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Abstract

The population of patients with end stage renal disease (ESRD) is increasing,
lengthening waiting lists for kidney transplantation. Majority of the patients are
not able to receive a kidney transplant in timely manner even though it is well
established that patient survival and quality of life after kidney transplantation is
far better when compared to being on dialysis. A large number of patients who
desire a kidney transplant ultimately end up needing some form of dialysis
therapy. Most of incident ESRD patients choose hemodialysis (HD) over
peritoneal dialysis (PD) as the modality of choice in the United States, even
though studies have favored PD as a better choice of pre-transplant dialysis
modality than HD. PD is largely underutilized in the United States due to variety
of reasons. As a part of the decision making process, patients are often educated
how the choice regarding modality of dialysis would fit into their life but it is not
clear and not usually discussed, how it can affect eventual kidney transplantation
in the future. In this article we would like to discuss ESRD demographics and
outcomes, modality of dialysis and kidney transplant related events. We have
summarized the data comparing PD and HD as the modality of dialysis and its
impact on allograft and recipient outcomes after kidney transplantation.

Key words: Dialysis; Kidney transplant; Outcomes; Peritoneal dialysis; Health literacy

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Patients with end stage renal failure need some form of dialysis therapy as a
bridge while they wait for kidney transplantation. In this paper we discuss if dialysis
modality pre transplantation has any impact on transplant related outcomes.
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INTRODUCTION

Kidney transplantation is the ideal form of renal replacement therapy (RRT) in
patients with end stage renal disease (ESRD). Preemptive kidney transplantation is
ideal for many, as it is associated with lower rates of acute rejection, increased
allograft and patient survival'l. However, a preemptive kidney transplant (17%
overall) is not always possible for many reasons which were explored by Jay et al”,
which included disparities in health insurance, race/ethnicity, patient education level,
socioeconomic status, access to healthcare, diabetes status and regional variations. It is
also well established that patient survival and quality of life after kidney
transplantation is far better when compared to being on dialysist.

According to statistics, close to 10% of the population are diagnosed with chronic
kidney disease around the world. Also only appropriate 10% of this patient
population receives some treatment in the form of dialysis or transplant to stay alive.
There were 30869 adults patients newly added to the waiting list and 33291 patients
were removed from the list according to annual report from SRTR registry released in
2016. Unfortunately, a quarter of those patients were removed due to death or decline
in medical condition!. Patients waiting for kidney transplant are also gradually
getting older (median wait for a newly listed 2010 candidates was 3.9 yearsl), thereby
the burden of kidney disease is rising in the elderly population. There has been some
improvement in the dialysis related mortality overall but the organ shortage and
continued increasing list of patients waiting for a transplant is still haunting the
nephrology community. The average time on the waitlist for a deceased donor can be
quite variable depending on age, blood group, panel reacting antibodies, history of
prior transplantation, race/ethnicity and regional factors*l. Hence, patients end up
needing some form of RRT while they wait for transplantation.

Peritoneal dialysis (PD) leads to minimal disruption of the patient’s life, thereby
allowing the patient to continue to work or school or other usual activities, along with
encouraging patient empowerment in self-management. Hence, for the patients who
plan on receiving a transplant after starting dialysis, it can be a better bridge therapy
to kidney transplantation, especially, when a lot of patients initiating hemodialysis
(HD) via catheters are associated with adverse outcomes!’. As a part of the decision
making process, the education generally includes how the choice of therapy would fit
into the patient’s life however it is not clear and hence not discussed, how a dialysis
modality may affect eventual kidney transplantation in the future. A number of
studies have addressed the outcome of kidney transplantation after PD versus in-
center HD, reporting mixed results. A meta-analysis by Tang ef all"l in 2016 concluded
that PD was a better choice of pre-transplant dialysis modality than HD. Another
study by Jones et all” in 2018 found PD as a viable bridge therapy for patients waiting
for simultaneous liver-kidney transplantation. In another Cohort of 92884 patients,
HD as a choice of RRT was associated with an increased risk for graft failure and
recipient death”l. On the other hand, study by Resende et al""! and Dipalma et al"! did
not find any impact of dialysis modality on graft function or patient’s survival after
transplantation.

Our goal of this discussion is to review the current evidence in regards to choice of
RRT and impact on kidney transplantation outcomes. We have organized the review
into two categories: short-term outcomes, including delayed graft function (DGF), and
allograft thrombosis; and long-term outcomes, including mortality. At first, we would
like to review the demographics and outcomes of ESRD in the United States, as this
crucial decision regarding modality choice can have large impact on choices of
significant number of ESRD patients.

ESRD DEMOGRAPHICS

As per the United Network for Organ Sharing, in 2017, there were 94897 patients on
the waiting list for kidney transplantation. Among those, majority were aged 50+
years (43% of patients were between 50-64 years of age and 23% of patients were 65+
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years of age). Only, 19849 patients (40% of patients were age 50-64 years and 18% of
patients were 65+ years of age) received kidney transplantation alone in the United
States of America (USA) in the year of 2017021,

Unites States Renal Data System (USRDS) is the most robust national database in
the USA on all patients with ESRD covered by Medicare and Medicaid. At the end of
2015, there were 207810 patients living with a functioning kidney transplant and
83978 dialysis patients (17% of all prevalent dialysis patient population) were on
waiting list for kidney transplantationl’. In the USA, there were 124114 incident ESRD
patients in the year 2015 with an unadjusted incident rate of 378 per million
population, which is increasing steadily since 2012[""). Unfortunately, approximately
one third (36%) of those patients did not receive significant pre-ESRD care and 80% of
patients initiated HD with a catheter as opposed to preferred arteriovenous accessl'l.
Majority of incident ESRD patients chose HD (87.8%) over PD (9.6%) as the modality
of choice in the USA!"L. As per the latest data, there were 703243 prevalent ESRD
patients in the USA (on December 2015) with an unadjusted prevalence rate of 2128
per million populations, which is also steadily increasing by adding about 20000
patients each year!"”l. Among all prevalent ESRD patients, 63.2% of patients were on
HD, 29.6% had a functioning kidney transplant and only 7% of patients were utilizing
PD. In-center HD accounts for almost all of HD (98%) modality and only a very small
percentage of patients perform home HD (2%)!".

It is in stark contrast to countries like Hong Kong (70%), the Jalisco region of
Mexico (51%), New Zealand (30%), Thailand (29%), Qatar (27%), Colombia (27%),
Australia (20%) and Canada (20%), where much higher proportion of patients utilize
PD as compared to the patients in the USAl'Y.. PD is an acceptable and could be a
preferred form of RRT owing to flexibility, autonomy, care satisfaction!’], better
preservation of residual renal function!'”, better hypertension control!'”], lower intra-
dialytic hypotension episodes!'”], lower risk of dementia, slower cognitive declinel'**’,
better anemia management with lower doses of erythropoietin stimulating agents
(ESA) and lower proportions of patients needing ESAsP”!. It is largely underutilized in
the USA due to variety of reasons which have been explored by many researchers and
found causes to be multifactorial which were physician specific (lack of experience,
inadequate training, comfort with HD); patient specific (lack of adequate PD
education, health literacy, burden of therapy, age, comorbidities); modality specific
(concerns for mortality, solute clearance, peritonitis, treatment failure, regulatory
issues on PD fluid, easy availability of HD); and financial incentives for HD units**1.

ESRD OUTCOMES

In recent times, success of PD technique has improved and risk of peritonitis had
dwindled 1. Review of the data also suggests that as per the USRDS!*’], in 2015,
adjusted mortality rate for patients on HD was slightly higher than patients on PD
(169 per 1000 patients years vs 159 per 1000 patients years; respectively) and much
higher than patients who received kidney transplantation (29 per 1000 patients years).
A very interesting trend of mortality with age and time on dialysis has been noted.

Among those patients who started RRT with HD in 2015, mortality rates in patients
< 65 years of age decreased from 200 deaths per 1000 patient-years in month 2 to 134
deaths per 1000 patient-years in month 12. Mortality rates in patients aged > 65 years
were much higher as compared to patients with < 65 years but also noted to decrease
similarly (615 deaths per 1000 patient-years in month 2 to 278 deaths per 1000 patient-
years in month 12).

In contrast, among patients who started RRT with PD™], mortality increased in both
patients < 65 years of age (28 deaths/1000 patient-years in month 1 to 64 deaths/1000
patient-years in month 12) and > 65 years of age (124 deaths per 1000 patient-years in
month 1 to 223 deaths per 1000 patient-years in month 12). This study showed two
important findings, mortality rates for PD patients were much lower as compared to
HD and secondly elderly patients tend to do better on PD versus HD. However, one
concern from this mortality data arises that whether it is PD or HD, elderly patients
age 2 65 years suffer from far more increased risk of mortality as compared to patients
< 65 years of age. As the ESRD patient population is aging and dying waiting for a
transplant, it will be imperative to increase utilization of kidney transplantation at the
earliest and offer a better RRT modality.

In-fact, overall adjusted survival probability of incident patients on PD is much
better at the end of 3 years than patients on HD (68% vs 57%). Expenditure of PD is
also better than HD (75140 $ per patient per year vs 88750 $ per patient per year) but
much higher than cost for transplant patients (34084 $ per patient per year)!. HD and
PD patients have similar hospitalizations rate (1.7 per patient year) but almost double
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of patients with kidney transplantation (0.8 per patient year). Patients on HD
gradually has lower hospitalization rates as time goes on but patients on PD tends to
have slightly higher hospitalization rates with time (1.4 PPY in 2013 but increased to
1.6 PPY at end of 3 year) but still remained lower than HD cohort (1.7 PPY)F. This
data suggests that PD is a more cost effective modality with somewhat lower risk of
mortality as compared to HD in pre-transplant period.

While on the waitlist for a kidney transplant, mortality for PD and in-center HD
patients was found to be similar by Inrig et al*l. This prospective observational study
used a cohort of patients placed on the transplant list who initiated dialysis (n =
12568) between May 1, 1995 and October 31, 1998. Two-year mortality was 6.6%
among PD patients and 6.9% among HD patients, with no significant differences
[hazard ratio (HR) 1.01; 95% confidence interval (CI) 0.82 to 1.23] when controlled for
baseline characteristics, comorbidities, and laboratory variables. This study used the
modality the patient was on at 90 d of dialysis as the treatment group, and excluded
those who died in the first 90 d. Of note, in this study 24% of the patients were on PD,
indicating that PD patients are much more likely to be listed for a kidney transplant
early since the percentage of PD utilization nationally is much lower.

Delayed graft function for kidney transplant
DGF defined as need of dialysis within seven days of kidney transplantation,
occurred in 21.3% of patients transplanted in 2008 in the USAM.

Numerous studies as mentioned in Table 1 have investigated DGF rates and have
found mostly similar to lower rates of DGF in PD versus HD patients!*. Some of the
earlier studies were performed in an era when different immunosuppressive
regimens were used” . A large study by Snyder et al**l investigated this question in
2002 using USRDS data with over 22000 patients; also found a lower incidence of DGF
among PD patients (RR = 0.74, 95%ClI: 0.67-0.81, P < 0.0001) after adjustment of
multiple clinical covariates. They also noted that PD patients were 1.39 times more
likely to get transplanted as compared to HD patients (95%CI: 1.35-1.43, P < 0.0001).
In a more recent study by Molnar et al*! of 14508 dialysis patients who underwent
kidney transplantation for the first time, the case-mix-adjusted risk of DGF was 34 %
lower for patients on PD vs HD (HR = 0.66 with 95%CI of 0.55-0.79, P < 0.001).
However, once adjusted for malnutrition inflammation complex syndrome and donor
characteristics, PD was no longer an independent predictor for decreased DGF (HR =
0.82 with 95%CI of 0.60-1.13, P = 0.23)P. But, PD was found to be protective against
DGF in a subgroup of patients with hemoglobin between 12 and 13 gram/dL. A meta-
analysis by Tang et all"l found significantly lower risk of DGF in PD patients as
compared to HD patients (OR 0.67, 95%CI: 0.62-0.72, P = 0.024). Lin et al"'! also
postulated higher risk of DGF in HD patients based upon the observation that there
more dialysis events were noted in HD group (1.59 in HD vs 0.71 in PD, P < 0.05).

In a retrospective observation study of patients with DGF requiring HD or PD,
Thomson et al*”! found an increased risk of wound infection/leakage (PD 5/14 vs HD
6/63, P = 0.024), shorter length of hospitalization (PD 13.7 d vs HD 18.7 d, P = 0.009)
and lesser time requiring dialysis post-operatively (PD 6.5 d vs HD 11.0 d, P = 0.043)
with use of PD however no differences in readmission to hospital within 6 mo, graft
loss or acute rejection episodes at one year. GFR also did not differ between the PD
and HD groups at one month, six months or at one yeart*.

Reasons for better outcome in terms of DGF in PD patients are not entirely clear.
PD patients have better preservation of residual renal function . There may be lead
time bias as well because, generally PD patients may be more motivated and hence
may have increased transplant access. Few other reasons like difference in immune
function, cytokine production, and different response to ischemic kidneys among PD
vs HD patients have been proposed as well”l. In fact, maintenance dialysis prior to
transplantation is noted to be a major contributor to DGF. Since, PD is performed
daily and patients are less likely to be hyperkalemic, hence are less likely to require
additional treatments just prior to kidney transplantation. PD patients are not likely to
be volume depleted either; this will also ensure adequate perfusion of the allograft.
HD prior to transplant may be associated with volume removal, which in turn may
result in eventual decreased perfusion of the transplanted organ and some tubular
necrosis!l. In addition, intra-op aggressive hydration has been proved to be effective
in reducing DGF**1, which may have been countered against by pre-transplant HD.

Thrombosis of the allograft: Comparing prior HD to PD
In contrast to DGF, thrombosis of the graft may be surprisingly higher in the PD
patients (Table 2) as compared to their HD counterparts!™1.

In Snyder et al's"™ subgroup analysis of allografts surviving < 3 mo, patients on PD
prior to the transplant had higher adjusted risk for both allograft failure (RR 1.23,
95%ClI: 1.09-1.39, P < 0.001) and death-censored allograft failure (RR 1.33, 95%CI: 1.16-
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Table 1 Pre-transplant dialysis modality and delayed graft function

Study

Period Authors Study Design Study Participants DGF Incidence Favors
1983-2006 Caliskan et al®”!  Retrospective observational 44 PD and 44 HD patients No difference in DGF incidence None
1983-1989 Cacciarelli et al’l  Retrospective observational cohort of 662 patients 26% of PD and 36% of HD patients PD
1984-1988 Triolo et al®! Retrospective observational 18 PD and 18 HD patients 27% patients on PD and 27% patients on None
HD

1988-1995 Fontan et all*’] Retrospective observational ~ 92 PD and 587 HD patients 22.5% in PD and 39.5% of HD patients PD
1989 Cardella et all’!l  Retrospective observational 31 PD and 37 HD patients 35% in PD and 35% in HD patients None
1990s Vanholder et al*] Case-control 117 PD and 117 HD patients 23.1% in PD and 50.4% in HD PD
1993-2014 Song et all*’] Retrospective observational 97 PD and 178 HD patients 19.6% in PD and 32% in HD PD
1994- 1995 Bleyer et all’’] Retrospective observational Cohort of 9291 patients 20% of PD and 28.6% of HD patients PD
1995-1998 Snyder et all®™®l  Retrospective observational 5621 PD and 17155 HD patients 12% in PD and 16% in HD PD
2001-2006 Molnar et all’)  Retrospective observational 2092 PD and 12,416 HD patients 15% in PD and 21% in HD PD
2002-2011 Prasad et all™’!  Retrospective observational 45 PD and 45 HD patients 8.8% in PD and 11.1% in HD None

DGEF: Delayed graft function; PD: Peritoneal dialysis; HD: Hemodialysis.

1.53, P < 0.0001) than HD patients™. Forty one percent of those on prior PD, who had
allograft failure in the first 3 mo, had thrombosis vs 30% of those on prior HD (OR
1.59, 95%CI: 1.08-2.36, P = 0.02). All other early causes of allograft loss were similar
between the two groups. In another study of 84513 renal transplant recipients
between 1990-1996, Ojo et al"*! found much higher odds of renal vein thrombosis
(RVT) in PD patients as compared to HD patients (OR = 1.87, P = 0.001). Change in
pre-transplant dialysis modality was also predictive of RVT among patients who
switched from HD to PD (OR = 3.59, P < 0.001) as compared to HD patients who
never switched and among patients who switched from PD to HD as compared to HD
patients who never switched (OR = 1.62, P = 0.047)"’l. In another study of 119 HD and
39 PD patients who underwent simultaneous kidney-pancreas transplantation, renal
allograft loss due to thrombosis was much more common in PD patients as compared
to HD patients (5.1% vs 0%, P = 0.058)1".

Since most patients on PD do not have an arteriovenous access, underlying
thrombotic tendencies may be masked, and only uncovered at the time of
transplantation. In addition, some PD patients may have been driven to switch after
repeated thrombosis of the HD access. Moreover, PD patients are noted to have
increased pro-coagulant factors such as apolipoprotein A, factors II, VII, VIII, IX, X, XI
and factor XII, and hemo-concentration as compared to HD patients which can
predispose them at higher risk of allograft thrombosis!***l. The reasons behind
increase in such factors are likely due to moderate non-specific inflammatory cell
harvesting when the peritoneal membrane gets exposed to dialysis solutions. This
leads to macrophage activation and increased presence of thromboplastin and
plasminogen activator in the peritoneal cavity.

On the contrary, a study by Pérez Fontén ef al’! on 827 patients (127 PD and 700
HD patients), who received deceased donor kidney transplantation between 1988 and
1997, there were similar incidence of primary allograft thrombosis between PD and
HD patients (4.7% vs 6.1%, P = NS). Arterial and venous thrombosis was also similar
in both groups!*l. Studies by Lin et al*'l and Escuin et all*! also reported similar results
whereby they found no difference in incidence of graft thrombosis among PD versus
HD patients.

Risk of infection and diabetes mellitus after transplantation

Patients receive multiple immunosuppressive medications in post-transplant period
which increases the risk of infections. Infectious complications related with PD
catheter after transplantation remain a concern!*"’l. In a study by Rizzi et al" on 313
PD patients who underwent transplantation between 2000 to 2015, authors found that
8.9% patients had post-transplant peritonitis especially among those who had DGF
requiring dialysis. In addition, PD catheter was associated with an increased risk of
exit-site infection and peritonitis even if it's not used™. There is also a report of
increased conversion from PD to HD after transplant due to leakage of dialysate fluid
from surgical incision”. Hence, authors had suggested low threshold for PD catheter
removal at time of transplantation in patients with low risk of DGF. In patients with
an increased risk of DGF, PD catheter could be left in place but to be removed at the
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Table 2 Pre-transplant dialysis modality and allograft thrombosis

g . . Thrombosis :
Study Period Authors Study Design Study Participants . Odds Ratio (OR)
Incidence
1980s-1990s Van der Vliet et al*! Retrospective 303 PD and 612 HD 7.3% in PD and 3.6% in P <0.02
observational patients HD patients
1988-1997 Pérez Fontén et all*”] Retrospective 127PDand 700HD  4.7% in PD and 6.1% in P=NSs"
observational patients HD patients
1989-1992 Murphy et all*"! Retrospective 202 renal transplant 9 PD versus 0 HD Chi-squared = 9.63; P <
observational procedures patients 0.01
1990-1996 Ojo et all**! Retrospective Case- 63 PD and 161 HD 30.7% inPD and 18.9% OR =1.87, 95%CI" 1.28-
control match patients in HD 2.72, P <0.001
1990-1994 Escuin et al*’) Retrospective 138PDand 892HD  2.17% in PD and 3.47% P=NS
observational patients in HD
1992-1996 Vats et all*’] Retrospective 1090 PDand 780 HD  20% in PD and 10% in P=0.04
observational children HD*
1995-1998 Snyder et all™] Retrospective 156 PD and 349 HD 41% in PD and 30% in  OR 1.59, 95%CI 1.08-2.36
observational patients HD ,P=0.02
1998-2011 Lin et all*!] Retrospective cohort 603 PD and 1209 HD Not available P=NS
patients

“:vascular thrombosis as cause of graft failure;
b:non—significam‘c;
“:Confidence Interval. PD: Peritoneal dialysis; HD: Hemodialysis.

earliest once no longer needed. Also, incidence of post-operative infections after
transplantation was found to be increased in PD patients as compared to HD patients
(67.5% vs 25.9%, P < 0.00001) with an increased median length of hospital stay™. Lin
et al*' also found higher risks of peritonitis and urinary tract infection in PD patients
after transplantation. But, authors reported higher risk of new onset tuberculosis and
chronic hepatitis C in patients after 90 d of kidney transplantation treated with prior
HDMI,

Risk factors for post-transplant diabetes mellitus (PTDM) was evaluated by
Courivaud et al among 137 patients and did not find any impact of dialysis
modality on development of PTDM. On the contrary, in a cohort of 72 patients,
Madziarska et al™ found that PD was associated with an increased risk of PTDM (P =
0.007) in the multivariate analysis. In another study of 121 non-diabetic patients by
Seifi et al™, authors found when used as pre-transplant modality, PD was associated
with an increased risk for PTDM in univariate analysis, but not in multivariate
analysis. The factors associated with new onset of diabetes after transplantation are
multiple and variable, but not limited to presence of pre diabetes,
immunosuppressive medication regimen, improved appetite and weight gain post-
transplant among other.

Long-term outcome: Comparing those on prior HD vs PD

Preemptive kidney transplant without dialysis was associated with excellent patient
survival compared to HD prior to transplant (HR 0.81 with 95%CI of 0.73-0.89, P <
0.001)"). Data on long-term graft survival after PD and HD is mixed from most
studies. Goldfarb et al”! analyzed 92844 patients who underwent kidney or kidney-
pancreas transplants in 1990-1999. They reported better graft outcomes in patients
previously treated predominantly with PD as compared to HD patients (HR 0.97 with
95%CI of 0.94-1.0, P < 0.05), after controlling for multiple variables. Lin et al*!! also
reported higher risk of death censored graft failure in a multivariate analysis in HD
patients as compared to PD patients after 10 years of follow up (HR 1.31, 95%CI 1.03-
1.84, P = 0.031). Although, Tang et al'! did not found 5 years graft survival rate to be
different with pre-transplant PD as compared to HD technique in their meta-analysis
(HR 0.92, 95%CI: 0.84-1.01, P = 0.08). Ten year graft survival was reported to be
similar between a cohort of 80 HD and 80 PD patients!"". In another study of 11664 PD
and 45561 HD patient, a similar death-censored graft survival was reported (P =
0.39)1. Discrepancies in these results were evaluated by Kramer et al**! in a cohort of
29088 patients who received kidney transplantation between 1999 and 2008 and found
that statistically significant association of PD with better allograft and patient survival
in a multivariable cox regression analysis disappeared when used instrumental
variable method that used the case-mix adjusted center percentage of PD as predictor
variable.
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Patient survival may also be better after kidney transplantation in those on
preceding PD as compared to HD. The Goldfarb et al”! study also revealed that
predominate PD prior to transplant was independently associated with better
recipient survival compared to patients on preceding HD (HR 0.96 with 95%CI of
0.92-0.99, P < 0.05). Authors also looked at various RRT combinations and outcomes.
They found that patient survival was significantly better in those on prior PD only
when compared to those whose prior treatment consisted of solely HD (HR 0.90 with
CI of 0.86 to 0.94, P < 0.001)".. In another study by Lopez-Oliva et alt*’], authors looked
at a cohort of 236 patients and reported that long term patient survival was higher for
the PD group than the HD group (P = 0.04). Interestingly the combination of prior PD
and HD had a worse survival than those on HD alone (HR 1.10, with 95%CI of 1.06 to
1.15, P < 0.001).

Similarly, a European center in 2006 reported that prior-PD patients fare better and
have lower post-transplant mortality than those on preceding HD. The same authors
had postulated that exposure to the HD dialyzer membrane could be immunogenic
and lead to an increased risk of graft loss. They found that despite using the
biocompatible membranes, patient survival on pre-transplant PD was still superior to
the HD counterparts®’.

Mortality benefits in PD patients were again seen in the results reported by Molnar
et al®! from 2012. They reported that patients who had been on PD before receiving a
kidney transplant have an adjusted 43% lower death risk compared to those on prior
HD (HR 0.57 with CI of 0.38-0.87). Using propensity matching, those with a high
likelihood of being on PD (n = 4836) when adjusted for many variables including
transplant donor variables had a HR of 0.56 (0.31-0.99, P = 0.04) of all-cause death in
comparison to previous HD™). Cardiovascular mortality in recipients who were on
prior PD was lower compared to those on prior HD, controlling for many variables
(HR 0.94)P°1. In an another study, superior survival of PD patients after
transplantation was reported to be due to lower risk of cardiovascular death in a
cohort of 60008 patientst™. Still, there are many studies reported whereby authors
didn’t found survival benefit of PD over HD after transplantation!'"''”*l. Reasons for
these mixed results is that even though most of the studies looked at standard
variables like time and duration of dialysis, comorbidity index, it still does not take
into account many other factors which may determine the long term survival benefits
post transplantation. The choice of dialysis modality for any patient also leads to
selection bias which may confound the end results like patient or graft survival post
transplantation.

Mehrotra et al®! looked at the USRDS database to compare the impact of dialysis
modality on survival. They reported no significant difference in the risk of death for
PD and HD patients during the 5-year follow-up period. Earlier studies from other
countries reported to have shown a marked early survival advantage for PD
compared to in-center HDI*!l. The reasons for this are, may be due to better planning
before starting PD, as opposed to HD. PD patients are better prepared and more
motivated which might to increased access to transplantation care both pre and post.
In addition, this could be explained by the better preservation of residual kidney
function on PD, which has been repeatedly shown to enhance survivall®*l,

CONCLUSIONS

Incidence and prevalence of ESRDs in the USA is rising; adding to already a large
number of patients on dialysis despite the knowledge that kidney transplantation is
ideal and associated with far superior clinical outcomes for patients with ESRD than
being on dialysis. Majority of patients in the USA choose HD over PD and initiate
dialysis with catheters as opposed to preferred arteriovenous access. Current evidence
favors PD over HD as modality of choice as it is associated with lower risk of
hospitalizations, healthcare expenditures and mortality. Although, conflicting data
exists on mortality benefit of PD versus HD; as mortality for PD and in-center HD
patients was found to be similar while on the waitlist*]. In regards to kidney
transplantation outcomes, PD was associated with lower risk of DGF and
cardiovascular mortality as compared to HD but with higher risk of infectious
complications. Reports on allograft thrombosis, 5 years and 10 years graft survival
and patient survival showed mixed results.

Overall, we believe that the choice of dialysis modality prior to kidney
transplantation matters. While it is difficult to do a large numbered randomized
controlled trial in an attempt to answer this extremely question, education regarding
pre-transplant dialysis modality choices needs to be multi-faceted and should include
all considerations including impact on kidney transplantation; its short term and long
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term outcomes along with the impact on lifestylel’-*l. This education should not
biased on health literacy levels, and no matter what modality patients choose, the
education and training must be patient centered, using universal approach. PD is an
underutilized modality in the USA and can be a therapy of choice with a potential to
be associated with improved outcome for transplantation. Further research and
attention from nephrologist and transplantation community is needed in this regard.
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Abstract

Insulin is an important hormone that affects various metabolic processes,
including kidney function. Impairment in insulin’s action leads to insulin
resistance in the target tissue. Besides defects in post-receptor insulin signaling,
impairment at the receptor level could significantly affect insulin sensitivity of
the target tissue. The kidney is a known target of insulin; however, whether the
kidney develops “insulin resistance” is debatable. Regulation of the insulin
receptor (IR) expression and its function is very well studied in major metabolic
tissues like liver, skeletal muscles, and adipose tissue. The physiological
relevance of IRs in the kidney has recently begun to be clarified. The credit goes
to studies that showed a wide distribution of IR throughout the nephron
segments and their reduced expression in the insulin resistance state. Moreover,
altered renal and systemic metabolism observed in mice with targeted deletion of
the IR from various epithelial cells of the kidney has strengthened this
proposition. In this review, we recapitulate the crucial findings from literature
that have expanded our knowledge regarding the significance of the renal IR in
normal- and insulin-resistance states.

Key words: Insulin receptor; Insulin resistance; Kidney disease; Renal sodium
reabsorption; Gluconeogenesis; Proteinuria; Systemic blood pressure
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Core tip: Dysregulation of the renal insulin receptor (IR) not only affects local renal
metabolism, but also disturbs the systemic glucose homeostasis and blood pressure,
leading to metabolic abnormalities. The objective of this review is to highlight the
pathophysiological stature of renal IRs in the kidney function, as well as, overall
metabolism.
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INTRODUCTION

The incidence of insulin resistance is increasing worldwide in parallel with the rate of
obesity. Insulin resistance, per se, is often subclinical, and defined by inefficient insulin
receptor (IR) signaling in major metabolic tissues, including liver, muscle, and
adipose, resulting in impaired cellular glucose uptake. The function and role of
reduced IR signaling has been extensively studied in these metabolic tissues. In
addition to downstream signaling, alterations in the expression, binding, and
phosphorylation of the IR itself may affect target cell sensitivity to insulin!“l. The
kidney expresses IRs!; however, it is still debatable whether kidney develops classic
“resistance” in the same manner as the liver, muscle, and adipose tissues. Reduced
expression of IR and its phosphorylated form, the first step in IR signaling, have been
demonstrated in renal epithelial cells of diabetic and insulin-resistant rat models!*’\.
Nevertheless, presence of these receptors throughout the nephron segments suggests
an important role in renal metabolism. Insulin could undoubtedly regulate several
vital kidney functions through its receptors. However, it has been a mere decade since
the role of renal epithelial IR in kidney physiology and pathology began to be
illuminated. In this review, we bring together the findings from published literatures
that have contributed to our understanding in the area. For easy reading we will use
the phrase “renal IR” in place of “IR in renal epithelial cells”.

INSULIN RECEPTORS AND INSULIN SIGNALING

Insulin, secreted by pancreatic -cells, is a peptide hormone with pleiotropic actions
and plays an indispensable role in human metabolism. Biological effects of insulin are
exerted by binding to IRs. IRs belong to the receptor tyrosine kinases and the IR
subfamily, which consists of the IR, the insulin-like growth factor (IGF-1/-II)
receptors, and the IR-related receptor!®l. The IR is a transmembrane protein that is
composed of two a- and two B-subunits forming a heterotetramer a2f32 (Figure 1),
with disulfide bonds between the a-subunits and between the a- and B-subunitsl.
The human IR ¢cDNA was isolated and cloned in the 1980s!'">'"l. These studies
demonstrated that the a- and B-subunits are derived from proteolytic cleavage of a
common precursor. Later, Seino ef all'’l reported that the IR gene (INSR) is encoded by
22 exons and 21 introns. Alternative splicing of exon 11 results in two isoforms, A and
B with differential insulin affinity, with isoform B having higher affinity.

Insulin binding to extracellular a-subunits confers conformational changes within
the molecule, leading to autophosphorylation of specific tyrosine residues in
intracellular domains!”l. Upon activation, various adaptors and signaling proteins
(IRS, SHC, GRB, etc.) are recruited to the receptor to initiate the intracellular signaling
cascade and regulate different biological functions!®"! (Figure 2).

LOCALIZATION OF THE IR IN THE KIDNEY

The attempts to examine the expression pattern of IRs in the kidney had started about
four decades ago; however, their physiological role in the kidney has recently come to
light!*'*!’l. Renal localization of IRs was first studied by '*I-labeled insulin binding in
microdissected rat glomeruli and tubules in 1988. The results showed high affinity
binding sites in the proximal and distal convoluted tubules (PCT and DCT), and to a
lesser extent in the cortical and outer medullary collecting duct (CD) and thick
ascending limb (TAL)!"\. Later, Sechi et al! exploited an in situ autoradiographic
technique to observe insulin binding in glomeruli, renal cortex, outer and inner renal
medulla. Findings from their studies revealed the highest IR density in the inner
portion of the medulla, which also exhibits the maximal insulin activity in the renal
tubule. The localization of IR in the proximal tubule (PT), TAL, DCT, and CD have
also been shown by immunofluorescence using polyclonal antibodies against the a-
and PB-subunits of IR!'\. This approach illustrated an exclusive localization pattern of
IR as these antibodies did not overlap with IGF-1 receptor and the IR-related receptor
in kidney!”""l. The significance of IR expression in different segments of the nephron
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autophosphorylation that are crucial for receptor activation. The a- and B-subunits are connected together via disulfide linkages (Figure is adapted from reference!”)).
IGF: Insulin-like growth factor.

was later confirmed by targeted deletion of IR from these segments**’l.

RENAL IR IN CARDIOVASCULAR PHYSIOLOGY

Renal regulation of sodium reabsorption is crucial for maintaining homeostasis, fluid
balance, and systemic blood pressure. Excessive intake of dietary sodium and/or
impaired salt excretion augments the incidences of hypertension”'l. There is
substantial evidence suggesting restriction of dietary sodium could decrease
cardiovascular risk and reduce blood pressure in normotensive and hypertensive
individuals”*!. In kidney, sodium reabsorption occurs throughout the tubular
segments of nephron including the PT, TAL, DT, and CD™-1,

Insulin is reported to have antinatriuretic properties and has been shown to
increase sodium absorption by regulating the activities of different renal sodium
channels including the Na*/H* exchanger type 3, the sodium-bicarbonate
cotransporter, and the Na-K-ATPase in PT, the sodium-potassium-chloride
cotransporter type 2 and the Na-K-ATPase in TAL, and the sodium-chloride
cotransporter and the epithelial sodium channel in DCT and CD™.

To elucidate the sodium-insulin interaction in the kidney, Sechi et al*l, examined
renal IR binding and mRNA levels of IRs in rats fed on different salt concentration.
They reported an inverse relationship between dietary salt (NaCl) intake and renal IR
density. In concordance with this study, Catena et al*” also reported a decrement in IR
number and mRNA levels in control rats fed on a high-salt diet. However, IR
densities were reported comparable in fructose-fed rats maintained on high- or low-
salt diet. Further, a reduced antinatriuretic effect of insulin in high-salt-fed control rats
was not observed in fructose-fed rats, implying that the fructose-fed animals lacked
the feedback mechanism that limits insulin-induced sodium retention during high salt
intake, which may contribute to fructose-induced hypertension®.

Nevertheless, the expression pattern of IR in the PT, TAL, and CD implies the
involvement of IRs in insulin-mediated renal sodium retention!""*"*?l. Therefore,
investigating the correlation between IRs and renal sodium reabsorption has been a
major focus of researchers to understand the connection between insulin resistance
and hypertension. Hypertension is one of the most common cardiovascular
complications worldwide. High blood pressure and associated complications lay a
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Figure 2 Schematics of the insulin receptor signaling. Binding of insulin to its receptor causes autophosphorylation of specific tyrosine residues. Upon activation
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grave burden on patients. Among various determinants of hypertension, insulin
resistance is considered to be a major determinant. Although the precise role of
insulin resistance is debatable in the development of hypertension, activation of the
sympathetic nervous system, insulin-regulated sodium retention, and activation of the
renin-angiotensin system (RAS) are considered as plausible mechanisms”**l. The
interrelation between insulin resistance and hypertension could either be a non-causal
association (two independent processes) or a cause-and-effect relationship, where
insulin resistance acts as a cause of hypertension!™l.

Interestingly, we observed that specific knockout of renal epithelial cell IR caused
elevated systolic blood pressure in mice. Our study has shown that targeted deletion
of IRs from renal epithelial cells significantly increased systolic blood pressure and
impaired sodium excretion in response to saline load as compared to wild-type (WT).
Moreover, intraperitoneal administration of insulin caused a significant drop in blood
pressure in WT, but not in IR-knockout (KO) mice. Urinary excretion of nitrates and
nitrites (UNOx) was also reduced in KO mice relative to WT mice (Figure 3). These
observations suggested that renal IRs could play a key part in the maintenance of
normal blood pressure and volume-expansion-associated natriuresis!'”. A study from
Bhalla’s lab also has shown that renal tubule-specific knockout of IR decreased NCC-
mediated sodium reabsorption in high fat-fed mice”!. However, further investigation
is required to comprehensively understand the IR-dependent regulation of sodium
retention and associated hypertension during insulin resistance.

Insulin has a complex role in the maintenance of blood pressure. On one hand,
insulin-induced sodium retention and increased sympathetic activity is a root cause of
hypertension, at the same time, insulin itself has a vasodilatory effect, which is
associated with nitric oxide (NO) production™. In kidney, hyperinsulinemia affects
renal blood flow in a NO-dependent manner””! and insulin resistance impedes this
effectl*!l. Moreover, experimental diabetes in rats has resulted in reduced renal NO
production®’. Local renal production of NO production has also been implicated in
impaired renal blood flow during congestive heart failure*’l. Apart from its
vasodilatory effects, NO is also reported to reduce sodium reabsorption in renal
tubules!***1. Specific deletion of IR from renal epithelial cells has been reported to
impair sodium and NO excretion and elevate systemic blood pressure in mice,
suggesting a possible role of impaired renal NO production in blood pressure
regulation!’l. Moreover, reduced renal expression of the IR in TAL has been linked to
salt sensitivity of blood pressure via blunted production of NO". These IR-knockout
mice also exhibited low protein levels of nitric oxide synthase isoform, NOS1, which is
expressed in macula densa cells, TAL, and in CD™. Together, these studies support a
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Figure 3 Altered natriuresis and impaired nitric oxide metabolism in insulin receptor-knockout mice. A: Urinary sodium excretion after oral administration of
saline with and without dextrose in 4 h; B: Mean arterial blood pressure (AMAP) after NaCl and dextrose administration in mice; C: Urinary nitrate and nitrite excretion
in wild-type and insulin receptor-knockout mice after 24 h. (Figure is a modification of figures published in reference!**! and taken with permission).

crucial role of renal NO in blood pressure regulation by its autocrine and paracrine
actions, particularly in the medullary TAL and CD!-*1,

A fairly recent report from our group showed for the first time that insulin induces
eNOS activation and NO generation in the renal inner medullary collecting duct
(IMCD) cellsP. We observed a time- and dose-dependent increase in NO and its
metabolite NOx in insulin-stimulated mouse IMCD cells. Moreover, chronic insulin
infusion in C57BL/6] mice led to increased expression of endothelial NOS (eNOS) and
elevated NO levels in the inner medulla. However, treatment of cells with
wortmannin (PI3K inhibitor) and IR-knockdown abolished these effects of insulin in
vitro, implying the involvement of the IR/PI3K pathway in insulin-stimulated NO
generation. Further, targeted deletion of IR from renal tubule epithelial cells resulted
in significant downregulation of eNOS in inner medulla with concomitant rise in
blood pressure in KO mice. These observations implied that IR signaling in the IMCD
could contribute to hypertension in the insulin-resistant state.

The renal RAS is another imperative pathway that regulates systemic blood
pressure and maintains water and electrolyte homeostasis. Typically, angiotensin II
(Ang II) produced in the RAS pathway interacts with angiotensin type 1 receptors
(AT,R) to exert its biological effects in various tissues including the kidney, the heart,
adipocytes, adrenal tissues”'], etc. The classical RAS pathway induces sodium
reabsorption, vasoconstriction, and blood pressure. Moreover, Ang II has been
established to inhibit insulin-mediated PI3K activation and is involved in the
pathogenesis of insulin resistancel™”. An interrelation between insulin resistance and
the RAS pathway has been reported in hypertensive patients. Although precise
mechanism of insulin resistance and RAS is not well established, these two pathways
interact at multiple levels to regulate cellular metabolism!’. Previously, it has been
demonstrated that Ang II induces phosphorylation of IRS1 (a key substrate of IR) at
Ser616 and Ser312, which is responsible for its inactivation and inhibition of
insulin/PI3K signaling cascadel®l. A direct link between renal IRs, RAS, and
cardiovascular complications has not been reported and warrants further
investigation.

RENAL IR IN SYSTEMIC GLUCOSE HOMEOSTASIS

IR signaling has been reported to maintain blood glucose levels in the liver and other
metabolic tissues™ "], however, there is limited knowledge regarding this action in the
kidney. Recent studies have highlighted that renal IR signaling is an equally
important contributor and regulator of systemic glucose levels!">*%l. The first
evidence on kidney’s involvement in glucose metabolism came in 1938, where
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Bergman et al observed that removal of kidneys in hepatectomized rabbits doubled
the sugar utilization rate as compared to the hepatectomized animals only'l.
Following which a number of studies substantiated the glucose production activity of
the kidney!®>*! and provided evidence that kidney, in addition to acidosis or
prolonged starvation, also releases considerable amounts of glucose in normal post-
absorptive conditions!*’. Moreover, accumulating evidence predicts that the kidneys
impart a critical role in regulating overall glucose homeostasis by various
mechanisms, such as reabsorption of glucose from the glomerular ultrafiltrate
specifically in the renal epithelial cells, glucose uptake and utilization for meeting the
body’s energy demands, and gluconeogenesis, i.e., endogenous glucose production
from non-carbohydrate sources!l.

Similar to liver tissue, renal gluconeogenesis and metabolism were found to be
dysregulated in diabetes and the insulin-resistant statel®’). There are studies which
suggest that renal epithelial cells double their glucose uptake in response to insulin
stimulation via translocation of GLUT (GLUT1 and GLUT4) to the plasma membrane,
which accentuates the effect of insulin on renal gluconeogenesis and on systemic
blood glucose levels!*”l. Moreover, hyperinsulinemia is reported to inhibit glucose
production and stimulate glucose uptake by the renal epithelial cellsl“*’l. Both
experimental and clinical studies have documented the insulin-mediated regulation of
uptake and release of glucose. A hyperinsulinemic clamp study in humans showed a
61% decrease in renal glucose output and approximately a 72% decrease in renal
glutamine gluconeogenesis [much higher than liver (25%)] in subjects treated with
insulinl. Insulin has also been reported to affect the transport of gluconeogenic
substrates in the kidney!®l. These studies highlighted the significance and magnitude
of renal glucose production, and also revealed higher sensitivity of renal glucose
release towards insulin as compared to liver. Moreover, enhanced renal
gluconeogenesis in the post-absorptive conditions has been suggested to contribute
towards hyperglycemia in Type 2 diabetes in the insulin-resistant state. This is
supported by the increased intrinsic gluconeogenesis with simultaneous decrease in
IR levels reported in the kidney cortex of Zucker diabetic fatty rats®). In addition, a
marked decrease in IR expression has been observed in the renal cortex of high-fat
diet-fed rats as well as in Type 2 diabetic patients!®”**7’l.

The role of insulin/IR signaling in regulation of gluconeogenesis transcriptional
modulation of gluconeogenic genes, i.e., PCK1 and G6PC is well known in liver”-"l.
However, studies on the role of the IR in renal gluconeogenesis regulation are limited.
In 2012, a study from the DeFronzo lab elucidated that insulin negatively regulates
gluconeogenesis via downregulating the expression of key gluconeogenic genes in the
kidney"". Around the same time, our group demonstrated that targeted deletion of
the IR from the PT resulted in hyperglycemia despite normal whole body insulin
sensitivity®. More so, an increased activity and elevated mRNA expression of
glucose-6-phosphatase (G6Pase, a rate-limiting enzyme in gluconeogenesis) was
observed in the PT-specific IRKO mice, signifying the involvement of the IR in
regulating the expression of key gluconeogenic genes. Further, reduced IR expression
and early IR signaling along with a significant increase in phosphoenolpyruvate
carboxykinase (PEPCK) levels were found in kidney cortex of high-fat diet-fed micel™,
providing a clue to the possible mechanism of insulin involving transcriptional
regulation of PEPCK, also a rate-limiting gene in gluconeogenesis. In liver, insulin has
been shown to suppress the expression of gluconeogenic genes, G6Pase and
PEPCKUL. In vitro studies performed in primary PT cells from human kidney (hPT)
showed an inhibitory role of insulin on cAMP/DEXA-induced gluconeogenesis, and
silencing of IR attenuated this inhibitory effect of insulin on PT-gluconeogenesis in
hPT1. All these findings clearly state that reduced IR expression/signaling might
have a causal function in gluconeogenic gene upregulation and gluconeogenesis.

In vitro studies from our group has demonstrated that loss of IR in human proximal
tubule cells attenuated the inhibitory effect of insulin on PEPCK expression in hPT
cellstl. These studies, suggest that impaired insulin sensitivity of PT may affect whole
body glucose homeostasis by elevating gluconeogenesis via transcriptional induction
of gluconeogenic enzymes in the kidney. However, the mechanism by which IR
signaling targets gluconeogenic genes in PT needs to be further elucidated. A recent
study from Yafez lab demonstrated downregulation of IR levels, which was
accompanied by increased expression and activity of PEPCK in the kidney of both
Type 2 diabetic patients (Figure 4) and in a Type 1 diabetic rat model. Moreover, they
also observed an apical redistribution of gluconeogenic genes in both the models,
implying that insulin signaling may regulate gluconeogenesis through luminal
substrate uptakel®.. Recently, Horita et al", put forward a concept of “selective insulin
resistance” in kidney. The state of selective insulin resistance has been recognized in
the case of liver, where inhibition of gluconeogenesis by the insulin receptor substrate
(IRS) 2 is hindered, whereas IRS1-regulated lipogenesis is not altered. On the
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contrary, in kidney, IRS1-dependent inhibition of gluconeogenesis is impaired in the
proximal tubule leading to hyperglycemia, while IRS2-dependent signaling is
preservedl’"*!l. Sasaki et al®l have also reported the role of insulin signaling in
maintaining systemic glucose homeostasis in IRS1/IRS2 double KO mice. This study
emphasized dual regulation of gluconeogenesis by insulin signaling and glucose
reabsorption. This is in consonance with previous studies suggesting impaired
glucose levels in diabetic human PT because of enhanced glucose reabsorption and
insulin-dependent inhibition of gluconeogenesis!’***!, ultimately leading to more
glucose release by the kidney as compared to the liver. In the light of these findings,
regulation of renal gluconeogenesis is still a matter of debate because both
suppression and elevation of gluconeogenic gene expression has been reported in
experimental rodent models of diabetesl®*’l. These observations open a whole new
avenue for investigating the role of IRs in renal glucose homeostasis.

Together, it can be implied that impaired renal insulin signaling (especially IR
signaling) may increase gluconeogenesis, and in the setting of insulin resistance, these
impairments can further contribute to other deleterious effects. Therefore, more
conclusive studies are warranted to understand the pathophysiological association of
renal insulin signaling and glucose metabolism.

RENAL IR IN PROTEINURIA

The presence of proteins especially albumin in urine, aka proteinuria is an important
hallmark of renal disease, including diabetic nephropathy. Although glomerular
dysfunction is an established cause of proteinuria®*”], impaired tubular function also
contributes to albuminuria in diabetic nephropathy!***l. Normally, albumin is
reabsorbed by the PT cells through receptor-mediated and fluid phase endocytosis!™.
In the proximal tubules, receptor-mediated reabsorption of albumin is executed by
endocytic receptors, megalin and cubilin that are highly expressed in the apical
membrane of the PT cells"”l. Existing evidences suggest that besides other factors,
insulin could have a potential role in albumin uptake by the PT cells in diabetic and
non-diabetic conditions. Retrieval of albumin from ultrafiltrate by the PT cells is
crucial for kidney homeostasis. A cohort study on non-diabetic individuals
(Relationship between Insulin Sensitivity and Cardiovascular Disease; RISC)
proposed a causal relationship between insulin resistance and albuminurial”. The
RISC study demonstrated that reduced insulin sensitivity, measured by a
hyperinsulinemic-euglycemic clamp, is linked to increased risk of albuminuria in a
healthy cohort.

Intriguingly, various studies have reported that insulin could also have a potential
role in albumin uptake by the PT cells in diabetes. In the STZ-induced diabetic mice
model, downregulation of pSer473-Akt expression in the proximal tubule epithelial
cells was accompanied by decreased expression of megalin and cubilin establishing
the link between insulin signaling and albumin uptakel”.. Recently, Zeng et al'*!,
showed that the ORAI (calcium release-activated calcium channels) are also
accountable for the internalization of albumin in proximal tubular epithelial cells via
clathrin-mediated endocytosis and expression of these channels is insulin-dependent.
In concordance with previous studies, Mottl et al””! showed that the urinary ACR was
positively associated with insulin-resistant young Type 2 diabetic subjects. Moreover,
insulin treatment under high-glucose conditions increased megalin expression and
albumin internalization in OK cells". Insulin treatment has attenuated urine albumin
excretion in Akita mice also”’l. These reports establish a causal role of PT-specific
insulin resistance in the pathogenesis of albuminuria; however, exact mechanism of
insulin-dependent albumin uptake needs to be elucidated.

Recent data from our laboratory showed that targeted deletion of IRs from the
proximal tubule impairs tubular albumin uptake and results in albuminuria in mice
(unpublished data). We have also established circulating insulin levels as a
determinant of tubular albumin uptake. Moreover, down-regulation of IR and early
IR signaling in the kidney has been reported in Type 2 diabetes and models of insulin
resistance!”? , which can contribute to elevated albuminuria. These recent findings
support a direct physiological role of PT-specific insulin action on albumin uptake
and albuminuria.

CONCLUSION

The physiological relevance of IRs in renal epithelial cells has gained more attention
in recent years. Studies based on targeted deletion of IR have now provided sufficient
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Figure 4 Expression patterns of insulin receptor and gluconeogenic enzymes in normal and diabetic human kidney. A: Expression of FBPase, PEPCK; IR,
and tubulin in renal cortex biopsies of control and Type 2 diabetic individuals analyzed by western blotting; B: Immunohistochemical analysis of FBPase, PEPCK, and
IR in renal cortex biopsies of control and Type 2 diabetic individuals (Figure is taken from reference number!®! with permission). PEPCK: Phosphoenolpyruvate
carboxykinase; IR: Insulin receptor.

evidence to suggest the significance of the renal IR in kidney physiology and
pathology. In addition, these studies have enhanced our understanding surrounding
the contribution of reduced renal IR observed in the insulin-resistance state. Overall, it
can be suggested that modulation of insulin signaling at the receptor level could
significantly affect kidney function, which thereby may result in systemic effects.
However, more mechanistic studies are warranted to understand the causal role of
reduced renal IR in the regulation of blood pressure, systemic glucose levels, and
proteinuria.
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Abstract

Dehydration and volume depletion describe two distinct body fluid deficit
disorders with differing pathophysiology, clinical manifestations and treatment
approaches. However, the two are often confused or equated with each other.
Here, we address a number of commonly encountered misconceptions about
body-fluid deficit disorders, analyse their origins and propose approaches to
overcome them.
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Core tip: The conceptual error of using the term “dehydration” as a non-specific generic
term to represent any type of fluid deficit affecting any fluid compartment, or even
worse, to imply extracellular fluid volume depletion remains disturbingly prevalent
among medical students and doctors. Careless and casual use of the term “dehydration”
for patients who, in fact, have intravascular “volume depletion” contaminates the
medical language, creates misleading impressions and unfortunately, in some cases,
leads to inappropriate management. We propose a multi-faceted approach that
supplements real life clinical scenarios with reflective activities through active
participation of students and helps remove these robust misconceptions and instigate
conceptual restructuring.
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INTRODUCTION

Students often confuse concepts related to sodium and water balance. One concept
that has received considerable attention in recent medical teaching is the notion that
disorders of water balance are manifested as hyponatraemia or hypernatraemia,
whilst disorders of sodium balance are manifested as disruption of extracellular fluid
(ECF) volume. In this review, we focus on another key concept regarding dehydration
and volume depletion, and how the two are completely different clinical syndromes
with distinct pathophysiological mechanisms, clinical features, biochemical
characteristics, and management strategies.

Assessment of body fluid status is an integral component of the physician’s
evaluation of most hospitalized patients. A competent fluid assessment requires
sound knowledge of the dynamic interaction between body fluid compartments, as
well as a skilful examination and careful biochemical analysis of serum and urine. In
addition, a command of medical language and terminology is essential to precisely
describe and categorize body-fluid status. Mange et al''l highlighted the importance of
recognizing dehydration and volume depletion as two completely different clinical
entities. However, the conceptual error of using the term “dehydration” as a non-
specific, generic term to represent any type of fluid deficit affecting any fluid
compartment, or even worse, to imply ECF volume depletion, remains disturbingly
prevalent among medical students and doctors. Careless and casual use of the term
“dehydration” for patients who, in fact, have intravascular “volume depletion”
contaminates the medical language, creates misleading impressions and
unfortunately, in some cases, leads to inappropriate management. Considering the
magnitude of the problem, in 2004 the International Classification of Diseases
coordination and maintenance Committee made recommendations to modify the
coding for body fluid disorders to uniquely identify dehydration and volume
depletion®. For the sake of this review, we will use the term “students” to refer to
medical students as well as to junior physicians who fall prey to the
dehydration/volume depletion misconceptions.

Body fluid compartments - basic facts

Total body water (TBW) is estimated to be 50%-60% of body weight, varying with age,
gender and race, and resides in three main fluid compartments of body (Figure 1)1
The bulk of the TBW (67%) is confined intracellularly; the remaining 33% is
distributed between the two sub-compartments of the extracellular space: interstitial
and intravascular (25% and 8% respectively)l. Hence, in a 70 kg man, TBW is
approximately 42 L, out of which 28 L, 10.5 L and 3.5 L are distributed in the
intracellular, interstitial and intravascular compartments, respectively. Another
subcategory of ECF, albeit small, is transcellular fluid (not shown in the figure) that
resides in pleural, pericardial, peritoneal, synovial, ocular and cerebrospinal spaces,
although in some cases, its chemical composition and physical properties may differ
from that of intravascular or interstitial fluid\. Fluid input and output from the body
proceeds via the intravascular compartment.

Intravascular and interstitial compartments are separated solely by highly
permeable capillary membranes. Hence, their ionic composition is almost identical;
the major cation is sodium (Na*) and the major anions are chloride and bicarbonate. In
contrast, the major cation in the intracellular fluid (ICF) is potassium (K*) and the
major anions are inorganic phosphates. Sodium chloride is typically confined to the
ECF compartment by virtue of the Na-K-ATPase pumps, anchored in the cell
membranes, which pump Na* out and K* into the cells. This constant active transport
of Na* and K* across the cell membrane makes the ECF rich in Na* and the ICF rich in
K*. Consequently, the osmolality of the ECF is largely dependent on sodium and
chloride whereas the osmolality of the ICF is derived from potassium along with
other intracellular osmoles. Water moves freely between all fluid compartments
through highly water permeable cell membranes; therefore, the osmolality of the
plasma is equal to the osmolality of other compartments.

Of the total plasma volume, 85% is in venous circulation and 15% is in arterial
circulation. It is this small arterial volume (approximately 700 mL) that constitutes the
effective circulating volume, which is responsible for tissue perfusion and regulation
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Figure 1 Distribution of total body water in various fluid compartments of a 70 kg man (see text for explanation).

of the body’s salt and water balancel.

Considering the differing permeability of the membranes that separate fluid
compartments in the body, administration of different IV fluids will result in differing
distribution amongst these compartments. Since water flows freely between all three
compartments, infusion of one litre of 5% dextrose water (D5W) will lead to an
increase in the volume of the intracellular compartment of approximately 670 mL
(67% of one litre), that of the interstitial compartment of 250 mL (25% of one litre) and
that of intravascular compartment of 80 mL (8% of one litre). On the other hand,
infusion of one litre of normal saline (0.9% NS) will add approximately 750 mL to the
interstitial space and 250 mL to the intravascular space due to the inhibition of Na+
entry into the cell by the aforementioned Na/K/ATPase pumps located in the cell
membranes. Though the water content of both D5W and 0.9% NS solutions is equal
(1000 mL), much more fluid will reside in the intravascular space if given in the form
of 0.9% NS (as none enters the intracellular space). Hence, 0.9% NS is preferred over
D5W if the aim is to correct intravascular volume depletion. Conversely, if the aim is
to correct dehydration (pure water loss) then a fluid that flows to all the
compartments, such as D5W is the preferred solution. Giving D5W is equivalent to
giving free water because glucose is rapidly metabolized.

TBW and volume of each fluid compartment can be accurately measured by
radionuclide and “indicator-dilution” methods or by bioelectrical impedance!*'".

Dehydration and volume depletion - two distinct entities

As indicated by Mange et all"l, two distinct clinical syndromes can develop secondary
to excessive body fluid losses: (1) Dehydration, which means pure water loss
(“Hydro” originates from the ancient Greek word “hudor”, meaning “water”; to de-
hydrate means removing water). Loss of water reduces the distribution space of Na*,
thereby disturbing the Na* and water ratio, leading to hypernatremia and
hypertonicity. Because cell membranes are freely permeable to water, this results in
osmotic movement of water from the larger intracellular compartment to the
extracellular compartment. There is a contraction of all body water compartments
proportional to their share of TBW!'?L Since the intracellular compartment is the
largest reservoir of body water, it suffers the largest water deficit. For instance, for
each litre of water lost from the body, the intracellular compartment contributes 670
mL. In contrast, the intravascular compartment suffers a loss of only 80 mL; hence
pure water loss rarely compromises the effective circulating volume or
haemodynamic stability. Pure water loss results in hypernatremia and hypertonicity
because Na* is a membrane-impermeant solute. This induces shrinkage of
osmoreceptor cells in the anterior hypothalamus, stimulating the release of
antidiuretic hormone (ADH) from the posterior pituitary gland. ADH promotes
incorporation of water channels (aquaporin 2) in the distal nephron segments
allowing increased water reabsorption. At the same time, the thirst mechanism is
triggered leading to increased water ingestion. Renal conservation of water along
with increased water intake act to reverse the osmolal changes brought about by the
initial water loss by restoring normonatremia (Figure 2); (2) Volume depletion, which
implies an ECF volume deficit secondary to the loss of both sodium and water.
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Sodium is confined into the extracellular compartment by the Na-K-ATPase pumps in
the cell membranes, which helps to hold water extracellularly!”l. Sodium and water
loss lead to a reduction in the effective circulating volume. The human body
orchestrates a number of homeostatic responses to combat hypovolemia that include
activation of the renin-angiotensin-aldosterone system (receptors in renal afferent
arterioles), stimulation of the sympathetic nervous system (aortic arch and carotid
sinus receptors), suppression of ANP (atrial receptors) and stimulation of ADH
release. All these lead to renal conservation of both salt and water, thereby restoring
normovolemia. It is noteworthy that ADH release is stimulated in both dehydration
(due to hypertonicity), and ECF volume depletion (due to decreased effective
circulating volume).

ORIGINS OF MISCONCEPTIONS

Insufficient knowledge/faulty mental models of body fluid compartments and fluid

assessment:

Though uncommon, some physicians have insufficient knowledge of body fluids due
to a lack of factual information about body fluid compartments and differences in
their composition. Most are aware that a patient with haemorrhagic shock has a
depleted intravascular compartment, but only a few recognize which compartment
suffers the most in a dehydrated patient with a serum sodium of 170 pmol/L.
Suppose an elderly patient is admitted with community-acquired pneumonia. He has
been rather drowsy for two days before admission with poor oral intake. He is
tachypneic and pyrexial, but his blood pressure is normal with no postural change.
Initial laboratory tests reveal a serum sodium of 170 pmol/L. He is receiving
antibiotics and D5W infusion. When asked “What condition are you treating with
D5W infusion?”, most students reply “hypernatremia” rather than “dehydration”, i.e.,
they mention the biochemical derangement rather than the condition that produced it.
Further probing reveals that some students do not recognize that hypernatremia in
most instances represents loss of water in relation to Na* (not an excess of sodium)
and is a manifestation of dehydration (hence we calculate the free water deficit to
assess the amount of water replacement needed to correct hypernatremia). In other
words, it is the water intake/excretion (rather than Na* handling) that regulates the
ECF sodium concentration. It also appears that although some students have
knowledge of the different fluid compartments, they fail to apply their knowledge to
real life cases.

A number of students have a skewed understanding of body fluid compartments
and harbour various misconceptions, the most common of which is erroneously
referring to “ECF volume depletion” or “intravascular volume depletion” as
“dehydration”. The vast majority of doctors appreciate that patients who present with
profuse diarrhoea and vomiting and are consequently hypotensive and tachycardic
are intravascularly depleted. They also very appropriately resuscitate these patients
with 0.9% NS rather than D5W infusion. However, when presenting such a case
during the ward round, they say “this patient was severely dehydrated and
resuscitated with 0.9% NS”. So, although they correctly identify and treat the clinical
syndrome of intravascular volume depletion, they use imprecise terminology.

Another common misbelief among students is that dehydration can be reliably
diagnosed by physical signs such as sunken eyes, decreased skin turgor and dry
mucous membranes. Contrarily, the predictive value of these individual clinical signs
in diagnosing dehydration is limited in adult populations. Studies endorsing these
physical signs were mostly carried out on paediatric and elderly patient
populations!“'*l. Many of these patients in fact had ECF volume depletion rather than
dehydration, as evidenced by haemodynamic compromise and normal serum sodium
levels.

The term “sunken eyes” (enophthalmos) implies posterior displacement of the
eyeballs within the orbits due to a decrease in volume of orbital soft tissues. However,
exophthalmometry, the standard objective technique for measuring enophthalmos, is
not used in general medicine leaving substantial variation in inter-observer agreement
for this physical sign. Furthermore, normal anatomical variation amongst individuals
and age-related changes (lipodystrophy of orbital fat with increasing age) make
“sunken eyes” an unreliable physical sign of dehydration.

Reduced skin turgor means reduced elastic recoil of the skin to its normal contour
after being pinched in a fold. As pointed out by Laron et all'”}, it reflects contraction of
the interstitial and intravascular space (both are subcategories of the extracellular
compartment) rather than the loss of intracellular water. Skin turgor also correlates
directly with the elastin content of the skin, which decreases significantly with
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Figure 2 Compensatory responses to dehydration and extracellular fluid volume depletion. The kidneys retain what is lost from the body — water conserved in
dehydration; salt and water are reabsorbed in extracellular fluid volume depletion. ADH: Antidiuretic hormone; ANP: Atrial natriuretic peptide; ECF: Extracellular fluid;

RAS: Renin angiotensin system.

ageing“ 6,20],

“Isonatraemic, hyponatraemic, and hypernatraemic dehydration” — ancient

concepts prevailing in modern doctors

Though it had long been known that primary loss or deprivation of water produces
biological disturbances (thirst) dissimilar to those seen in primary loss or deprivation
of salt (circulatory instability), both types of deficits were considered to be
subcategories of dehydration in the early 20* century” . These ancient concepts have
managed to exercise a strong pull on some modern doctors, who have persevered in
using the term “dehydration” to refer to both intracellular water loss and ECF volume
loss and to sub-classify dehydration into isonatraemic, hyponatraemic and
hypernatraemic forms™-1.

In fact, it is volume depletion that has isonatraemic, hyponatraemic and
hypernatraemic subtypes determined by the tonicity of the fluid lost and the type of
fluid ingested” !l If the losses are isotonic, i.e., proportionate quantities of water and
sodium are lost (e.g., blood loss), then serum sodium and tonicity will remain
unchanged resulting in isonatraemic volume depletion. However, if more sodium
relative to water is lost (or the patient takes plenty of salt-free fluids, for example tap
water), hyponatraemic volume depletion ensues. Finally, if less sodium is lost relative
to water (or if the patient does not drink water, or takes hypertonic soup),
hypernatraemic volume depletion follows. In contrast to volume depletion,
dehydration is always hypernatraemic (due to loss of pure water); the categories
“hyponatraemic” and “isonatraemic” do not apply in dehydration.

Co-existence of dehydration and intravascular volume depletion in some patients
Some patients can present with features of both dehydration and intravascular
volume depletion. The co-existence of these two different entities is partly responsible
for some physicians misjudging them as a single disorder. Indeed, many patients in
paediatric clinical studies with diarrhoeal illnesses were both dehydrated and ECF
volume depleted!**. This complex pathophysiological state was oversimplified as
“dehydration” and the severity of body fluid losses categorized according to
percentage of body weight loss. The “dehydration” assessment scales included the
physical signs and laboratory parameters of both intracellular water loss and ECF
volume depletion!!**.
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Clinically, it is not possible to establish whether hypernatremia in an
intravascularly depleted patient is secondary to hypernatraemic intravascular
depletion (water loss greater than sodium loss), severe dehydration (profuse water
loss alone), or a combination of the two. This differentiation requires marker/tracer
studies™"'l. In clinical situations, there is hardly any need for this differentiation. As a
first step, intravascular volume depletion is treated with 0.9% NS to support organ
function. Once adequate haemodynamic stability is achieved, hyperosmolality is
corrected with D5W.

Potential of dehydration to cause intravascular volume depletion

Usually, dehydration does not lead to intravascular volume depletion as the
intravascular space contributes only a small percentage to the TBW loss; the major
bulk is lost from the intracellular space, the largest reservoir of body water. As
discussed earlier, a loss of 1 L from TBW removes only 80 ml from the intravascular
space (2.3% of intravascular volume); consequently, no appreciable deleterious effects
on haemodynamics are seen. Development of signs and symptoms of intravascular
volume depletion usually require more than 0.5 L of intravascular volume deficit. For
this intravascular volume deficit to develop in a 70 kg person with dehydration, a
TBW deficit of more than 6 litres (more than 15% of TBW) will be required. By this
time severe hypernatremia (serum Na* > 170 mmol/L) would have developed.

Oversimplification of medical terminology

Albert Einstein said, “everything should be made as simple as possible, but not
simpler”. When discussing a patient’s condition, physicians commonly use shortened
forms of legitimate medical words and phrases as a time-saving measure. The
drawback of this is that these brief forms can lead to varied interpretations and thus
confound medical personnel. The term “volume depletion” is used as a brief (though
obscure) form for ECF volume depletion or intravascular volume depletion but might
not adequately convey the intended meaning. It neither clarifies whether the loss of
fluid is from intracellular or extracellular space, nor indicates the type of fluid lost
(hypotonic or isotonic). Hence, for some it may imply depletion of TBW (i.e.,
dehydration), while for others, depletion of the intravascular fluid alone (i.e., isotonic
fluid loss).

STRATEGIES TO OVERCOME MISCONCEPTIONS

An organized approach is imperative in correcting robust misconceptions related to
body fluid deficit disorders. First, it is crucial that all faculty members develop a
critical understanding of the body-fluids, as misconceptions acquired from faculty
members and textbooks are very difficult to eliminate from the minds of young
doctors later in their professional lives.

In the following section we present our approach to overcoming misconceptions in
a manner that will create a lasting effect on students and prevent them from reverting
to their preconceptions.

Identify misconceptions in the students

Although misconceptions about body fluids disorders are widespread, students are
generally unaware that the knowledge they possess is faulty. Mere use of medical
terminology is not sufficient evidence of students” knowledge; it needs to be ensured
that these terms are used with accurate meaning in the context of body fluid
compartments. We actively bring up the subject when encountering patients with
body fluid deficits in order to probe students for the presence of misconceptions.

Tackle the misconceptions

Once identified, we try to make students discontent with their misconceptions. This
provides a strong stimulus for refinement or replacement of the flawed concepts with
intelligible and plausible ones. Utmost care is given to maintain a favourable learning
environment where the students are not ridiculed for holding incorrect
preconceptions.

We split teaching into short modules, each with a clear framework and objectives.
Most of the modules remain “learner-centred” where students are engaged in
meaningful activities which promote thought. Multiple teaching techniques are
employed to cater to the diverse learning styles of the students and rekindle students’
interest and participation.

Introductory presentation: We start with a 10-min introductory presentation using
visual aids such as a white-board or PowerPoint presentation to orient the students to
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body fluid compartments. Classifying the body fluid deficit disorder based on the
nature of the fluid deficit (water alone vs water with salt) and the main body fluid
compartment affected (intracellular vs extracellular) in each disorder generates
uneasiness in the minds of those students who misconceive dehydration and volume
depletion as one entity. This serves as an important turning point in the students’
learning as they start feeling dissatisfied with their pre-conceptions.

We make a conscious effort to avoid ambiguous linguistic expressions. We use the
term “dehydration” to specifically refer to a body-fluid disorder resulting from pure
water depletion with consequent hypernatremia, rather than using it as a blanket term
for any type of fluid deficit. Furthermore, since the term “volume depletion” gives
rise to referential ambiguity (because it does not specify the referent body fluid
compartment), we disambiguate this term by adding an adjective, for example, “ECF”
or “Intravascular” to indicate the depleted body-fluid compartment. This also
encourages students to abandon the habit of using misleading abbreviations.

Clinical encounter: The newly implanted concepts must be supplemented with real
life applications within a patient care context ensuring the students do not merely
learn the new rote information. Utilizing the “think-pair-share” technique, we invite
students to form either pairs or small groups. One group evaluates a pre-selected
patient with dehydration while the other group assesses a patient with ECF volume
depletion.

Debriefing session 1: After seeing their respective patients, the two groups return to
the “classroom”. They are given a 2 min “reflection time” for formulation of ideas
after which each group interacts with the other to compare the clinical, laboratory and
therapeutic details of their patients. The instructor facilitates the learning process and
highlights the contrasting features of the two patients. This session also provides an
opportunity for the instructor to point out any common conceptual errors and offer
constructive suggestions.

Instead of beginning with the presenting illness, which is the generally considered
“norm”, a unique way to provoke curiosity in the minds of the students is to start the
discussion with the management of the two patients. This disrupts the students’
expectations, captures their attention and makes them think and reflect
retrospectively. An example of this could be asking: “Both the patients are receiving
IV fluids because they have body fluid deficits; why is one patient being treated with
slow infusion of D5W and the other with rapid administration of 0.9% NS or blood?”
or “What factors have influenced the choice of fluid and the rate of infusion?” These
queries will encourage the students to talk about the body fluid compartment from
which the fluid has been lost in each condition and the concept of replacing “like with
like” by choosing appropriate fluids for each condition. These questions also help
cement the fact that dehydration and volume depletion are different disorders and
hence necessitate different treatments. At this juncture, schematic illustrations of fluid
compartments to demonstrate the effect of the addition of different types of fluids
(blood, albumin, 0.9% NS, NaHCO3, D5W, etc.) on each body fluid compartment are
utilized. Students are interested to note how each type of fluid initially expands the
intravascular space but then distributes distinctively through different fluid
compartments. This also helps them with the application of theoretical knowledge
into direct patient care. The ECF volume maintains blood pressure and perfusion of
organs, hence a fluid that is more likely to stay in the ECF compartment (0.9% NS) is
administered as a rapid infusion in a volume depleted patient to ensure
haemodynamic stability. Conversely, a fluid that predominantly restores the ICF
compartment (D5W) is administered to a dehydrated patient in a controlled fashion to
prevent the development of cerebral oedema. Again, throughout the session, the
terms “ECF volume depletion” and “intravascular volume depletion” are used to
dispel referential ambiguity.

Analysis of the laboratory values: After the debriefing session, we focus on the
laboratory investigation results of the two patients. This is done either at the
computer station on the ward or in the classroom where lab values from electronic
medical records are projected on to the screen. It is important to emphasize the
dissimilarity between the urinary and serum biochemical values of the two patients.
In the ECF volume depleted patient, the urine becomes concentrated and contains
very little Na* consequent to renal conservation of salt and water. In the dehydrated
patient, although urine is concentrated (due to water absorption in the distal tubule),
urinary Na* is not decreased. In fact, hypernatremia in a dehydrated patient can
augment renal natriuresis by mechanisms that appear to be independent of changes in
atrial natriuretic peptidel!. In ECF volume depletion, BUN/creatinine ratio rises due
to renal hypo-perfusion with variable effects on serum sodium (depending upon the
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type of fluid loss). In contrast, there is no significant increase in serum urea or
creatinine in dehydration; the gold standard is hypernatremia and consequent
hypertonicity!*.

Back to the patients: After going through the laboratory results, students go back to
the patients to demonstrate physical signs. If the physical signs have resolved
consequent to the treatment, then students review the medical file to note the physical
findings at time of presentation. Important findings include orthostatic hypotension,
tachycardia, prolonged capillary refill time and decreased skin turgor. These are
defined to students as signs of ECF volume depletion, as dehydration cannot be
reliably determined by use of clinical examination. Finally, to complete the chain of
events in reverse chronological order, we focus on the modes of presentation of the
two patients by reviewing their medical records. ECF volume depleted patients
usually present with a history of blood-loss or gastrointestinal fluid loss, conditions
that cause third-spacing (e.g., ileus or pancreatitis) or sepsis (vasodilatation induced
relative hypovolemia). On the other hand, since intracellular hydration influences
cellular function, severely dehydrated patients may present with altered cognitive
and neuromuscular function. It is noteworthy that altered mentation can be both a
cause (by affecting the patient’s ability to access water) and a consequence (due to the
resultant deranged neuro-cellular function) of dehydration. Critically ill patients in
the ICU are prone to develop dehydration because they are unconscious, sedated or
ventilated and are hence unable to voluntarily control their free water intake.

After going through all the aspects of care for their respective patients, the two
groups switch and examine the other patient using the same system. This session is
usually shorter as it simply affirms the pre-discussed differences between the two
clinical conditions, cementing the newly acquired knowledge in the students” minds.
We find that by the end of this session, most students can appreciate the key
differences between dehydration and volume depletion and the clinical implications
of each.

Home assignment: The above stated clinical and biochemical differences invariably
prompt analysis of different homeostatic mechanisms that operate in ECF volume
depletion and dehydration. We direct students to carry out further reading to explore
pathophysiological differences between the two disorders (Figure 2). We also provide
them with additional learning resources that allow them to adequately explore the
whole subject at their own comfortable pace to build up their new conceptual
frameworks.

Debriefing session 2: On the following day, the pathophysiology of dehydration and
volume depletion are addressed in the final session. Representatives from both
student groups are invited to draw simple diagrams on a white board illustrating the
homeostatic mechanisms. As they do this, it highlights to the audience that the
sensors and effectors of both conditions are different (Figure 2); in dehydration, the
osmoregulatory mechanisms are activated whereas in volume depletion the ECF
volume regulatory pathways are stimulated to restore a normal physiologic
environment. Students should then be able to link up the pathophysiological changes
to the symptoms, signs and treatment of dehydration and volume depletion. They
appreciate that the therapeutic manoeuvres mimic the response of normal kidneys to
these conditions - kidneys retain water in dehydration, so we treat dehydration with
water administration; kidneys retain salt and water in volume depletion, hence we
infuse 0.9% NS to combat volume depletion.

In the second half of this session, students may share their perspectives on the
whole topic. They also reflect on how the new concepts will resolve the problems that
previously led to dissatisfaction in the management of such patients, and how their
new understanding will benefit them in their future clinical experiences.

Create opportunities for the students to apply the new knowledge into routine
clinical practice
New concepts that are not reflected upon often fade away rapidly. Therefore,
opportunities are tactfully created for the students to continuously apply the new
knowledge into clinical practice; acute medical admissions” wards are good places to
see patients with ECF volume depletion whereas ICUs are good avenues to evaluate
intubated and ventilated patients who are prone to dehydration. Multiple encounters
with volume depleted and dehydrated patients allow the students to revise new
concepts and train them to identify and treat these two contrasting conditions
appropriately.

Another effective strategy is to have the advanced students in the team (fellows or
senior residents who has successfully demonstrated proficiency in the subject) teach
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the subject to the junior residents or interns. During this process, the senior students
invest more personal effort into learning and thus consolidate deeper understandings.
The faculty member acts as a facilitator who designs and supervises the learning
environment as well as provides on-the-spot advice when required.

Preventing relapse

Dehydration/volume depletion misconceptions are prone to relapse. We regularly
revisit these misconceptions through lectures, case discussions, publications and
board review programmes. In our training programme, most residents from general
medical teams rotate to nephrology. This opportunity is used to advance-train these
residents in the field of fluid balance so that they may act as surrogate teachers to
complement professional teaching by faculty. Finally, questions on our in-house
exams are crafted to carefully test the conceptual framework of students rather than
their ability to memorize facts.

CONCLUSION

The terms dehydration and volume depletion represent two fundamentally different
clinical disorders. Erroneous concepts about these body fluid disorders are
worryingly prevalent among medical students and physicians. A multi-pronged
approach is required to wipe out these robust misconceptions. We strongly believe
that the most effective strategy to instigate conceptual restructuring is by
supplementing real life clinical experiences with reflective activities through active
participation of students. We recommend that dehydration/volume depletion
misconceptions be included in medical school curricula and textbooks so that medical
students become aware of the common pitfalls of fluid status evaluation.
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Abstract

BACKGROUND

Diabetic retinopathy (DR) separately has been noted as a major public health
problem worldwide as well. Currently, many studies have demonstrated an
association between diabetic nephropathy and DR in type 1 diabetes mellitus
(T1DM) patients, but this association is less strong in T2DM. The evidence for an
association between renal function and DR and visual impairment among T2DM
patients is limited, particularly in the Asian population.

AIM
To assess the association between glomerular filtration rate (GFR) and DR, severe
DR, and severe visual impairment among T2DM patients in Thailand.

METHODS

We conducted a nationwide cross-sectional study based on the DM/HT study of
the Medical Research Network of the Consortium of Thai Medical Schools. This
study evaluated adult T2DM patients from 831 public hospitals in Thailand in the
year 2013. GFR was categorized into > 90, 60-89, 30-59 and < 30 mL/min/1.73 m
The association between GFR and DR, severe DR, and severe visual impairment
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were assessed using multivariate logistic regression.

RESULTS

A total of 13192 T2DM patients with available GFR were included in the analysis.
The mean GFR was 66.9 + 25.8 mL/min/1.73 m2 The prevalence of DR,
proliferative DR, diabetic macular edema, and severe visual impairment were
12.4%,1.8%, 0.2%, and 2.1%, respectively. Patients with GFR of 60-89, 30-59 and <
30 mL/min/1.73 m* were significantly associated with increased DR and severe
DR when compared with patients with GFR of =2 90 mL/min/1.73 m2. In addition,
increased severe visual impairment was associated with GFR 30-59 and < 30
mL/min/1.73 m2

CONCLUSION

Decreased GFR was independently associated with increased DR, severe DR, and
severe visual impairment. GFR should be monitored in diabetic patients for DR
awareness and prevention.

Key words: Diabetic retinopathy; Visual impairment; Glomerular filtration rate; Type 2
diabetes

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Currently, the associations of renal function with diabetic retinopathy (DR), its
severity, and severe visual impairment in type 2 diabetes mellitus (DM) are inconclusive,
especially in the Asian population. In this study, we conducted a nationwide cross-
sectional study based on the DM/HT study of the Medical Research Network of the
Consortium of Thai Medical Schools. We demonstrated that decreased glomerular
filtration rate (GFR) was independently associated with increased DR, severe DR, and
severe visual impairment. GFR should be monitored in diabetic patients for DR
awareness and prevention.

Citation: Kaewput W, Thongprayoon C, Rangsin R, Ruangkanchanasetr P, Mao MA,
Cheungpasitporn W. Associations of renal function with diabetic retinopathy and visual
impairment in type 2 diabetes: A multicenter nationwide cross-sectional study. World J
Nephrol 2019; 8(2): 33-43

URL: https://www.wjgnet.com/2220-6124/full/v8/i2/33.htm

DOI: https://dx.doi.org/10.5527/wjn.v8.i2.33

INTRODUCTION

Type 2 diabetes mellitus (DM) is a common chronic disease worldwidel! that poses a
major crisis in the global health systemt. The associated morbidity and mortality can
be caused by the disease itself or its complications. Severe and not uncommon
complications include chronic kidney disease (CKD) and diabetic retinopathy (DR).
DR separately has been noted as a major public health problem worldwide as well®l.
The associated problems include disability, increased healthcare costs, and
socioeconomic burdens™.

Currently, many studies have demonstrated an association between diabetic
nephropathy and DR in TIDM patients, but this association is less strong in T2DM 'L
Hence, currently the associations of renal function with DR, its severity, and severe
visual impairment vision in T2DM are inconclusivel'!], especially in the Asian
population!’>"”l. If such an association of renal function with DR and visual
impairment existed, it would provide further support to the importance for regular
monitoring of glomerular filtration rate (GFR) in T2DM patients. Furthermore, it
would motivate future research on whether more intensive monitoring of T2DM
patients may allow earlier detection and prevention of DR and visual impairment.
Visual impairment secondary to DR can be corrected if early sight threatening disease
is detected and treated with laser photocoagulation.

This study was thus aimed to determine whether such an association between GFR
with DR and visual impairment exists, and if so the prevalence and magnitude of this
association.
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MATERIALS AND METHODS
Study design and population

This was a nationwide, multi-center, cross-sectional study in Thailand via secondary
analysis of the DM/HT dataset in 2013M"*. This dataset was a nationwide survey
conducted annually in Thailand to evaluate the status of medical care in T2DM
patients who visited the public hospitals of the Thai Ministry of Public Health and the
clinics in the Thailand National Health Security Office’s program. The inclusion
criteria of this DM/HT survey consisted of T2DM patients aged = 35 years who
received regular medical care in the targeted hospitals and clinics (n = 831) for at least
12 mo. Patients who received care at primary care units outside of Bangkok and
university hospitals were excluded from the study. A two-stage stratified cluster
sampling method was used to select a nationally and provincially representative
sample of T2DM patients in Thailand. The first stage of sample collection consisted of
the provinces that constituted 77 strata. The second stage of sample collection was the
hospitals’ levels in each province, which were stratified into 5 strata according to the
size of the hospital. These 5 strata were regional (> 500 beds), provincial (200-500
beds), large community (80-120 beds), medium community (60 beds), and small
community (10-30 beds) hospitals. All regional (n = 25), provincial (n = 70), and
community (n = 736) hospitals were included. Of 736 community hospitals, 10%, 20%,
and 70% were large, medium and small community hospitals, respectively. For the
objectives of this study to assess the association between GFR and DR and visual
impairment, we included only patients with available eye examination data in the
analysis.

All patients were recruited from the outpatient clinic. Written informed consent
was obtained from patients before enrolment. This study was approved by both the
Institutional Review Board of the Royal Thai Army Medical Department and the
Ethical Review Committee for Research in Human Subjects, the Ministry of Public
Health of Thailand. Well-trained research nurses reviewed medical records and
collected data into a case record form. Data entry into the case record form was then
transferred to the central data management of the Medical Research Network of the
Consortium of Thai Medical Schools to adjudicate that the process of data collection
was compiled according to study protocol. The data management team was
responsible for inquiries to study sites to verify data. Site monitoring was randomly
performed in approximately 10% of study sites. This study was conducted by the
Strengthening the Reporting of Observational Studies in Epidemiology!l.

Data collection

Clinical characteristics, demographic information, medication, and laboratory data
were collected using manual data retrieval from the medical record as described
above. The laboratory data consisted of the 12 mo results prior to the consent process.
GFR was estimated based on age, sex, race and the most recent creatinine using the
Chronic Kidney Disease Epidemiology Collaboration equation!‘l. Primary outcome
was the diagnosis of DR. DR was diagnosed by ophthalmologists and was identified
by ICD10 codes H36.0x. The technique for eye examination was fundus photography
by digital camera with interpretation performed by ophthalmologists. The diagnosis
of DR was then stratified into: (1) non-proliferative DR; (2) proliferative DR; (3)
diabetic macular edema; and (4) non-specific DR. Non-specific DR were defined as
DR without available staging data in the medical record. Severe DR was defined as
both proliferative DR and macular edema. Visual impairment was based on visual
acuity (VA) exam as documented by physicians. Severe visual impairment was
defined as a VA exam that consisted of “counting fingers”, “hand motions”,
“projection of light” and “no light perception”.

Statistical analysis

Continuous variables were presented as mean + SD. Categorical variables were
presented as count with percentage. Clinical characteristics and outcomes were
compared among different estimated GFR (eGFR) group, using analysis of variance
for continuous variables and the chi-square test for categorical variables. eGFR was
categorized into 4 groups; = 90, 60-89, 30-59 and < 30 mL/min/1.73 m?. GFR of = 90
mL/min/1.73 m? was selected as the reference group. Univariate and then
multivariate logistic regression analysis, adjusting for priori-defined variables, was
performed to assess the independent association between GFR and DR, severe DR
(proliferative DR and macular edema), and severe visual impairment. Odds ratio (OR)
with 95% confidence interval (CI) was reported. The adjusted variables were age, sex,
smoking, waist circumference, duration of diabetes, comorbidities and medications.
Comorbidities were hypertension, coronary artery disease, stroke, and peripheral
artery disease. Medications were metformin, sulfonylurea, insulin, and antiplatelet
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medication. A P-value < 0.05 was considered statistically significant. All statistical
analyses were performed using SPSS version 22 (SPSS, Inc., Chicago, IL, United
States).

RESULTS

Baseline characteristics
A total of 13192 adult T2DM patients with available GFR and eye examination data
from Thailand public hospitals were included in this analysis. The clinical
characteristics are summarized in Table 1. The mean age was 60.7 + 10.3 years, and
30.4% were male. The mean diabetic duration was 7.4 £ 4.8 years. The mean eGFR was
67.4 £ 25.7 mL/min/1.73 m? Patients with lower GFR were significantly older,
female, had longer diabetic duration, higher prevalence of hypertension, coronary
artery disease, stroke, peripheral artery disease; and higher medication use of
antiplatelets and insulin compared to patients with higher GFR. Lower GFR was
additionally associated with lower smoking rates, waist circumference and
medication use of metformin and sulfonylureas (Table 1).

The prevalence of all DR, non-proliferative DR, proliferative DR, diabetic macular
edema, and severe visual impairment were 12.4%, 10.0%, 1.8%, 0.2%, and 2.1%,
respectively (Table 2).

The association between GFR and DR

The prevalence of DR was 9.5%, 11.0%, 14.1%, and 20.9% in patients with GFR of > 90,
60-89, 30-59 and < 30 mL/min/1.73 m?, respectively (P < 0.001) (Table 2). In adjusted
analysis, GFR of 60-89, 30-59 and < 30 mL/min/1.73 m? were associated with an
increased OR of 1.36 (95%ClI: 1.12-1.65), 2.08 (95%CI: 1.70-2.55), and 2.38 (95%CI: 1.79-
3.18), respectively, for DR (Table 3).

The association between GFR and severe DR

The prevalence of proliferative DR was 1.1%, 1.3%, 2.2%, and 5.2% in patients with
GEFR of 290, 60-89, 30-59 and < 30 mL/min/1.73 m?, respectively (P < 0.001) (Table 2).
The prevalence of diabetic macular edema was 0.0%, 0.2%, 0.2%, and 0.4% in patients
with GFR of 2 90, 60-89, 30-59 and < 30 mL/min/1.73 m? respectively (P < 0.06)
(Table 2). The prevalence of severe DR defined as proliferative DR with severe
macular edema was 1.1%, 1.4%, 2.3%, and 5.5% in patients with GFR of > 90, 60-89, 30-
59 and < 30 mL/min/1.73 m? respectively (P < 0.001) (Table 2). In adjusted analysis,
GEFR of 60-89, 30-59 and < 30 mL/min/1.73 m? was associated with an increased OR of
1.95 (95%CI: 1.14-3.33), 2.82 (95%CI: 1.61-4.93), and 4.89 (95%CI: 2.47-9.67),
respectively for severe DR (Table 4).

The association between GFR and severe visual impairment

The prevalence of severe visual impairment was 0.8%, 1.5%, 3.2%, and 4.8% in
patients with GFR of 2 90, 60-89, 30-59 and < 30 mL/min/1.73 m?, respectively (P <
0.001) (Table 2). In adjusted analysis, GFR of 30-59 and < 30 mL/min/1.73 m? was
associated with an increased OR of 2.06 (95%ClI: 1.22-3.46), and 2.50 (95%ClI: 1.31-4.76),
respectively for severe visual impairment (Table 4).

DISCUSSION

Analysis of the baseline patient characteristics showed that a lower GFR was
associated with lower smoking rates, waist circumference and medication use of
metformin and sulfonylureas. This finding could be explained by medical providers’
intervention to slow the GFR decline in Thailand by recommending smoking
cessation and weight reduction in the obese, or perhaps by the anorexia and
associated reduced caloric intake in patients with advanced CKD and uremia. The
decrease in metformin and sulfonylureas usage may reflect discontinuation of the
medication as age progresses or from concerns for increased risk with renal
impairment.

Prevalence of DR, severe DR (proliferative DR and macular edema) and severe
visual impairment

Available prior studies have reported an overall prevalence of DR in Thailand ranging
between 13.6%-31.2%"'], and they mostly involved non-proliferative DR. The
previous results varied slightly according to the study setting and diagnostic criteria.
Among the studies that used clinical fundoscopy, the prevalence of DR ranged from
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Table 1 Baseline characteristics n (%)

eGFR (mL/min/1.73 m?)

Characteristics All P-value
290 60-89 30-59 <30

N 13192 2979 (22.6) 4870 (36.9) 4397 (33.3) 946 (7.2)

Age (yr), mean + SD 60.7 £10.3 54185 59.4+9.6 65492 66.0 £10.0 <0.001
Male 4012 (30.4) 860 (28.9) 1587 (32.6) 1303 (29.6) 262 (27.7) <0.001
Duration of diabetes (yr), mean + SD 74+48 6.1+4.1 7.0+45 83+5.1 91+54 <0.001
Waist circumference (cm), mean + SD 88.6 £10.4 88.9 £10.6 88.7£10.3 88.5+£10.3 87.4+£101.6 <0.01
Hypertension 9741 (73.8) 1935 (65.0) 3466 (71.2) 3575 (81.3) 765 (80.9) <0.001
Smoking 467 (3.5) 127 (4.3) 203 (4.2) 117 (2.7) 20 (2.1) < 0.001
CAD 621 (4.7) 76 (2.6) 205 (4.2) 269 (6.1) 71 (7.5) <0.001
CVD 273 (2.1) 42 (1.4) 94 (1.9) 104 (2.4) 33 (3.5) < 0.001
PAD 24 (0.2) 5(0.2) 5(0.1) 8(0.2) 6 (0.6) <0.01
Antiplatelets 8067 (61.4) 1569 (52.9) 2974 (61.3) 2923 (66.8) 601 (64.0) <0.001
Metformin 9756 (74.0) 2592 (87.0) 4066 (83.5) 2894 (65.8) 204 (21.6) < 0.001
Sulfonylurea 8751 (66.3) 2070 (69.5) 3460 (71.0) 2882 (65.5) 339 (35.8) <0.001
Insulin 2866 (21.7) 493 (16.5) 765 (15.7) 1050 (23.9) 558 (59.0) < 0.001

eGFR: Estimated glomerular filtration rate; CAD: Coronary artery diseases; CVD: Cerebrovascular diseases; PAD: Peripheral artery disease.

12.2%-37 %", Among the studies that used fundus photography, the prevalence of
DR ranged from 10.1%-48.1%"'". In newly diagnosed diabetes, the prevalence of DR
ranged from 1.5%-28.6%!>"!. Generally, the prevalence of DR at diagnosis of TIDM is
reported low between 0-3% while those with newly diagnosed T2DM have a higher
prevalence of DR 6.7%-30.2%".. In this study, the lower prevalence of DR, severe DR
and severe visual impairment in Thailand found may be due to multiple reasons:
limited access to ophthalmologists, inclusion of earlier diabetic cases, use of different
diagnostic criteria, limitations in the technique of eye examination (such as the images
produced were two-dimensional unlike the three-dimensional from indirect binocular
ophthalmoscopy or the lower magnification and image clarity compared to indirect
ophthalmoscopy), and exclusion of primary care units and university hospitals
patients. The care for patients in university hospitals might be different from other
public hospitals as these patients” medical conditions were likely more complicated.
The tertiary and university hospitals may also possess greater availability of medical
experts that allow a more comprehensive diagnosis and thus capture of these patients
of interest. In public hospitals, this may have led to underdiagnosis of DR patients,
resulting in the lower prevalence described.

The association between GFR and DR, severe DR and severe visual impairment

The present study showed that eGFR by using the CKD-EPI formula is independently
associated with DR in adult T2DM patients. This study’s results are similar to
previous reports from non-Asian ethnicity; Penno ef al*! and Grunwald et al*! studies,
which found an independent inverse correlation between eGFR and DR. We found
that patients with impaired renal function also were associated with an increased
likelihood of DR compared to patients with normal renal function. The pathogenesis
of DR and nephropathy is due to microvascular disease. Prior studies have
demonstrated that DR and DN have a common pathological basis”! and a similar
course of elucidation. Hyperglycemia causes glomerular hyper perfusion leading to
an increase in GFR during the early stages of T2DM!". The accumulation of advanced
glycation end products (AGEs) due to hyperglycemia also promotes mesangial
proliferation and basement membrane thickening in the glomerulus. Furthermore,
multiple pathways such as the activation of the polyol, the protein kinase C, the
pentose phosphatel’, oxidative stress, and various cytokines can cause a range of
kidney pathology, which includes capillary obstruction, reduction of podocyte
proliferation, podocyte death, and urinary protein loss. These can lead to a
subsequent decline in renal function. The pathophysiology is similar to those
observed in the retina. Hyperglycemia produces deleterious effects on the retina, such
as apoptosis of Muller cells, ganglion cellst™, and pericytes; thickening of the capillary
basement membrane, and proliferation of endothelial cells in the retina. These effects
lead to the pathological changes in DR and threaten a patient’s vision. Therefore, GFR
not only may be an important clinical marker for DN, but could be correlated with
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Table 2 Prevalence and severity of diabetic retinopathy stratified by estimated glomerular

filtration rate level (mL/min/1.73 m?) n (%)

eGFR (mL/min/1.73 m?)
Outcomes All P-value
290 60-89 30-59 <30

DR 1636 (12.4) 284 (9.5) 534 (11.0) 620 (14.1) 198 (20.9) <0.001
Non-proliferative DR 1313 (10.0) 242 (8.1) 438 (9.0) 498 (11.3) 135 (14.3) <0.001
Proliferative DR 240 (1.8) 33 (1.1) 63 (1.3) 95 (2.2) 49 (5.2) <0.001
Diabetic macular edema 21 (0.2) 1 (0.0) 8(0.2) 8(0.2) 4 (0.4) 0.06

Non-specific DR 84 (0.6) 9(0.3) 33 (0.7) 27 (0.6) 15 (1.6) <0.001
Severe DR 258 (2.0) 34 (1.1) 70 (1.4) 102 (2.3) 52 (5.5) <0.001
Severe visual impairment 281 (2.1) 24 (0.8) 72 (1.5) 140 (3.2) 45 (4.8) <0.001
Counting finger 138 (1.0) 7(0.2) 43 (0.9) 72 (1.6) 16 (1.7) <0.001
Hand movement 77 (0.6) 10 (0.3) 17 (0.3) 35 (0.8) 15 (1.6) <0.001
Projection of light 14 (0.1) 0(0) 5(0.1) 6(0.1) 3(0.3) 0.06

No light perception 56 (0.4) 7(0.2) 8(0.2) 30 (0.7) 11 (1.2) <0.001

DR: Diabetic retinopathy; eGFR: Estimated glomerular filtration rate.

DRI It is worth noting that the prior studies that demonstrated a lack of significant
independent association between eGFR and DR in T2DM (Chen et al"?! and
Sabanayagam ef al'’l) were conducted among participants of Asian ethnicity.
Contrarily, Penno et al®! and Grunwald et al™ studies had reported an “inverse
correlation between eGFR and DR” in a study population of non-Asian ethnicity. Our
study is the first study that has shown a significant independent inverse correlation
between eGFR and DR in Asian patients, and thus opposes the possibility of ethnic
differences as previously suggested in the prior available literature!"*,

This current study showed an association of GFR with severe stages of DR.
Moreover, even patients with mild to moderate impaired renal function were more
likely to have severe stages of DR compared to patients with normal renal function.
This study’s results are similar to Man et al'"], Pugliese ef al™ and Penno et al*! studies
which demonstrated an association of GFR with severe DR. This association is
potentially due to a shared common pathogenesis as described above. These
phenomena further confirm a likely causative relationship as strength of association
and biologic gradient. The current study also showed the association of GFR by using
CKD-EPI formula and severe visual impairment in T2DM patients. Moreover, patients
with CKD also were more likely to have severe visual impairment compared to
patients with normal renal function. The likelihood of severe visual impairment was
higher with increasing severity of CKD in diabetic patients. The current study’s
results are similar to Wong et al*. This could also be explained by shared common
risk factors for ocular and kidney disease [T2DM, age, smoking, hypertension (HTN),
dyslipidemia and obesity] and shared common pathogenic mechanisms of sight-
threatening conditions (any retinopathy and cataract) that are also present in persons
with diabetes and CKD such as accumulation of AGEst], vitamin D deficiency!*!],
and vascular endothelial growth factor driven angiogenesis!“>*.

Strengths

The present study provides information from a large nationwide multicenter study
consisting of adult T2DM Thailand patients. The study measures severe visual
impairment by using a semi-quantitative clinical scale composed of bedside testing,
which is easy to perform in the community setting. Our analysis for an association
between eGFR and DR utilized a multiple logistic regression model that included
several possible confounders such as age, gender, smoking, waist circumference,
duration of diabetes, comorbidities and medications. Comorbidities consisted of HTN,
coronary artery diseases, cerebrovascular diseases and peripheral artery disease. In
the final model adjustment, medications adjusted for included sulfonylurea,
metformin, insulin, and antiplatelets. Lastly, use of the CKD-EPI eGFR formula is
applicable to real-world practice for renal function evaluation in Thailand. The CKD-
EPI creatinine equation is also arguably superior to the Cockcroft-Gault formulal*"
and the Modification of Diet in Renal Disease Study equation!*! and could replace
them for routine clinical use.

Limitations
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Table 3 Association of estimated glomerular filtration rate level and diabetic retinopathy

eGFR (mL/min/1.73m?)  Crude OR  95%Cl  P-value Adjusted OR'" 95%Cl  P-value

290 1 (reference) 1 (reference)

60-89 117 1.01-1.36 0.04 1.36 1.12-1.65  <0.01
30-59 1.56 1.34-1.81  <0.001 2.08 1.70-255  <0.001
<30 251 2.06-3.06  <0.001 238 1.79-318  <0.001

! Adjusted for age, gender, duration of diabetes, waist circumference, hypertension, smoking, coronary artery
diseases, cerebrovascular diseases, peripheral artery disease, antiplatelet, metformin, sulfonylurea, and
insulin. eGFR: Estimated glomerular filtration rate.

The limitations of this study include the following. First, the study population does
not include patients from university hospitals. Consequently, the prevalence of DR
may be significantly underestimated as noted above. Second, data collection was
performed using a retrospective medical record review; therefore, incomplete data
records with missing diagnoses cannot be verified. Third, this study measured severe
visual impairment by using the semi-quantitative clinical scale. Variations in the
technique for eye examinations may be confounding factors. Fourth, this study did
not classify causes of visual impairment such as cataract, glaucoma and age-related
macular degeneration!***’l. Finally, urine albumin values from the parent dataset were
assessed in markedly different laboratory methods, such as urine dipstick, 24 h urine
protein measurement, and timed urine protein collection. Furthermore, some urine
albumin values were missing. Accordingly, we did not include this variable in the
analytic model. Several reports have demonstrated however that urine albumin is an
independent association with DR in diabetic patients!'”.

Implication

The eGFR by using CKD-EPI formula should be additionally utilized for monitoring
risk for DR, severe DR and severe visual impairment in T2DM patients. The
importance of timely and frequent eye screening in T2DM and CKD patients cannot
be over-emphasized. The early intervention to preserve renal function and adequate
control of diabetes is keys to the reduction of ocular disease and prevent irreversible
visual loss.

In conclusion, renal function was independently associated with DR, severe DR and
severe visual impairment in T2DM patients. Renal function by eGFR should be closely
monitored in T2DM patients as it may provide the clinician an additional risk marker
to earlier detect, prevent and treat DR. Further studies are needed to demonstrate
whether this will translate to improved clinical outcomes.
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Table 4 Subgroup analysis comparing the association of estimated glomerular filtration rate level with severe diabetic retinopathy and

severe visual impairment

eGFR (mL/min/1.73 m?) Crude OR 95%Cl P-value Adjusted OR! 95%Cl P-value
Proliferative diabetic retinopathy and macular edema

=290 1 (reference) 1 (reference)

60-89 1.26 0.84-1.91 0.27 1.95 1.14-3.33 0.02
30-59 2.06 1.39-3.04 <0.001 2.82 1.61-4.93 <0.001
<30 5.04 3.25-7.81 <0.001 4.89 2.47-9.67 <0.001

Severe visual impairment

=290 1 (reference) 1 (reference)

60-89 1.85 1.16-2.94 0.01 1.07 0.62-1.82 0.81
30-59 4.05 2.62-6.26 <0.001 2.06 1.22-3.46 <0.01
<30 6.15 3.73-10.15 <0.001 2.50 1.31-4.76 <0.01

! Adjusted for age, gender, duration of diabetes, waist circumference, hypertension, smoking, coronary artery diseases, cerebrovascular diseases, peripheral
artery disease, antiplatelet, metformin, sulfonylurea, and insulin. eGFR: Estimated glomerular filtration rate.

ARTICLE HIGHLIGHTS

Research background

The evidence for an association of renal function with diabetic retinopathy (DR) and visual
impairment among type 2 diabetes mellitus (T2DM) patients is limited, particularly in the Asian
population. Currently, many studies have demonstrated an association between diabetic
nephropathy and DR in T1IDM patients, but this association is less strong in T2DM. This study
aimed to assess the association between glomerular filtration rate (GFR) and DR, severe DR, and
severe visual impairment among T2DM patients in Thailand.

Research motivation

If such an association of renal function with DR and visual impairment existed, it would provide
further support to the importance for regular monitoring of GFR in T2DM patients. Furthermore,
it would motivate future research on whether more intensive monitoring of T2DM patients may
allow earlier detection and prevention of DR and visual impairment. Visual impairment
secondary to DR can be corrected if early sight threatening disease is detected and treated with
laser photocoagulation. To further investigate the association between GFR and DR, severe DR,
and severe visual impairment were assessed using multivariate logistic regression, the authors
conducted a nationwide cross-sectional study based on the DM/HT study of the Medical
Research Network of the Consortium of Thai Medical Schools.

Research objectives
We conducted this study to determine whether such an association between GFR with DR and
visual impairment exists, and if so the prevalence and magnitude of this association.

Research methods

We conducted a nationwide cross-sectional study based on the DM/HT study of the Medical
Research Network of the Consortium of Thai Medical Schools. This study evaluated adult T2DM
patients from 831 public hospitals in Thailand in the year 2013. GFR was categorized into > 90,
60-89, 30-59 and < 30 mL/min/1.73 m? The association between GFR and DR, severe DR, and
severe visual impairment were assessed using multivariate logistic regression.

Research results

In this study, a total of 13192 T2DM patients with available GFR were included in the analysis.
The mean GFR was 66.9 + 25.8 mL/min/1.73 m% The prevalence of DR, proliferative DR,
diabetic macular edema, and severe visual impairment were 12.4%, 1.8%, 0.2%, and 2.1%,
respectively. Patients with GFR of 60-89, 30-59 and < 30 mL/min/1.73 m? were significantly
associated with increased DR and severe DR when compared with patients with GFR of > 90
mL/min/1.73 m? In addition, increased severe visual impairment was associated with GFR 30-
59 and < 30 mL/min/1.73 m>

Research conclusions

We found that decreased GFR was independently associated with increased DR, severe DR, and
severe visual impairment. GFR should be monitored in diabetic patients for DR awareness and
prevention.

Research perspectives

This study demonstrated significantly associations of decreased GFR with increased DR, severe
DR, and severe visual impairment among diabetic patients. This finding suggests the importance
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of timely and frequent eye screening in T2DM and CKD patients cannot be over-emphasized.
The early intervention to preserve renal function and adequate control of diabetes is keys to the
reduction of ocular disease and prevent irreversible visual loss.
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Abstract

The application of bedside ultrasonography in routine clinical practice has
dramatically evolved over the last few decades and will likely continue to grow
as technological advances lead to enhanced portability and affordability of the
equipment. Despite mounting interest, most nephrology fellowship training
programs do not offer formal training in renal ultrasonography and there is
inertia among practicing nephrologists to adopt this skill as a practice-changing
advancement. Lack of familiarity with the topic is considered a key reason for
this inertia. Understanding of basic ultrasound physics, instrumentation,
principles of optimal image acquisition and interpretation is critical for enhanced
efficiency and patient safety while using this tool. Herein, we provide a brief
overview of the basic principles of diagnostic renal ultrasonography as well as
introduction to common sonographic pathologies encountered in day-to-day
nephrology practice with illustrative images.

Key words: Ultrasound; Kidney; Cyst; Hydronephrosis; Stone; Point of care
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Core tip: Point-of-care renal ultrasonography has emerged as a valuable bedside
diagnostic tool for non-radiology physicians. It reduces fragmentation of care and
quickly provides answers to simple clinical questions thereby enhancing patient care and
satisfaction. In addition, using bedside ultrasound as the first line investigation may
eliminate unnecessary radiation and contrast exposure. This pictorial review includes a
simplified version of the basics of ultrasound instrumentation and image interpretation.
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INTRODUCTION

Over the past few decades, point-of-care ultrasonography (POCUS) has emerged as
an invaluable adjunct to bedside diagnostic evaluation especially in the field of
emergency medicine. Lack of ionizing radiation, non-invasive nature, and advances in
portability and affordability of the equipment have made ultrasound a first-line
imaging modality for a broad range of indications. While radiology-performed
conventional ultrasonography is a comprehensive examination intended to fully
explore the area of interest, POCUS performed at the bedside is primarily intended to
answer focused questions such as, “does the patient have pericardial effusion?”, “is
hydronephrosis present?”, “is the patient short of breath because of hypervolemia?”,
etc. and help narrow the differential diagnosis. POCUS has been found so useful in
clinical practice that some authors describe it as the fifth pillar of bedside physical
examination added to the traditional ones, namely, inspection, palpation, percussion
and auscultation!’l. In recent years, an increasing number of internal medicine
specialists and subspecialists have been incorporating POCUS into their practice to
improve diagnostic timeliness and accuracy. With respect to nephrology practice,
sonography of the kidneys is integral to the diagnostic evaluation of acute kidney
injury (AKI) and chronic kidney disease (CKD); its performance by the nephrologist
can expedite and enhance the consultation process’. Moreover, it reduces fragmen-
tation of care and enhances patient satisfaction. Though not a difficult skill to learn,
performance and interpretation of POCUS does require training in the form of
didactics and hands-on instruction. We have previously reported our experience with
development of a nephrology-oriented POCUS curriculum for internal medicine
residents in our institution, which was received with great enthusiasm and resulted in
increased confidence of the residents in identifying structural abnormalities of the
kidneysl!. In this review, we will briefly describe the basics of ultrasonography,
technique and interpretation of a normal renal sonogram. In addition, we will discuss
the common renal sonographic pathologies encountered in routine nephrology
practice. Discussion of volume status assessment by inferior vena cava, lung and
focused cardiac ultrasound as well as use of sonography for procedural guidance is
beyond the scope of this article.

BASIC ULTRASOUND PHYSICS, MODES AND
INSTRUMENTATION

Over the past several years, technological advancements have resulted in the
emergence of miniaturized handheld ultrasound equipment that are compact and
battery operated; using these devices, POCUS can be readily performed with decent
image quality. However, the basic ultrasound physics, modes and principles of image
acquisition are essentially unchanged. Sound is a longitudinal mechanical wave
produced by vibration and requires a material medium (e.g., air, tissue) to travel. The
number of waves that passes through a fixed point in 1 second is defined as frequency
and is measured in hertz (Hz). Audible sound has a frequency of 20 to 20000 Hz.
Frequencies below this range are called infrasound and those above are called
ultrasound. Medical ultrasound imaging uses sound waves of 1 to 20 megahertz
(MHZz), which is significantly above the limit of human hearing.

The key working principle of ultrasonography is as follows: When stimulated by an
electric current, crystals located in the transducer or probe vibrate and produce
ultrasound waves. These are called piezoelectric crystals and typically made up of
lead zirconium titanate. The ultrasound waves are then transmitted into the tissues
and the transducer now listens for the reflected ultrasound waves, or the echoes. The
returning echoes are converted into electrical signals by the piezoelectric crystals and
displayed as a 2-dimensional gray-scale image on the monitor!’l. Conversion of
mechanical (i.e., sound) energy into electrical energy is called the “piezoelectric effect”
and the opposite is called “inverse piezoelectric effect”. Therefore, generation of an
ultrasound involves both of these principles (Figure 1).

There are various modes of ultrasound display. Examples of the modes that are
routinely used in POCUS are B-mode, M-mode, color Doppler and pulsed wave
Doppler (Figure 2). B-mode or the brightness mode is the term used to denote the
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Figure 1 Working principles underlying generation of ultrasound image. A: Inverse piezoelectric effect — conversion of electrical energy into mechanical energy
(ultrasound waves); B: Piezoelectric effect — conversion of mechanical energy into electrical energy by the piezoelectric crystals located in the transducer. These
impulses are displayed on the monitor in the image format.

regular 2-dimensional gray-scale display. M-mode or the motion mode obtains an
image in the B-mode and displays it graphically as changes over a period of time. It is
unidimensional and useful to assess moving structures such as changes in diameter of
the inferior vena cava with respiration, excursion of heart valves, pleural sliding etc.
In the color Doppler mode, the velocity of mobile acoustic interfaces (typically blood
cells) is measured as a shift in frequency, and represented as a range of colors: Red
color denotes flow towards the transducer and blue away from the transducer. In
pulsed wave Doppler, the velocity and direction of the blood flow are displayed
graphically and audibly. If blood is moving away from the transducer, a lower frequ-
ency (negative deflection) is detected and if it is moving toward the transducer, a
higher frequency (positive deflection) is detected”.. In nephrology, doppler modality
is helpful in assessing renal blood flow and measuring resistive indices in
transplanted kidneys.

The probe used to perform abdominal sonography is the curvilinear or convex
array probe, which has a lower frequency (typically 2 to 5 MHz) and provides a wide,
fan-shaped scanning area on the monitor (Figure 3). Frequency of the probe determi-
nes depth of penetration and image resolution; higher frequency probes provide less
penetration of the ultrasound waves through the tissue planes, but generate higher
resolution images. Therefore, superficial applications such as dialysis catheter
placement and evaluation of the arteriovenous fistula are performed using high
frequency probes (typically 6 to 15 MHz). Conversely, low frequency probes provide
deeper penetration and are ideal for abdominal and cardiac applications. Cardiac
probe or the phased array probe is a low frequency probe as well, the main difference
being that it has a smaller footprint or face of the probe, which allows better
manipulation in the rib interspaces.

IMAGE ORIENTATION AND INTERPRETATION

Understanding image orientation is an important component of accurate interpre-
tation. For instance, if a cyst is noted on one of the poles of the kidney, how do we
know if it is superior pole or the inferior, especially if liver or spleen is not seen in the
image? Every ultrasound transducer has a probe marker along one side of its head.
This marker can be a light, dot, or a linear ridge and corresponds to indicator on the
screen, which is typically a dot or letter denoting the manufacturer. During standard
abdominal exam, the probe marker should be pointed toward patient’s head when
obtaining longitudinal images and to the right in the transverse plane. Therefore, if
the cyst in above example is on the pole closer to the screen indicator, it is towards the
head of the patient, i.e., superior pole of the kidney in the longitudinal plane.

Now, what determines which structure is on the top of the image and which is at
the bottom? The underlying principle is “time is equal to distance”. Echoes returning
from a structure that is farther from the probe takes longer time compared to those
returning from the structure, that is closer to the probe and that farther structure is
portrayed at the bottom of the screen, nearer one on the top. Therefore, the top part of
the image represents “anterior” or “lateral” aspect of the abdomen depending on the
scanning plane used (Figure 4).

The next concept of image interpretation is “relative echogenicity”. Echogenicity
refers to how bright or dark something appears in the gray scale ultrasound image;
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Figure 2 Commonly used modes in nephrology-oriented point of care ultrasonography. A: B-mode: Grey-scale image of the left kidney; B: Color Doppler mode:
Blood flow inside the kidney is indicated by red and blue colors; C: M-mode: Variations in diameter of the inferior vena cava over time at the area of interest (circle); D:
Pulsed wave Doppler: Transverse view of the kidney with graphic representation of flow in the renal artery.

the brighter something appears, the more echogenic it is. In other words, the brighter
structure makes strong echoes or returning sound waves. Echogenicity is “relative” to
the surrounding structures as the ultrasound image is typically composed of 256
different shades of grey and each shade can be both brighter and darker relative to
other shades, unless it is completely “white” or “black” (Figure 5). The physical
property of the tissue that determines its echogenicity is called “acoustic impedance”,
which is defined as the resistance for propagation of ultrasound waves. This varies
according to the density of the material ultrasound passes through!*l. A structure that
reflects most of the sound waves back will appear bright (hyperechoic); bone (e.g.,
ribs), fibrous tissue (e.g., diaphragm, renal capsule) and adipose tissue (e.g., renal
sinus fat) are very echogenic and therefore appear bright on abdominal ultrasono-
graphy images. Air is also a strong reflector of the ultrasound beam and appears
bright, making it difficult to visualize structures behind it. Typically, the kidneys are
easily identifiable because renal capsule (consisting of thin fibrous tissue) which is
next to fat appears bright and makes the organ well demarcated. Solid organs, such as
the liver and spleen, have intermediate echogenicity, and the kidney cortex is
normally isoechoic (equal in brightness) or hypoechoic (darker) compared with the
normal liver or normal spleen”*. Fluid (e.g., blood, urine, serous fluid in cysts) is an
excellent transmitter of sound waves and appears black (anechoic).

In this context, an adjustable feature of the machine called “gain” is noteworthy.
The sonographer can manipulate the brightness of the image by increasing or
decreasing the gain. By increasing the gain, the ultrasound machine allows processing
of more incoming echoes, creating a brighter image. Conversely, a darker image is
obtained when the gain is decreased. When a part of the image is optimal and the rest
of it is too bright or too dark, a feature known as “time gain compensation” allows the
operator to adjust the image brightness at specific depths®.

SONOGRAPHIC EVALUATION OF THE KIDNEYS AND THE
BLADDER

Technique
As mentioned above, ultrasound examination of the kidney is usually performed with
a low frequency curvilinear transducer. Higher frequencies may be needed while
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Figure 3 Curvilinear probe (A) used for abdominal applications (B) example of an image obtained using this probe.

evaluating renal transplant patients, when the allograft location is very superficial.
Imaging of the right kidney is easier than that of the left kidney as the liver provides a
large acoustic window (i.e., we are looking at the kidney “through” the liver using it
as a window) in contrast to the spleen on the left. Examination is typically performed
in the supine position, although lateral decubitus, oblique or even prone positions
may be required for visualization of the left kidney due to overlying bowel gas’l. To
acquire longitudinal views of the kidney, the examination is usually started with the
probe positioned in the mid axillary line at tenth rib interspace with the probe marker
pointing towards patient’s head. The probe may have to be slided superiorly or
inferiorly depending on the patient’s body habitus. Once the entire long axis of the
kidney is in view, the probe should be fanned anteriorly and posteriorly to image it
completely. The probe is then rotated 90 degrees counterclockwise (probe marker
now faces right of the patient) to obtain a short axis or transverse view of the kidney.
Now it is fanned to view the kidney from upper to lower pole to ensure complete
examination. Comprehensive renal Doppler imaging consists of direct visualization of
renal arteries and veins, measurement of blood velocity, and analysis of pulsed wave
doppler waveforms (including resistive index calculation) in segmental arteries. Renal
artery evaluation is technically difficult due to poor insonation angles (should be less
than 60 degrees) overlying bowel gas, and the frequent occurrence of multiple
arteries. It is of note that renal artery evaluation has a high failure rate (up to 30%)
even when performed by expert sonographers”. When detailed evaluation is not
possible or deemed unnecessary, we recommend obtaining at least one color doppler
image in each plane as it would help differentiating vessels from dilated collecting
system and also identify small stones. This will be discussed further in the latter
sections of the manuscript.

With respect to ultrasound examination of the transplanted kidney, the surgical
anatomy should be confirmed and comparison with prior studies be made whenever
possible. The kidney is easily identifiable as it is usually palpable in the right or left
pelvis. Longitudinal and transverse views of the transplanted kidney should be
obtained and special attention be paid to perinephric space for any evidence of fluid
collection. If a ureteral stent is in place, an attempt should be made to determine the
proximal and distal extent of the stent!'’l. Color Doppler images of the entire kidney
provide a global assessment of transplant renal perfusion and assess for vascular
abnormalities. Measurement of resistive indices using pulsed wave Doppler is
important for transplanted kidneys as higher values may serve as a clue to graft
rejection. Moreover, it has been shown that renal transplant recipients with high
resistive index of at least 0.80 have higher mortality in the first 2 years post-transplant
compared with those with lower values!'l. The resistive index measures the degree of
intrarenal arterial impedance and is calculated as follows: [(PSV - EDV)/PSV], where
PSV is peak systolic velocity and EDV is end diastolic velocity. Resistive index is
calculated at the level of arcuate arteries at corticomedullary junction or the larger
segmental and interlobar vessels (preferred); the value of 0.7 is used as the threshold
to discriminate between normal and pathologic resistance to flow!"?. Too low values
may indicate prerenal state or lack of good blood flow to the transplanted kidney.
Figure 6 demonstrates resistive indices in arcuate arteries in a transplanted kidney.

Sonography is a simple and useful tool in the evaluation of the urinary bladder,
and should be performed in any patient with dilated collecting system. The
examination is performed with the patient in supine position with suprapubic area
exposed. The probe is placed sagittally in the midline above the pubic symphysis with
probe marker towards patient’s head to obtain longitudinal view of the bladder. Then
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Figure 4 Orientation of the image. A, B: Ultrasound image of the (A) longitudinal and (B) transverse views of the right kidney demonstrating the image orientation;
C, D: Cartoon illustrating that echoes returning from a structure that is farther from the probe take longer time compared to those returning from the structure that is
closer to the probe and that farther structure is portrayed at the bottom of the screen and the nearer one on the top. Note that the arrow in Figure 4A points to the
probe marker and the green dot represents indicator on the screen.

it should be angled laterally and swept to left and right to examine the lateral borders.
The probe is then rotated 90 degrees counter clockwise to obtain the transverse view
and swept superior to inferior to image the bladder completely. The volume of the
bladder is estimated by orthogonal measurements, assuming it to be an ellipsoid (=
0.52 x the three orthogonal dimensions)!"? (Figure 7A).

Normal features

On the sonogram, renal capsule is echogenic and makes the bean shaped organ easily
identifiable. Kidney length in adults is typically about 10-12 cm but varies with body
size. Renal parenchyma is composed of two distinct zones, the outer cortex and the
inner medulla, which is organized into pyramids. As mentioned before, the renal
cortex is either isoechoic or hypoechoic (more commonly) compared with the normal
liver or normal spleen. The medullary pyramids are hypoechoic or anechoic com-
pared to cortex. The renal cortical tissue extends into the medulla separating
pyramids in the form of columns called “columns of Bertin”. It is important to make a
note of this anatomical feature as these columns can sometimes hypertrophy and
mimic a neoplasm™l. Unlike a true neoplasm, the hypertrophied column of Bertin is
in continuity with, and of similar appearance to normal cortex, and the renal outline is
typically preserved. The sinus fat is echogenic and occupies major part of the inner
kidney. The collecting system is usually not visualized unless distended owing to its
small caliber and the surrounding echogenic sinus fat!"! (Figure 8). However, the
collecting system of a well-functioning transplanted kidney is often slightly dilated,
likely because of a combination of an increased volume of urine produced (i.e., acting
as the sole kidney) and loss of the ureter’s tonicity from denervation!‘l. In the
transverse section, the mid portion of the kidney is C-shaped with the vessels entering
and leaving through the hilum (Figure 2D) and the poles appear circular.

Urinary bladder appears as an anechoic fluid-filled structure (urine is black on
ultrasound) located in the mid pelvis. A full bladder is necessary to comprehensively
evaluate the characteristics of its walls, contents and pelvic organs. Ureteric orifices, if
visible, appear as small echogenic protuberances on the posterior aspect. Urine passes
down the ureters in pulses, which can be detected upon entry into the base of the
bladder. These ureteral “jets” (Figure 7B) are best detected in the Doppler mode and
provide evidence of ureteral patency!”. While the presence of strong jets bilaterally
goes against obstruction, their absence does not rule in obstructive uropathy. More-
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Figure 5 lllustration of “relative echogenicity”. The circular area in the center is hyperechoic (brighter), isoechoic (similar brightness), hypoechoic (darker) and
anechoic (black) compared to the surrounding area respectively. Echogenicity of the commonly encountered structures on renal sonography are listed inside the
circles. Note that renal cortex can be either isoechoic or hypoechoic compared to that of normal liver.

over, their practical utility is limited and there is disagreement among various
specialties about their necessity and clinical relevance!’l.

COMMON SONOGRAPHIC ABNORMALITIES

Abnormalities of the renal size and echogenicity

Though the normal pole-to-pole kidney length in adults is 10-12 cm, it varies with
body size. While nomograms based on large population studies are not available
unlike in children!'", there exists a formula to estimate the kidney size: Kidney
length (mm) = 49.18 + 0.21 x weight (kg) + 0.27 x height (cm). However, this was
based on computed tomography measurements!'”. When measured appropriately,
kidney length may help distinguish AKI from CKD as it is expected to decrease in
patients with CKD!l, though patients with diabetic nephropathy are known to have
relatively large kidneys. Large kidneys in AKI may result from infiltrative diseases
(e.g., multiple myeloma, amyloidosis) (Figure 9A), acute glomerulonephritis and acute
interstitial nephritis (due to edema and inflammatory infiltrates) and renal vein
thrombosis (edema from congestion)!”l. In addition to length, assessment of renal
cortical and/or parenchymal thickness is helpful in distinguishing AKI from CKD.
Cortical thickness is measured from the base of the medullary pyramid to the outer
margin of the kidney. It is generally around 7-10 mm, being thicker at the poles*"*!l.
Cortical thickness is expected to be reduced in CKD (Figure 9B). When the medullary
pyramids are not clearly visible, which is not uncommon, parenchymal thickness
should be measured from outer margin of the kidney to tip of the pyramid or till the
sinus fat is visible, which is usually 1.5-2.0 cm!"l.

Echogenicity of the renal cortex relative to liver or spleen can be evaluated both
qualitatively and quantitatively™, though qualitative method is commonly used.
Increased cortical echogenicity is commonly attributed to CKD and has been
correlated with interstitial fibrosis, tubular atrophy, and glomerulosclerosis in
histologic studies”!. However, increased echogenicity can also be seen in AKI where
inflammatory infiltrates and proteinaceous casts reflect sound waves (e.g., acute
glomerulonephritis, acute tubular necrosis). Decreased cortical echogenicity usually
results from interstitial edema in cases of inflammation or infection.

Hydronephrosis

Exclusion of urinary tract obstruction as a cause for AKI is one of the commonest
indications for renal POCUS. Hydronephrosis appears as branching, “interconnected”
areas of decreased echogenicity (anechoic in general, indicating the presence of fluid)
in the renal collecting system area. The source of obstruction is usually located distal
to the kidney, e.g., a stone in the pelviureteric junction, ureter or ureterovesical
junction or bladder outlet obstruction from a stone, mass or enlarged prostate. As the
severity of hydronephrosis increases, the urine moves proximally into the kidney
exerting pressure on the parenchyma. While there is no universally accepted grading
system but in routine clinical practice, we classify hydronephrosis as mild moderate
and severe. In mild hydronephrosis, there is dilatation of the renal pelvis and calyces
but the pelvicalyceal pattern is retained. In moderate hydronephrosis, medullary
pyramids start to flatten due to back pressure in addition to dilatation of pelvicalyceal
system. In severe cases, renal pelvis and calyces appear ballooned and cortico-
medullary differentiation is lost making the cortex thin (Figure 10).
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Figure 6 Images of the transplanted kidney demonstrating resistive indices in the superior, middle and inferior arcuate arteries (at corticomedullary
junction; sample indicated by yellow circle), which were calculated as 0.61, 0.64 and 0.60 respectively and EDV = end diastolic velocity.

False-negative findings can occur in the setting of acute or partial obstruction,
volume depletion and retroperitoneal fibrosis**"l. Conversely, presence of hydrone-
phrosis does not always indicate pathologic urinary obstruction. For example, a large
diuresis can distend the intrarenal collecting system as with congenital nephrogenic
diabetes insipidus®!. Pregnancy is another well-known example where dilatation of
the collecting system and ureters begins in the first trimester and persists for a few
weeks postpartum!””! due to smooth muscle relaxing effect of progesterone and
compression of the gravid uterus on the ureters.

There are certain conditions that can mimic hydronephrosis, which physicians
performing POCUS need to be aware of. Renal vessels or vascular malformations are
common amongst those and can be easily differentiated using color Doppler imaging
(Figure 11)I1. Parapelvic cysts can also mimic hydronephrosis on a renal sonogram
because of their hypoechoic nature and close proximity to the collecting system.
Hydronephrosis appears as branching, “interconnected” anechoic area, while
parapelvic cysts are seen as “noncommunicating” cystic masses close to the renal
pelvis. In addition, a dilated pelvicalyceal system has a cauliflower appearance,
whereas a parapelvic cyst is more spherical® . When the sonogram is not clear
enough, a computed tomogram (CT scan) with contrast should be considered to
differentiate between these two conditions (Figure 12), especially if the patient
presents with renal dysfunction. Extrarenal pelvis is an anatomical variant that can be
confused with hydronephrosis. It appears as a large hypoechoic mass just outside the
renal sinus and unlike hydronephrosis, it is not associated with dilated calyces,
parenchymal thinning, hydroureter, or enlarged kidney per sel’'l.

Obstructed urinary bladder

Evaluation of urinary tract obstruction is never complete without bladder examina-
tion. POCUS is a non-invasive way of measuring post void residual urine volume,
which may be helpful when bladder outlet obstruction is suspected. It may also reveal
abnormalities such as prostatomegaly, bladder mass, stone or even obstructed Foley
catheter (Figure 13).

Kidney stones

Although sonography is less sensitive than CT for detecting kidney stones, it is the
preferred initial imaging modality as there is no risk of radiation, is reproducible,
inexpensive, and the outcome is not significantly different for patients with suspected
urolithiasis undergoing initial ultrasound exam compared to those undergoing CT
scan””l. On gray-scale images, stones appear as hyperechoic or bright structures with
a posterior “acoustic shadow”. Acoustic shadowing is the black area or signal void
seen beyond structures that do not transmit ultrasound wavesl™. In the Doppler
mode, stones exhibit “twinkling sign” or artifact, which refer to a rapidly alternating
focus of color Doppler signals mimicking turbulent flow and is more pronounced
with rougher stones. It is of note that this sign is more sensitive than shadowing for
detection of small stones!™], which we found to be very helpful in our practice (Figure
14).

Kidney cysts

Cysts in the kidney are other common abnormality encountered in clinical practice.
They may be sporadic, hereditary (e.g., autosomal dominant polycystic kidney
disease, tuberous sclerosis complex), acquired cystic kidney disease, or occasionally
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Figure 7 Urinary bladder ultrasound demonstrating (A) bladder volume measurement: Length, antero-posterior and transverse measurements are
obtained and multiplied by 0.52 to obtain the approximate amount of urine volume and (B) color Doppler image of the bladder showing ureteral jets.

malignant®"l. Cysts can be simple or complex. The diagnosis of a simple benign renal
cyst on sonography requires the presence of all the following findings: A well-
defined, round, anechoic structure, imperceptible near wall and thin echogenic far
wall, and increased through transmission manifested by “acoustic enhancement”.
Acoustic enhancement refers to the increased intensity of echoes (bright area) relative
to surrounding tissues, distal to a low-attenuating structure such as a cystl™!. This
phenomenon is not specific to cysts and can be seen with any fluid containing space
such as a blood vessel or urinary bladder. Any lesion that does not meet criteria for a
simple cyst is considered a complex cyst and may be characterized by findings such as
irregular thickened walls, septations, internal echoes, and calcifications (Figure 15). In
this context, it is important to note that the utility of sonography in the Bosniak
classification of cysts is limited, as the detection of neovascularization in malignant
lesions, indicated by contrast enhancement of solid components, septa or walls, is an
essential part of the classification. However, it is known that ultrasound may demon-
strate internal septa better than CT and magnetic resonance imaging. Therefore, it has
been suggested that simple and minimally complex (Bosniak I and II) cysts may be
followed with sonography alonel”” .

Kidney infections

Though commonly obtained, renal ultrasound is relatively an insensitive test for the
diagnosis of acute pyelonephritis as sonographic abnormalities are found in only
about 20%-24% of the patients!™*’l. The positive findings of pyelonephritis on
sonography, if present, may include congenital anomalies and a variety of changes in
the renal parenchyma such as hydronephrosis, unilateral increase in kidney size, loss
of renal sinus fat due to edema, changes in echogenicity due to hemorrhage
(hyperechoic) or edema (hypoechoic), abscess formation, and areas of hypoperfusion
(visible on Doppler mode)*. However, POCUS may be helpful in evaluating for
pyonephrosis (pus in the collecting system), which is characterized by the presence of
low-level echoes within the collecting system, especially when iodinated contrast use
for CT is contraindicated. We recently reported a case of pyonephrosis that was
missed on non-contrast CT scan but diagnosed with renal sonography leading to
positive patient outcome (Figure 16)M2.

BEYOND THE KIDNEY

In addition to diagnostic renal sonography, assessment of volume status is an impor-
tant application of POCUS in the practice of nephrology. Lung, inferior vena cava and
focused cardiac ultrasound are relatively easy to learn and immensely useful tools for
nephrologists, especially in the care of end-stage renal disease (ESRD) patients!*’l. For
example, B-lines in the lung suggestive of increased lung water are detected in ESRD
patients even in the absence of symptoms such as dyspnea or peripheral edemal*l.
Similarly, data suggests that inferior vena cava measurements by sonography are
accurate to predict high or low central venous pressure in dialysis patients!*’l. Focused
bedside echocardiography is another must-have skill for the nephrologists, which
helps quick detection of life-threatening conditions such as pericardial effusion.
Moreover, focused echo might detect dynamic abnormalities (e.g., regional wall
motion abnormalities) during hemodialysis, which would not be otherwise detected
during elective procedure in the cardiology or radiology department!*’l.
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Figure 8 lllustration of longitudinal section of the kidney with corresponding ultrasound image. Transverse
view of the kidney is also shown. Note that the most echogenic part of the kidney is sinus fat, and calyces and ureter
are not usually visible unless distended. Renal pelvis is hypoechoic but not usually “black” (anechoic) unless there is
hydronephrosis.

CONCLUSION

POCUS is quickly becoming an indispensable bedside diagnostic tool for non-
radiology physicians. Having a basic understanding of the ultrasound physics, modes
used for image generation and ability to distinguish normal from abnormal studies
optimizes the scans being performed and enhances the use of ultrasound in patient
care. At the same time, it is important to recognize that while POCUS alleviates the
need for further investigations in some cases, it is not always a “replacement” for
formal ultrasonography. Radiology consultation should be sought even when is
slightest doubt about the diagnosis. Furthermore, as with any other skill, the use of
POCUS requires dedicated education and hands-on training. Currently several
national and local organizations offer training and certification for practicing
physicians in various aspects of POCUS but the content and quality of these programs
is not held to any universal standard. Therefore, it is imperative that we come up with
subspecialty-specific guidelines defining the scope of practice and competency
assessment to ensure quality control, which in turn is essential for safe and efficient
patient care.
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Figure 9 Renal sonogram demonstrating (A) large echogenic kidney in a patient with multiple myeloma and (B) thin parenchyma approximately 1 cm in a
patient with chronic kidney disease.

Mild hydronephrosisl'; Moderate hydronephrosis

Figure 10 Grading of hydronephrosis. A: Note that as the severity of hydronephrosis increases, the urine (anechoic structure) moves proximally into the kidney
exerting pressure on the parenchyma; B: White arrow points to ureteral stent and yellow arrow indicates dilated proximal ureter.
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Figure 11 Longitudinal and transverse gray-scale renal ultrasound images demonstrating anechoic region in the mid-kidney suggestive of mild
hydronephrosis in the top panel. Doppler images demonstrating prominent arteriovenous flow suggestive of vascular malformation are shown in the bottom panel.
Adapted from reference No. 29, first author’s previous work, published under CC BY-NC 4.0 license.
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Figure 12 Renal sonogram. A, B: Sagittal (A) and transverse (B) views of the left kidney showing hypoechoic areas in the pelvic area (arrows) suggestive of
hydronephrosis; C, D: However, on the transverse view, these areas do not seem to be connected with one another (doubleheaded arrow) and computed tomography
(CT) scan with contrast demonstrating (C) and parapelvic cysts (arrows) that are separate from the contrastfilled collecting system (yellow arrows) (D). Adapted from
reference no. 30, first author’s previous work, published under CC BY-NC 4.0 license.

Figure 13 Urinary bladder ultrasound. A: Enlarged prostate (arrow) compressing the urinary bladder; B: Heterogeneous solid mass (arrow) occupying almost the
entire bladder; C: Normal appearance of a decompressed bladder with Foley catheter: The empty bladder with functioning catheter is difficult to visualize, and the
hypoechoic/anechoic fluid-filled balloon (arrow) is the only portion visible; D: Distended bladder filled with urine despite the presence of Foley catheter indicating
catheter malfunction.
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Figure 14 Renal sonogram demonstrating grey-scale (A) and corresponding color Doppler (B) images of the kidney demonstrating acoustic shadowing
and twinkling sign respectively, which is diagnostic of stones. Arrows point to the hyperechoic stones and asterisks indicate shadowing.

Figure 15 Renal sonogram demonstrating a large simple cyst in the lower pole of the right kidney. A: Arrow points to echogenic far wall and the contained area
posterior to the cyst represents acoustic enhancement; B: Example of a complex cyst with septations (arrow). The image shows both acoustic enhancement from the
cyst (contained area with yellow outline) and acoustic shadowing (asterisks) from calcifications in the septa (circle).
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Figure 16 Renal sonogram images. A, B: Bilateral moderate hydronephrosis and hydroureter; C, D: Transverse views of the right kidney showing echogenic debris
(arrows) in the right collecting system in addition to fluid—fluid levels, suggestive of pyonephrosis. Adapted from reference No. 43, first author’s previous work,
published under CC BY-NC 4.0 license.
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Abstract

BACKGROUND

Hemodialysis machine-generated circuit pressures and clearance profiles are
potential predictors of quality assurances. In our practice, we previously we
observed that elevated static access pressures were associated with abnormal
Kt/V values, high access recirculation and deviation of the Kt/ V profile
(Abnormal Kt/ V profile) from normally expected values (Normal Kt/ V profile).

AIM

To hypothesize that static or derived access pressures would correlate with direct
intra-access blood flow rates and that clearance (Kt/ V) profiles would correlate
with measured Kt/V values.

METHODS

Static access pressures, real-time adequacy of dialysis and intra-access blood flow
were investigated in end stage renal disease patients undergoing hemodialysis.
Wilcoxon-Mann-Whitney test, chi-square test or Fisher’s exact test was used to
investigate differences between the groups; Spearman’s rank correlation test to
investigate relationships between static pressures, direct intra-access pressures
and Kt/V profiles; and multinomial logistic regression models to identify the
independent effect of selected variables on Kt/V profiles. Odds ratio were
calculated to measure the association between the variables and Kt/ V profiles.

RESULTS

One hundred and seven patients were included for analysis. There were no
significant differences between genders, and types of vascular access between the
normal vs. abnormal clearance (Kt/V) profile groups. No significant correlation
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could be demonstrated between static access pressures and Kt/ V profiles, static
access pressures and intra-access blood flow, intra-access blood flow and Kt/V
profiles, measured Kt/V and Kt/V profiles or recirculation and Kt/ V profiles.

CONCLUSION

In this study utilizing measured versus estimated data, we could not validate that
dialysis machine generated elevated static pressures predict intra-access blood
flow disturbances or that abnormal Kt/V profiles predict access recirculation or
inadequate dialysis. These parameters, though useful estimates, cannot be
accepted as quality assurance for dialysis adequacy or access function without
further evidences.

Key words: Static; Intra-access; Pressures; Hemodialysis; Kt/V

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Hemodialysis machine-generated circuit pressures and clearance profiles are
potential predictors of quality assurances. We hypothesized that static or derived access
pressures would correlate with direct intra-access blood flow rates and that Kt/V profiles
would correlate with measured Kt/V values. However, we could not validate that dialysis
machine generated elevated static pressures predict intra-access blood flow disturbances
or that abnormal Kt/V profiles predict access recirculation or inadequate dialysis. While
future larger studies are needed to confirm these findings, we believe our study serves as
a basis for them.

Citation: Koratala A, Dass B, Alquadan KF, Sharma S, Singhania G, Ejaz AA. Static
pressures, intra-access blood flow and dynamic Kt/V profiles in the prediction of dialysis
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INTRODUCTION

On-line monitoring of ultraviolet (UV) absorption of spent dialysate during routine
hemodialysis allows continuous measurement of removed solutes from spent
dialysate. The continuous calculation of the clearances-adequacy of dialysis (Kt/V) -
throughout therapy is graphically displayed and allows clinicians to monitor the
efficacy of the dialysis treatment in real time, the so-called dynamic Kt/V profile.
Previously we observed that elevated static access pressures were associated with
abnormal Kt/V values, high access recirculation and deviation of the Kt/V profile
(Abnormal Kt/V profile) from normally expected values (Normal Kt/V profile).
These observations suggested the possibility that dialysis machine-generated real-
time Kt/V profiles may provide a non-invasive, inexpensive and quick assessment of
adequacy of dialysis and access function in hemodialysis patients. To validate our
observations, we performed a larger, prospective observational study. We hypothe-
sized that static or derived access pressures would correlate with direct intra-access
blood flow rates and that Kt/ V profiles would correlate with measured Kt/V values.

MATERIALS AND METHODS

End stage renal disease patients undergoing maintenance hemodialysis at the
outpatient dialysis unit of an academic medical center were included in the study. All
patients were dialyzed with Dialog (B Braun AG)™ dialysis machine with a built-in
UV-Spectrophotometer (Option Adimea, B Braun AG™). The machine continually
calculates the adequacy of dialysis (Kt/V) throughout therapy and graphically
displays Kt/V profile and an indication of how close it is to the target (Figure 1).
Fluctuations in the predicted curve caused by changes in variables affecting Kt/V are
visible at a glance. Abnormal Kt/V profile was defined as major fluctuations from the
predicted curve displayed. The standard dialysis prescription was high-flux
polysulfone dialyzers (F160; Fresenius, Worcester, MA, United States), blood flow rate
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of 350-450 mL/min, dialysate flow rate of 500-800 mL/min and ultrafiltration rates of
5-10 mL/kg h as appropriate. Anticoagulation was not used in patients per divisional
protocol. Only patients with functional arteriovenous fistula or graft were included in
the study.

The ESRD program in this academic center employed an Access Surveillance
Program and the team members included nephrologists, nephrology nurses,
technicians, interventional radiologists, surgeons, primary care physicians and
patients. Functional access was defined as blood flow > 600 mL/minl". Vascular
access dysfunction was defined as elevated static or derived venous pressures (PV),
elevated negative arterial pre-pump pressures (PA) that prevent increasing to
acceptable blood flow rates, or unexplained decreases in the measured amount of
hemodialysis delivered (Kt/V). Critical intra-access blood flow was defined as AVF
blood flow < 600 mL/min, AVG blood flow < 800 mL/min, or decreased intra-access
blood flow by > 20% compared to previous values*’l. Direct intra-access flow
measurements were performed with ultrasound dilution (Transonic Systems Inc.™).
Clinically significant access recirculation was defined as values more than 5%. The
demographic information was obtained from the chart, the static pressures and Kt/V
profiles were obtained by direct visualization of the dialysis machine display screen,
the Kt/V values obtained from biochemical measurements, and intra-access blood
flow data were obtained from Transonic measurement data. The study was approved
by the Institutional Review Board at the University of Florida.

Statistical analysis

Results are presented as mean + SE with P-value. Wilcoxon-Mann-Whitney test was
used to compare independent groups not normally distributed, ¥ test or Fisher’s
exact test for comparison between two categorical variables, and P value < 0.05 was
considered statistically significant. Associations between static pressures, direct intra-
access pressures and Kt/V profiles were investigated using Spearman’s rank
correlation test (r,) and regression analysis where applicable. These predictors were
included in a univariate and subsequent multinomial logistic regression model to
identify their independent effect on Kt/ V profiles. The strength of the association of
each variable with Kt/V profiles were summarized by calculating an odds ratio (OR)
and a corresponding 95%CI. All analyses were conducted using SPSS version 20
(Chicago, IL, United States). The study conception, design, execution, data collection,
analysis, and manuscript preparation were formed in its entirety and independently
by the investigators. Every author had independent access to the analysis.

RESULTS

Baseline characteristics

The analysis included 107 patients. The baseline characteristics of the patients are
shown in Table 1. There were no significant differences between age, gender, types of
vascular access, PA, intra-access flow rates or percentage of patients with abnormal
access recirculation between the Normal vs. Abnormal Kt/V profile groups. How-
ever, the Abnormal Kt/V profile group had significantly lower PV and higher
measured Kt/V values. Twenty-one patients underwent access recirculation studies,
twelve in the Normal Kt/V group and nine in the Abnormal Kt/V group. Access
recirculation test was positive in 12/12 patients studied in the Normal Kt/V profile
group and 8/9 patients in the Abnormal Kt/V profile group. The percentages in their
respective groups are shown in Table 1.

Relationship of static access pressures and Kt/V profiles

No significant association could be demonstrated between PA and Kt/V profile
groups, nor between PA and absolute Kt/V values (Table 2). However, significant
associations were noted between PV and Kt/V profiles. When analyzed for highest
quartile of PV values (PV ), no significant associations were found between PV o
and Kt/ V profiles or Kt/V values.

Relationship of static access pressures and intra-access blood flow

No significant association could be demonstrated between PA or PV and intra-access
blood flow, even when analyzed separately for AVF and AVFE. When plotted against
PA or PV, intra-access blood flow exhibited a quadratic relationship (Figure 2A,B).
Similar patterns were revealed when plotted separately for Kt/ V profiles (Figure 2C-
F) and access types (Figures not shown).

Relationship of intra-access blood flow and Kt/V profiles
No significant association could be demonstrated between intra-access blood flow and
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Figure 1 Depiction of continuous display of adequacy of dialysis throughout therapy (Kt/V profile) as seen
on a hemodialysis machine monitor. Optical orientation line depicts the ideal Kt/V profile. Normal Kt/V profile
represents real-time values that closely mimic the optical orientation line. Abnormal Kt/V profile depicts major
fluctuations from the optical orientation line.

Kt/V profiles.

Relationship of Critical intra-access blood flow and static pressures and Kt/V
profiles

No significant association could be demonstrated between critical intra-access blood
flow and static pressures or Kt/ V profiles.

Relationship of measured Kt/V and Kt/V profiles

No significant association could be demonstrated between Kt/V and Kt/ V profiles.

Relationship of recirculation and Kt/V profiles
No significant association could be demonstrated between access recirculation and

Kt/V profiles. The odds ratio for positive access recirculation associated with
Abnormal Kt/V profile was 2.5 (95%CI: 1-5-4.2; P = 0.429).

Risks for Abnormal Kt/V profile

In univariate analysis, age (OR =1.02, 95%CI: 0.99-1.04, P = 0.186), gender (OR = 1.10,
95%ClI: 0.50-2.42, P = 0.813), type of access (OR =1.78, 95%Cl: 0.76-4.16, P = 0.182), PA
(OR =1.00, 95%CI: 0.90-1.00, P = 0.874) and intra-access blood flow rates (OR = 1.00,
95%ClI: 0.99-1.00, P = 0.075) were not significant risk factors for Abnormal Kt/V
profile. However, PV (OR = 1.01, 95%CI: 1.00-1.02, P = 0.033) was a significant risk
factor. In the multivariate regression model that included all of these variables
irrespective of their statistical significance in the univariate model, none of them were
significant predictors of Abnormal Kt/ V profile.

DISCUSSION

UV absorption technology has enabled dynamic monitoring of dialysis efficiency in
real time and the potential for non-invasive and quick assessment of access function.
In this study we investigated the validity of these observations by analyzing the
association between machine-generated data and measured data in patients under-
going maintenance dialysis.

The major finding of the study was the lack of significant association between static
access pressures and direct intra-access blood flow, Kt/V profiles and direct intra-
access blood flow or Kt/V profiles and Kt/V values. The significant associations seen
between PV and Kt/V profile and PA and intra-access blood flow could not be
demonstrated in the adjusted regression model. The findings are better understood
when considering that static access pressures are arterial and venous circuit pressures
that are generated by transducers inside the machine. The arterial pump effect is
measured as the arterial pressure and is dependent on the blood flow within the
tubule, which is dependent on the internal diameter of the tubing segment within the
pump. Effective blood flow deviates significantly from calculated blood flow when
PA < -150 mmHg and can lead to loss of treatment efficiency™. PV are monitored
distal to the dialyzers and usually located before the air bubble chamber. Low PV may
be due to low PA secondary to poor arterial flow. High PV indicate an obstruction in
the venous limb distal to this point and can be due to venous needle blow out or clots
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Table 1 Baseline patient characteristics

Variables Full cohort (n=107)  Normal Kt/V profile (n=68)  Abnormal Kt/V profile (n=39)  P-value
Demographics

Age (yr) 549+15 56.5+1.8 52328 0.210
Male gender (%) 523 46.1 53.8 0.843
Access types

AV fistula (%) 63.5 58.8 71.8 1.000
AV graft (%) 36.5 412 282 1.000
Access pressures and flow rates

Static PA (mmHg) -196.7 + 4.1 (-203)" -196.2 + 4.6 (-202) -197.5 £ 7.9 (-206) 0.884
Static PV (mmHg) 240.8 +£5.5 (244) 249.9 £7.2 (254) 224.8 +£7.9 (235) 0.021
Intra-access flow rate 1369.5 + 82.8 (1070) 1256.3 + 87.4 (1035) 1566.8 + 165.6 (1170) 0.103
Adequacy of dialysis

Measured Kt/V 1.42 +0.04 (1.46) 1.40 +£0.04 (1.44) 1.45+0.07 (1.51) <0.001
Access recirculation > 5% (n =21) (%)  18.7 17.4 20.5 0.429

"Median values in parenthesis.

in the air trap, kinks in the tubing or a stenosis within the vascular access. Equating
elevated static pressures to vascular access problems maybe deceptive as suggested
by our findings.

Data was also analyzed according to access types as the sites of stenosis vary
accordingly. In AVF, problems occur in the arterial inflow (forearm AVF 55%, upper
arm AVF 17%) or between the needles (forearm AVF 19%, upper arm AVF 17%). In
contrast, majority of stenosis in AV grafts are in the venous outflow (93%)"‘. The
validity of the major findings of this study of no significant association between study
parameters persisted in this subgroup. This was also true when analyzed for critical
intra-access blood flow in the two types of vascular access group. We did not deter-
mine absolute static intra-access pressure ratios due to its reported limitations in
detecting flow limiting problems on the arterial inflow or between the dialysis needles
where most problems occur in AVFs.

Close concordance between the blood-based and UV-based Kt/V values has been
reported”*], however the relationship between Kt/V profiles and Kt/V has hitherto
not been studied. In our investigations we could not demonstrate significant correla-
tion between Kt/V profile and Kt/V values. Technical factors including volume of
distribution and mass transfer coefficients affect dialysate absorbance and confound
clearance results. A dialyzer membrane has different filtration rate for molecules of
different compounds and for this reason concentrations of these substances, both in
blood and in the dialysis do not change according to one pattern. While the UV-
absorbance correlates well to the concentration of small solutes such as urea,
creatinine and uric acid in the spent dialysate and in the blood at a fixed wavelength
of 285 nm, the lowest correlations exist for sodium, calcium, glucose, vitamin B,, and
albumin®. Medications and fluid administration during dialysis may therefore affect
clearance outputs.

Determining the percentage of access recirculation is used to evaluate adequacy of
dialysis clearance. Access recirculation decreases adequacy of dialysis and has been
used to indicate access issues. Despite the high percentage of positive access recir-
culation present in the patients studied in both groups, no correlation was
demonstrated with Kt/V profiles. Thus, in our current investigation utilizing a
surveillance measure and a clinical monitoring measure simultaneously, we could not
validate that dialysis machine generated elevated static pressures predict intra-access
blood flow disturbances or that abnormal Kt/ V profiles predict access recirculation or
inadequate dialysis. These parameters, though useful estimates, cannot be accepted as
quality assurance for dialysis adequacy or access function without further studies.
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Table 2 Relationships between static access pressures, access blood flow and Kt/V profiles

Strength of association

Variables I, P-value
Static PA - Kt/ V profiles -0.05 0.636
Static PA - Kt/V -0.14 0.155
Static PV - Kt/ V profiles 0.19 0.047
Static PV qrg; - Kt/V profiles -0.17 0.078
Static PA - Intra-access blood flow -0.25 0.009
Static PA - Intra-AVF blood flow -0.22 0.069
Static PA - Intra-AVG blood flow -0.16 0.319
Static PV - Intra-access blood flow 0.04 0.666
Intra-access blood flow - Kt/ V profile -0.12 0.208
Intra-AVF blood flow - Kt/ V profile 0.17 0.174
Intra-AVG blood flow - Kt/V profile 0.05 0.783
Critical intra-access blood flow - PA 0.24 0.226
Critical intra-access blood flow - PV 0.14 0.482
Critical intra-access blood flow - Kt/ V profile 0.01 0.962
20% reduced intra-access blood flow - Static PA -0.15 0.262
20% reduced intra-access blood flow - Static PV -0.03 0.851
20% reduced intra-access blood flow - Kt/V profile 0.14 0.294
Access recirculation > 5% - Kt/ V profile 0.20 0.389
Kt/V - Kt/V profile -0.08 0.397
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Figure 2 Relationship between intra-access blood flow and access (arterial and venous) pressures in the full cohort (A and B); normal Kt/V profile cohort
(C and D) and the abnormal Kt/V profile cohort (E and F).

ARTICLE HIGHLIGHTS

Research background

The monitoring of dialysate ultraviolet absorbance and hemodialysis machine generated
clearance profiles is a validated technology to measure dialysis adequacy (Kt/V) and allows for
continuous and real-time tracking during each session. The Kt/V profile displayed by the
machine includes the delivered-dose curve superimposed on the anticipated trajectory.

Research motivation

In our practice, we noted that that elevated static access pressures were associated with
abnormal Kt/V values, high access recirculation and deviation of the Kt/V profile (Abnormal
Kt/V profile) from normally expected values (Normal Kt/ V profile).

Research objectives

Based on the above observation, we hypothesized that static or derived access pressures would
correlate with intra-access blood flow rates and that clearance (Kt/V) profiles would correlate
with measured Kt/ V values.

Research methods
We investigated static access pressures, real-time adequacy of dialysis and intra-access blood
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flow in patients undergoing hemodialysis. Appropriate statistical methods were used to
investigate differences between the groups; relationships between static pressures, direct intra-
access pressures and Kt/ V profiles; and identify the independent effect of selected variables on
Kt/V profiles. Odds ratio were calculated to measure the association between the variables and
Kt/V profiles.

Research results

Among the 107 participants included, no significant correlation could be demonstrated between
static access pressures and Kt/ V profiles, static access pressures and intra-access blood flow,
intra-access blood flow and Kt/V profiles, measured Kt/V and Kt/V profiles or recirculation
and Kt/ V profiles.

Research conclusions

We could not validate that dialysis machine generated elevated static pressures predict intra-
access blood flow disturbances or that abnormal Kt/V profiles predict access recirculation or
inadequate dialysis.

Research perspectives

The investigated hemodialysis machine-generated parameters and access flows, though useful
estimates can’t be accepted as quality assurance for dialysis adequacy or access function without
further evidences. Larger studies are needed to formulate protocol-driven modifications to
treatment parameters, which may serve as valuable nursing tools for optimizing patient therapy
outcomes.

REFERENCES

1 National Kidney Foundation, Inc. K/DOQI Guidelines—Updates 2006. New York: National Kidney
Foundation, Inc; 2001; Available from:
http://www kidney.org/PROFESSIONALS/kdoqi/guideline_upHD_PD_VA/index.htm

2 Lee T, Mokrzycki M, Moist L, Maya I, Vazquez M, Lok CE; North American Vascular Access
Consortium. Standardized definitions for hemodialysis vascular access. Semin Dial 2011; 24: 515-524
[PMID: 21906166 DOIL: 10.1111/j.1525-139X.2011.00969.x]

3 Hurst FP, Lee RE, Thompson AM, Pullin BD, Silverstein DM. FDA Regulatory Perspectives for Studies
on Hemodialysis Vascular Access. Clin J Am Soc Nephrol 2018; 13: 513-518 [PMID: 28739575 DOL:
10.2215/CIN.02900317]

4 Twardowski ZJ, Haynie JD, Moore HL. Blood Flow, Negative Pressure, and Hemolysis During
Hemodialysis. Home Hemodial Int 1999; 3: 45-50 [PMID: 28455857 DOI: 10.1111/hdi.1999.3.1.45]

5 Turmel-Rodrigues L, Pengloan J, Baudin S, Testou D, Abaza M, Dahdah G, Mouton A, Blanchard D.
Treatment of stenosis and thrombosis in haemodialysis fistulas and grafts by interventional radiology.
Nephrol Dial Transplant 2000; 15: 2029-2036 [PMID: 11096150 DOI: 10.1093/ndt/15.12.2029]

6 Tessitore N, Bedogna V, Lipari G, Melilli E, Mantovani W, Baggio E, Lupo A, Mansueto G, Poli A.
Bedside screening for fistula stenosis should be tailored to the site of the arteriovenous anastomosis. Clin J
Am Soc Nephrol 2011; 6: 1073-1080 [PMID: 21441125 DOIL: 10.2215/CJN.06230710]

7 Castellarnau A, Werner M, Giinthner R, Jakob M. Real-time Kt/V determination by ultraviolet
absorbance in spent dialysate: technique validation. Kidney Int 2010; 78: 920-925 [PMID: 20631678 DOI:
10.1038/ki.2010.216]

8 Mohamed A, Davenport A. Comparison of methods to estimate haemodialysis urea clearance. Int J Artif
Organs 2018; 41: 371-377 [PMID: 29642725 DOL: 10.1177/0391398818766832]
9 Fridolin I, Magnusson M, Lindberg LG. On-line monitoring of solutes in dialysate using absorption of

ultraviolet radiation: technique description. Int J Artif Organs 2002; 25: 748-761 [PMID: 12296459 DOI:
10.1177/039139880202500802]

Raishidengs WIN | https://www.wjgnet.com 66 June 28, 2019 | Volume8 | Issue3 |


http://www.kidney.org/PROFESSIONALS/kdoqi/guideline_upHD_PD_VA/index.htm
http://www.ncbi.nlm.nih.gov/pubmed/21906166
https://dx.doi.org/10.1111/j.1525-139X.2011.00969.x
http://www.ncbi.nlm.nih.gov/pubmed/28739575
https://dx.doi.org/10.2215/CJN.02900317
http://www.ncbi.nlm.nih.gov/pubmed/28455857
https://dx.doi.org/10.1111/hdi.1999.3.1.45
http://www.ncbi.nlm.nih.gov/pubmed/11096150
https://dx.doi.org/10.1093/ndt/15.12.2029
http://www.ncbi.nlm.nih.gov/pubmed/21441125
https://dx.doi.org/10.2215/CJN.06230710
http://www.ncbi.nlm.nih.gov/pubmed/20631678
https://dx.doi.org/10.1038/ki.2010.216
http://www.ncbi.nlm.nih.gov/pubmed/29642725
https://dx.doi.org/10.1177/0391398818766832
http://www.ncbi.nlm.nih.gov/pubmed/12296459
https://dx.doi.org/10.1177/039139880202500802

w\J |\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5527 /wijn.v8.i3.67

World Journal of
Nephrology

World | Nephrol 2019 June 28; 8(3): 67-74

ISSN 2220-6124 (online)

CASE REPORT

A rare presentation of spontaneous atheroembolic renal disease: A

case report

Paramarajan Piranavan, Ashna Rajan, Vishal Jindal, Ashish Verma

ORCID number: Paramarajan
Piranavan (0000-0003-2323-7206);
Ashna Rajan (0000-0002-3818-500X);
Vishal Jindal (0000-0001-9265-0251);
Ashish Verma
(0000-0002-0606-7084).

Author contributions: Piranavan P,
Rajan A, and Verma A provided
direct patient care, collected data,
and performed follow-up.
Piranavan P and Rajan A
performed the literature review
and wrote the manuscript. Verma
A and Vishal Jindal helped locate
the relevant literature and draft the
manuscript. All authors read and
approved the final manuscript.

Informed consent statement:
Informed written consent was
obtained from the patient for
publication of this case report and
any accompanying histological
images. A copy of the written
consent is available for the review
of the journal’s editor-in-chief.

Conflict-of-interest statement: The
authors declare that they have no
competing interests or relevant
financial relationships with either
individuals or organizations.

CARE Checklist (2016) statement:
The manuscript was checked
according to the CARE Checklist
(2016).

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to

Raishidengs WIN | https://www.wjgnet.com 67

Paramarajan Piranavan, Ashna Rajan, Vishal Jindal, Department of Medicine, Saint Vincent
Hospital, Worcester, MA 01608, United States

Ashish Verma, Division of Nephrology, Saint Vincent Hospital, Worcester, MA 01608, United
States

Corresponding author: Paramarajan Piranavan, MD, Doctor, Resident (PGY3), Department of
Medicine, Saint Vincent Hospital, 123, Summer Street, Worcester, MA 01608, United States.
paramaraja.piranvan@stivincenthospital.com

Telephone: +1-508-3635000

Fax: +1-508-3639798

Abstract

BACKGROUND

Atheroembolic renal disease (AERD) is caused by occlusion of the small renal
arteries from embolized cholesterol crystals arising from ulcerated atherosclerotic
plaques. This usually manifests as isolated renal disease or involvement from
systemic atheroembolic disease. Here we report a case of AERD that responded
well to steroid therapy.

CASE SUMMARY

A 62-year-old woman with a history of hypertension and stage Illa chronic
kidney disease was referred for rapidly worsening renal function over a 4-mo
period. She complained of swollen legs, dyspnea on exertion, and two episodes
of epistaxis about a month prior to admission. She reported no history of invasive
vascular procedures, use of radio contrast agents, or treatment with
anticoagulants or thrombolytic agents. Urinalysis showed a few red blood cells
and granular casts. Serology was positive for cytoplasmic antineutrophil
cytoplasmic antibodies (c-ANCA). Non-contrast-enhanced computed
tomography of the chest, abdomen, and pelvis showed diffuse atherosclerotic
changes in the aortic arch. Thus, c-:ANCA-associated vasculitis was suspected,
and the patient was started on pulse intravenous methylprednisolone. Her renal
biopsy showed evidence of AERD. She was discharged with oral prednisone, and
her renal function continued to improve during the initial follow-up.

CONCLUSION

In cases of non-vasculitis-associated ANCA, a high degree of clinical suspicion is
required to pursue the diagnosis of spontaneous AERD in patients with clinical
or radiological evidence of atherosclerotic burden. Although no specific
treatment is available, the potential role of statins and steroids requires
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Core tip: Spontaneous atheroembolic renal disease (AERD) is a rare clinical entity. The
role of antineutrophil cytoplasmic antibodies (ANCA) in atheroembolic diseases remains
to be elucidated. Here, we report a case of rapidly progressive renal failure initially
managed as cytoplasmic-ANCA associated renal disease but subsequently diagnosed as
AERD with renal biopsy that responded surprisingly well to steroid therapy in a 62-year-
old female patient. The patient was discharged with oral prednisone, and her renal
function continued to improve during the initial follow-up. Although no specific
treatment is available, the potential role of steroids requires exploration.
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INTRODUCTION

Atheroembolic renal disease (AERD) is an important yet underdiagnosed kidney
disease that remains in need of further research. It can manifest as isolated renal
disease or as a part of systemic atheroembolic diseasel. AERD is caused by occlusion
of the small arteries in the kidneys due to embolizing cholesterol crystals arising from
ulcerated atherosclerotic plaques®”. AERD generally occurs in patients aged > 60 years
and generally complicates widespread atherosclerosis”. Increased invasive proce-
dures, awareness, and patient longevity with atherosclerotic vascular disease as well
as routine use of thrombolytic and anticoagulants in clinical practice are some of the
main reasons behind the increase in incidence of AERD!*"L.

Although 60%-80% of cases occur following invasive procedures like angiography
or vascular surgery, spontaneous cases are not uncommon! .. Studies have shown
poor renal outcomes and patient survival rates associated with AERD!. The dialysis
requirement in AERD is variable per several studies as 37%-61%!*"l. Moreover, the 1-
year reported mortality rate associated with AERD is very high and variable at 13%-
81%l. Here we report a case of rapidly progressive renal failure initially managed as
cytoplasmic antineutrophil cytoplasmic antibodies (c-ANCA) associated renal disease
but subsequently diagnosed as AERD that responded surprisingly well to steroid
therapy.

CASE PRESENTATION

Chief complaints

A 62-year-old woman with a history of stage Illa chronic kidney disease (CKD) was
referred to our hospital for rapidly worsening renal function with hyperkalemia and
metabolic acidosis. Her baseline creatinine level was 1.5 mg/dL but had increased to
5.62 mg/dL over a period of 4 mo.

History of present illness

She has noticed bilateral lower-extremity edema and dyspnea on exertion 2 wk prior
to the presentation. She denied any hemoptysis, chest pain, nausea, or vomiting. She
had two episodes of epistaxis about a month prior to admission. She had two
admissions over the prior 6 mo for hypertensive encephalopathy and influenza
pneumonia with hypoxemic respiratory failure. There was no history of any invasive
vascular procedures, use of radio-contrast agents, or treatment with anticoagulants or
thrombolytic agents.

History of past illness
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Her relevant medical history included poorly controlled hypertension, hyperli-
pidemia, transient ischemic attack (TIA), diastolic heart failure, reactive airway
disease, nephrolithiasis status post-lithotripsy, and osteoarthritis with nonsteroidal
anti-inflammatory drug usage.

Personal and family history
She reported no family history of renal disease or thrombosis. She was a non-smoker
and not a current alcohol user.

Physical examination upon admission
Her vitals were within normal limits and physical exam was normal except for
bilateral lower-extremity edema and diminished breath sounds at the lung bases.

Laboratory examinations

Laboratory examination revealed normocytic normochromic anemia, serum eosino-
philia (10%), hyperkalemia, metabolic acidosis, elevated creatinine (5.2 mg/dL), and
elevated blood urea nitrogen (69 mg/dL). Urinalysis showed few red blood cells
(RBCs), granular casts, and microalbuminuria and was negative for eosinophil and
red cell casts. Serology was positive for antineutrophil antibody, anti-cardiolipin IgM
antibody, and c-ANCA; 1:320.

Liver function tests, troponins, creatinine kinase, serum magnesium, calcium,
HbAlc, complement levels (C3, C4), serum immunoglobulin levels, coagulation
studies including prothrombin time, protein C, S levels/activity, antithrombin III
activity, and lupus anticoagulant were within normal limits. Additionally, D-dimer
was positive, and factor V Leiden mutation was negative.

Her perinuclear ANCA, atypical pANCA, anti-histone antibodies, anti-double-
stranded DNA antibodies, anti-glomerular basement membrane antibodies, myeloma
panel (serum and urine protein electrophoresis and immunofluorescence), viral panel
(hepatitis B, C; HIV serology), and urine toxicology tests were negative.

Imaging examinations

A retroperitoneal ultrasound showed diffuse cortical thinning suggestive of medical
renal disease but negative for obstructive uropathy. Non-contrast-enhanced com-
puted tomography of the chest, abdomen, and pelvis was unremarkable except for
diffuse atherosclerotic changes in the aortic arch. An electrocardiogram showed
normal sinus rhythm, without any significant ischemic changes. A transthoracic
echocardiogram showed a normal ejection fraction and was negative for atrial
myxoma, vegetation, or intracardiac thrombi.

Initial management

She was clinically volume overloaded and had no oliguria. She responded well with
good urine output to intravenous diuretics. Hyperkalemia and metabolic acidosis
were improved upon initial medical management. In the background of rapidly
worsening renal function with a positive titer of ANCA and history of epistaxis,
ANCA-associated vasculitis was suspected; thus, she was started on pulse therapy of
IV methylprednisolone 1 g/d. A renal biopsy was postponed to day 4 after admission
due to relative contraindications such as aspirin usage, poorly controlled hyperten-
sion, and the patient’s inability to assume a prone position due to body habitus. Once
she was medically optimized, an interventional radiologist performed the renal
biopsy under anesthesia. She was discharged with prednisone 60 mg because the
biopsy report was not yet available at the time of discharge.

FINAL DIAGNOSIS

AERD. The biopsy showed major pathology of atheroembolic kidney with minimal
acute tubular necrosis (ATN) that was negative for glomerulonephritis (Figure 1-4).

TREATMENT

There is no specific treatment for AERD; rather, care is generally supportive. The
aspirin and statin that she was on for risk factor control for prior TIA were continued
upon discharge. Due to her steroid responsiveness as shown in isolated case reports in
the past, prednisone 40 mg was continued with the intention of a slow taper.
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Figure 1 Atheroembolic disease of the kidney. A, B: Several small arteries and arterioles are affected and show needle-shaped clefts in occluded and recanalized

vessels (see arrow).

OUTCOME AND FOLLOW-UP

Her renal function continued to improve, and the serum creatinine level had declined
to 2.9 mg/dL at the 1-mo follow up. An ANCA test repeated twice after her 1-mo
follow-up visit was negative.

DISCUSSION

Rapidly worsening renal function in a patient with pre-existing CKD can be cha-
llenging, especially when the differentials are broad. In our patient, the differentials
were broad, initially including all pre-, intra-, and post-renal causes. The normal
retroperitoneal ultrasound excluded post-renal obstructive uropathies. She had a
recent hospital admission within the previous few months for pneumonia, but there
were no documented hypotensive, sepsis, or cardiorenal episodes to suggest a pre-
renal cause. Intra-renal etiologies include glomerular disease, tubular disease,
interstitial pathologies, and vascular disease including medium-vessel vasculitis and
thrombotic microangiopathies. History and physical exam findings were not strongly
supportive of any of the above.

Although ANA tested positive, she had no other manifestations of lupus including
renal biopsy evidence. She had a positive c-ANCA titer with a history of recurrent
hematemesis but no significant hematuria, proteinuria, or dysmorphic RBCs;
urinalysis revealed bland sediments. However, based on a high degree of clinical
suspicion of ANCA-associated vasculitis, she was started on steroid pulse therapy.
The biopsy confirmed predominant AERD pathology, and the presence of serum
eosinophilia supported the above findings. In addition, computed tomography scans
showed a significant atherosclerotic burden from the aortic arch to the abdominal
aorta. However, she had no history of invasive vascular procedures, anticoagulation,
or hemodynamic instability prior to the initial presentation.

Although the impact of technology upon health care is immense, diagnosing AERD
remains challenging!”'’. The association between atheroembolism and ANCA
positivity is exceedingly rare!"'l. A recent literature review performed by Zhang et al"!!
mentioned 12 cases (3 with c-ANCA, 6 with p-ANCA, 1 with both, 2 positive for
ANCA by early indirect immunofluorescence) of cholesterol embolism with ANCA
positivity. Of those 12 patients, the mean age was 69 years; 10 were males with
multiple medical comorbidities"'l. One-third of the patients had spontaneous
atheroembolism like our patient!"!. The role of ANCA in atheroembolic diseases
remains to be elucidated. A positive c-ANCA result without any systemic evidence of
vasculitis at the time of testing was reported previously in the literature attributed to
various reasons like cross-reactivity, non-specific neutrophil-activating properties,
and analytical false values!'”.

Two forms of AERD have been reported!l. Acute or sub-acute AERD manifests
from a single episode or recurrent episodes of massive showering of cholesterol
emboli from ruptured unstable plaques!'. Conversely, the slow erosion of atheros-
clerotic plaques leads to chronic AERD!". Although aortic atherosclerosis is essential
for diagnosis, few patients with aortic atherosclerosis develop AERD!"***l. Invasive
angiography and vascular surgeries are the usual triggering factors for iatrogenic
AERDP. Hemodynamic instability and anticoagulation contribute to spontaneous
cases of AERD!*“'l. Anticoagulation leads to bleeding inside the plaque and
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Figure 2 Focal global and segmental glomerulosclerosis (50% of glomeruli). Arrow: Acute tubular injury, mild.

subsequent rupturel>'/l. Mechanical trauma plays a key role, while angiography,
particularly coronary angiography, is the most common iatrogenic causel'“l. In a good
proportion (4%-13%) of cases, the disease remains idiopathic!'l.

Cholesterol crystal embolization affects the skin, gastrointestinal system, kidneys,
retina, lower-extremity skeletal muscles, and brain!"**l. Two large renal biopsy
studies””’l revealed an AERD frequency of 1%, while other studies based on
autopsies of elderly patients who died after aortography or aortic surgery reported a
frequency of 12%-77 %"l Risk factors include older age, male, diabetes, hypertension,
hyperlipidemia, and smoking!l. It is generally associated with other atherosclerotic
diseases. Contrast-induced nephropathy (CIN) and ATN are associated with AERDP.
In CIN, renal function declines 1-2 d after contrast exposure” Conversely, in AERD,
the decline in renal function is delayed, varying from days to weeks, except in a few
rare cases of massive large showers of emboli*”!. Serum eosinophilia is noted up to
80% of patients with atheroembolic disease!*. It is very challenging to differentiate
atheroembolic disease from vasculitis, particularly with multi-organ involvement
including skin manifestations like livedo reticularis and purple toe syndromel.
Chronic forms are confused with ischemic nephropathy and hypertensive nephro-
pathy®.

When the clinical triad of a precipitating event, acute or subacute renal failure, and
typical skin findings is present, a biopsy is not required”. The presence of eosino-
philia generally supports the diagnosis of AERD!. Histopathology usually reveals
cholesterol crystal emboli as biconvex needle-shaped empty clefts identified in the
lumen of arcuate and interlobular arteries!'”. These cells are referred to as ghost cells
since they dissolve during processing!’l. Ischemic and inflammatory changes are
observed in the lesions distal to the embolization"’!.

Treatment is usually supportive and aims to restrict ischemic damage and prevent
recurrent embolization”. Preventive management aims to avoid further precipitating
factors, while medical intervention includes the aggressive treatment of hypertension,
cardiac, renal failure, or optimal dialysis typel”. No randomized controlled clinical
trials of AERD treatment have been performed . Belenfant and co-workers showed
improvement in symptoms and nutritional intake with a low-dose steroid (0.3
mg/kg) in 18 patients with relapsing disease®!. Dahlberg et al*! and a few other
studies showed the role of high-dose steroids*!. Conversely, a prospective study of
354 patients with AERD showed no improvement in renal or patient outcomes!'l.
Thus, steroid usage could play a role and may feature multi-system involvement,
recurrent and progressive disease, and systemic inflammation!. Statins were justified
with favorable outcomes in a few studies, and isolated reports have shown success
with iloprost, pentoxifylline, and low-density lipoprotein apheresis!” Antiplatelet
agents and low molecular weight dextran have not shown a benefit!'’l.

Although the role of steroids is controversial, we decided to continue the steroids at
a lower dose since our patient’s renal function showed significant improvement. One
could argue alternative explanations like spontaneous resolution of the disease in the
setting of ATN (especially when her repeat ANCA was negative at the 1-month
follow-up), but further studies are needed to confirm this in the future. The high-
intensity statin was continued. We have limited data regarding the sequelae of AERD
and renal outcome, requirements for dialysis, and survival rates?”. Future research is
needed regarding the potential benefits of steroids and statinst.
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Figure 3 Electron microscopy showing sparsely distributed mesangial and glomerular capillary wall deposits
(electron dense) (see arrow).

CONCLUSION

In summary, AERD has become a recognizable cause of acute or chronic renal failure.
In cases like the above in which non-vasculitis was associated with ANCA tests, a
high degree of clinical suspicion is required to pursue the diagnosis of spontaneous
AERD in patients with clinical or radiological evidence of the atherosclerotic burden.
No specific treatment is available, and the potential role of statins and steroids requi-
res exploration.
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C

lambda Fibrin

Figure 4 Ultra structural features suggestive of a mild and currently quiescent or inactive IgA nephropathy or sequelae of an IgA-dominant infection-
associated glomerulonephritis. There are sparsely distributed mesangial and glomerular capillary wall deposits reactive for IgA, IgM, C3, and with equal expression
of kappa and lambda light chains. There are no signs of a currently active glomerulitis. A: Mild IgA deposition; B: IgG deposition; C: IgM deposition; D: C3 deposition;
E: Kappa and lambda chain deposition; F: Fibrin deposition.
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Abstract

Mycophenolic acid, the active metabolite for mycophenolate mofetil and
mycophenolic sodium, is a strong, noncompetitive, reversible inhibitor of inosine
monophosphate dehydrogenase, the key enzyme in de novo synthesis of
guanosine nucleotides leading to selective inhibition of lymphocyte proliferation.
Mycophenolic acid has been evaluated as induction and remission maintenance
agent in the treatment of antineutrophil cytoplasmic antibody-associated
vasculitis (AAV). Since the course of disease of AAV usually requires long term
immunosuppression, mycophenolate has been explored as a less toxic agent
compared to cyclophosphamide and azathioprine. Mycophenolate is a potent
immunosuppressive agent in the therapy of AAV, non-inferior to other available
drugs with comparable side effect profile. Therefore, it could be a valuable
alternative in cases of toxicity with life threatening side effects or intolerance to
cyclophosphamide or azathioprine, in cases with high cumulative dose of
cyclophosphamide, but also in cases with insufficient response. Several studies
have shown a higher relapse rate following discontinuation of mycophenolate or
in mycophenolate treated subjects that raises concerns about its usefulness in the
treatment of AAV. This review describes the efficacy of mycophenolate in AAV
as remission induction agent, as remission maintenance agent, and as therapeutic
option in relapsing AAV disease, the relapse rate following discontinuation of
mycophenolate, and the adverse events related to mycophenolate treatment.

Key words: Mycophenolic acid; Mycophenolate mofetil; Mycophenolate sodium,;
Antineutrophil cytoplasmic antibody-associated vasculitis; Microscopic polyangiitis;

Granulomatosis with polyangiitis; Induction; Remission; Relapse

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Antineutrophil cytoplasmic antibody-associated vasculitis is characterized by a
remitting - relapsing course of disease that requires long term immunosuppression.
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Mycophenolic acid has been evaluated as induction and remission maintenance agent in
the treatment of antibody-associated vasculitis as a less toxic agent compared to
cyclophosphamide and azathioprine. Mycophenolate has been proven a potent
immunosuppressive agent and non-inferior to other available drugs with comparable side
effect profile, but several studies have shown a higher relapse rate following
discontinuation of mycophenolate or in mycophenolate treated subjects. In this review,
the role of mycophenolate in treatment of antibody-associated vasculitis is further
discussed.

Citation: Koukoulaki M, Iatrou C. The role of mycophenolate in the treatment of
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INTRODUCTION

Mycophenolic acid was initially introduced successfully as a therapeutic agent of
solid organ transplantation, reducing the incidence of acute rejection in renal
transplant recipients!'l. The encouraging efficacy of mycophenolate prompted the
assessment of its potency in the treatment of antineutrophil cytoplasmic antibody
(ANCA) associated vasculitis (AAV), both as induction and maintenance therapy.
ANCA-AAYV includes granulomatosis with polyangiitis (GPA) (formerly Wegener’s
granulomatosis, WG), microscopic polyangiitis (MPA), and eosinophilic GPA
(formerly Churg-Strauss syndrome, CSS). AAV has a variable course of disease
activity with phases of remission and relapse requiring therapeutic regimens initially
for induction of remission and subsequently for maintenance of remission.
Historically, the standard induction treatment plan included high doses of
corticosteroids and cyclophosphamide (CYC) that resulted in complete remission
rates around 70% with increased percentage of relapse after lowering or discontinuing
immunosuppression”. Azathioprine was usually employed as maintenance of
remission agent. However, despite their efficacy, both CYC and azathioprine were
accompanied with significant side effects regarding infection and malignancies that
imposed a hindrance in long term or repeated therapies that are frequently necessary
in AAV. Therefore, other agents less toxic but with similar efficacy were explored,
such as mycophenolate acid, rituximab, deoxyspergualin, infliximab, or etanercept.

For the purposes of this review, we searched published clinical studies of
mycophenolate in AAV and more specifically GPA and MPA as induction agent and
maintenance treatment.

MYCOPHENOLIC ACID MECHANISM OF ACTION

Mycophenolic acid is the active metabolite for mycophenolate mofetil and
mycophenolic sodium. It is a strong, non-competitive, reversible inhibitor of inosine
monophosphate dehydrogenase, the key enzyme in de novo synthesis of guanosine
nucleotides leading to selective inhibition of lymphocyte proliferationl”. Purine
synthesis could be also achieved via the salvage pathway in the majority of eukaryotic
cells but not in lymphocytes that are more dependent on de novo pathway than on the
salvage pathway. Therefore, the administration of mycophenolic inhibits DNA
synthesis in the S phase of cell cycle and subsequently lymphocyte proliferation.
Experimental models have confirmed that mycophenolic acid reduces the production
of lymphocyte-derived cytokines such as interferon-gamma and tumor necrosis factor
alpha, proinflammatory cytokines produced by monocytes, along with inhibition of
primary humoral responses.

Mycophenolate mofetil and mycophenolic sodium are usually orally administered,
undergo rapid absorption, and metabolized to the active metabolite mycophenolic
acid. Due to the enterohepatic recirculation, the inactive phenolic glucuronide of
mycophenolic acid is converted back to mycophenolic acid. A minor percentage of
acylglucuronide of mycophenolic acid is also formed that is an active metabolite and
could be responsible for side effects like diarrhea or leucopenia. It should be further
noted that monitoring plasma mycophenolic acid levels is not routinely performed!".
Several measurements are required over a period of 12 hours in order to calculate the

Raishidengs WIN | https://www.wjgnet.com 76 August21,2019 | Volume8 | Issue4 |



Koukoulaki M et al. Mycophenolate in ANCA associated vasculitis

area under the curve, which is not realistic in every day practice.

In regard to drug interactions, it is important to mention that antacids and proton
pump inhibitors, which are commonly used, decrease exposure to mycophenolic but
without any effect on transplant rejection rates. However, it is suggested that these
two drug categories should avoid co-administration with mycophenolicP. Further
significant drug interactions concern colestyramine, sevelamer, ciclosporin A, and
medicinal products that interfere with the enterohepatic circulation, and for that
reason it is suggested to administer their drugs at different times.

MYCOPHENOLIC ACID AS INDUCTION TREATMENT

Mycophenolate has been evaluated as induction treatment in patients with relapsing
AAV who have been exposed to significantly high doses of CYC or had
contraindication to CYC (Table 1). Joy et al’! reported their experience in a limited
number of 12 patients with relapsing or grumbling AAV that required induction
therapy. The majority were proteinase 3 ANCA (PR3-ANCA) positive (75%). In a 6-
mo induction phase, 60% achieved remission at least for a short period of time with
negative Birmingham Vasculitis Activity Score, leading to sustained remission in 30%
but also to relapse in 30% while five patients failed to show any signs of positive
response.

Three prospective randomized studies comparing CYC to mycophenolate have
been conducted as induction of remission treatment”). Two published clinical trials
have been performed in China and a third was led by the European Vasculitis Study
(EUVAS) group. Hu et al! examined the efficacy of mycophenolate versus CYC as 6-
mo induction therapy in 34 patients diagnosed with MPA and one patient with GPA.
After excluding subjects lost during follow-up, the mycophenolate group showed
superior remission rates than the CYC group. More specifically 77.8% (14/17) of the
mycophenolate group and 61.5% (8/13) of the CYC group achieved remission. The
other Chinese trial randomized 41 patients, all tested myeloperoxidase ANCA (MPO-
ANCA) positive, with active disease to receive CYC or mycophenolate!’l. Remission
rates were higher though not statistically significant in the mycophenolate group
(78.9%) than in CYC group (63.5%). A limitation of both studies is the short period of
6 mo follow-up, so no data regarding relapse rates are included in the published
results.

The EUVAS group designed an international randomized study in 140 patients
with newly-diagnosed AAYV to be treated with mycophenolate or CYC as induction of
remission!”. This clinical trial concluded that remission was induced in 67% (47/70)
mycophenolate versus 61% (43/70) CYC treated subjects. Even though the primary
remission induction end-point of non-inferiority of mycophenolate was achieved, the
mycophenolate treated group displayed more relapses (33% vs 19%) during the
follow-up period along with shorter relapse-free survival. Further, the authors
comment that in the mycophenolate group, higher relapse rate was accounted in PR3-
ANCA patients but not in MPO-ANCA patients.

MYCOPHENOLIC ACID AS MAINTENANCE TREATMENT

Mycophenolate was initially administered as a remission maintenance agent (Table 2).
The first report was published in 1999 by Nowack et all'"! describing the efficacy of
mycophenolate in nine patients with WG and two patients with MPA as maintenance
therapy after achieving remission with standard protocol with CYC, corticosteroids
and plasma exchange. Remission was maintained with 2 g/d of mycophenolate and
low dose of corticosteroids (less than 7.5 mg/d) during the follow-up period of 15 mo
with the exception of one relapse at 14 mo. In 2004, another small cohort of 14 WG
patients evaluated mycophenolate as remission maintenance agent following initial
treatment with CYC and corticosteroids!''l. Relapse rate was reported in 43% (6/14
patients) at a median time from remission to relapse of 10 mo (range 1-25 mo).

A study by Koukoulaki and Jaynel'” in 2005 reviewed retrospectively the efficacy of
mycophenolate during the maintenance phase in 29 AAV patients. A relapse rate of
48.3% (14/29 patients) was reported in a period of 12 mo with mean time to relapse of
14.1 +13.9 mo.

Iatrou et al"”l reported their experience of mycophenolate as maintenance therapy in
22 newly diagnosed patients with AAV and renal involvement. The majority of
patients were diagnosed with MPA (16 patients) followed by WG (four patients)
along with one patient with renal limited vasculitis and one with CSS with renal
vasculitis. Induction protocol consisted of intravenous CYC and corticosteroids that
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Table 1 Mycophenolic acid for induction treatment in antineutrophil cytoplasmic antibody-associated vasculitis

Authors Yr Study design  No Pt Diagnosis ANCA Follow-up in mo Remission rate
Joy et all°) 2005 Case series 12 WG: 7, MPA: 2, MPO: 3, PR3: 9 12 6/10 - 60%
Renal Limited: 2;
CS:1
Koukoulaki et 2006 Case series 22 N/A N/A 24 18/22 - 81.8%
212l
Stassen et all'”] 2007 Cohort 32 MPA: 3, WG:29 MPO: 3; PR3:29 48 Complete

remission: 25/32 -
78%; Partial
remission: 6/32 -
19%

Hu et al’] 2008 Randomized 35 N/A MPO: 28; PR3:2 6 Mycophenolate:
77.8% (14/18);
CYC: 61.5%
(8/13)

Silva et all'] 2010 Cohort 17 MPA: 17 MPO: 17 18 Remission at 6
mo: 13/17 - 76%;
Sustained

remission at 18
mo: 12/17 - 70%

Han et al’! 2011 Randomized 42 N/A MPO: 42 6 Mycophenolate:
78.9% (14/18);
CYC: 63.6%
(8/13)

Jones et all’) 2018 Randomized 140 MPA: 49; GPA: 91 MPO:53; PR3:82 18 Mycophenolate:

67% (47/70);
CYC:61% (43/70)

Chen et all"’) 2016 Cohort 34 MPA: 34 MPO: 34 86 31/34-91.2%

ANCA: Antineutrophil cytoplasmic antibody; AZA: Azathioprine; CYC: Cyclophosphamide; MPA: Microscopic polyangiitis; MPO: Myeloperoxidase; No:
Number; N/A: Not available; PR3: Proteinase 3; Pt: Patients; WG: Wegener’s granulomatosis.

were withdrawn at the end of the induction phase, followed by remission protocol
that consisted of mycophenolate monotherapy for 18 mo. After the 18 mo of
maintenance treatment, mycophenolate was only given in case of relapse and the
mean follow-up was 42 mo (range 24-101 mo). However, until the end of the follow-
up period 31.58% of the patients had relapsed, and 15.8% progressed to end stage
renal disease. The extension of the study, with the addition of new cases (in total 34
patients) and a median follow-up of 97.5 mo (range 66-128), showed significantly
declining efficacy of mycophenolate as a maintenance treatment in patients with AAV
during long-term follow-up. During the follow-up period, 13 patients (38.2%) had
relapsed (5/13 had more than one relapse: Three patients had two relapses, one
patient - three relapses, and one patient four relapses), and at the end of the follow-up
period 18 patients (53%) were undergoing chronic hemodialysis and 9/34 (26.4%) had
died (unpublished data presented in the 19" PanHellenic Congress of Nephrology).

The International Mycophenolate Mofetil Protocol to Reduce Outbreaks of
Vasculitides study was an open label randomized controlled trial in AAV, including
156 newly diagnosed patients with either WG (n = 100) or MPA (n = 56)!"l. CYC and
corticosteroids were administered for induction of remission. For maintenance of
remission, patients were randomized to receive azathioprine (n = 80) or
mycophenolate (1 = 76). It should be noted that prednisolone dose was 15 mg/d
beginning the remission regimen, tapered to 5 mg/d at 12 mo, and discontinued at 24
mo. Follow-up was extended up to 42 mo. The overall relapse rate was 55% (42/76) in
the mycophenolate group compared to 37.5% (30/80) in the azathioprine group.
Correspondingly major relapses were more common in the mycophenolate treated
patients (n = 18) versus the azathioprine group (n = 10).

MYCOPHENOLATE FOR INDUCTION AND MAINTENANCE
OF REMISSION

In addition to the evaluation of mycophenolate either as induction agent or as
remission maintenance agent after induction of remission with CYC, there is a series
of studies evaluating mycophenolate both as induction (Table 1) and maintenance
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Table 2 Mycophenolic acid for remission maintenance treatment in antineutrophil cytoplasmic antibody-associated vasculitis

Authors Yr Study design  No Pt Diagnosis ANCA Follow-up in mo Relapse rate

Nowack et all'l 1999 Cohort 11 WG:9; MPA:2  PR3:9; MPO: 2 1/11 - 9% time to
relapse 14 mo

Langford et all''l 2004 Cohort 14 WG cANCA: 13; Median 18 (range 6/14 - 43%

PANCA: 1 1-50) median time to

relapse 10 mo

Koukoulaki et 2006 Case series 29 N/A N/A 24 14/29 - 48.3%

al[IZ]

Stassen et all'”l 2007 Cohort 32 WG:29; MPA:3  PR3:29; MPO:3 48 Median time to

relapse: 16 mo;
Relapse free
survival 1-yr:
63%, 3-yr: 38%, 5-

yr:27%
Tatrou et alt"”! 2009 Cohort 22 MPA:16; WG:4, MPO:18;PR3:4 18 6/19 - 31.58% -
RENAL median time to
LIMITED: 1; CSS: relapse 21.5 mo
1 (range 18-60 mo)
Silva et all'"! 2010 Cohort 13 MPA: 13 MPO: 13 18 1/13-7.7%
Hiemstra et all'!! 2010 Randomized 156 WG: 90; MPA: 56 MPO: 51; PR3: 90 39 MYCOPHENOL
ATE GROUP

42/76 - 55% (18
major, 24 minor
relapses); AZA
30/80-37.5% (10
major, 20 minor

relapses)

Draibe et all'®l 2015 Case series 20 N/A MPO: 18 N/A 3/20 - 16% (time
to relapse 18-23
mo)

Chen et all'”} 2016 Cohort 31 MPA: 31 MPO: 31 86 7/31-22.6%

median time to
relapse 43 mo
(IQR 10-128 mo)

ANCA: Antineutrophil cytoplasmic antibody; AZA: Azathioprine; CYC: Cyclophosphamide; IQR: Interquartile range; MPA: Microscopic polyangiitis;
MPO: Myeloperoxidase; CSS: Churg-Strauss syndrome; No: Number; N/ A: Not available; PR3: Proteinase 3; Pt: Patients; WG: Wegener’s granulomatosis.

treatment (Table 2).

A cohort of 32 AAV patients mostly with GPA (29/32) with active disease were
treated with oral prednisolone in combination with mycophenolate for 12 mo as
induction of remission and subsequently with tapered dose of mycophenolate until 24
mo!"”’l. Complete or partial remission was induced in 78% (25/32) and 19% (6/32),
respectively. The authors report 1-, 3-, and 5-year free survival of 63%, 38%, and 27%,
accordingly correlating the rates of relapse to previous exposure to CYC.

Likewise, another cohort of 17 MPA patients reported induction of remission with
mycophenolate based treatment protocol in 76% (13/17) with prolonged remission at
the end of follow-up at 18 mo in 70% (12/17)"\.

A retrospective study by Chen et al'! evaluated mycophenolate as induction and
maintenance treatment in 34 MPA patients with extended follow-up up to 7 years.
Chen et al"? administered mycophenolate both for induction and remission regimen.
Patients who achieved remission with mycophenolate continued treatment with
mycophenolate and corticosteroids for a median period of 24 mo (interquartile range
15-53 mo). Relapse rate was 22.6% (7/31), with a median time to relapse of 43 mo
(interquartile range 20-128 mo).

A Spanish group reported their experience with mycophenolate as induction
therapy in 29 patients and as maintenance treatment in 67 patients with AAV, the
majority MPO-ANCA positive!"l. Treatment plan consisted of 3 mo induction phase
and then maintenance phase up to 24 mo while patients remained on low dose of
prednisolone along with reduced dose of mycophenolate depending on disease
activity. During the follow-up period six patients experienced renal relapse and two
patients relapsed with cutaneous manifestations (in total 8/67, 11.9%). In terms of
initial regimen, three subjects had been treated with CYC and three with
mycophenolate. During the maintenance period, four patients progressed to end stage
renal disease requiring renal replacement therapy.
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MYCOPHENOLIC ACID IN RELAPSING OR REFRACTORY
VASCULITIS

A pilot study of efficacy of mycophenolate in relapsing or resistant AAV included 10
patients with active disease evaluated with Birmingham Vasculitis Activity Score.
Transient complete remission was accomplished in six patients (60%), while just three
of them maintained long-lasting remission!”l.

A retrospective analysis of 22 patients with active or partially controlled AAV who
received mycophenolate while on relatively low dose of prednisolone showed 81.8%
(18/22) induction of remission'”). However, the initial response was temporary with
more than 50% relapse rate (55.6%, 10/18) through a period of 24 mo.

ADVERSE EVENTS WITH MYCOPHENOLATE TREATMENT

Adverse events related to mycophenolate treatment are associated with its
mechanism of action. Therefore, rapidly regenerated cells such as the gastrointestinal
track are affected, along with the leucocytes that are the main site of drug’s action.
Certainly, as an immunosuppressant agent, mycophenolate leads to increased risk of
infections. In our case-series of 34 AAV patients treated with mycophenolate in
accordance with published experience, mild gastrointestinal intolerance was reported
in two patients, increased serum amylase in three patients, leucopenia in two patients,
and herpes zoster infections in three patients. All adverse events resolved by reducing
the dose of mycophenolate mofetil.

Among the commonest adverse events related to mycophenolate treatment
regarding the gastrointestinal tract are diarrhea, nausea, bloating, vomiting,
abdominal pain, and rectum bleeding. Another frequent side effect is leucopenia and
seldom pancytopenia. Like all immunosuppressive agents, mycophenolate increases
the possibility of infections through re-activation of latent viruses, like herpes zoster
or cytomegalovirus, and more commonly in transplanted population and respiratory
infections. Further cognitive or psychological side effects have been reported in some
studies!®'*'“l. A small number of cases with sleeping difficulties or insomnia, poor
concentration, headache, and depression have been described.

All the studies conclude that most of the adverse events are temporary and
reversible with dose reduction or rarely discontinuation of mycophenolate, which is
considered a well tolerated with low toxicity immunomodulating drug.

CONCLUSION

This is a mini-review to summarize published clinical studies with mycophenolate in
AAYV and describe the experience of our center. Mycophenolate was introduced in the
therapeutics of AAV in the middle of the 1990s!'"). Relatively few clinical studies have
been published, usually as cohorts of patients, describing single-center experience.
The EUVAS study group has led important clinical trials, two of which concern the
efficacy of mycophenolate as induction and as remission maintenance agent in AAV
and include a considerable number of patients!”'?. Taken into account published
studies, mycophenolate is an effective treatment for induction and maintenance of
remission of AAV. In 2016, the European League Against Rheumatism and European
Renal Association-European Dialysis and Transplant Association recommendations
for the management of AAV state that mycophenolate could be used as remission
induction of non-organ threatening vasculitis and as remission maintenance agent!'’l.
For both indications mycophenolate is not the first choice as supported by published
clinical trials. Published experience could not provide plausible explanations for the
reasons that mycophenolate, even though a potent immunosuppressive with great
and superior efficacy in organ transplantation, was not superior to other treatment
options in AAV. The hypothesis of inadequate dosing or the type of positivity of
ANCA, PR3 or MPO, vasculitis was not proven or supported by clinical data.
Mycophenolate’s efficacy in AAV is not doubted. So far it has been proven non-
inferior to other options like CYC or azathioprine and should not be considered
obsolete. Therefore, mycophenolate could still be a valuable alternative in cases of
toxicity with life threatening side effects or intolerance to CYC or azathioprine, in
cases with high cumulative dose of CYC, and also in cases with insufficient response.
Several studies have shown a higher relapse rate following discontinuation of
mycophenolate or in mycophenolate treated subjects. The complicated course of AAV
with relapsing-remitting course requires treatments with long-term efficacy without
significant side effects in order to minimize exposure to immunosuppression. Among
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the available options, rituximab may have potential both as induction and
maintenance of remission agent”-*?l. Despite the recognized increased cost of
rituximab, its efficacy could be proven superior and ultimately cost-effective; and,
therefore, its role should be further investigated in AAV.
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Abstract

Urothelial carcinoma of bladder is the second most prevalent genitourinary
disease. It is a highly heterogeneous disease as it represents a spectrum of
neoplasms, including non-muscle invasive bladder cancer (NMIBC), muscle
invasive bladder cancer (MIBC) and metastatic lesions. Genome-wide approaches
and candidate gene analysis suggest that malignant transformation of the bladder
is multifactorial and a multitude of genes are involved in the development of
MIBC or NMIBC phenotypes. Wnt signaling is being examined to control and
maintain balance between stemness and differentiation in adult stem cell niches.
Owing to its participation in urothelial development and maintenance of adult
urothelial tissue homeostasis, the components of Wnt signaling are reported as an
important diagnostic and prognostic markers as well as novel therapeutic targets.
Mutations/epigenetic alterations in the key molecules of Wnt/ 3-catenin
canonical pathway have been linked with tumorigenesis, development of drug
resistance and enhanced survival. Present review extends our understanding on
the functions of key regulatory molecules of canonical Wnt/-catenin pathway in
urothelial tumorigenesis by inducing cancer stem cell phenotype (UCSCs).
UCSCs may be responsible for tumor heterogeneity, high recurrence rates and
complex biological behavior of bladder cancer. Therefore, understanding the role
of UCSCs and the regulatory mechanisms that are responsible for high relapse
rates and metastasis could help to develop pathway inhibitors and augment
current therapies. Potential implications in the treatment of urothelial carcinoma
of bladder by targeting this pathway primarily in UCSCs as well as in bulk tumor
population that are responsible for high relapse rates and metastasis may
facilitate potential therapeutic avenues and better prognosis.

Key words: Chemoresistance; Therapeutic approaches; Urothelial carcinoma of bladder;
Urothelial cancer stem cells; Wnt/B-catenin

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Wnt/B-catenin signaling pathway plays significant role in maintaining balance
between stemness and differentiation in adult stem cell niches. Mutations/epigenetic
alterations in the regulatory components of Wnt/B-catenin signaling lead to acquisition of
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urothelial cancer stem cell phenotype, chemoresistance and enhanced survival. Key
regulatory molecules of Wnt/B-catenin pathways are being examined as diagnostic/
prognostic markers as well as novel therapeutic targets in urothelial tumorigenesis.
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NTRODUCTION

Bladder cancer is the second most prevalent genitourinary disease and ranks ninth
most common cause of deaths due to cancer worldwide. Nearly 90% of bladder
cancers are diagnosed as urothelial carcinoma of bladder (UCB). Industrial and
occupational exposure to carcinogens/aromatic amines, prolonged use of arsenic or
chlorine contaminated drinking water, use of tobacco, anatomical, hormonal,
genetical, and socio-economical status are considered as major risk factors for bladder
cancer!'l. Schistosomiasis infections are identified as the main cause for non-urothelial
cancer and are prevalent in many parts of the world including Africa and Middle
East.

UCB is highly heterogeneous disease as it represents a spectrum of neoplasms,
including non-muscle invasive bladder cancer (NMIBC), muscle invasive bladder
cancer (MIBC) and metastatic lesions. Around 80% of UCB are papillary bladder
tumors that arise through the non-invasive papillary pathway (primary tumor stage:
pTa-T1). Approximately 20%-30% of patients are initially presented with more
aggressive muscle invasive disease (primary tumor stage: pT2-T4) which evolves from
severe dysplasia or carcinoma in situ. Genome-wide approaches and candidate gene
analysis suggest that malignant transformation of the bladder is multifactorial and a
multitude of genes are involved in the development of MIBC or NMIBC
phenotypesl*’l. Recent experimental studies validate the involvement of oncogenic
mutations in telomerase reverse transcriptase, fibroblast growth factor (FGF) receptor,
Harvey rat sarcoma viral oncogene, and phosphoinositide 3’-kinase (PI3K); activation
of mitogen-activated protein kinases; and increased expression of cyclin D1 in the
development of papillary cancer!”l. A strong cooperation of Ras pathway activation
with dysregulated Wnt/p-catenin signaling to drive UCB in mouse bladder has been
reported”. Gene expression, whole genome array-comparative genomic hybridization
and mutation analyses validate frequent alterations in loss of tumor protein 53
function; increased instability of chromosomes; inactivation of phosphatase tensin
homolog; severe disturbances in cell cycle regulators; loss in functions of
retinoblastoma and cyclin dependent kinase inhibitor 2A (CDKN2A)/p16INK4A; and
the effect of altered DNA methylation on the expression of cell cycle regulators, in
muscle invasive disease!*”). Castillo-Martin et al®*! report the presence of mutations in
PI3K, tumor suppressor genes, deleted in bladder cancer, tuberous sclerosis 1,
CDKN2A and patched in both papillary and invasive tumors.

Transurethral resection of the bladder tumor is the treatment of choice in NMIBC,
however, 50%-90% of patients presented with pTa (primary tumor) suffer frequent
recurrences, whereas 20%-25% of patients with pT1 tumors progress to high grade
MIBCP'l. MIBCs are treated with radical cystectomy, chemo- and radiotherapies.
Despite these therapies, about 50% of MIBC patients eventually develop metastasis!’.
Besides, possible toxic effects of adjuvant/neo-adjuvant chemo-radiotherapies may
adversely affect the quality of life and overall survival of the patients!'l. Despite of
significant advancements in treatment modalities and prognostic methods, bladder
cancer continues to be an extremely common disease with high mortality rates and
thus this disease still remains a challenge for genito-urinary surgeons.

Recently identified concept of cancer stem cell theory can be explained by the
presence of subset of cells with the self-renewal/ differentiation ability into
hierarchical cells, known as urothelial stem cells (USCs), and their transformation into
malignant counterparts, known as urothelial cancer stem cells (UCSCs). UCSCs may
be responsible for tumor heterogeneity, high recurrence rates and complex biological
behavior of bladder cancer. Therefore, understanding the role of UCSCs and the
regulatory mechanisms that are responsible for high relapse rates and metastasis may
facilitate potential therapeutic avenues and better prognosis.
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Evolutionarily conserved Wnt signaling initiates and regulates diverse range of
cellular activities including stem cell self-renewal, degree of differentiation and tissue
homeostasis. Activated Wnt signaling has been linked with tumorigenesis of many
cancer types and development of drug resistance. The present review summarizes our
understanding on detailed molecular insights of Wnt signaling into the complex
biological pathology of UCB. The paper presents an overview on the components of
Wnt signaling and their participation in urothelial stemness, tumorigenesis and drug
resistance. Understanding the mechanisms of Wnt signaling dysregulation in the
development and progression of UCB could help to develop pathway inhibitors and
augment current therapies by targeting UCSCs and bulk tumor progenies.

UROTHEILAL STEM CELLS AND UROTHELIAL CANCER
STEM CELLS

Epithelial lining of bladder wall/urothelium also known as transitional epithelium, is
composed of highly differentiated, specialized, giant, frequently multinucleated single
layered umbrella cells towards the bladder lumen and is in direct contact with urinary
space. Single layer of small polygonal basal cells with the highest proliferative
capacity due to presence of subset of basal stem cells, is organized at the stromal edge
of the basement membrane. Variable number of multilayered intermediate cells is
organized in between two layers.

Long life span; high regenerative potential; high colony-forming efficiency; high
nuclear-cytoplasmic ratio; and low granularity are the properties of slow cycling basal
USCsl'*"1. The subset of USCs lying in basal layer is characterized to express CD44,
B1/p4 integrins, cytokeratins (CK-5/14, CK-17) and laminin receptor (LR).
Nevertheless, studies on p63-null mice that lack basal/intermediate cells support the
origin of umbrella cells by another independent pool of USCs!"”l. Urothelium provides
anatomical and functional microenvironment to USCs and protect them from loss of
self-renewal ability, differentiation and apoptosis. Regenerative potential of USCs
diminishes with its differentiation into transit-amplifying cells of intermediate cell
layer and fully differentiated umbrella cells. Differential/maximal distribution of
USCs in the caudal region of the rat bladder may be correlated with relatively higher
incidence rate of carcinoma per surface area in this region!"”..

Epigenetic changes, genomic instability, altered tumor microenvironment, and
mutations in proto-oncogenes/tumor suppressor genes lead to aberrant molecular
pathways in either adult stem cells or differentiated tumor progenies and thus
transform them into a subset of unique UCSCs. These subsets of cells, also known as
side-population, are characterized by their high tumor-initiating, self-renewal,
clonogenic and proliferative potential; and enriched ability to conserve cellular
heterogeneity by inducing xenograft tumors in vivol'’l. These cells are examined to
express cell surface markers which are also shared by adult stem cells and mature
urothelial cells. USCs specific markers were used to identify and isolate UCSCs for the
first time in 2009""\. Subset of these markers included early progenitor Nestin (NES);
low carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6"*); 67LR
at the tumor-stromal interface (upregulated in 80% of invasive cancer); aldehyde
dehydrogenase 1A1 (ALDH1A1"); CD44, CD44 splice variant 6 (CD44v6); CD133; and
cytokeratins (CK5, CK7, CK17). In vivo and in vitro studies identify upregulation of
host of oncogenes including cadherin-associated protein beta 1, also known as p-
catenin; B lymphoma Moloney murine leukemia virus insertion region 1 homolog
(BMI1); GLI1; NANOG; POU domain class 5 transcription factor 1 (POUSF1)/Oct4;
and signal transducer and activator of transcription 3. Efflux of vital dye Hoechst
33342 and DyeCycle violet due to higher expression of ATP-binding cassette
transporters and multidrug resistance pumps provide evidences for their survival and
preservation of cancer stem cell phenotypel'’.

Wnt signaling pathway crosstalks and regulates diverse set of cellular activities
including embryonic development, wound healing, stemness maintenance, calcium
and tissue homeostasis, cell proliferation, and cell polarity of USCs and UCSCs!"*l. Wnt
signaling is classified into two intersecting signaling networks: (1) The canonical Wnt
(or B-catenin-dependent); and (2) Non-canonical Wnt (or f-catenin-independent)
pathways. Present review organizes collection of studies that extends our
understanding on canonical Wnt/p-catenin pathway, highlights the functions of
major components involved in maintenance of UCSCs properties, and their
therapeutic implications in the treatment of UCB.
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WNT SIGNALING IN UROTHELIAL CARCINOMA OF
BLADDER

Wnt signaling is being examined to play central role in urothelial development as well
as in the maintenance of adult urothelial tissue homeostasis!"’). The human Wnt gene
family encodes 19 evolutionarily conserved 40 kDa glycoproteins with several
glycosylation sites. Besides, Wnt ligands contain 22 or 24 conserved cysteine (Cys)
residues that participate in lipidation, impart hydrophobic character to it and
maintain their activity. Binding of secreted Wnt ligands to the members of the seven
transmembrane family G-protein coupled receptors of proteins with cysteine-rich
domains, called Frizzleds (Fzds), and their associated co-receptors, stimulates
complex network of events including, non-canonical and canonical pathways.

CANONICAL WNT SIGNALING

Canonical Wnt signaling is initiated with the activation of Dishevelled (DVL) protein,
a key cytoplasmic partner of Wnt signaling, which directly interacts with FZD at the
cytoplasmic side; promotes the phosphorylation of single-pass transmembrane
proteins of the low-density lipoprotein family called LRP5 and LRP6; and facilitates
the formation of FZD-LRP5/6 heterotrimeric complex. Recruitment of AXIN to the
inner membrane leaflet via interactions with DVL and LRP-5/6 disrupts the B-catenin
destruction complex. In Wnt “OFF” state, casein kinase 1 phosphorylation at Ser45
primes P-catenin for subsequent phosphorylation by glycogen synthase kinase-3(
(GSK-3p) on Thr41, Ser37 and Ser331***!l. Phosphorylation at N-terminal serine and
threonine residues creates a binding site for the ubiquitin ligase, SCFb-TrCP and
targets [-catenin for proteasomal degradation and consequently maintains p-catenin
in cytoplasm at a low level®. In Wnt “ON” state, binding of receptors to Wnt
activates the downstream signaling cascade; initiates the disassembly of the
destruction complex consisting of DVL/AXIN/APC (adenomatous polyposis
coli)/GSK-33/CK1; facilitates the release of the stabilized [-catenin to cytoplasm and
its translocation to nucleus. Nuclear -catenin binds with T-cell factor/lymphoid
enhancing factors (TCF/LEF) family of DNA-binding factors. It then displaces
Groucho to create a transcriptional activator complex (Figure 1). It further recruits co-
activators including histone acetyl transferases, cyclic AMP response element binding
protein, p300 and the chromatin remodeling factor Brgl. Following chromatin
remodeling, many target genes including c-myc, stromelysin, FGF, epidermal growth
factor (EGF), cyclin D1, c-Myc, CD44 and ALDH are transactivated™.

Other receptor proteins with known Wnt-binding domains, single-pass receptor
tyrosine kinase-like orphan receptor-1 and -2 (Rorl/Ror2: Structurally distinct from
Fz receptors) mediate the Wntba signal and inhibit f-catenin-TCF signaling. Another
receptor protein, tyrosine kinase, Ryk, with Wnt inhibitory factor (WIF) ligand
binding domain, is known to control Wnt3a-mediated canonical Wnt signaling.
Wnt/receptor tyrosine kinase signaling is known to be involved in human cancer
recurrence and therapeutic resistance, partly through activation of PI3K-AKT
signaling!™l.

NON-CANONICAL WNT SIGNALING

Two non-canonical pathways (a) planar cell polarity (PCP) pathway and (b) Wnt/Ca**
pathways are best-characterized and do not require the involvement of B-catenin. PCP
pathway regulates actin cytoskeletal dynamics and maintains apical-basal polarity of
cells or polarity of cells within an epithelial layer. Non-canonical Wnt ligand binding
to FZD and co-localization of a co-receptor facilitate activation and localization of
DVL to the inner membrane leaflet. This is followed by subsequent activation of actin-
binding protein Profilin and small GTPases, RHO and RAC through parallel
pathways. RHO and Profilin activation occurs through a DVL associated activator of
morphogenesis 1 (DAAM1)-dependent manner while RAC activation is in DAAM1-
independent manner. RHO-associated kinase (ROCK) and myosin downstream of
RHO activation, participate in modification and rearrangement of the actin
cytoskeleton (Figure 1). Functions of RacGTPase activated JNK in cytoskeletal
modification are remain poorly characterized* .

Activation of Wnt/Ca*pathway is mediated by binding of Wnt ligand to FZD,
followed by activation of G-proteins and DVL. Activated DVL on binding with
phosphodiesterase inhibits protein kinase G, increases intracellular calcium, as well as
phospholipase C (PLC). Membrane-bound phospholipid phosphatidyl inositol 4,5-
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Figure 1 Wnt signaling with two intersecting networks: Canonical Wnt (or B-catenin-dependent) and non-
canonical Wnt (or B-catenin-independent) pathways. Canonical Wnt pathway is shown in black color arrows
whereas non-canonical pathway is shown in yellow color arrows.

bisphosphate produces inositol triphosphate (IP3) and 1,2-diacylglycerol (DAG) by
activated PLC. IP3 triggers release of intracellular Ca**in the endoplasmic reticulum
and activates downstream targets, including calcineurin, calmodulin-dependent
protein kinase II (CamKII), and protein kinase C (PKC). Calcineurin and calmodulin
activation result in dephosphorylation and stimulation of the nuclear factor associated
with T cells transcription factors, thereby result in transcription of target genes which
are critically involved in immune response and influence ventral cell fates in
vertebrate embryos. PKC activation requires DAG, phosphorylates and activates
GTPase [cell division control protein 42 (Cdc42)]. Activation of CamKII antagonizes {3-
catenin/ TCF regulated transcription (Figure 1),

Components of Wnt/ p-catenin signaling pathway are by far the best characterized
among Wnt pathways. Complexity of Wnt signals and their functional role in cell
differentiation, polarization and migration are crucial during embryogenesis.
Nevertheless, their aberrant activation results in the development of many human
tumors and others diseases. One of the recent studies has shown the increased
expression of LRP 5/6 in many tissues and its important role in the progression of
many cancers including osteosarcoma, prostate cancer, lung squamous cell carcinoma,
primary chronic lymphocytic leukemia, triple negative breast cancer, non small cell
lung cancer and hepatocellular carcinomal®). Overexpression of WNT ligands,
impaired cytosolic p-catenin degradation, modulated activities of the TCF/LEF
transcription factors and epigenetic repression of WNT antagonists contribute to the
pathogenesis of malignant neoplasms of the hematopoietic system!’’l. Aberrant
Wnt/ B-catenin signaling due to mutations in APC and B-catenin genes is reported in
colorectal cancer™. Study by Nagahata et all””! reports the tumorigenic implication of
upregulated DVL in 50% of ductal breast cancers. Deregulation of canonical Wnt
signaling and its functions in promoting DNA damage repair and inhibiting apoptosis
has been examined to be associated with radioresistance of multiple cancerst™.

Signaling proteins of canonical Wnt/p-catenin being the most prominent
regulatory molecules of the urothelial stem cell signaling pathways may hold promise
as an early diagnostic/ prediction markers. Genomic mutations and epigenetic
changes are being examined to regulate the cancer stem cell phenotype by controlling
the expression levels of Wnt/p-catenin components. Single nucleotide
polymorphisms in about forty genes that participate in Wnt/ f-catenin stem cell
pathway are genotyped and the genomic variants have been reported to be associated
with the etiology of the bladder cancer™!. Aberrant Wnt signaling due to mutations in
B-catenin in CSCs results in induced tumorigenic proliferation®”!. Missense/
inactivating mutations in APC tumor suppressor (in 13% of tumors) and frameshift
deletions (in 3% of tumors) in regions adjacent to B-catenin binding sites result in -
catenin accumulation, dysregulation of Wnt/[-catenin in cancer cells or UCSCs,
induce neoplastic proliferation and increase invasion potential®!. Activated stromal
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cells provide appropriate microenvironment to USCs, signalize urothelium with the
canonical Wnt/ P-catenin pathway, thereby mediate proliferation in basal urothelial
cells1. Differential expression of many Wnt signaling components between UCSCs
and non-tumorigenic cancer cells including elevated protein levels of p-catenin, c-
Myc, and Wnt10a ligand in UCSCs, while Wnt7 in papillary non-invasive carcinomas
hypothesizes the involvement of stimulated Wnt signaling in urothelial
differentiation, stem cell homeostasis and cancer stem cell maintenance”**"!, Number
of endogenous Wnt inhibitors and Wnt ligand antagonists are known which include:
(1) WIF1: Binds to Wnt ligands and prevents them from triggering signaling; (2)
Secreted frizzled-related proteins (SFRPs: Interact with Wnt proteins and prevent the
latter from binding with FZD receptors); (3) Differentially expressed in ovarian
carcinoma-2/disabled homolog 2 (DOC-2/DAB2: Associates with Axin and prevents
its interaction with LRP5 co-receptor); and (4) Dickkopf-related proteins (DKKs:
Isolate LRP6 co-receptor and antagonize Wnt/ p-catenin pathway by reducing p-
catenin levels). Epigenetic silencing of these antagonists due to DNA promoter
methylation is well known mechanism in urothelial carcinogenesis. Methylation
levels of six Wnt-antagonist genes including sFRP-1, sFRP-2, sFRP-4, sFRP-5, Wif-1,
and Dkk-3 have been marked as M score and thus considered as novel epigenetic
biomarker panel for UCC!". Study by Urakami et al!! validates the methylation levels
of sFRP-2 and Dkk-3 as significant independent predictors of UCC.

Multiple studies report the cooperativity between Wnt/p-catenin and other
signaling networks in induction, maintenance of stem cell properties, cancer cell
proliferation, invasion and metastasis. Aberrant Wnt/-catenin mediated inactivation
of GSK-3p, nuclear localization of B-catenin, and transcriptional activation of c-Myc
and cyclinD1 drive human carcinogenesis through the induction of CSC features, bulk
tumor proliferation and epithelial-to-mesenchymal transition (EMT)-like changes.
EMT, a trans-differentiation process, is characterized by the loss of cell-cell
adherence/loss of apico-basal polarity; transition of cells with epithelial (E)
phenotype to mesenchymal (M) phenotype; and increased motility of cells. Mounting
evidences suggest that lower levels of E-cadherin (epithelial marker protein) due to
promoter hypermethylation may induce inappropriate responsiveness to Wnt factors.
E-cadherin acts as an inhibitor of B-catenin/TCF-mediated transcription by
sequestering P-catenin at the plasma membranel*’l. Recent studies report the
association of specific genotype of E-cadherin with susceptibility to UCB and a worse
clinical prognosist’l. Prognostic molecular switching to an invasive phenotype is
evidenced by the loss of E-cadherin and novel gain of N-cadherin during microarray
analysis of 825 UCC samples from 572 patients!*). Comparable expressions of E-
cadherin and p63 vary with tumoral degree of differentiation and the tumoral depth
of invasion in UCB. Transcriptional inactivation of p53 and TAp63 (an isoform of p63
with N-terminal transactivation domain) and loss of ANp63 (an isoform of p63 with
truncated N-terminal) correlate with poor prognosis of invasive urothelial cancer.
Loss of ANp63a followed by increased levels of N-cadherin and ERK (extracellular
signal regulated kinase) signaling activation is proposed as one of the molecular
mechanisms in the progression of invasive UCBI!*l. Overexpression of GSK-3 was
examined for attenuated cigarette smoke extract/tobacco smoke-triggered activation
of Wnt/p-catenin, EMT induction, suppressed expression of CSCs markers including
CD44, Nanog, Oct4 and ALDH1; reduced migration and invasion capacities of SV-
HUC-1 cells™.

Identification of key regulatory molecules in mechanistic regulation of Wnt/3-
catenin signaling and current knowledge on Wnt antagonists would offer potential
opportunities to develop new therapies by targeting this pathway primarily in UCSCs
as well as in bulk tumor population.

THERAPEUTIC INTERVENTIONS BY TARGETING WNT/-
CATENIN AND FUTURE PERSPECTIVES

Major mechanisms of chemoresistance are experienced by UCSCs and these include:
(1) Enzymatic breakdown of drugs; (2) Efflux of drugs; (3) Inhibition of anti-tumor
response; and (4) Inhibition of apoptosis. CSCs targeting treatment although is far
from clinical use, but it is still widely believed to be promising approach for better
curative effects. Hence, it is extremely important to comprehensively examine the
genomic profile of CSCs and decipher the associated genes in order to establish
intervention targets!"’l. Global gene expression analysis provides detailed profiling of
UCSCs and associates aggressive late stages of bladder tumor with the presence of
activated gene signature. Given the important roles and pleiotropic effects of
canonical Wnt signaling in cell self-renewal/maintenance of stemness, plasticity
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regulation (differentiation/dedifferentiation) and tissue homeostasis, loss of Wnt/ 3-
catenin pathway has been examined to be associated with the inhibition of stemness
of UCSCs. Expression studies examine that dysregulated Wnt/p-catenin support
dedifferentiation, EMT and hypoxia which might be responsible for the
transformation of early bladder cancer cells into cancer stem cells. Role of Wnt/3-
catenin pathway alone in regulating long-term tobacco smoke exposure triggered
EMT and acquisition of CSCs properties (increased expression of CD44, ALDH1,
Nanog and Oct4) has been well-demonstrated in SV-HUC-1 cells and the mice
bladdert*l.

Growing number of studies highlight the potential of Wnt/p-catenin as a
druggable target for sensitizing the small subset of UCSCs as well as bulk tumor cells.
Conserved small noncoding RNAs (about 22 nucleotides in length), known as
microRNAs or miRs, negatively regulate the expression of target genes by binding to
the 3" untranslated region of target gene. Molecular functions of most of the miRs are
still unclear, yet many miRs are established with tumor suppressive or oncogenic
functions in bladder tumor proliferation, survival and resistance. Mass spectrum
analyses revealed the overexpression of Wnt7a (Wnt family protein) in 5637 HMI cells
with high invasion capabilities than in 5637 NMI cells with low invasion capabilities.
Its higher levels are being associated with metastasis and worse clinical outcome in
UBC patients. Re-introduction of tumor suppressive miR-370-3p, which is frequently
lost in bladder cancer in 5637 HMI cells, lead to inhibition of Wnt7a and suppression
of 5637 HMI cell invasion!*l. Significant association between higher levels of miR-374a
(anti-tumor small non-coding RNA) and longer survival/ recurrence free survival of
patients documents its inhibitory effect on tumor metastasis and aggressive biological
behavior. Anti-tumor effects of miR-374a may be further explained by abrogating the
invasive/metastatic potential, and promoting apoptosis after cisplatin treatment!*’l. In
vitro experiments in T24 and TCCSUP human bladder cancer cells determined miR-
374a mediated inhibition of Wnt/p-catenin pathway by targeting Wnt5a. Antitumor
effect of miR-532-5p overexpression is being reported by targeting high-mobility
group protein B3 (HMGB3), downregulating Wnt/3-catenin signaling, and inhibiting
the proliferation and invasion of bladder cancer cells®. Lower expression of miR-1826
in bladder cancer tissues as well as in J82, T24 and TCCSUP cell lines and its negative
correlation with clinical tumor stage and tumor grade concludes its tumor suppressor
role in bladder cancer. MiR-1826-transfected cancer cells exhibited increased
apoptosis and G, cell cycle arrest via p-catenin/ MEK1/ VEGFC downregulation in
bladder cancer!™"l.

In vitro studies validate the functional roles of oncomiRs, miR-23a and miR-27a in
targeting and downregulating SFRP1 protein, a negative regulator of Wnt signaling
pathway. Oncosuppression of miR-23a and miR-27a based therapies might be
effective in reducing levels of B-catenin and suppressing proliferation, migration,
invasion of cancer cells by sensitizing them to radiotherapies or chemotherapeutic
drugsl?l. Target prediction and luciferase reporter assays were performed to
determine the regulatory relationship between miR-940 and the components of
Wnt/ pB-catenin pathway. Overexpression of miR-940 has been studied to be associated
with increased levels of c-Myc, cyclin D1, and -catenin and reduced expression levels
of p27 and p-P-catenin. Experiments on miR-940 mimics/miR-940 inhibitor small
interference RNA mediated knockdown of inositol polyphosphate-4-phosphatase
type 1 A or GSK-3p resulted in regulation of malignant behavior of bladder cancer
cells™. Down-expression of miR-940 via oncosuppressive approaches may affect the
levels of direct targets and result in suppressed cell proliferation, migration, invasion
and induced cell apoptosis. Oncogenic property of miR-135 in invasion and migration
of bladder cancer has been determined by inducing EMT and suppressing GSK-3p via
Wnt/ B-catenin signaling. Therapeutic efficacy of miR-135a may be based on blocking
its expression in cancer cells to control the levels of pB-catenin, GSK-3p, c-Myc,
cyclinD1, matrix metalloproteinase-7 (MMP-7), E-cadherin and Vimentinl. Wang et
al reported the cancer cell survival function of miR-92 via activated Wnt/c-
Myc/MMP7 signaling by targeting GSK-3p. It would be interesting to examine its
therapeutic potential by downregulating the miR-92 levels in bladder cancer cells.

Mediator complex subunitl9 (Med19) is one of components of the mediator
multiprotein complex which is known to increase DNA binding affinity of
transcription factors to RNA polymerase II, thereby transcriptionally regulates target
signaling molecules". Wen and coworkers elucidated the critical role of Med19 in
promoting invasive behavior and bone metastasis of bladder cancer cells by
stimulating bone morphogenetic protein 2 (BMP-2)F"l. Short hairpin RNA mediated
knockdown of Med19 was examined to remarkably reduce the expression of Wnt2,
active p-catenin, cyclin D1 and MMP9, and increase the levels of GSK-3p and E-
cadherin. Suppression of cell proliferation and migration in T24, UM-UC3 cells and
5637 in vitro, and inhibition of bladder tumor growth in vivo highlight the potential

Raishidengs WIN | https://www.wjgnet.com 89 September 26,2019 | Volume 8 | Issue5 |



Garg M et al. WNT/ B-catenin in urothelial cancer

role of Med19 as therapeutic target in the treatment of bladder cancer".

Curcumin with antioxidant, anti-inflammatory, anticancer and antifibrotic
properties, is considered as one of the most promising chemopreventive agents.
Interventional effects of curcumin in chronic tobacco smoke exposure-mediated
urocystic EMT and acquisition of CSC like properties are validated via inhibition of
activated Wnt/B-catenin. Suppressive effects of curcumin are further evidenced by
increased GSK-33, decreased [(-catenin, weak expression of c-Myc, cyclin D1 both in
vitro and in vivo"!. In another study, a novel natural product analogue CYD 6-17 has
been discovered to target f-catenin gene transcription by decreasing the binding of X-
box binding protein 1 to the promoter region. CYD 6-17 with an IC50 at nM range,
exhibits potent inhibitory effect on chemoresistant bladder cancer cells, thus offers
rational therapeutic regimen to MIBC. Novel mechanism for silibinin (a nontoxic
natural flavonoid) in targeting or suppressing bladder cancer metastasis has been
elucidated. Silibinin treatment to highly metastatic T24-L cell model suppressed cell
migration/in vitro invasion, inhibited bladder cancer lung metastasis and prolonged
animal survival in vivo. Dual block of EMT and stemness were identified as important
therapeutic functions of silibinin mediated inactivation of f-catenin/zinc finger E-box
binding homeobox 1 (ZEB1) signaling. Important findings of research study by Wu et
al™! on anticancer effects of silibinin include: (1) Blocking of GSK-3p phosphorylation
and nuclear translocation/transactivation of p-catenin; (2) Downregulation of Zeb-1,
cytokeratins, Vimentin and MMP2; and (3) Suppression of CSCs traits as evidenced by
decreased side population, reduced spheroid colony formation, and lower expression
of stem cell factor CD44 (Figure 2)[°l. Table 1 enlists the potential therapeutic
agents/drugs/microRNA molecules which are being exploited in targeting the
Wnt/ pB-catenin signaling components in UCSCs as well as bulk tumor progenies.

In vitro and in vivo studies provide detailed analysis on cross talk of Wnt signaling
with other niche derived signals such as BMP, Hedgehog, TGF-p, Notch, FGF, VEGFC
(vascular endothelial growth factor C). These integrated molecular pathways may act
in a hierarchy, regulate each other and thus maintain organ specific tissue
homeostasis by controlling stem cell signaling, proliferation or differentiation of
progenitor cells. Nevertheless, stimulated Wnt/ f-catenin and its regulatory circuitry
have been deciphered to influence the cancer stem cell phenotype and invasive
potential and are well characterized in many cancer types.

Understanding the coordinated activity of signaling pathways derived from
bladder organ/tissue to elucidate the in vivo control of USC and UCSCs under various
physiological and pathological conditions is urgently required. Unraveling the
complexity of Wnt/ p-catenin by investigating the hierarchical stimulation of signaling
molecules and their effects on cancer phenotype may lead to discover potential
therapeutic targets in the clinical management of Wnt-associated benign and
malignant UCB.
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Table 1 Therapeutic agents/ drugs/ microRNA molecules targeting Wnt/B-catenin signaling components in the treatment of urothelial

carcinoma of bladder

Therapeutic molecules Mechanism of action Ref.

Therapeutic agents/ drugs

Oridonin analogue CYD6-17 Targets B-catenin gene transcription by decreasing Chen et al®’}
the binding affinity of X-box binding protein 1 to
the promoter region

Silibinin Inhibits glycogen synthase kinase-3p3 (GSK-3p) Wu et all®’]
phosphorylation, f-catenin nuclear translocation
and transactivation, and zinc finger E-box binding
homeobox 1 gene transcription

Curcumin Reverses tumor smoke-elicited activation of Liang et alt*"!
Wnt/ B-catenin
Mediator complex subunit 19 (Med19) Med19 knockdown reduces the activity of Wnt/B- Yuan et al*]

catenin pathway, and its target genes, including
Wnt2, B-catenin, Cyclin-D1 and matrix
metalloproteases 9

MicroRNAs

Onco-microRNAs

miR-135a Downregulation of GSK-3 expression Mao et al™!

miR-940 Inhibits cell apoptosis via targeting inositol Wang et all™’]
polyphosphate-4-phosphatase type 1 A/GSK-33

miR-27a Targets and downregulates secreted frizzled- Meng et al®’]
related proteins 1 protein, a negative regulator of
Wnt signaling pathway

miR-23a Upregulation of B-catenin Meng et al®’!

miR-92 Activates Wnt/ cellular myelocytomatosis (c- Wang et all™]
Myc)/matrix metalloproteases 7 signaling by
targeting GSK-33

Tumor supressor-microRNAs

miR-532-5p Targets high mobility protein B3 and Xie et al™}
downregulates Wnt/ B-catenin signaling

mir-139-5p Blocks self-renewal of Urothelial cancer stem cells  Luo et all!}
by inhibiting B lymphoma Moloney murine
leukemia virus insertion region 1 homolog

miR-200a Directly interacts with 3'untranslated region of B-  Su et all*’!
catenin and suppresses Wnt/ B-catenin signaling
miR-374a Downregulation of Wnt5a in T24 and TCCSUP Chen et al*”)

bladder cancer cell lines

miR-370-3p Downregulation of Wnt7a in 5637 HM1 bladder ~ Huang et all*"!
cancer cell lines

miR-1826 Gl1 cell cycle arrest via B-catenin/mitogen Hirata et al*"}
activated protein kinase 1/vascular endothelial
growth factor C downregulation

miR-3619-5p Downregulates B-catenin and cyclin-dependent Zhang et all®’]

kinase 2 and activates tumor protein 21

GSK-3p: Glycogen synthase kinase-3(.
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Figure 2 Potential therapies based on targeting the key regulatory molecules of canonical Wnt /B-catenin signaling in urothelial tumorigenesis.
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Abstract

BACKGROUND

ABO-incompatible and ABO-compatible kidney transplantation are equivalent in
terms of short-term graft and patient survival. This is thought to be the result of
ABO-incompatible graft accommodation, which occurs when anti-blood group
antibodies re-occur after transplantation but somehow do not yield their
detrimental effect. The underlying mechanism is unclear, but one of the
hypotheses is that this is the result of complement inhibition. Since virtually all
ABO-incompatible graft biopsies are C4d positive, this complement inhibition
must occur somewhere in the complement cascade after the formation of C4d has
already taken place, but where exactly is unclear. It is also unclear whether
complement inhibition is complete. Incomplete accommodation could explain
why recent studies have shown that long-term graft function in ABO-
incompatible transplantation is somewhat inferior to ABO-compatible kidney
transplantation.

AIM
To unravel the relationship between pre-transplant anti-ABO antibodies,
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complement activation, and long-term graft function.

METHODS

We included all 27 ABO-incompatible transplantations that were performed
between 2008 and 2013 at the Academic Medical Center Amsterdam and the
University Medical Center Groningen. For each ABO-incompatible
transplantation, we included four ABO-compatible controls matched by age, sex,
and transplantation date.

RESULTS

Graft and patient survival were not significantly different. The slope of kidney
function during five-year follow-up was also not significantly different, but ABO-
incompatible recipients did have a lower kidney function at three months
(creatinine clearance 58 vs 69 mL/min, P = 0.02, Modification of Diet in Renal
Disease 46 vs 52 mL/min/1.73 m? P = 0.08), due to a high rate of early rejection
(33% vs 15%, P = 0.03), mostly T-cell mediated. Pre-transplant anti-ABO IgG titers
were positively correlated with C5b-9 staining, which itself was positively
correlated with the occurrence of T-cell mediated rejection. This may be the result
of concurrent C5a formation, which could function as a costimulatory signal for
T-cell activation.

CONCLUSION

Co-stimulation of T-cell activation by ongoing complement activation by anti-
ABO antibodies may be responsible for an impaired long-term graft function in
ABO-incompatible kidney transplantation.

Key words: ABO-incompatible; Kidney transplantation; Complement; Graft function;
Rejection

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This retrospective case-control study was designed to unravel the relationship
between complement activation, pre-transplant anti-ABO antibodies, and renal graft
function. In this study, the slope of kidney function during a five-year follow up was not
significantly different compared to matched ABO-compatible transplant recipients, but
ABO-incompatible kidney transplant recipients did have a lower kidney function at three
months, due to a high rate of early T-cell mediated rejection. Based on several
complement staining results, we argue that this may be due to co-stimulation of T-cell
activation by ongoing complement activation by anti-ABO antibodies.

Citation: van Sandwijk MS, Klooster A, ten Berge 1J, Diepstra A, Florquin S, Hoelbeek JJ,
Bemelman FJ, Sanders JS. Complement activation and long-term graft function in ABO-
incompatible kidney transplantation. World J Nephrol 2019; 8(6): 95-108

URL: https://www.wjgnet.com/2220-6124/full/v8/i6/95.htm

DOI: https://dx.doi.org/10.5527/wjn.v8.i6.95

INTRODUCTION

To combat the long waiting times of kidney transplantation there is a push to increase
deceased donation, for example by using organs from marginal donors, as well as
living donation!'l. Based on the prevalence of ABO blood groups of donors and
recipients, approximately 30% of willing and otherwise appropriate kidney donor-
recipient pairs are estimated to be blood type incompatible and do not proceed to
living donor transplantation®”l. Paired kidney exchange is a strategy that helps some
ABO-incompatible patients to find a suitable donor, although the probability of a
match varies greatly depending on the blood type combination and sensitization
status’l. For example, the chances for ABO-incompatible and sensitized non-O
recipients to find a possible match are around 60%, whereas ABO-incompatible O
recipients only have a 15% chance for a match®. It is estimated that an additional 10%-
20% of living donor kidney transplantations can be performed through the
implementation of an ABO-incompatible kidney transplantation program-l.
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ABO-incompatible kidney transplantation is precluded by the presence of
isohemagglutinins -antibodies formed against blood group A and/or B- leading to
hyperacute rejection and allograft loss. Blood group antigens are present not only in
blood, but are also expressed on renal tubular cells and endothelium!l. As first
described by Alexandre et al”], removal of isohemagglutinins through plasmapheresis
prior to ABO-incompatible kidney transplantation can prevent hyperacute rejection.
Their work on ABO-incompatible kidney transplantation in the early 1980s was
greatly expanded on in Japan, a country with very low rates of postmortal kidney
donation due to religious objectionsl®l. In Japan, it was customary to perform a
splenectomy prior to ABO-incompatible transplantation, but this practice has mostly
been abandoned after the introduction of rituximab in the last decade!”. The
introduction of rituximab has also led to a more widespread adoption of ABO-
incompatible kidney transplant programs outside Japan. In a large series of 101
European, Australian and New Zealand centers 1420 ABO-incompatible
transplantations were compared to 1:1 matched ABO-compatible transplantations!'’l.
Three-year death-censored graft survival (89.9%) and three-year patient survival
(95.6%) were not significantly different, but there was a slightly lower one-year ABO-
incompatible patient survival due to a higher rate of infections. In a large American
series comparing 738 ABO-incompatible kidney transplantations to 1:5 matched ABO-
compatible transplantations, a lower ten-year death-censored graft survival (76.1% vs
72.9% was found in ABO-incompatible kidney transplantations!'’. Ten-year patient
survival was comparable for both groups (75.1% vs 74.5%).

ABO-incompatible kidney transplantation results in superior long-term graft
survival when compared to kidney transplantation in HLA-sensitized recipients!'*'"l.
This is thought to be caused by accommodation, which occurs when anti-blood group
antibodies re-occur after transplantation but somehow do not yield their detrimental
effectl'”l. The pathophysiology of accommodation is poorly understood. Proposed
mechanisms can be divided into adaptations in the graft and in the host. Possible
adaptations in the graft include diminished blood type expression in the graft!'” and
expression of protective genes!'”l. Possible adaptations in the host include IgG subclass
switchingl’l, an increase in regulatory B and/or T cells®’], and complement
inhibition?'l. The complement inhibition hypothesis is especially intriguing in light of
the well-known fact that almost all ABO-incompatible kidney biopsies are C4d
positive, but that C4d-positivity - in contrast to ABO-compatible kidney
transplantation - is not a surrogate marker of antibody-mediated rejection!.

C4d is a split product without known biological function that is produced when
activation of the classical or the lectin pathway results in the conversion of C4 into C3.
Because it forms a stable bond to the cells in the tissue where it is deposited, it
remains visible as a footprint while antibodies dissociate over timel”. Complement
inhibition in ABO-incompatible transplantation is thought to occur more distally in
the complement cascade, i.e., after the formation of C4d has already taken place, but
the exact mechanism is unknown.

The case-control study presented here was designed to elucidate the relationship
between the rate of kidney function decline, pre-transplant anti-ABO antibodies, and
complement activation in ABO-incompatible renal transplantation. Firstly, we
investigated whether ABO-incompatible kidney transplantation is equivalent to ABO-
compatible kidney transplantation not only in terms of graft and patient survival, but
also in terms of kidney function and long-term rate of kidney function decline. Full
accommodation would imply that both groups are indistinguishable. Secondly, we
studied various markers of complement activation (Clq, C3c, C4d, and C5b-9) in
ABO-incompatible kidney biopsies.

MATERIALS AND METHODS
Study design

We conducted a retrospective case-control study in which we included all ABO-
incompatible transplantations performed at the Amsterdam University Medical
Centers, location AMC, and the University Medical Center Groningen between 2008
and 2013. For each ABO-incompatible transplantation, we included four matched
ABO-compatible controls. The matching procedure was done as follows: from all 469
ABO-compatible kidney transplantations that were performed between 2008 and
2013, we selected the transplantations scheduled six months prior or after an ABO-
incompatible transplantation in the same transplantation center. Within this group,
we selected the four kidney transplant recipients of the same gender who had the
smallest age difference with their ABO-incompatible counterpart.

All patients were treated according to standard clinical practice. All patient data
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were obtained and analyzed retrospectively after being anonymized. Patient
treatment and clinical outcomes were not in any way affected by their retrospective
inclusion in this study, implying that Institutional Review Board approval was not
required according to Dutch law.

ABO-compatible transplantation inmunosuppression

ABO-compatible kidney transplant recipients received basiliximab (20 mg on day 0
and day 4) and intravenous prednisolone (50 mg twice daily on day 0 and day 1) as
induction therapy. Post-transplantation maintenance immunosuppression consisted
of tacrolimus (target levels 10-15 ng/mL in the first six weeks and 6-10 ng/mL
thereafter), prednisolone 10 mg once daily, and mycophenolic acid (1000 mg twice
daily), with graduate tapering of immunosuppression after one year.

ABO-incompatible transplantation requirements and procedure

In order to be eligible for ABO-incompatible transplantation, patients had to have a
negative (HLA)-crossmatch with an ABO-incompatible donor and anti-ABO IgG titers
(measured twice) not exceeding 1:256. All ABO-incompatible kidney transplant
recipients received a single dose of rituximab of 375 mg/m? 30 d prior to their
scheduled transplantation. Maintenance immunosuppression consisted of
prednisolone, tacrolimus and mycophenolic acid, in identical dosages as in ABO-
compatible transplantation. However, whereas ABO-compatible recipients started
maintenance immunosuppression on the day of transplantation, ABO-incompatible
recipients did so two weeks before kidney transplantation. Immuno-adsorptions were
started one week before transplantation using an antigen-specific carbohydrate
column (Glycosorb®). At least four immuno-adsorption sessions were scheduled, with
the option of additional sessions until the target anti-ABO titer < 1:8 was reached.
Intravenous immunoglobulins (500 mg/kg) were given just before transplantation.
After transplantation, three more immuno-adsorption sessions were performed.

Infection prophylaxis

Patients with a cytomegalovirus mismatch (recipient IgG negative and donor IgG
positive) received six months of valgancyclovir prophylaxis. In addition, all patients
were prescribed at least four months of Pneumocystis Jirovecii prophylaxis
(trimethoprim/ sulfamethoxazole).

Complement activation in ABO-incompatible indication and protocol biopsies
Protocol biopsies were performed one year after ABO-incompatible kidney
transplantation according to standard clinical practice. Indication biopsies were
performed at the discretion of the treating physician. Immunofluorescence staining
for C4d, Clq, C3c and C5b-9 on fresh frozen sections was made available for all ABO-
incompatible indication and protocol biopsies (15 each).

Endpoints

The primary endpoint of this study was rate of kidney function decline, measured as
the slope of estimated glomerular filtration (eGFR) by means of the Modification of
Diet in Renal Disease (MDRD) equation and the slope of creatinine clearance.
Secondary endpoints were proteinuria, graft and patient survival, biopsy proven
rejections, infections, malignancies and complement activation on all indication and
protocol biopsies of ABO-incompatible transplants.

Statistical analysis

For the primary endpoint (rate of kidney function decline), linear mixed models were
used to estimate the slope of the MDRD and creatinine clearance for both ABO-
incompatible and ABO-compatible kidney transplant recipients. In case of graft loss,
an eGFR of 10 mL/min/1.73 m? and a creatinine clearance of 10 mL/min were
imputed. Sensitivity analyses were run both with and without these imputations.
Graft and patient survival and rejection episodes were compared using Kaplan-Meier
analyses. Infections and malignancies were compared using chi-square tests. The
statistical methods of this study were reviewed by H. Peters Sengers, senior
epidemiologist at Amsterdam University Medical Centers, location AMC.

RESULTS

Between 2008 and 2013, 27 ABO-incompatible transplantations were performed at
both centers. For each ABO-incompatible transplantation, we included 4 matched
ABO-compatible transplantations at both centers, so that the total number of patients
included in our analysis equals 135.
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The baseline characteristics are described in Table 1. The groups were well-
matched, except for a lower percentage of related donors in the ABO-incompatible
group, which did not result in a higher number of HLA-mismatches. Panel-reactive
antibodies were low and not significantly different between both groups. Tacrolimus
trough levels were also not significantly different between the two groups except for a
slightly higher trough level at week six (Figure 1).

Kidney function

Linear mixed models were used to estimate the slope of eGFR and creatinine
clearance with and without imputation of 10 mL/min for graft loss. As Figure 2
indicates, ABO-incompatible kidney transplant recipients had a slightly but
significantly lower kidney function at three months, but the slope over time was not
significantly different. There was also no significant difference in proteinuria, which
was 0.20 g/d at three months and at five years in both groups (P = 0.94 and 0.86,
respectively).

Graft and patient survival

Graft and patient survival (Figure 3) were not significantly different, although there
was a trend toward a slightly lower death-censored graft survival in the ABO-
incompatible group (one-year graft survival 92% vs 99%, P = 0.65, compared to 83% vs
91% five-year graft survival, P = 0.12).

Biopsy results

Table 2 shows the results of both the indication and the protocol biopsies. ABO-
incompatible kidney transplant recipients had a higher incidence of rejection (33% vs
15%, P = 0.03), mostly T-cell mediated. Antibody-mediated rejection rates were low in
both groups. Donor-specific antibodies were low and not significantly different
between both groups. Figure 4 (left-hand panel) shows that all ABO-incompatible
rejections occurred very early after transplantation, whereas ABO-compatible
rejections occurred more gradually over time. In the right-hand panel of Figure 4,
ABO-incompatible and ABO-compatible transplantations are split based on whether
they experienced a rejection episode or not. This graph clearly indicates that early
rejection results in a lower kidney function at three months in ABO-incompatible
transplantation (P < 0.001). The slopes of all curves are not significantly different,
although there was a trend toward steeper curves for both ABO-compatible and ABO-
incompatible recipients with a rejection.

Figure 5A-C contain the results of immunofluorescence staining for C4d, Clq, C3c,
and C5b-9. As can be seen by comparing Figure 5A and B, the complement staining
results were quite equivocal for indication and protocol biopsies, except for C5b-9
staining, which was significantly more intense in indication biopsies (P = 0.04). In
addition, there was a significant correlation between pretransplant anti-ABO IgG
titers and peritubular C5b-9 in indication biopsies (correlation coefficient 0.72, P =
0.002), as well as a significant correlation between C5b-9 and the occurrence of
rejection (correlation coefficient 0.52, P = 0.016). As expected in ABO-incompatible
biopsies, there were no significant correlations between C4d and the occurrence of
rejection.

Infections and malignancies

Bacterial and viral infections occurred more frequently in the ABO-incompatible
group (1.7 compared to 1.0 median infections per patient, P = 0.004, Table 3). As
shown in Table 4, malignancies were also more likely to occur, with 22.2% of ABO-
incompatible patients diagnosed with a (pre)malignancy compared to 7.4% in the
ABO-compatible group (P = 0.01). This number should be interpreted with caution
however, as ABO-incompatible patients with a malignancy were on average 10 years
older than their counterparts without a malignancy. Also, ABO-compatible patients
tended to have more severe malignancies, with 38% of ABO-compatible patients
diagnosed with a malignancy dying from their disease compared to 0% in the ABO-
incompatible group.

DISCUSSION

In this two-center case-control study, ABO-incompatible kidney transplant recipients
had a lower kidney function three months after transplantation compared to ABO-
compatible recipients, but the slope of kidney function over time was not significantly
different. We have shown that the reason for this lower kidney function at three
months was a higher rate of early mostly T-cell mediated rejections, all occurring very
early after ABO-incompatible transplantation. Remarkably, antibody-mediated
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Table 1 Patient and donor characteristics

ABO-incompatible (n = 27) ABO-compatible (n = 108) P value

Patient and donor characteristics
Recipient age (yr) 51.6 +12.3 51.7 +11.6 0.95
Donor age (yr) 53.6+121 527+124 0.73
Recipient gender (% male) 63 63 1.00
Donor gender (% male) 63 44 0.07
Related/unrelated donors (% related) 26 51 0.02
Donor MDRD (mL/min/1.73m?) 96.6 + 20.5 93.3+18.4 0.42
HLA mismatches (A/B/DR) 35+1.6 32+17 0.48
Mean follow-up patient (yr) 37+1.7 37+1.6 0.98
Underlying renal disease 0.57

Glomerulonephritis, (%) 30 27

Hypertensive disease, (%) 7 18

Diabetic nephropathy, (%) 4 7

Cystic kidney disease, (%) 33 19

Urological disease, (%) 7 8

Other, (%) 19 21
Blood type combination

A—O, (%) 59

B—O, (%) 15

AB — O, (%) 0

B —A, (%) 11

A— B, (%) 7

AB— A, (%) 4

AB — B, (%) 4
Median pre-treatment IgG anti-A/B titer 1:64 (1:6-1:128)
Median pre-treatment IgM anti-A /B titer 1:8 (1:2-1:28)
Panel reactive antibodies (% positive) 9 7 0.60
Previous renal replacement therapy
First transplantation (%) 89 94 0.30
Pre-emptive transplantation (%) 44 53 0.44
Non pre-emptive (%) 56 47 0.83

Haemodialysis (%) 34 26

Peritoneal dialysis (%) 22 21
Months on dialysis 22 (9-26) 16 (11-27) 0.41
Ischemia times
Cold ischemia time (min) 161 + 84 155 + 59 0.49
Second warm ischemia time (min) 41+27 40+22 0.77
Delayed graft function (%) 8 4 0.37

All values as percentages, mean * standard deviation or median and interquartile range. P values calculated with t-test, Mann-Whitney U test or chi-square
test where applicable. Panel reactive antibodies > 8% were considered positive. HLA: Human leukocyte antigen; IgG: Immunoglobulin G; IgM:
Immunoglobulin M; MDRD: Modification of diet in renal disease.
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rejection rates were low in both groups. Tacrolimus levels were not significantly
different for most of the follow-up period and are thus not responsible for the
difference in kidney function.

The high rate of early mostly T-cell mediated rejection in our study is not a
common finding in ABO-incompatible studies. It may be due to the fact that our
standard protocol for ABO-incompatible transplantation does not include basiliximab,
which is widely used as induction therapy to prevent T-cell mediated rejection in
ABO-compatible transplantation®!l. There is no conclusive evidence available whether
adding basiliximab to ABO-incompatible induction protocols improves outcomes. In
the large series published by Opelz et al'""l, 39% of centers had added basixilimab, 1%
gave anti-thymocyte globulin, and 60% gave neither. Death-censored graft survival
was not affected by the addition of basiliximab.
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Figure 1 Tacrolimus trough levels. Tacrolimus trough levels at 2 wk, 6 wk, 3 mo, and 1 year after transplantation.

Another explanation for the high rate of early mostly T-cell mediated rejection
could be complement activation. As discussed above, higher pre-transplant anti-ABO
IgG titers resulted in more intense C5b-9 staining in indication biopsies. C5b-9 is the
membrane attack complex, which is formed as a final common pathway of all
complement cascades and causes cell lysis. C5b-9 formation implies that complement
inhibition, which is one of the mechanisms thought to be responsible for
accommodation in ABO-incompatible kidney transplantation, is incomplete.
Incomplete complement inhibition also results in Cba still being formed in small
quantities. Cba is an anaphylotoxin that has long been known be able to stimulate
neutrophils, mast cells and macrophages. There is emerging evidence that C5a can
also function as a costimulatory signal for T-cell activation™*1. One could postulate
therefore that high pre-transplant anti-ABO IgG titers result in high levels of
complement activation resulting in C5a-stimulated T-cell activation.

In summary, in our study ABO-incompatible and ABO-compatible renal
transplantation have a similar 5-year graft and patient survival, but in ABO-
incompatible transplant recipients, kidney function is inferior compared to well-
matched ABO-compatible transplant recipients. This may be due to anti-ABO
antibody driven ongoing complement activation resulting in a Cba-stimulated
increase in early T-cell mediated rejection. In other words, high pretransplant anti-
ABO antibody titers could result in incomplete accommodation of the ABO-
incompatible graft, especially in the absence of induction therapy with agents like
basiliximab. Further studies are needed to confirm this hypothesis.
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Table 2 Biopsy results

ABO-incompatible (n = 27) ABO-compatible (n = 108) P value

Treated rejections, (%) 33 15 0.03
Acute antibody mediated rejection, (%) 4 1 0.36
Acute T-cell mediated rejection, (%) 30 14 0.05

Grade IA, (%) 7 7

Grade IB, (%) 4 3

Grade I1A, (%) i3 3

Grade IIB, (%) 4 1

Grade III, (%) 0 0
Borderline acute T-cell mediated 4 7 0.50
rejection
Donor specific antibodies (% positive) 0 6 0.17

P values calculated with chi-square test. Donor specific antibodies were measured according to local practice, i.e., at the discretion of the treating physician,

and routinely at 8 wk after transplantation for Groningen patients and yearly for Amsterdam patients.

Table 3 Infectious complications

ABO-incompatible (n = 27) ABO-compatible (n = 108) P value
Total no. of infectious complications per patient 1.7 (1-2.3) 1.0 (0-2) 0.004
CMYV infections, (%) 12 11
EBV infections, (%) 0 3
BK infections, (%) 15 6
Other viral infections, (%) 31 9
First urinary tract infection, (%) 38 30
Recurrent urinary tract infections, (%) 8 11
Other bacterial infections, (%) 23 7
Other infections, not otherwise specified, (%) 31 20

All values as percentages or median and interquartile range. P values calculated Mann Whitney U test or chi-square test where applicable. CMV:

Cytomegalovirus; EBV: Epstein Barr virus.

Table 4 Malignancies

ABO-incompatible (n = 27) ABO-compatible (n = 108) P value
% of patients with a (pre)malignancy 222 7.4 0.01
Solid organ, (%) 11 2.8
Lymphoma, (%) 0 1.9
Skin malignancy, (%) 37 1.9
Melanoma, (%) 3.7 0
Premalignant lesion, (%) 3.7 0.9
% of patients dying from their malignancy 0 38 0.09
P values calculated with chi-square test.
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Figure 2 Kidney function. A: Estimated glomerular filtration rate (Modification of Diet in Renal Disease) without imputation in case of graft loss; B: Estimated
glomerular filtration rate (Modification of Diet in Renal Disease) with imputation of 10 mL/min/1.73 m? in case of graft loss; C: Creatinine clearance without imputation
in case of graft loss; D: Creatinine clearance with imputation of 10 mL/min/1.73 m?in case of graft loss. Curves were estimated using linear mixed models. The dots
indicate point estimates at 3, 6, 12, 24, 36, 48 and 60 months. CrCl: Creatinine clearance; MDRD: Modification of Diet in Renal Disease.
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Figure 3 Patient and graft survival. A: Patient survival; B: Death-censored graft survival.
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Figure 4 Rejection-free survival and kidney function split by occurrence of rejection. A: Rejection-free survival; B: Estimated glomerular filtration rate
(Modification of Diet in Renal Disease). P value calculated for intercept of ABO-i recipients with rejection (black line) compared to all other groups.
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Figure 5 Complement activation in ABO-incompatible. A: Complement activation in ABO-incompatible indication biopsies; B: Complement activation in ABO-
incompatible protocol biopsies; C: Digital photographs of complement activation. Intensity of staining ranges from 0-3. Figures indicate the percentage of biopsies with
each intensity score. Glom: Glomerular; PTC: Peritubular capillaries; BMt: Basal membrane of the tubuli.

ARTICLE HIGHLIGHTS

Research background

Short-term graft and patient survival in ABO-incompatible kidney transplantation are equivalent
to ABO-compatible kidney transplantation, but in ABO-incompatible kidney transplantation,
ongoing activation of complement by anti-ABO antibodies might adversely affect long-term graft
function.

Research motivation

We aimed to investigate whether ongoing complement activation in ABO-incompatible kidney
transplantation could explain why long-term graft function is impaired in ABO-incompatible
kidney transplantation compared to ABO-compatible kidney transplantation.

Research objectives

To measure long-term graft function in all ABO-incompatible kidney transplantation recipients
at the Academic Medical Center Amsterdam and the University Medical Center Groningen,
compare this to long-term graft function in matched ABO-compatible kidney transplantation
recipients and relate this to various markers of complement activation.

Research methods

We used linear mixed models to estimate long-term graft function decline in both ABO-
incompatible and matched ABO-compatible kidney transplantation recipients. Matching criteria
were age, sex, and transplantation date. AB O-incompatible kidney biopsies were stained for
various markers of complement activation.

Research results
The slope of kidney function during five-year follow-up was not significantly different between
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ABO-incompatible and ABO-compatible kidney transplantation, but ABO-incompatible kidney
transplant recipients did have a lower function at three months after transplantation due to a
high rate of early mostly T-cell mediated rejection. Rejection and C5b-9 activation were
positively correlated.

Research conclusions

Ongoing complement activation adversely affects long-term graft function in ABO-incompatible
kidney transplantation. We hypothesize that this may be due to concurrent C5a formation,
which functions as a costimulatory signal for T-cell activation.

Research perspectives
Further studies are needed to confirm whether ongoing C5a formation is responsible for T-cell
mediated rejection in ABO-incompatible kidney transplantation.
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Abstract

BACKGROUND

Interferons (IFNs) are characterized by a wide range of biological effects, which
justifies their potential therapeutic use in several pathologies, but also elicit a
wide array of adverse effects in almost every organ system. Among them, renal
involvement is probably one of the most complex to identify.

CASE SUMMARY

We describe four cases of kidney damage caused by different IFN formulations:
IFN-B-related thrombotic microangiopathy, IFN-fB-induced systemic lupus
erythematosus, and two cases of membranous nephropathy secondary to
pegylated-IFN-a 2B. In each case, we carefully excluded any other possible cause
of renal involvement. Once suspected as the casual relationship between drug
and kidney damage, IFN treatment was immediately discontinued. In three cases,
we observed a complete and persistent remission of clinical and laboratory
abnormalities after IFN withdrawal, while the patient who developed thrombotic
microangiopathy, despite IFN withdrawal and complement-inhibitor therapy
with eculizumab, showed persistent severe renal failure requiring dialysis.

CONCLUSION

This case series highlights the causal relationship between IFN treatment and
different types of renal involvement and enables us to delineate several
peculiarities of this association.

Key words: Interferon; Thrombotic microangiopathy; Systemic lupus erythematosus;
Eculizumab; Nephrotoxicity
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Core tip: Different patterns of kidney damage can occur in patients treated with different
interferon types, even after years of well-tolerated therapy. Interferon can cause renal
dysfunction which ranges from subclinical to severe dysfunction and, regardless the
mechanism of renal failure, the usual pathological finding includes either
podocytopathies, interstitial nephritis, systemic lupus erythematosus-like disease or
thrombotic microangiopathy. We describe four cases of interferon-related nephropathies
and for each case we highlight clinical features, laboratory work-up, histological
findings, treatment and follow-up. Moreover, we report for the first time a case of drug-
induced systemic lupus erythematosus with renal involvement after the use of interferon-

B.

Citation: Gianassi I, Allinovi M, Caroti L, Cirami LC. Broad spectrum of interferon-related
nephropathies-glomerulonephritis, systemic lupus erythematosus-like syndrome and
thrombotic microangiopathy: A case report and review of literature. World J Nephrol 2019;
8(7): 109-117

URL: https://www.wjgnet.com/2220-6124/full/v8/i7/109.htm

DOI: https://dx.doi.org/10.5527/wjn.v8.i7.109

INTRODUCTION

Interferons (IFNs) are a family of pleiotropic mediators of the immune system which
collaborate in the genesis of numerous physiological processes, such as anti-viral,
immunomodulatory and anti-proliferative activities!l. This wide range of biological
effects justifies their therapeutic use in several pathologies (Table 1). Class I IFNs
(IFN-a and -P), in accordance to their huge biological effects, are the most widely
used, while class II IFNs (IFN-y) is mainly oriented to the macrophage response but
have been less used. A wide array of adverse effects of IFNs have been described in
almost every organ systeml”. Among them, renal involvement is probably one of the
most complex to identify. Two potential mechanisms can be involved in IFN-related
kidney injury: (1) Dose-dependent, caused by increasing cumulative drug doses and
likely reversible at dose reduction; or (2) Idiosyncratic, which in general is not directly
correlated with the drug dose and not necessarily reversible upon drug
discontinuationl.. Therefore, kidney damage can occur shortly after IFN-treatment
beginning or after a long period of apparently well-tolerated therapy.

In preclinical surveys and in clinical trials, IFN-induced renal side effects were not
infrequently reported but usually limited to mild proteinuria in about 20% of patients,
mild abnormalities in urinalysis, and transient increase in serum creatininel*"..
Different types of renal toxicity have been associated with IFN therapy, mostly in case
reports and including glomerulonephritis, tubulo-interstitial nephritis, systemic lupus
erythematosus (SLE)-like syndrome or thrombotic microangiopathy (TMA)7 (Figure
1). The causal relationship between IFN and several nephropathies is still
underestimated and the incidence of renal involvement during IFN therapy remains
undetermined. We herein report our case series of four patients affected by a broad
spectrum of IFN-related nephropathies, among whom we report the first case with
IFN-B-related SLE-like syndrome to be described in the literature.

We describe four cases of renal involvement during IFN therapy, diagnosed at our
Nephrology Department during the last 10 years. Two patients were affected by
relapsing-remitting multiple sclerosis (RRMS) and two patients by hepatitis C virus
(HCV)-related chronic hepatitis, treated with different IFN formulation: IFN-p and
pegylated (Peg)-IFN-a 2B, respectively. All patients were regularly followed up by the
Multiple Sclerosis Centre of the Department of Neurosciences and Hepatitis Centre of
the Department of Gastroenterology, at the Careggi University Hospital, Florence.
Information on our patients, including age at onset, duration of the disease, type of
IEN treatment, physical examination at the time of diagnosis, laboratory and clinical
data were retrieved from medical records. We also reviewed the cases characterized
by IFN-related kidney damage reported in the literature. A PubMed literature search
was conducted to identify the publications discussing renal involvement in patients
on IFN therapy from 2010 to 2013, using the medical subject heading terms:

nephritis”, “glomerulonephritis”,

”on

“interferon”, “beta-interferon”,

[

alpha-interferon",
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Table 1 Therapeutic indications of different IFN formulations

Hepatological Immunological Neurological Haematological Neoplastic
Type of IFN
indications indications indications indications indications
IFN-a 2A and IFN-a 2B HBV-CH, HCV-CH, BS, ECD No current indications  ET, PV, CML, NHL, aRCC, MM stage II,
HDV-CH HCL, CTCL, WM AIDS-associated Kaposi
sarcoma
IFN-B 1A and IFN-B 1B No current indications ~ No current indications ~RRSM No current indications ~ No current indications

aRCC: Advanced renal cell carcinoma; BS: Behget syndrome; CML: Chronic myeloid leukaemia; CTCL: T-cell cutaneous lymphoma; ECD: Erdheim-Chester
disease; ET: Essential thrombocythemia; HBC-CH: Hepatitis B virus-related chronic hepatitis; HCL: Hair-cell leukaemia; HCV-CH: Hepatitis C virus-
related chronic hepatitis; HDV-CH: Hepatitis D virus-related chronic hepatitis in patients with hepatitis B virus co-infection; IFN: Interferon; MM:
Malignant melanoma stage II (Tumour node metastasis classification, American Joint Committee on Cancer 2010); NHL: Non-Hodgkin’s lymphoma; PV:
Polycythaemia vera; RRSM: Relapsing-remitting multiple sclerosis; WM: Waldenstrom macroglobulinemia.

] A 7o

“nephropathy”, “proteinuria”, “acute renal failure”, "thrombotic microangiopathy",
"haemolytic uremic syndrome", "thrombotic thrombocytopenic purpura," and
"malignant hypertension." We excluded cases in whom other possible etiological
factors or triggers of kidney damage were present. In cases of diabetes mellitus,
monoclonal gammopathy or uncertain significance and HCV infection, which are
potential causes of nephropathies but very prevalent in the elderly population, we
have carefully investigated their causal role or simply their random coexistence.

CASE PRESENTATION
Patient 1

Chief complaint and history of present illness: A 56-year-old woman was referred to
the emergency department of our hospital due to hypertensive crisis (blood pressure
210/120 mmHg) and headache.

History of past illness: Past medical history revealed RRMS treated with IFN-f for 10
years with good response and no complications.

Physical examination: The patient presented with dyspnoea, oedema of lower limbs
and purpura.

Laboratory examinations: On admission, her laboratory workup showed normocytic
anaemia, thrombocytopenia, haemolysis signs and severe acute kidney injury (serum
creatinine 4.5 mg/dL). Furthermore, we observed an activation of the alternative
complement pathway, with low C3 (79 mg/dL; n.v. 90-180 mg/dL) and normal C4
levels. Immunological tests [cryoglobulins, anti-nuclear antibody (ANA), anti-
dsDNA, antineutrophil cytoplasmic antibody (ANCA), anti-phospholipid antibodies,
complement levels] as well as infectious disease tests (hepatitis B virus, HCV, human
immunodeficiency virus, cytomegalovirus, Epstein-Barr virus, parvovirus B19,
Escherichia coli serotype O157:H) and cancer markers were normal.

Imaging examinations: Chest x-ray showed mild pulmonary congestion, while
ultrasonography of the kidney revealed a normal kidney size but increased
echogenicity in the renal cortex.

Final diagnosis: The clinical and laboratory findings were compatible with the
diagnosis of TMA (Table 2). Subsequent tests, carried out for suspected TMA, showed
no mutations in genes of regulatory complement factors (CFH, CFI, CFB, MCP, C3,
THBD) and normal ADAMTS-13 activity. The patient underwent a kidney biopsy that
confirmed our first hypothesis of TMA [IF: Minimal alone nonspecific entrapment of
C3 (+)].

Treatment: IFN- was discontinued and eculizumab therapy was then started. The
patient was given intravenous eculizumab dose of 900 mg weekly for 4 wk, followed
by 1200 mg 1 wk later as the 5™

Outcome and follow-up: Despite IFN withdrawal and complement-inhibitor therapy,
the severe renal failure persisted. Despite persistent normal haematological values, (3
years later) our patient is still undergoing a thrice-weekly intermittent dialysis.

Patient 2
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Figure 1 Possible histopathological patterns of kidney damage related to interferon treatment. aHUS: Atypical
haemolytic uremic syndrome; ATN: Acute tubular necrosis; FSGS: Focal segmental glomerulosclerosis; MCD:
Minimal-change disease; MN: Membranous nephropathy; MPGN: Membranoproliferative glomerulonephritis; SLE:
Systemic lupus erythematosus; TIN: Tubular interstitial necrosis; TMA: Thrombotic microangiopathy; TTP: Thrombotic
thrombocytopenic purpura.

Chief complaint and history of present illness: A 56-year-old woman was referred to
our department due to dyspnoea that had started few hours before.

History of past illness: The patient was treated with IFN-p for 2 mo because of
RRMS, which was recently diagnosed.

Physical examination: The patient reported moderate dyspnoea and positional chest
pain. Her physical examination was otherwise unremarkable.

Laboratory examinations: Laboratory tests showed mild thrombocytopenia,
inflammation (C-reactive protein of 31 mg/dL), acute kidney injury (serum creatinine
of 2.5 mg/dL) and red cell casts on urine examination. Immunological tests showed
ANA (1:640), anti-dsDNA (1:320) and anti-ENA (anti-RNP/sm, anti-nucleosome, anti-
SM, anti-histone) positivity, low C3 and C4 levels (Table 2).

Imaging examinations: Echocardiography and chest-x ray showed pleural and
pericardial effusions.

Final diagnosis: We performed kidney biopsy, that demonstrated a pattern of diffuse
proliferative nephritis, involving more than 50% of the total number of glomerula
with active and chronic lesions [class IV-S(A/C) lupus nephritis (LN)]. The electron
microscopy showed tubuloreticular inclusions widespread, typically identified in LN
as expression of endogenous IFNs but also suspected for being linked to the exposure
of excess exogenous IFNs.

Treatment: We started treatment with corticosteroids (methylprednisolone 3
intravenous pulses) and oral corticosteroids, followed by maintenance therapy
(azathioprine at 2 mg/kg per os) and concomitantly; IFN-p therapy was discontinued.

Outcome and follow-up: The patient showed a rapid clinical recovery, with
progressive improvement of her renal function. Immunological tests exhibited a total
remission. After 6 mo, we progressively suspended immunosuppressive treatment,
without any clinical and laboratory relapse. Actually, 4 and - years later, she is
regularly followed up at our nephrology centre, exhibiting a normal kidney function
and a total immunological remission without steroids or immunosuppressive drugs.

Patient 3
Chief complaint and history of present illness: A 65-year-old man was admitted to
the emergency department due to progressive symptomatic fatigue.

History of past illness: The patient had an HCV-related chronic hepatitis, previously
treated with IFN-a 2B and ribavirin for 4 years, shifted to Peg-IFN-a 2B 1 year before.

Physical examination: At presentation, the patient had fatigue, oedema of lower
limbs and oliguria.

Laboratory examinations: Laboratory examinations showed acute kidney injury
(serum creatinine of 3 mg/dL). Urinary tests detected nephrotic proteinuria (24 g/ die)
and microhaematuria. Immunological tests did not show any pathological findings, in
particular cryoglobulins and anti-PLA2R antibodies were negative. Furthermore
blood exams revealed a stable hepatic status, with no abnormalities suspected for
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Table 2 Clinical and laboratory findings of our case series: Medical history, diagnosis, treatment and outcome

Case 1 Case 2 Case 3 Case 4

Ageinyr 56 56 65 66

Sex E E F M

Type of IFN and time of IFN-(, 10 yr IFN-$, 2 mo IFN-a 2B, 4 yr; Peg-IFN-a 2B, Peg-IFN-a 2B, 2 yr

exposure lyr

Indication for IFN treatment RRMS RRMS HCV-related chronic hepatitis HCV-related chronic hepatitis

Clinical presentation Dyspnoea, severe Chest pain and dyspnoea Oedema of lower limbs and ~ Dyspnoea, lower limbs
hypertension, oedema of oliguria oedema, peripheral purpura,
lower limbs, purpura and itch

Serum creatinine at onset in 4.5 2.5 3 0.83

mg/dL

Need for dialysis Yes No No No

Proteinuria in g/24 h 4 15 24 815

Renal biopsy Thrombotic microangiopathy Class IV-S (A/C) Lupus Membranous nephropathy Membranous nephropathy

nephritis

Treatment, in addition to Eculizumab 1V steroids, azathioprine ACTH, RASS-B No

IFN discontinuation

Recurrence after IFN No No No No

withdrawal

Outcome ESRD Remission Remission Remission

Length of follow-up in yr 3 45 12.5 5.5

ACTH: Adrenocorticotropic hormone; ESRD: End-stage renal disease; HCV: Hepatitis C virus; IFN: Interferon; IV: Intra-venous; RAAS-B: Renin-
angiotensin-aldosterone system blockers; RRMS: Relapsing-remitting multiple sclerosis.

HCV-related disease, and virology tests excluded any sign of HCV viremia (HCV
PCR RNA-negative) (Table 2).

Imaging examinations: Chest x-ray showed minimal basal bilateral opacities, while
abdominal echography was unremarkable.

Final diagnosis: We performed a kidney biopsy, which was compatible with
membranous nephropathy (MN) stage I/11.

Treatment: After IFN withdrawal, the patient started double renin-angiotensin-
aldosterone system (commonly known as RAAS)-blockade and immunosuppressive
therapy with long-acting adrenocorticotropic hormone, which was interrupted early
due to appearance of complications (hyperaldosteronism and meta-steroid diabetes)
after about 1 mo.

Outcome and follow up: After 12 and "2 years, our patient is still under conservative
treatment with double RAAS-block and has had no recurrence of MN.

Patient 4

Chief complaint, history of present illness, and relapse of clinical manifestation: A
66-year-old man presented to the emergency department with purpura and itch,
which progressively appeared 1 wk before. Despite the initial clinical and laboratory
recovery, 2 mo later, after IFN dose increase, our patient experienced fatigue,
dyspnoea and lower limbs’” oedema.

History of past illness: The patient had HCV-related chronic hepatitis and had been
treated with Peg-IFN-a 2B and ribavirin for the past 2 years with good response and
no complications.

Physical examination: His physical examination revealed lower limbs” oedema, in
addition to peripheral purpura.

Laboratory examinations: Laboratory workup showed normal liver function with no
signs of HCV viremia (HCV PCR RNA-negative). Nephrotic-range proteinuria (3.5
g/die) was detected at urinalysis. The patient was transferred to our nephrology
ward, where we performed secondary tests that showed nephrotic syndrome
(nephrotic-range proteinuria, hypoalbuminemia, lipid abnormalities, thyroid
dysfunction) with normal serum creatinine (0.83 mg/dL) (Table 2). Immunological
tests were all normal and, in particular, cryoglobulins and anti-PLA2R antibodies
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were negative.

Imaging examinations: Chest x-ray, echocardiography, and abdominal echography
were unremarkable.

Diagnosis and treatment: At the beginning, the IFN daily dose was reduced because
an IFN overdose had been hypothesized. Therefore, we performed kidney biopsy,
which demonstrated a typical pattern of MN stage I. After IFN withdrawal, our
patient showed a rapid kidney recovery with a complete remission, without
immunosuppressive treatment. The patient definitively stopped IFN treatment,
according with our gastroenterological centre.

Outcome and follow up: Currently, 5 and % years later, our patient is regularly
followed up at the hepatitis centre of the department of gastroenterology, showing
normal kidney function.

DISCUSSION

The case series we have presented here, together with the previously published cases
on IFN-related nephropathies we reported, highlight the causal relationship between
IFN treatment and different types of renal involvement, ruling out the hypothesis of a
fortuitous association. Two patients with HCV-related chronic hepatitis were treated
with Peg-IFN-a 2B and two patients with RRMS were treated with IFN-, showing
potentially early or late onset renal toxicity after IFN initiation. Evidence now
supports the concept that IFNs contribute to several types of kidney diseases!’l. A
causal association between IFN and renal toxicity was often recognized late or not
diagnosed in the past. In many of these cases, the cause of this missed diagnosis was
the presence of other possible etiological factors or triggers of kidney damage. This
study enables us to delineate several peculiarities of this association.

IFN treatment and thrombotic microangiopathy

IFN has been widely described to be associated with development of TMA in the
scientific literaturel. It is well known that direct toxic reactions in the course of type I
IFN treatment are typically dose-dependent!'”l. In fact, quantitative histopathological
analyses identified a dose-dependent spectrum of microvascular disease, including
endothelial hypertrophy, intimal thickening, microaneuryms, perivascular
inflammatory infiltrates and reduced intracellular nitric oxide generation!""!. Our
patient developed TMA after 10 years of IFN treatment, confirming the dose-
dependent toxic effect and also indicating that long-term IFN therapy can induce late-
onset TMA. The development of renal lesions after several years of well-tolerated IFN
therapy may be the result of a cumulative effect in renal and systemic microvessels.

A recent review analysed 24 cases of TMA occurring in multiple sclerosis patients
treated with IFN-f3 and the authors observed TMA-onset after a mean time of 7
years!'?l. We ruled out any other possible cause of TMA, such as primary forms
(typical and atypical haemolytic-uremic syndrome, thrombotic thrombocytopenic
purpura) and other secondary forms (malignant hypertension, cancers, autoimmune
conditions, other causative drugs). In this context, an extensive list of drugs has been
associated with TMAI". The first case of TMA associated with IFN-a was reported in
19931, and the first case associated with IFN-f was reported in 1998["°.. Since then,
many cases of both IFN-a- and IFN-B-related TMA have been reported in the
literature, mostly as individual case reports!'**’l.

First line therapy in drug-related TMA is drug discontinuation and supportive
treatments. Plasma exchange, immunosuppressive drugs and also eculizumab have
been described as effective therapies on refractory forms of IFN-related TMA,
although mainly in case reports. Nevertheless, the prognosis of drug-related TMA
and particularly IFN-related TMA is particularly severe. It is generally characterized
by fulminating presentation, even after years of well-tolerated IFN treatment, with
severe clinical course, poor response to therapy and bad renal prognosis. In fact,
despite treatment with eculizumab, our patient developed renal dysfunction that
progressed to end-stage renal disease requiring dialysis.

IFN treatment and SLE

Several drugs can induce SLE, a condition collectively referred as drug-induced lupus
(DIL)P!. It generally shows only some manifestations of full-blown SLE (e.g., sicca
syndrome, Raynaud’s phenomenon, arthritis and serositis) and tends to resolve,
requiring weeks to months, after drug withdrawal. Less frequently, DIL shows major
organ involvement (e.g., LN, central nervous system disease, severe haematologic
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abnormalities), but if these are present drug cessation should be combined with
systemic immunosuppressive therapies. Idiopathic SLE and DIL differ not only for
the extent of organ involvement and for the frequency and type of disease
manifestations but also for the serological autoimmune profile®l. The main
immunological pattern in DIL is ANA and anti-histone antibodies positivity and, only
in some cases, anti-dsDNA are present™], depending on the type of the causative
drugs (e.g., TNFa inhibitors).

IFN-related DIL is generally associated with silent SLE or lupus-like syndromes,
neither with systemic symptoms nor major organ involvement?**1. It is well known
that type I IFNs, and particularly IFN-a, play a major role in SLE pathogenesis?*”! and
a proportion of patients displays increased serum levels of IFN-a or an upregulation
of the IFN-regulated genest. Type I IFNs prime an adaptive immune response and, if
IEN sensitivity or its production are increased, a self-reactive immune response may
be favoured. Neutrophils can respond to exposure to type I IFNs and immune
complexes with extrusion of nucleic acids and their associated proteins concurring to
disease flares. In most of the cases, DIL was caused by IFN-a treatment and less
frequently by IFN-y treatment®!. Our patient was treated with IFN-p because of
RRMS and, to the best of our knowledge, our case is the first report of LN-induced by
IFN-B therapy. Interestingly, in our patient the immunological tests showed anti-
dsDNA (1:320), ANA (1:640) and anti-histone positivity, an immunological pattern
similar to idiopathic SLE and TNFa inhibitors-related SLE. Furthermore, even if not
completely understood, type I IFNs and TNFa cross-regulation is well accepted in
immune-mediated inflammatory diseases!™".

IFN treatment and glomerulonepbhritis

Our two patients developed nephrotic syndrome with a histological pattern of
membranous nephropathy while on Peg-IFN-a therapy. Cases of nephritic or
nephrotic syndrome have been reported during treatment with IFN associated with
different underling nephropathies, such as focal segmental glomerulosclerosis™ -,
minimal change disease”””’], IgA nephropathy!], and membranoproliferative
glomerulonephritisP**’1. Among these, MN is an uncommon but important and
previously described pattern’*!l. Different clinical features at onset have been
described, varying from a full-blown nephritic or nephrotic syndrome, to a severe
oligoanuria requiring dialysis*>*’l.

In our patients, Peg-IFN-a was used as HCV-related chronic hepatitis treatment.
Certainly, kidney damage is one of the most important HCV-related extra-hepatic
manifestations and membranoproliferative glomerulonephritis is the most
considerable histopathological pattern. However, we have to consider a broad
spectrum of histopathological features, with possible glomerular and/or interstitial
lesions!*!l. For these reasons, to diagnose a drug-induced nephritis in patients with
HCV can be difficult. In addition, IFN treatment may produce an exacerbation of a
previous nephropathy associated with the HCV infection!*!, making the diagnosis
even more difficult. We found these two possible pathogenic explanations (HCV as a
direct cause or a trigger of nephropathy) very unlikely in our patients; in fact,
laboratory workup did not show any sign of viremia (HCV PCR RNA-negative at
different time points) and immunological tests (cryoglobulins, complement) did not
exhibit any pathological finding.

As largely known, the pathogenetic mechanism of HCV-related kidney damage
includes direct invasion of pathogens (justified by HCV PCR RNA positivity) or
deposition of antigen-antibody complex by immunological reaction!***!, neither
detected in our cases. Moreover, after IFN withdrawal and with no
immunosuppressive drugs, we observed a clinical and laboratory complete remission,
persistent after a very long follow-up. For this reason, we excluded a form of HCV-
related kidney injury, suggesting a causal relationship between IFN treatment and the
appearance/disappearance of the kidney damage in the context of a casual HCV
coexistence.

CONCLUSION

Different pattern of kidney damage can occur in patients treated with different IFN
types, even after years of well-tolerated therapy. IFN can cause renal dysfunction
which ranges from subclinical to severe dysfunction and, whatever the mechanism of
renal failure, the usual pathological finding includes either podocytopathies, acute
tubular necrosis, interstitial nephritis, SLE-like picture, TMA, or some features of focal
sclerosis. This is the first report of drug-induced SLE with renal involvement after the
use of IFN-B. We recommend that a new onset of severe headache, hypertension,
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proteinuria or renal dysfunction in patients on IFN therapy should be identified early
and evaluated thoroughly, also with consideration of a renal biopsy. Once it is
suspected, interruption of IFN treatment is warranted, while the role of additional
immunosuppressive therapy remains undefined. Despite IFN withdrawal, renal
prognosis is bad in IFN-related TMA and kidney damage can persist and also evolve
to end-stage renal disease.
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