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Abstract: Non-alcoholic fatty liver disease (NAFLD) is currently the most common etiology of chronic
liver disease (CLD) caused by an accumulation of fat in the liver and globally is the leading indication of
liver transplantation. Emerging data has recognized an increased association of NAFLD with risk of other
metabolic liver diseases like type 2 diabetes mellitus, chronic kidney disease (CKD) and cardiovascular
diseases. Pathophysiologically, NAFLD patients have a state of low-grade systemic inflammation, insulin
resistance and atherogenic dyslipidemia which causes renal dysfunction. Patients with NAFLD cirrhosis
awaiting liver transplant (LT) face unique challenges and have a significantly higher requirement of
simultaneous-liver-kidney transplant as compared to other etiologies. Further, NAFLD not only recurs
but also occurs as a de novo manifestation post-L'T. There is also a significantly higher risk of waiting
list stagnation and dropouts due to burdensome cardiometabolic disorders in NAFLD patients. The
current review aims to understand the prevalence and pathogenetic basis of renal dysfunction in NAFLD.
Additionally, the review describes the choice of immunosuppression protocols and use of intraoperative renal
replacement therapy in context of intra and post-operative renal dysfunction in NAFLD patients. Prospective
controlled trials focusing on NAFLD and development of CKD are needed to assess the existence of a causal
and/or a bidirectional relationship between NAFLD and CKD.
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Introduction carcinoma (4,5).This fast rising cause of chronic liver
disease (CLD) is now also emerging as a risk factor for
chronic kidney disease (CKD) with evidence favouring the

association between kidney disease and NASH, independent

Nonalcoholic steatohepatitis (NASH) has been on a rising
trend with current statistics showing a prevalence of 20-30%

in adults in the Western population (1), while it is 16.9% in of other confounders such as hypertension, diabetes and

the Asian population (2,3). The spectrum of disease starts
from fatty liver and often progresses to NASH. Affected
liver, if timely interventions are not made, will eventually
progress to cirrhosis and may also present with its
complications such as decompensation and hepatocellular

© Translational Gastroenterology and Hepatology. All rights reserved.

obesity (6). Since NASH often exists in a syndromic form
with other metabolic abnormalities, it becomes important
to examine the comorbidities seen in this population and
the concurrent effect these have on renal function, before
and after transplant. In recent years, as per United Network
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for Organ Sharing (UNOS) data, NASH is currently the
second most common cause of liver transplant (L'I) in the
United States and controversial indication for simultaneous
liver kidney transplantation (SLKT). CKD is an important
determinant of outcome and long-term mortality and
morbidity in post-LT" patients (7) The focus of this paper
is to examine the renal function in patients of CLD with
etiology as NASH before and after I'T. This paper further
examines possible modifications that can be made in the
pre, intraoperative and post-L'T care (immunosuppressive
regimens, follow-up and renal function monitoring) to
avoid long-term renal complications in these patients.

Association of NAFLD with CKD

A strong association between NAFLD and CKD has been
demonstrated by cross-sectional and cohort studies and
has been consistent across different patient populations (8).
Pacifico and colleagues showed renal functional alterations
in children with NAFLD. In a cohort of 596 obese children,
they compared 268 children diagnosed with NAFLD on
magnetic resonance imaging with 328 children without
NAFLD, and 130 healthy controls who had normal weight.
They found a greater prevalence of renal dysfunction based
on estimated GFR below 90 mL/min/m’ in children with
NAFLD compared to other groups. Further, the proportion
of children with abnormal urine microscopy and evidence
of higher albumin excretion was noted in the NAFLD
group when compared to other groups without NAFLD
after controlling for other relevant clinical and biochemical
factors (9). There have been two meta-analysis exploring the
association of NAFLD with the development of incident
CKD. In the initial systemic review and meta-analysis,
Musso and colleagues (10) evaluated whether the presence
and severity of NAFLD influence the development and
degree of renal dysfunction. They included observational
studies assessing NAFLD and studies defining CKD based
on either estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m’ or presence of proteinuria. Data from
33 studies (cross-sectional and cohort) including 63,902
patients were analysed. The results of this meta-analysis
demonstrated NAFLD as a risk factor for development of
incident CKD. They found that the severity of NAFLD
directly correlated with an increased risk of CKD as patients
with fibrosis had the highest risk of CKD as compared to
patients without significant fibrosis. Additionally, patients
with steatohepatitis had a higher prevalence of CKD as
compared to those with simple steatosis.
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In the most recent meta-analysis by Mantovani ez al.
who did a random-effect modelling using 9 prospective
observational cohorts including 96,595 participants (34.1%
with NAFLD and 4,653 cases of incident CKD (defined as
occurrence of eGFR <60 mL/min/1.73 m’, with or without
accompanying overt proteinuria) followed over a median
period of 5.2 years. Similar to the results by Musso and
colleagues, they observed a direct association of severity
of NAFLD with the development of CKD (11). Overall,
the data derived from these studies clearly suggest a strong
association between NAFLD and CKD.

Metabolic risk factors in NASH associated renal
dysfunction

Obesity

Obesity and its related diseases which were traditionally
considered as an epidemic in the Western countries have
now made a global impact. In the last two decades. an
increase in the burden of obesity has also been reported from
the Asian countries (12). Both the presence and severity
of obesity correlates with severity of NAFLD. Almost,
two-thirds of NAFLD patients are obese (13). Obesity,
especially central type, is associated with physical inactivity,
chronic systemic inflammation and insulin resistance which
together contribute to renal dysfunction. Progression of
CKD in obese is independent of the underlying status
of the kidneys. The glomerulopathy in obesity has been
coined as obesity related glomerulopathy (ORG) which is
associated with focal segmental glomerulosclerosis. Recent
data has demonstrated the pitfalls of ectopic fat distribution
in obese which is associated with architectural distortion,
functional alterations of the mesangial cells, podocytes
and the proximal tubular epithelial cells causing renal
dysfunction. This is secondary to a maladaptive response to
hyperfiltration and albuminuria (14). Salvatore er /. aimed
to identify the spectrum of renal changes in obese patients
with body mass index (BMI) of >30 kg/m’ with CKD. They
analysed retrospectively the kidney biopsies of patients
and measured the glomerular diameter with a standard
micrometer. They found the highest level of proteinuria in
patients with idiopathic focal segmental glomerulosclerosis
(FSGS) and found that obese-related FSGS mainly had
subnephrotic proteinuria. Moreover, the creatinine levels
were highest in tubulointerstitial diseases. The results of the
study suggested a diverse spectrum of renal abnormalities

with a background ORG in patients with obesity (15).
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Recent studies have identified obesity as an independent
predictor of progression of the underlying kidney disease.
In a longitudinal cohort study, BMI was identified as
an independent risk factor for CKD after adjusting for
the known risk factors i.e., patient demographics and
status of insulin resistance, presence of dyslipidemia and
hyperglycemia (16). The risk was highest for patients with
class 3 obesity. Similar to this, in the HUNT-1 study an
independent risk of end-stage renal disease was noted for
patients with class 2 obesity or higher (17). This is because
insulin resistance which is so frequent in patients with
NASH has been identified as a key mechanism behind the
development of renal dysfunction in the obese (18).
Obesity also impacts the renal function by causing
hyperfiltration, hyperperfusion and focal glomerulosclerosis
with impairment of both the glomerular and tubular
function (19,20). Tomaszewski and colleagues in a cross-
sectional study evaluated 1,572 healthy men and discovered
that patients who had glomerular hyperfiltration were not
only more frequently obese but also had higher prevalence
of cardiometabolic risk factors. Similar to this, in the other
epidemiological studies, glomerular hyperfiltration has
been demonstrated as a precursor to development of CKD
in obese individuals with insulin resistance (21). Biopsies
have clearly demonstrated that histological changes precede
functional decline in kidney functions in obese patients (22).
Therefore, novel clinical biomarkers to identify renal fat using
the lipidomic approaches in plasma or urine, adipophilin
staining on biopsies or metabolic imaging could be exciting
approaches to identify renal damage allowing interventions
to prevent progression to CKD in the obese (22).
This is because weight reduction has been associated with
not only normalization of renal functions in a meta-analysis
with reversal of albuminuria but also prevented further
decline in renal functions. This highlights the significance
of reversibility when interventions are made early in kidney
disease in obese patients with metabolic syndrome (23).

Dyslipidemia

Dyslipidemia with raised serum cholesterol levels is frequently
encountered in patients with NAFLD. Serum cholesterol
levels serve as a toxic trigger and have been associated with
increased progression to cirrhosis by a mechanism mediated
through depletion of mitochondrial glutathione which
results in hepatocyte necrosis. In a seminal study by John
Moorhead, a clear association of hyperlipidemia with renal
disease was postulated. Development of significant renal
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disease is heralded by the deposition of renal fat causing
glomerulosclerosis. Its known that the adipose tissue generates
high concentrations of circulating non-esterified fatty acids
(NEFA). These are subsequently carried to the liver wherein
positive signal follows for the hepatic synthesis of very-low
density lipoproteins (VLDL) (24). Concomitantly, there
is an increased delivery of triglycerides to various non-
adipose peripheral tissues. The lipoprotein lipase-mediates
subsequent re-esterification of triglycerides which are stored
as small low-density lipoproteins (25). The deposition of
lipids in the non-adipose tissues i.e., in the liver, heart,
muscle and kidneys is a surrogate marker of metabolically
unhealthy state in an individual. A bidirectional relationship
between ectopic liver fat as in NAFLD and CKD has been
recently reported. It has been shown that ectopic liver fat
drives development of CKD (26) and CKD might itself
cause lipid redistribution from the adipose tissue to non-
adipose ectopic locations such as the liver causing NAFLD.
Similar to fatty liver, the infiltration of fat in the kidney has
now been called as fatty kidney or renal steatosis in patients
with obesity or metabolic syndrome (27). The exact amount
of lipid in the kidneys which leads to renal dysfunction
however is still not known. In the kidneys fat accumulation
has been demonstrated in the glomerular structures i.e.,
the mesangium or the podocytes causing structural and
functional alterations as well as the proximal tubule cells
which together drive the development of nephropathy in
the affected individuals. Almost, 45% diminished number
of podocytes have been reported in the glomerulopathy
associated with metabolic syndrome (28). Among patients
with stage V. CKD on hemodialysis a significant prevalence
of cardiovascular or atherogenic dyslipidemia has been
reported. It has further been shown that statins by reducing
LDL decrease the risk of cardiovascular events in patients
with CKD not requiring dialysis but at the same time these
benefits are not encountered in patients on dialysis (29). In
a large prospective cohort study of 3,939 patients, none of
the lipids or lipoprotein components were independently
associated with progression of kidney disease (30).

Diabetes mellitus

Both NAFLD and type 2 DM share a complex and
intricate link with multiple common pro-inflammatory,
prothrombotic and proatherogenic pathways leading
to fibrosis and several extensive studies have indicated
that more than 70% of patients with type 2 DM develop
NAFLD (31-34). Vice-versa to this, two large meta-

Transl Gastroenterol Hepatol 2020;5:18 | http://dx.doi.org/10.21037/tgh.2019.10.11



Page 4 of 14 Translational Gastroenterology and Hepatology, 2020
Commensal
EPITHELIAL Bacteria Damaged
BARRIER Disease: dysbiosis enterocyte
* Inflammation
O O O O o o O O O Sliaibiosis
4
Y
\\
TRANSCELLULAR TIGHT JUNCTION S LEAKY GUT DAMPs
CAVEOLIN/CATHERIN || CLAUDIN/OCCLUDIN PARACELLULAR
Risk factors
*Calorie
*Diet
*Genetics
Inflamed 5 T A
Adipose ‘m’ﬂér;@//"vw‘”)% L2
. L o
tissue _Adigose, ﬁsﬁé/ 4
; J SH Insulin resistance

Endothelial dysfunction
Gut dysbiosis
Decreased adiponectin

Expanded and inflammed
visceral adipose tissue \“

Uremic toxins

& Cardiovascular
disease

Type 2 Diabetes
Mellitus

Figure 1 Organ crosstalk in the pathophysiology of NAFLD and CKD. Multiple environmental and genetic factors adipose tissue
inflammation can predispose to NAFLD. NEFAs from the intra-abdominal visceral adipose tissue cause activation of inflammation by
increasing the levels of NF-kB and inflammatory pathways, dysregulation of adipokine production and impairment of insulin signaling.
With increasing severity or progression of disease there is an increase in the pathways that influence the development of CKD. Increased
production of uraemic toxins is seen by concomitant gut dysbiosis with an increase in the intestinal permeability. Intestinal microbiota
further leads to renal, liver and cardiovascular damage via endothelial dysfunction in patients with NAFLD and CKD. Intestinal dysbiosis
frequently occurs in obesity, potentially influences NAFLD, CKD, and T2DM through complex mechanisms (8). DAMPS-Damage
associated molecular patterns, PAMPS-pathogen associated molecular patterns; ROS, reactive oxygen species; CKD, chronic kidney disease;
NAFLD, nonalcoholic fatty liver disease; T2DM, type 2 diabetes mellitus.

analysis and several cross-sectional studies have showed
that NAFLD patients are predisposed to develop diabetes
(35-39). Presence of diabetes has also been shown to
correlate with worsening of fibrosis in patients with
NAFLD (40-43). Targher and colleagues in a prospective
cohort study followed 1,760 participants for almost 6.5
years with type 2 diabetes without CKD. In their study a
total of 547 (31%) patients developed CKD. A significant
association of NAFLD with development of CKD was
observed after adjusting for other relevant cardiometabolic
factors including patient demographics (44). The same
investigators also assessed whether NAFLD is associated
with development of CKD in patients with type 1 diabetes.
They followed a total of 261 type 1 diabetic adults without
CKD for a mean period of 5.2 years for the development
of CKD. NAFLD was diagnosed based on ultrasonography
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in this study was shown to be an independent risk factor
for incident CKD (45). In another recent study of patients
with NAFLD, impaired renal functions were observed in
almost a third of patients. Further, the prevalence of renal
impairment was related to the severity of liver disease as
well as presence of diabetes mellitus (46).

Pathophysiologic basis for renal dysfunction in
NASH patients

Multiple studies have been done in the last 2 years
exploring the complex relationship between NASH and
renal disease after adjusting for confounders such as
diabetes, hypertension and obesity (Figure 1). Even though
the metabolic abnormalities coexisting in this patient
cohort also adversely affect the renal function, NASH is
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an independent driver of renal dysfunction with multiple
hypothesized albeit unproven mechanisms of pathogenesis.
Vice-versa, there may also be possible pathogenic pathways
that may start with a malfunctioning kidney and eventually
cause hepatocyte injury to result in NAFLD (8).

A state of low-grade inflammation has been noted
in NAFLD as well as the cardiometabolic phenotypes
commonly associated with the disease i.e., T2DM and
cardiovascular disease. A plethora of factors are instrumental
in the liver lipid accumulation which characterizes NAFLD;
and factors like insulin resistance and endothelial cell
activation become instrumental in the subsequent disease
course which influences the function of extrahepatic organs.

Environmental factors

Consumption of excessive calories or increased dietary intake
of fructose results in increase in de-novo hepatic lipogenesis
as well as causes hyperuricemia (47). Increase in uric acid
with a concomitant increase in urinary excretion of uric acid

could cause renal dysfunction in NAFLD patients (47).

Insulin resistance and systemic inflammation

In patients with NASH, the inflamed visceral adipose
tissue not only promotes insulin resistance but also releases
proinflammatory mediators into the circulation (48).
These pathways converge at the nuclear factor-xB (NF-kB)
and the c-Jun-amino-terminal kinase (JNK) predisposing to
the development of T2DM and promoting hyperglycemia.
The common mediators include reactive oxygen species,
advanced glycation end-products, C-reactive protein,
plasminogen activator inhibitor-1, transforming growth
factor-f which contribute to not only the development of
liver fibrosis and cirrhosis but also other cardiometabolic
complications. Therefore, classically, NASH is a
proinflammatory state of the body, mediated mostly
through transcriptional activation of genes by the NF-xB
pathway in the affected hepatocyte. Additionally, it creates
a proinflammatory state, which in combination with
oxidative stress induced by higher angiotensin II combine
to produce epithelial dysfunction in the kidneys. These
vascular changes may lead to worsening of CKD triggered
by comorbidities of metabolic syndrome (49,50).

Atberogenic dyslipidemin and endothelial dysfunction
Patients with NASH have atherogenic dyslipidemia which
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predisposes not only to an increased risk of atherosclerotic
vascular disease but also leads to renal endothelial
dysfunction. Stimulation of the renin-angiotensin system
increases the oxidative stress by concomitant increase in
the circulating levels of angiotensin II (51,52). Adiponectin,
a protective molecule released from adipose tissues, is
decreased in NASH patients. Adiponectin is hypothesized
to be down-regulated by another liver generated protein
called fetuin-A which is produced in larger quantities
in the inflamed liver. With lower levels of adiponectin,
a prothrombogenic and proatherogenic environment is
generated in the liver and kidneys affecting both the organs.
A chronic systemic inflammation and the procoagulant state
in NASH contribute to the development and progression of
CKD via the effects on renal endothelial cells (53-57).

Intestinal dysbiosis

Intestinal dysbiosis refers to a perturbed state of the
normal intestinal microbiota associated with changes in the
composition and number of the gut microbes. Dysbiosis has
been reported in context of obesity (58), NAFLD (59,60) and
CKD (61,62). The dysbiosis in the intestine is associated
with increased gut permeability, increase in endogenous
endotoxemia with an increase in bacterial endotoxin
which circulates to the liver. Once in the liver, it promotes
progression of NAFLD and enhances an already pro-
inflammatory state existing in the body. While still unproven
in humans, new data is available in mice models supporting
a state of dysbiosis of intestinal flora in NASH patients.
Akkermansia muciniphila and Faecalibacterium prausnitzii
are two species of particular interest. High fat diet and
genetic obesity have been correlated with a lower level of
Akkermansia species in the intestine, which further promotes
proinflammatory pathways in the gut (63). On the contrary,
in CKD patients, dysbiosis of other gut species such as
Bifidobacteriaceae and Lactobacillaceae has been shown. These
species influence local production of butyrate and other
short chain fatty acids (SCFA). These molecules ordinarily
would bind to G-protein coupled receptors (GPCR)
present in the colon to maintain intestinal barrier function
while down-regulating mucosal inflammation. They
also bind to similar receptors present in the hepatocytes
to reduce progression of NAFLD to NASH (64).
Currently, there are no studies which have particularly
evaluated the intestinal dysbiosis in NASH patients with
renal dysfunction.

In addition to the above effects on gut barrier function,

Transl Gastroenterol Hepatol 2020;5:18 | http://dx.doi.org/10.21037/tgh.2019.10.11



Page 6 of 14

the dysregulated gut bacteriome also influences production
of toxic secondary bile acids which may further worsen
the mucosal injury. This subtle change in bile acid
metabolism has been investigated in the FLINT trial which
produced data supporting the use of obeticholic acid for
improvement in biopsy proven NASH patients. Obeticholic
acid reduces the toxic effect of secondary bile acids such
as chenodeoxycholic acid by adding an ethyl group to it,
thereby supporting the role of bile acid metabolism in
liver injury. Obeticholic acid is associated with decreased
intestinal cholesterol transportation and may theoretically
reduce atherosclerosis and renal dysfunction, further
establishing a link between liver and kidney disease (65).

Challenges in diagnosing CKD in cirrhotics
awaiting LT

Increasingly advanced cirrhotics have or are at increased
risk for CKD. Various factors like older age, obesity,
presence of diabetes and growing prevalence of NAFLD
predispose these patients to the risk of CKD. Further,
there is emerging data to suggest a closed intertwined
connection between AKI and CKD in cirrhotics (66). The
challenge remains the diagnosis of CKD in this extremely
sick group of patients. CKD is usually defined as eGFR of
less than 60 mL/min/m’ for more than 3 months (67). The
diagnosis of CKD in advanced cirrhotics is difficult and
mostly relies on creatinine-based equations or microscopic
urinalysis which does not provide an accurate assessment
of the renal functions when compared to the gold standard
measures of glomerular filtration rate (GFR) utilising 1125-
iothalamate, iohexol or inulin clearance (68,69). This is
because serum creatinine underestimates the degree and
severity of renal functions as the levels are influenced
by various extraneous factors in patients with advanced
cirrhosis. Emerging data has suggested the superiority of
Cystatin C (CysC) and equations based on CysC to be more
accurate as compared to the creatinine-based equations
for GFR estimation (67-70). In a recent study, Asrani and
colleagues developed a new equation the “GRAIL” equation
for determining the renal functions in patients with
advanced cirrhotics pre and post-liver transplantation (71).
The presence of albuminuria or proteinuria in urine
could also be considered as one of the strongest marker
of severe renal dysfunction or progression together with
the estimation of glomerular filtration for the diagnosis of
CKD. Traditionally, filtration of albumin by the glomerulus
is followed by receptor-mediated endocytosis by the tubular
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cells and therefore urine albuminuria reflects the combined
process of either glomerular or tubular dysfunction. The
integrity of the glomerular filtration barrier depends on
the endothelium, the glomerular basement membrane,
and the podocytes. However, regardless of the origin
of albumin leakage, there is emerging data to suggest
that albuminuria itself causes tubulointerstitial damage
through activation of proinflammatory mediators which
in-turn is associated with progressive decline in renal
functions (72). We recently reported an increased
prevalence of tubulointerstitial damage and presence of
non-diabetic renal disease in histopathological specimens
of decompensated cirrhotics with diabetes and abnormal
urine microscopy (66). Quantification of the amount and
type of albumin in urine as well as tubulointerstitial changes
in context of NASH related renal dysfunction needs to
be evaluated in future studies. Particularly, the utility of
urine microscopy and renal specific biomarkers should be
further explored in context of NASH patients with renal
dysfunction. This is because, kidney biopsies even though
gold standard for diagnosis of CKD are rarely performed
in cirrhotics because of the associated risk of complications
with ascites and coagulopathy. The approach to renal
dysfunction in NAFLD patients has been depicted in
Figure 2.

Pharmacotherapy for NAFLD with or without
renal dysfunction

There is currently no definite pharmacotherapy that
has been evaluated for renal dysfunction in context of
NAFLD patients. Therefore, treatment strategies targeting
NAFLD and the associated cardiometabolic factors could
also improve renal function (Figure 3). The mainstay of
management of NAFLD remains the lifestyle interventions
which include dietary, exercise and even bariatric surgery in
morbidly obese who fail these or have cardiometabolic risk
factors (73-77). Recently, various endoscopic modalities have
shown a potential for weight reduction in NASH patients
(78,79). Various drugs like pioglitazone (80), obeticholic
acid (81), statins (82), metformin (73,74), glucagon-
like peptide receptor agonists (83) and anti-oxidants (84)
have shown potential in NAFLD. It is quite possible that
the same drugs could also improve renal dysfunction by
acting on the liver and associated cardiometabolic diseases
like diabetes, hypertension and dyslipidemia. This is a
speculation which needs to be investigated in randomized
controlled trials in context of NAFLD patients with renal

Transl Gastroenterol Hepatol 2020;5:18 | http://dx.doi.org/10.21037/tgh.2019.10.11



Translational Gastroenterology and Hepatology, 2020

Patients with
NAFLD and ESLD awaiting
liver transplant

!

Stratify risk factors for CKD
* Age
* Diabetes mellitus

* Dyslipidemia
® Obesity
* Hypertension
 Prior AKI

v

Assessment of renal functions
e Cystatin C based GFR

® Measured GFR

* Microscopic urinalysis

¢ Kidney biopsy if feasible

CKD No CKD
Consider Liver transplant
Simultaneous-Kidney-Liver alone
Transplantation v

Close monitoring of renal
functions intra and post-LT

Figure 2 Approach to renal dysfunction in a cirrhotic awaiting
liver transplantation with non-alcoholic fatty liver disease. Patients
with non-alcoholic liver disease should be stratified based on risk
factors i.e., advanced age, obesity, diabetes mellitus, dyslipidemia
and hypertension and also those with prior AKI for possible CKD.
In patients with risk factors and diagnosis of chronic kidney disease
(CKD), the decision to proceed for simultaneous liver-kidney
transplant should be done while in the remaining liver transplant
alone with close follow up of kidney functions both intra and

postoperatively should be done.

dysfunction.

NASH patients as LT candidates

As I'T candidates, NASH patients pose a complex dilemma
to the transplant team. As such, no singular stratification
scale exists for NASH patients that takes into account all
aspects of the disease to assist in prognostication. The
multisystemic abnormalities mentioned earlier affect
outcome in different ways in each patient, making it
imperative to assess each patient differently. Small scale
studies have been done to examine the outcome of LT
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in obese NASH patients. These individuals underwent
bariatric surgery with LT, resulting in decreased
postoperative weight and improved LT outcomes (85).
Studies have indicated poorer LT outcomes, longer hospital
stays and higher graft rejection in patients with pre-
transplant diabetes. Wong and colleagues collected data
from the United Network for Organ Sharing and Organ
Procurement and Transplantation Network (OPTN)
registry from 2004 through 2013 for patients on L'T" waitlist
with different etiologies (86). They observed that compared
to patients who had an alcohol, viral or alcoholic/viral
etiology, patients with NASH were more obese, more likely
to have T2DM and also decreased renal functions. Previous
research has shown that patients who have NAFLD have a
higher prevalence of CKD than patients who do not have
NAFLD (87). Jia et al. in a retrospective study evaluated
patients with type 2 diabetes and divided them into two
groups based on NAFLD status. The cumulative incidence
of CKD and CKD staging was compared between the two
groups. They found a higher prevalence of CKD patients in
NAFLD as compared to the other group (88).

In a very recent study, Singal and colleagues confirmed
that NASH currently is the most common indication
for simultaneous liver-kidney (SLK) transplantation
considering a significant influence of NASH on impairment
in renal functions. They evaluated 38,533 patients from the
United Network for Organ Sharing database from 2002 to
2011 for deceased donor LT for patients of liver cirrhosis
with different etiologies. They found an increase in the
SLK performed for patients with NASH and cryptogenic
cirrhosis from 6.3% in 2002-2003 to 19.2% in 2010-2011.
Contrary to this, the trends remained unchanged for
patients with other etiology of liver disease. Even though
there was no difference in the 5-year outcomes, however,
kidney graft outcome was worse for patients with NASH
with higher incidence of kidney graft loss among patients
with NASH and cryptogenic cirrhosis when compared to
other groups after matching for other characteristics (89).
Therefore, studies have demonstrated a higher prevalence
of CKD in patients with NASH awaiting L'T" as compared
to other etiologies of liver disease. Furthermore, for
patients on the waiting list, the slow progressive nature of
the disease often becomes a curse. These patients present
with a lower Model for End-Stage Liver Disease (MELD)
score and are often placed lower on the waiting list. Patients
with ALD had a significantly higher mean score at time
of waitlist registration than other registrants. However,
after multivariate adjustment, patients with ALD were less
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Figure 3 Management of non-alcoholic fatty liver disease with or without associated renal dysfunction.

likely to die within 90 days when compared with patients of
NASH (P<0.001). Similar results were noted by the team
for HCV vs. NASH patients (90).

Concerns during transplantation for patients
with renal compromise

During transplant, a number of hemodynamic and
electrolyte abnormalities occur as a direct consequence
of the steps of transplantation (90). Considering a higher
prevalence of renal dysfunction in NASH patients the
need of intraoperative hemodialysis could be higher when
compared to patients with other etiologies. University
of California, Los Angeles did the first study to outline
data showing outcomes of intraoperative hemodialysis
as compared to continuous renal replacement therapy in
dialysis free outcomes post-LT. The team at UCLA did
not specifically include NASH as an etiology for their
cohort, but renal dysfunction can be extrapolated to be
the same if not higher in NASH patients as compared
to other etiologies (91). Zimmerman et /. in another
study, subsequently showed similar postoperative survival
(evaluated at 17.7 months follow-up) in patients who had
pre-transplant renal dysfunction and required intraoperative
RRT (78%) as compared to patients who did not have
any pre-transplant renal dysfunction and consequently
received no intraoperative RRT (88%) (92). Baek er al.
further examined the correlation between intra-operative
requirement for RRT with the pre-operative status of
the kidneys. This study also did not classify etiologically
NASH patients (93). The studies did not emphasize the
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need of intraoperative renal replacement therapy in patients
with pre-transplant chronic renal dysfunction. Over
and above, for evaluating the need of RRT requirement
intraoperatively, a look at surgical and anesthesia techniques
is a must apart from pre-transplant renal functions. Cava-
preserving piggyback (PB) technique involves only partial
clamping of inferior vena cava during the anhepatic phase
of transplantation may prevent hemodynamic instability
as compared to the classic cava replacement (CR) (94,95).
Amidst conflicting results regarding the use of venovenous
bypass (VVB) during caval clamping on the post-LT
incidence of acute kidney injury (AKI) and declining use
of venovenous bypass in many centres around the world, a
study done in China examining 10 years of data brings to
light a remarkable finding of reduction in the incidence of
AKI in patients in the VVB group when compared to the
other group (96).

Post-transplant renal dysfunction

In the post-transplant period, most recipients are managed
with steroid based calcineurin inhibitor (CNI) containing
immunosuppressive regimens. In addition to the nephrotoxic
side effect of commonly used immunosuppression, there
are multiple metabolic effects that interact with existing
abnormalities and make postoperative phase difficult for
the patient and physician alike. High dose steroid and
tacrolimus may worsen existing diabetes or induce new
onset diabetes (NOD). Tacrolimus has also been associated
with development of hypertension in the postoperative
period. On the contrary, cyclosporine has more common
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association with dyslipidemia. An interesting review by
Gitto et al. explored the correlation between metabolic
syndrome and renal dysfunction post-LT in patients of
NASH (97,98). Post-LT diabetes (incidence 10-64%),
dyslipidemia (incidence 45-69%) and hypertension
(incidence 50-100%) can add significantly to morbidity
and mortality and independently worsen renal function in
these patients. As mentioned before, NASH is a hepatic
manifestation of metabolic syndrome and with increased
risk of development of each of the components of metabolic
syndrome in the post-transplant period, recurrent NASH
and de-novo NASH is a major possibility. Bhagat er al.
reported that 33% patients transplanted for NASH related
liver disease had biopsy proven NASH within a 6-month
period post-LT but not one of these patients required a
second LT" in the 10-year follow-up period (98). While the
possibility of development of NASH in the transplanted liver
remains for patients undergoing LT for all etiologies, it is
significantly higher at 10-year follow-up in those undergoing
transplantation for NASH compared to other etiologies
(32.9% wvs. 10%) (99). While large scale cohort studies are
lacking, most studies place the risk of NASH development
post-LT between 20-40% with variable incidences being
attributable to difference in diagnostic methods in each
study. Recent data has surfaced about the utility of ACE
inhibitors in preventing development of NASH in post-
LT period. Orlic et al. showed CKD patients and CKD-
NAFLD patients with angiotensin-converting enzyme
inhibitors (ACE-I) or angiotensin receptor blockers (ARBs)
had statistically significant lower degree of liver stiffness in
comparison to those without these medications (100). Most
transplant centers have a standardized immunosuppression
protocol. The choice of immunosuppression regime has a
major impact on development of renal dysfunction post-
transplant. Further, studies have demonstrated a higher
prevalence of renal dysfunction in NASH patients when
compared to other etiologies. Houlihan ez #/. studied
patients who underwent deceased donor liver transplant
(DDLT) for NASH in a retrospective blinded trial. NASH
was diagnosed histologically on liver biopsy. Also included
in the study were cases with clinical picture of metabolic
syndrome and histologic evidence supportive of cryptogenic
liver disease. The cohort was compared with a strictly
matched control group of patients who underwent DDLT
for indications alternative to NASH in the same period of
time at the same centre. In the 1-month period post-LT, the
incidence of AKI was similar in both groups and could be
attributed to previously identified risk factors such as cardiac
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dysfunction, type of operation, red blood cell transfusion
and intraoperative hypotension. However, kidney function
beyond a 3-month period post-LT was more common in
population diagnosed with NASH. The difference in the
eGFR—values between the NASH and non-NASH group
was 8.46 mL/min/1.73 m’ and remained significant 3-month
after transplant. The difference in renal function persisted
at 6, 12 and 24 months follow-up. The kidney function
did not further deteriorate in the NASH group beyond 3
months possibly due to timely switch from CNI based to
mycophenolate mofetil (MMF) based immunosuppressive
regimen in response to declining renal function. Notably,
while 31.2% of the patients in the NASH group progressed
to a clinically relevant stage of chronic kidney injury
(CKI stage IIIb) within 2 years, only 8.3% of the patients
in the control group did (P=0.009). Significantly more
patients in the NASH group were given the renoprotective
immunosuppresive regimen containing MMF during follow-
up. The authors attributed the difference in renal function
trends to pre-existing extrahepatic pathophysiological factors
leading to the development of CKD and NASH, factors that
persist after the surgery as well (7). In the ReSpECT study,
lower levels and delayed introduction of tacrolimus were
associated with lower incidence of renal dialysis. The authors
therefore concluded that daclizumab induction, MMF,
corticosteroids and delayed reduced-dose tacrolimus were all
less nephrotoxic than therapy with standard-dose tacrolimus
and corticosteroids without compromise in efficacy or
tolerability (101). In another study, sirolimus was shown to
have renoprotective effect when compared to tacrolimus-
based regimen (102,103). TruneCka ez al. performed the
DIAMOND Study with the following groups: prolonged-
release tacrolimus, prolonged-release tacrolimus plus
basiliximab and prolonged-release tacrolimus delayed until
day 5 plus basiliximab. All patients received MMF plus
a bolus of corticosteroid (not followed by maintenance
steroids). The incidence of acute cellular rejection (BPAR)
and renal outcomes were better in the basiliximab group
(104,105). Even though these studies have not been designed
for NASH patients, however considering a higher incidence
of renal dysfunction, low dose tacrolimus regimens should
be considered in patients with NASH beyond 3 months as a
strategy to prevent renal compromise post-LT.

Status of SLK in CLD resulting from NASH

A discussion on LT in renally compromised patients
cannot be complete without analysing the current status
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of simultaneous kidney liver transplantation (SLKT) in
patients diagnosed with NASH and presenting with a
high MELD score. OPTN data reflects survival benefit
from SLKT from 1-month to 5 years. The controversy
surrounding SLKT is driven by scarcity of organs. Lack
of comparative tools to compare the liver disease patient
compromised by renal dysfunction with a primary renal
disease patient prevent efficient allotment of kidneys.
The study by Singal et /. found an increase in the SLK
performed for group NASH patients which increased from
6.3% in 2002 to 2003 to 19.2% in 2010 to 2011. They
further observed a higher incidence of kidney graft loss
among the NASH patients as compared to other etiologies
of liver disease (89). Amongst the latest data on the subject
is a study done by Yu ez 4/. published in 2019 examining
the OPTN registry from October 1987 to June 2016, the
authors identified 7,205 SLK transplants and divided them
into groups as per BMI. Twenty-nine percent of patients
had NASH in the morbidly obese group versus 16.4%
and 4.7% in the overweight and normal weight groups,
respectively. The 5-year overall patient survival, kidney
and liver graft survival were comparable between the
three groups. Multivariate analysis identified donor age,
diabetes mellitus, and delayed kidney transplant function
as risk factors for poor patient and both liver and kidney
graft survival (106). All these studies highlight the need
for higher quality data to make a medical decision on the
indication of SLK in NASH, with due consideration given
to the various metabolic abnormalities often inherent to the
disease.

Conclusions

Pathophysiologically, there is an intricate and complex
relationship between the liver and kidneys which share a
number of common pathways. Emerging data has suggested
a higher prevalence of CKD in NAFLD patients, which
is governed by the presence and severity of NAFLD
independent of concurrent metabolic factors. The challenge
remains the diagnosis of CKD which relies in majority
on GFR-estimating equations and urine microscopy.
Biomarkers like CysC remain attractive strategy to diagnose
and screen renal dysfunction and presence of underlying
CKD in NAFLD patients. The diagnosis of significant
renal dysfunction pre-transplant has an implication
on intraoperative surgical strategy and need of renal
replacement therapy for preservation of kidney functions
post-LT. Further, the choice immunosuppression is also
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governed by the status of the kidney’s pre-transplant with
use of reno-protective immunosuppression regimens.
Screening for presence and severity of renal dysfunction is
also pertinent in stratifying the need for SLKT as against
LT alone in these patients. Till date, in the absence of
treatment options for NAFLD, lifestyle modifications and
aggressive management of cardiometabolic factors could be
helpful in decreasing the incidence of CKD. Prospective
controlled trials focusing on NAFLD and development of
CKD are needed to definitively assess the existence of a
complex and a possible intertwined relationship between
the two entities.
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