a
randomised trial).

Country/Territory of origin:
Thailand

Specialty type: Urology and
nephrology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Received: May 9, 2021
Peer-review started: May 9, 2021
First decision: June 6, 2021
Revised: August 19, 2021

Jaishideng®

WIN | https://www.wjgnet.com 110

12). Safety was assessed throughout the study. Quality of life (QoL) was assessed
using KDQOL-36.

RESULTS

All 30 enrolled patients completed the study. Mean (standard deviation) Hb at
baseline (week 0) to the end of 12 wk was significantly increased from 7.39 (1.29)
g/dL to 11.15 (1.73) g/dL (paired t-test, P value < 0.001). Overall change of Hb
means from baseline over the other 4 visits was statistically significantly increased
(repeated measure ANOVA, P value < 0.001). Ten out of 39 adverse events (AEs)
were serious. Two serious AEs were probably related to study medication by
investigators” assessment. At week 12, the QoL scores in all domains were
significantly increased from baseline.

CONCLUSION
Hema-Plus administered for 12 wk for treatment of anemia in patients on PD
effectively increased Hb levels with acceptable safety profile.

Key Words: Recombinant human erythropoietin; Anemia; Peritoneal dialysis; Chronic
kidney disease; Epoetin alfa

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was an open-label, single-arm, prospective, multicenter study of Hema-
Plus®, a recombinant human erythropoietin (rHuEPO) for management of anemia in
30 Thai chronic kidney disease patients who started peritoneal dialysis with
hemoglobin (Hb) lower than 9.5 g/dL and who had not previously received epoetin.
The results showed that the rHuEPO could significantly increase Hb from baseline
throughout the 12-wk treatment duration with acceptable safety profile. The quality of
life (QoL) scores at week 12 assessed using KDQOL-36 were significantly increased
from baseline in all domains.

Citation: Chuengsaman P, Narenpitak S, Sritippayawan S. Efficacy and safety of recombinant
human erythropoietin (Hema-Plus®) for management of anemia in Thai patients on peritoneal
dialysis. World J Nephrol 2021; 10(6): 109-121

URL: https://www.wjgnet.com/2220-6124/full/v10/i6/109.htm

DOI: https://dx.doi.org/10.5527/wjn.v10.i6.109

INTRODUCTION

Anemia is a common condition among patients with chronic kidney disease (CKD).
This anemia is an almost inevitable feature of CKD, especially end-stage renal disease
because the kidneys play an important role in the production of erythropoietin which
supports erythropoiesis. Renal anemia begins in early stages of CKD and worsens as it
progresses[1,2]. When anemia is left untreated the consequences can be severe. The
more dangerous impacts include cardiovascular disease, worsening angina symptoms,
left ventricular hypertrophy (LVH) and congestive heart failure. These abnormalities
reduce the quality of life (QoL), interfere with rehabilitation and decrease survival in
patients with CKD[1,3-5].

The primary etiology of anemia associated with CKD is insufficient renal
production of the erythropoietin. Additionally, other factors contributing to anemia in
CKD include iron deficiency, hyperparathyroidism, acute and chronic inflammatory
disease, and shortened red blood cell survival[4,6]. The treatment of anemia in patients
with CKD provides the following known beneficial effects: A reduced requirement for
blood transfusions and associated complications, improved QoL, decreased hospitaliz-
ations and reduced overall healthcare costs[4,5].

The use of erythropoiesis-stimulating agents (ESAs) for treatment of renal anemia
can relieve the anemia symptoms and improve QoL[7,8]. Recombinant human
erythropoietin (tHuEPO) or epoetin alfa is generally well tolerated. In patients with
chronic renal failure the adverse events (AEs) reported from a clinical point of view
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include hypertension, increased blood pressure, seizures, thrombotic vascular events,
headache, increased heart rate, nausea, vomiting, diarrhea, pyrexia, hypercalcemia,
hyperkalemia, hypersensitivity reaction (rash, urticarial, anaphylactic reaction, angio-
edema), and increased incidence of thrombotic vascular events. A rare, but serious
complication related to epoetin is antibody-mediated pure red cell aplasia (PRCA)S,
9]. When treated with ESA, patients with anemia and CKD may encounter hypore-
sponsiveness. Many factors contribute to ESA hyporesponsiveness such as iron
deficiency, non-adherence to iron or ESA therapy, acute/chronic blood loss, infection,
inflammation, inadequate dialysis, aluminum overload, malignancy, chronic
conditions, hyperparathyroidism, and PRCA[3,10]. Practice guidelines suggest
evaluation for specific causes of hyporesponsiveness when the Hb level is inappro-
priately low for the ESA dose administered[7,11].

Hema-Plus is a rtHuEPO. The product was approved for marketing in the manufac-
turing country in 1998. To date, the product has been registered in more than 20
countries. The product was approved for marketing in Thailand in September 2012.
This study was proposed to evaluate the efficacy and safety of the product in the
management of anemia in patients on peritoneal dialysis (PD) and also the QoL of
those patients.

MATERIALS AND METHODS
Study design and setting

This was an open-label, single-arm, prospective, multicenter, phase IV study to
evaluate efficacy and safety of Hema-Plus® in correcting anemia among CKD patients
receiving PD. The study was conducted at three dialysis centers offering continuous
ambulatory PD (CAPD) services in Thailand, i.e., Banphaeo Hospital, Udon Thani
Hospital, and Siriraj Hospital.

Patients underwent PD catheter implantation following normal practice at each
study site. Following the break-in period, eligible patients commenced PD and started
a 12-wk treatment of Hema-Plus® on the same day. The efficacy and safety of the study
drug along with the impact on patients” QoL were assessed.

The study was conducted in accordance with International Conference on Harmon-
ization-Good Clinical Practice Guideline and the Declaration of Helsinki. The protocol
was approved by the independent ethics committee at each participating site, prior to
the study initiation. All patients gave written informed consent. The study was
registered on the Thai Clinical Trial Registry (TCTR), URL http:/ /www.thaiclinical-
trials.org/ (TCTR ID: 20140128002). The study adhered to The Strengthening of the
Reporting of Observational Studies in Epidemiology guidelines[12].

Patients and eligibility criteria

Eligibility was assessed during a 2-wk screening period. CKD patients aged 18-70
years who were indicated to start PD based on estimated glomerular filtration rate
(eGFR) of less than 15 mL/min/1.73 m? and had hemoglobin (Hb) < 9.5 g/dL, serum
ferritin > 100 ng/mL and serum transferrin saturation (TSAT) = 20% were enrolled in
the study. The eGFR was calculated by using the CKD epidemiology collaboration
equation[13].

Patients who previously received epoetin or any investigational drugs (within 3 mo
of screening) or had blood transfusion (within 7 d prior to screening) or received
concurrent treatment with either androgenic agents or immunosuppressive therapy
were considered ineligible. This study also excluded patients with the following
conditions: Poorly controlled hypertension or ischemic heart disease; congestive heart
failure; infection or inflammatory disease (within 4 wk prior to screening); secondary
hyperparathyroidism; history of seizure; previous malignant tumor or residual tumor
after anticancer therapy; active bleeding or history of bleeding disorders; infections
with HIV or hepatitis B or C viruses; signs, symptoms and laboratory assessment
associated with erythropoietin-resistant bone marrow diseases such as aplastic
anemia, myelodysplastic syndrome, myelofibrosis, myelophthisis anemia and PRCA;
known hypersensitivity to products derived from mammalian cells or containing
human albumin; pregnant or breastfeeding; and women with childbearing potential
unwilling to use an effective birth control method.

Study treatment and assessments
Participants were treated with Hema-Plus® (rHuEPO), either in the form of sterile vials
or prefilled syringes, via self-administered subcutaneous injections at 4000 IU/dose

WIN | https://www.wjgnet.com 111 November 25,2021 | Volume10 | Issue6 |


http://www.thaiclinicaltrials.org/
http://www.thaiclinicaltrials.org/

Chuengsaman P et al. tHuEPO (Hema-Plus®) in Thai PD patients

Patients screened
n =758

l

Excluded due to ineligibility, 7 = 21

Not meeting inclusion criteria, n = 7
Hemoglobin > 9.5g/dL, n =1
.| Serum ferritin level < 100 ng/mL or serum transferrin saturation (TSAT) < 20%, n = 6

n=737

Patients enrolled and received at least
one dose of study drug
(Safety analysis set)

Meeting the following exclusion criteria, 7 = 14

Previous diagnosis with malignant tumor or patients who had residual tumor after
anti-cancer therapy elicited by medical history, 7 = 1

Active bleeding and/or history of bleeding disorders or occult blood in stool within
4 weeks prior to screening visit, 7 = 8

History of HIVpositive and/or Hepatitis B or C infections, 7 = 3
Had secondary hyperparathyroidism as evaluated by serum PTH level greater than
800 pg/mL at screening, 7 = 2

Discontinued study drug due to ineligibility at screening n =7

Eligible Patients, n = 30
[Efficacy analysis set, ITT]

|

n=30

Completed study drug at week 2

v

Completed study drug at week 4 7 = 30

Not meeting inclusion criteria, n = 2

Age more than 70 years, n=1

Serum ferritin level < 100 ng/mL or serum
transferrin saturation (TSAT) < 20%, n=1

Meeting the following exclusion criteria, 7 =5
Active bleeding and/or history of bleeding disorders or occult
blood in stool within 4 wk prior to screening visit, n =5

Completed study drug at week 8 n = 30

Completed study drugat week 12 n = 30

Figure 1 Study flow diagram. ITT: Intention-to-treat analysis; HIV: Human immunodeficiency virus; PTH: Parathyroid hormone.
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once or twice weekly, as per the usual practice of each participating site. In order to
achieve or maintain the Hb level within the target range of 11-12 g/dL[14], dose
adjustment was permitted at the discretion of the investigator. The trial treatment
period was 12 wk with the first dose was given at week 0 (baseline). It was
recommended to give all patients oral supplementation of iron, vitamin B12 and/or
folic acid.

A physical examination, a complete blood count and concomitant medications
review was conducted at every visit (weeks 0, 2, 4, 8 and 12). AEs and serious AEs
(SAEs) were assessed throughout the study and during each visit, using the following
scale of severity —mild, moderate and severe. Analyses of serum ferritin, TSAT and
blood chemistry were performed at weeks 4, 8 and 12. Dialysis adequacy was
evaluated anytime during weeks 4 and 8. The QoL was assessed by interview at initial
screening and end of the study (week 12), using the Thai language version of kidney
disease QoL instrument (KDQOL-36)[15,16]. If erythropoietin-induced, antibody-
mediated PRCA was suspected, an anti-erythropoietin antibodies test could be
performed.

Study outcomes and follow-up

All efficacy end points were assessed at the end of study treatment (week 12), with the
primary end point being mean Hb level at week 12. The secondary efficacy end points
were the percentage of patients achieving target Hb level, mean percentage change
from baseline of Hb level and the QoL scores. The safety end point was assessed
through frequency and percentages of AEs, and SAEs throughout the treatment
period.

Statistical analysis

All statistical analyses were performed in the intention-to-treat population. The
sample size estimation in this study was based on changes of Hb from 8.0 +1.3 g/dL
at baseline to 10.5 + 1.6 g/dL at week 12 in a previous study[17] and from 7.1 + 1.14
g/dL at baseline to 10.1 + 1.49 g/dL at week 12 in another study[18], in which
hemodialysis patients were studied, and a change of hematocrit from 23.8 + 3.8 g/dL
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at baseline to 33.7 + 4.8 g/dL at week 12 among PD patients in a study by Nissenson et
al[19]. With a type I error of 0.05 allowed and a power of 80% required, a sample size
of 15 to 27 patients was required. With a 10% lost to follow-up, this study proposed a
sample of 30 patients.

Mean Hb level and mean QoL scores at week 12 were compared with the respective
data at week 0 using paired t-tests. Repeated measure ANOVA with multiple pair-
wise comparisons with Benferroni-Holm step down adjustment was employed to
determine the changes of mean Hb level at each visit compared with their respective
previous visits. All statistical analyses were performed by a qualified statistician using
SPSS version 24 (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY: IBM Corp.). For missing data, the last observation carried forward
imputation method was employed. A two-sided P value for significance of less than
0.05 was applied for all statistical analyses in this study.

RESULTS

Patient characteristics

Out of 58 patients screened, 37 were enrolled and received at least one dose of the
study drug. Seven patients were discontinued from the study and excluded from
efficacy analysis due to ineligibility since enrollment. All patients who received at least
one dose of the study drug were included in safety analysis (n = 37), and the thirty
patients who met all inclusion criteria and did not meet any exclusion criteria were
included in efficacy analysis (1 = 30).

The 30 eligible patients completed the 12-wk treatment with Hema-Plus® (Figure 1).
Of these, 18 (60%) were male. The mean age of patients was 48.8 years [standard
deviation (SD) = 13.6] with the mean Hb level of 7.4 g/dL (SD = 1.3). Baseline charac-
teristics are further described in Table 1. The average dose received by patients was
6466.7 IU/wk (SD = 1899; range: 3333.3-11666.7), equivalent to 117.6 IU/kg/week (SD
=42.2; range: 58.4-269.8).

Hb levels

At the end of the study, Hb levels of all participants increased from baseline. The mean
Hb level at week 12 was significantly higher than that of week 0 [11.2 g/dL (SD =1.7)
vs 7.4 g/dL (SD = 1.3); P < 0.001], corresponding to a percentage change of 53.8% (SD =
26.7; range: 8.2-134.6). Elevation of Hb levels was observed throughout the study
period (Figure 2). When the Hb levels at each visit were compared with those of the
prior visit, the increases in mean Hb levels were found to be significant (Table 2).

Overall, 18 participants (60%) had achieved the Hb levels within or exceeding the
targets upon completion of the study drug treatment. Of these, 8 (26.7%) had their Hb
levels within the target range of 11-12 g/dL; while, the Hb levels were greater than 13
g/ dL in 10 participants (33.3%). Ten out of 12 patients with below-the-target Hb levels
achieved increases in Hb concentrations of equal or greater than 2 g/dL (Figure 3).
This is in line with the kidney disease: Improving global outcomes (KDIGO) clinical
practice guideline[20] which recommends the increase of Hb level at the rate of 1-2
g/dL per month. Therefore, those patients were considered as responding to the
treatment.

We performed additional analysis to compare Hb levels at baseline and week 12 by
the factors that could affect the ESA response, i.e. thalassemia, infection, hemolysis,
blood loss, hyperparathyroidism, low blood folic acid, and iron deficiency. However,
only infection had a certain variation, i.e. 36.67% of the 30 patients having infection (i.e.
exit site infection, peritonitis, pneumonia, and cellulitis), which was adequate to test
for statistical significance. Table 3 shows frequency of patients with factors potentially
affecting ESA response. Repeated measure ANOVA was used to compare Hb levels
between patients with and without infection. Overall, it was found that infection was
significantly associated with different Hb level (P value = 0.001). Patients with
infection had a significantly lower Hb level at baseline, week 2, week 4, week 8 and
week 12 (P value = 0.001, 0.004, 0.034, 0.035 and 0.005, respectively) when compared to
the patients without infection. Table 4 presents the comparisons of Hb at each visit by
infection status and Figure 4 shows estimated marginal means of Hb levels from
baseline to week 12 by infection status using repeated measure ANOVA.

QoL

Treatment with Hema-Plus® improved the patients” health-related QoL as determined
by the KDQOL-36™ survey (Table 5). At week 12, there were significant increases in
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Table 1 Demographic and baseline characteristics of the patients (n = 30)

Characteristics

Sex—No. of patients (%)

Male 18.0 (60.0)
Female 12.0 (40.0)
Age (years)' 488 (13.6)
Weight (kg)" 55.9 (11.1)
TSAT (%) 39.6 (23.0)
Ferritin (ng/mL)” 931.2 (592.7)
Hemoglobin (g/dL)" 74 (1.3)
Hematocrit (%)" 222 (4.0)
Reticulocyte count (%)" 1.1 0.9)
eGFR (ml/min/1.73 m? 6.2 (3.3)
BUN (mg%)* 77.1 (34.2)
Creatinine (mg%) 10.0 (4.5)
Albumin (g%) 3.8 (0.6)
Vitamin B12 (pg/mL)™* 9223 (422.9)
Folic acid (ng/mL)>*

RBC folate (n = 19) 8192.8 (4785.0)
Serum folate (1 = 10) 102.2 (217.4)
C-reactive protein (mg/L)> 10.7 (29.5)

All data were presented as mean (standard deviation), unless otherwise stated.

IData from screening visit.

Data from Week 0 prior to study drug initiation.

3Data were calculated using chronic kidney disease epidemiology collaboration formula[13].

“Data available in 29 patients. BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; RBC: Red blood cell; TSAT: Transferrin saturation.

Table 2 Pair-wise comparison of hemoglobin changes between 2 consecutive visits (n = 30)

Comparison Hb change' P value Significance criteria
Week 0 vs Week 2 0.7 (0.2) 0.0003 0.0250
Week 2 vs Week 4 1.3 (0.2) <0.0001 0.0167
Week 4 vs Week 8 1.3 (0.2) <0.0001 0.0125
Week 8 vs Week 12 0.6 (0.2) 0.0060 0.0500

!Data were presented as mean (standard error). P values and significance criteria presented were those after the pair-wise comparisons based on
Bonferroni-Holm step-down adjustment. SE: Standard error; Hb: Hemoglobin.

KDQOL-36 scores from baseline in all aspects evaluated-physical and mental health as
well as symptoms and burden of the kidney disease.

Safety

Overall, 39 AEs were reported from 18 patients (out of 37 patients included in the
safety population) during the study period (Table 6). Most of those (37/39) were
deemed very unlikely to be related to the study drug. All reported AEs were mild
(30/39) to moderate (7/39), except one case of volume overload which was classified
as a severe event, but very unlikely to be related to the study drug. A total of 10 SAEs
occurred in 7 patients. Of these, two occurrences of hypertensive urgency were
deemed to be probably related to the study drug. The most frequently reported AEs,
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Table 3 Frequency of patients with factors potentially affecting erythropoiesis-stimulating agent response (n = 30)

Factors potentially affecting ESA response n (%)
Thalassemia 1(3.33)
Infection 11 (36.67)
Hemolysis 0

Blood loss 0
Hyperparathyroidism 1(3.33)
Low blood folic acid 0

Iron deficiency 3 (10.00)

ESA: Erythropoiesis-stimulating agent.

Table 4 Comparisons of hemoglobin at each visit by infection status (n = 30)

Hemoglobin levels (g/dL), mean (SD)

Visit P value
Infection (n = 11) Non-infection (n = 19)
Visit 2 (week 0; baseline) 6.41(1.48) 7.95 (0.75) 0.001" 0.001"
Visit 3 (week 2) 7.00 (1.51) 8.68 (1.33) 0.004°
Visit 4 (week 4) 8.56 (1.53) 9.75 (1.33) 0.034°
Visit 5 (week 8) 9.85 (1.40) 11.00 (1.36) 0.035°
Visit 6 (week 12) 10.04 (1.73) 11.80 (1.39) 0.005°

Data were presented as mean (standard deviation).
“Repeated measure ANOVA comparing hemoglobin (Hb) level between patients with and without infection within each visit.
PRepeated measure ANOVA testing the effect of infection on overall Hb level.

Table 5 Comparisons of kidney disease quality of life instrument-36 scores at baseline and week 12 (n = 30)

Parameter Week 0 Week 12 A P value'

SF-12 scores

Physical health composite 36.8 8.2) 415 9.8) 48 (8.5) 0.004
Mental health composite 41.5 9.6) 484 8.4) 6.9 (10.7) 0.001
Burden of kidney disease 34.4 (28.4) 46.0 (31.3) 11.7 (25.0) 0.016
Symptoms/ problems of kidney disease 65.6 (19.6) 794 (13.6) 13.8 (20.4) 0.001
Effects of kidney disease 63.0 (18.2) 76.3 (18.4) 133 (23.6) 0.004

Data were presented as mean (standard deviation).
TPaired t-test. A: Differences in KDQOL-36 scores between week 0 and week 12; KDQOL: Kidney disease quality of life instrument; SF: Short form health

survey.

occurring in more than 10% of the patients, were exit site infection/inflammation and
edema.

None of the AEs led to discontinuation or modification of the study treatment. Most
events (32/39), including all SAEs, were improved or recovered. There was no new or
unexpected safety signals observed.
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Table 6 Adverse events (n = 37)

Adverse events No. of patients (%) No. of events
Total 18 (48.65) 39
Blood and lymphatic disorders
Bicytopenia' 1 (2.70) 1
Gastrointestinal disorders
Diarrhea 1(2.70) 1
Nausea 1(2.70) 1
Infections and infestations
Exit site infection/inflammation 6 (16.22) 6
Pneumonia’ 2 (5.40) 2
Eosinophilic peritonitis 2 (5.40) 2
Injury, poisoning and procedural complications
Closed fractures of femur' 1(2.70) 1
Accidental tear small bowel' 1(2.70) 1
Investigations
Hyperkalemia 1(2.70) 1
Hypokalemia 1(2.70) 1
Hyperphosphatemia 1(2.70) 1
Metabolism and nutrition disorders
Hypoglycemia 2 (5.40) 2
Musculoskeletal and connective tissue disorders
Acute arthritis 1(2.70) 1
Nervous system disorders
Headache 1(2.70) 1
Dizziness 1(2.70) 1
Renal and urinary disorders
Volume overload'” 1(2.70) 1
Respiratory, thoracic and mediastinal disorders
Chest discomfort 1(2.70) 1
Bronchospasm 1(2.70) 1
Pleural effusion’ 1(2.70) 1
Skin and subcutaneous tissue disorders
Edema 4 (10.81) 4
Paleness 1(2.70) 2
Cellulitis 1 (2.70) 1
Itching from dry skin 1(2.70) 1
Surgical and medical procedures
Catheter malfunction/ malposition’ 2 (5.40) 2
Vascular disorder
Hypertensive urgency”* 2 (5.40) 2
ISerious adverse event.
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“Severe adverse event.
30Only one out of two events were serious adverse event.
*The causality was deemed as probable.
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Figure 2 Mean hemoglobin levels throughout the study (n = 30). 2P < 0.001 vs week 0, paired t-test.

Hb level (g/dL)
Patient A Hb level (%)
no. week 0 Week 12
1 7.3 7.9 0.6 (8.2)
2 7.9 9.3 14 (17.7)
3 7.9 9.9 20 (25.3)
4 5.4 7.8 24 (44.4)
5 7.6 10.0 24 (31.6)
6 7.4 9.8 24 (32.4)
7 7.8 10.5 2.7 (34.6)
Over 8 6.9 9.8 2.9 (42.0)
target
33.3% 9 45 8.0 35 (77.8)
10 6.6 10.3 3.7 (56.1)
11 43 8.7 44 (102.3)
12 6.2 10.8 46 (74.2)

Figure 3 Changes from baseline of hemoglobin levels among patients with below-the-target hemoglobin levels at week 12 (n = 12). A:
Differences between Hb level at week 0 and week 12; Hb: Hemoglobin.

DISCUSSION

The treatment of anemia in patients with CKD with ESAs has provided the following
known beneficial effects: A reduced requirement for blood transfusions and the
associated complications, improvement of heart failure symptoms and regression of
left ventricular hypertrophy, improved QoL, decreased hospitalizations and reduction
of overall healthcare costs[4,5,21].

WIN | https://www.wjgnet.com 117 November 25,2021 | Volume10 | Issue6 |

Jaishideng®



Chuengsaman P et al. tHuEPO (Hema-Plus®) in Thai PD patients

12.00

11.00 4

10.00 1

9.00 -

8.00

7.00

Estimated marginal means of hemoglobin (g/dL)

Infection

ceeas 0

—1

Week

Figure 4 Estimated marginal means of hemoglobin levels from baseline to week 12 by infection using repeated measure ANOVA.
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It is difficult to predict dose requirements of ESA in individual patients who have
high comorbidities, diabetes, other disorders, and inflammation. Hb should be
increased slowly between 1.0-2.0 g/dL (10-20 g/L) per month during the initial ESA
therapy (correction phase), so as to avoid adverse effects like hypertension, seizures,
vascular access thrombosis, and possible cardiovascular events. However, it is
recommended that the starting dose of epoetin alpha should be 20-50 IU/kg weight
thrice every week with Hb target of 11.0-12.0 g/dL. Dose adjustment should be
determined by the patient’s Hb level, the target Hb level, the observed rate of increase
in Hb level and clinical circumstances[20,22].

Results from the present study showed that subcutaneously administered Hema-
Plus at the doses and frequencies used in this patient population for treatment of
anemia in CKD patients with PD significantly increased Hb levels over 12 wk. More
than half of the study patients (60%) had Hb levels within (26.67%) or higher (33.33%)
than the target range (11-12 g/dL)[1] at week 12 with percentages of change ranging
from 8.22% to 134.62%. In addition, there were significant improvements in the QoL
scores in all domains between baseline and week 12. The previous studies about QoL
in PD patients have also shown that anemia was a significant factor in lowering the
patients” QoL[23-25]. Access to medicines is a significant factor to ensure healthy lives
and promote well-being of all people of all ages[26]. The Hema-Plus, which is a locally
made recombinant human erythropoietin (rHuEPO) with lower cost, might help Thai
people to gain more accessibility to epoetin alfa in Thailand.

This present study showed that the patients with infection had a significantly lower
Hb level when compared to the patients without infection. This result was consistent
with several studies that have indicated that markers of inflammation have an
association with decreased response to EPO[27]. In this present study, only infection
had a certain variation which was adequate to test for statistical significance. There are
a lot of factors that influence the response to tHuEPO to keep in mind[27], such as iron
deficiency[28-30], oxidative stress[31-33], hyperparathyroidism[34], and angiotensin-
converting enzyme inhibitors[35,36].

In terms of safety, epoetin alpha is generally well tolerated. The most frequently
reported AEs from studies of epoetin alpha in phase I trials are headache,
polycythemia, tiredness, common cold, diarrhea, nausea, stomach pains, chest
pressure sensation, back pain, leg pain, and dizziness[37]. In this present study there
were 38 AEs experienced by patients exposed to Hema-Plus treatment for 12 wk. The
majority of AEs were mild to moderate with 1 AE (volume overload) which was severe
in intensity. The highest rate of AE was exit site infection/inflammation, followed by
edema, catheter malfunction, pneumonia, hypoglycemia, and hypertensive urgency,
respectively. All of the AEs were very unlikely to be related to study drug, except two
SAEs (hypertensive urgency) which were deemed to be probably related to Hema-Plus
according to investigators assessment. A multicenter study[38] analyzed the effect-
iveness of administering relatively high doses of rHuEPO subcutaneously in 41

November 25,2021 | Volume10 | Issue6 |



Jaishideng®

Chuengsaman P et al. tHuEPO (Hema-Plus®) in Thai PD patients

patients CAPD by giving once every week dosing for 8 wk (initial phase) followed by
once every 2 wk dosing for 12 wk (maintenance phase). The highest dose of rHuEPO
within the initial 8 wk was 12000 IU once per week and within the maintenance phase
was 12000 IU twice weekly. The results from this study showed that administration of
the relatively high doses of rHUEPO was safe and potentially an effective adminis-
tration plan for the correction of renal anemia. However, there were 2 patients who
developed treatable hypertension with mild headache in the study[38]. Therefore,
blood pressure should be closely monitored when patients are receiving high dose
high frequency of rHUEPO. In the present study, there was no PRCA, a rare but
serious complication related to epoetin[7,8], reported during the 12-wk administration
of the study drug.

Limitations

Our study had some limitations that require attention. This study was an open-label
single group study which did not directly compare with other epoetin alfa
medications. The study design of this study intended to evaluate efficacy and safety
during the correction phase of the study drug, and did not include maintenance
therapy. The study treatment was 12 wk in which the long-term safety might not be
concluded. In addition, a large numbers of subjects were required to study PRCA
event because the PRCA incidence rates were very low[39]. The longer period study is
suggested to determine whether use of Hema-Plus could maintain the Hb level with
acceptable safety profile.

CONCLUSION

In conclusion, this study demonstrates that Hema-Plus administered for 12 wk was
effective in correcting anemia in CKD patients undergoing PD with significantly
improved QoL. The safety profile was acceptable and also looked comparable to
epoetin alfa.

ARTICLE HIGHLIGHTS

Research background

The Hema-Plus is a locally made recombinant human erythropoietin (rHuEPO) that
may help Thai people to gain more accessibility to epoetin alfa in Thailand due to
lower costs.

Research motivation

There are no publicly available studies of Hema-Plus in Thai chronic kidney disease
(CKD) patients on peritoneal dialysis (PD). The results from this study may be used as
an evidence and information for considering to use Hema-Plus, locally made rHuEPO
in these patients.

Research objectives
This study aimed to evaluate the efficacy and safety of Hema-Plus for treatment of
anemia during correction phase in Thai patients with Stage V CKD on PD.

Research methods

An open-label, multi-center study of Hema-Plus in patients was used to assess the
efficacy, i.e., mean change in hemoglobin (Hb) level from baseline, safety, and changes
in quality of life (QoL) after receiving the study drug for 12 wk.

Research results

Efficacy analysis comprised 30 patients. At the end of 12 wk-treatment, mean Hb was
statistically significantly increased from baseline. Two hypertensive urgency events
were observed probably related to study medication. QoL scores were significantly
increased from baseline.

Research conclusions
Hema-Plus administered for 12 wk for treatment of anemia in CKD patients on PD
effectively could increase Hb levels, and QoL with acceptable safety profile.
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Research perspectives

This study results could be used as an evidence for efficacy and safety information of
the locally made rHuEPO, Hema-Plus for anemia correction phase. Longer study
duration is suggested to ensure long-term safety and efficacy.
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