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Acute kidney injury (AKI) is a dreaded complication in patients with liver disease and
jaundice, since it is associated with significant morbidity and mortality. Cholemic
nephropathy (CN) is thought to represent a widely underestimated important cause of
AKl in advanced liver diseases with jaundice. The umbrella term CN describes impaired
renal function along with histomorphological changes consisting of intratubular cast
formation and tubular epithelial cell injury directed primarily toward distal nephron
segments. In cholestasis, biliary constituents may be excreted via the kidney and
bilirubin or bile acids may trigger tubular injury and cast formation, but as we begin to
understand the underlying pathophysiologic mechanisms, we become increasingly
aware of the urgent need for clearly defined diagnostic criteria. In the following, we aim
to summarize current knowledge of clinical and morphological characteristics of CN,
discuss potential pathomechanisms, and raise key questions to stimulate evolution of a

\/

jaundice research strateqgy for CN.

Itis areliable sign of uncertainty in medicine whenever we use
a considerable number of names for what is most likely one
single entity as is the case with cholemic nephropathy (CN),
bile cast nephropathy, icteric nephrosis, and bile acid nephrop-
athy.1 It is, however, a clinical truism that jaundiced patients
are at significantly increased risk for renal failure and patients
with jaundice and renal failure have a dismal prognosis, as
shown in former studies and recently confirmed by the sound
results of the landmark CANONIC study.>~> Consequently, we
have to ask ourselves whether the resurrection of CN we
currently observe is (1) the end of the hibernation of an
important disease, (2) the reinvention of the emperor’s new
clothes, or (3) the slow emergence of a black box in clinical
hepatology and nephrology that is now hidden in the mixed
bag of acute kidney injury-hepatorenal syndrome (AKI-HRS)?

“Arose of any other name would smell as sweet” (William
Shakespeare): Cholemic nephropathy (CN) - What is in a
name and does the name matter?

The concept that bile constituents, and more specifically
bile pigments, might harm the kidney dates back to 1899
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when Quincke noted bile pigments staining the glomeruli in
autopsies of patients with acute onset of jaundice®’; our
short historical note on that has appeared elsewhere.! On its
journey through medical literature, kidney injury in chole-
static patients, animals, and corresponding experimental
animal models was referred to with numerous names as
mentioned earlier. Some terms found in literature, such as
the currently widely used bile cast nephropathy, result from
description of presumably characteristic morphological
alterations or still unproven pathophysiological concepts.?
We think that “bile cast” is a misnomer, since bile can be
found either in bile ducts, the gall bladder, or in the intestine
but never in the kidney, and consequently also not in renal
tubular casts. Nevertheless, this term suggests that we know
that tubular casts observed in patients with CN primarily
consist of bile or biliary constituents, most likely bilirubin,
while there is no information on other important biliary
constituents such as phospholipids and bile acids. Other
names, such as bile acid nephropathy, suggest a clarified
etiopathogenesisg‘u; however, such an assumption would
currently appear constricting and premature even in the
light of some experimental evidence showing a central role
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for bile acids in CN.">~'® In contrast, we find that the term CN
is more neutral in that it indicates spill-over of biliary
constituents such as bile acids and bilirubin into blood
(i.e., cholemia) leading to renal dysfunction and histological
changes in jaundiced patients. Based on findings in longitu-
dinal studies in common bile duct ligated mice, CN starts
with tubular epithelial injury in distal nephron segments,
accompanied by intraluminal cast formation (the composi-
tion of which remains to be determined in detail), leading to
obstruction and dilatation of the tubules.'?

We find that harmonizing the nomenclature by using CN
might be most advantageous,' since CN neither restricts to a
specific histology (which may well not exist) nor to a specific
and so far unproven pathogenetic mechanism (e.g., the
highly controversial issue of whether tubular casts are
the cause or consequence of CN, and the overall impact of
bile acids in CN).

“Cause and effect are two sides of one fact” (Ralph Waldo
Emerson): What causes cholemic nephropathy (CN)?

Although intuitive, as outlined above, the focus on biliary
constituents such as bilirubin and bile acids as potentially
causative for CN"° may conceptually be misleading as it
neglects inflammatory processes that may also contribute to
CN (=~Fig. 1).'® However, what we know so far on the
pathogenesis of CN still circles around these two molecules.

Bilirubin

Bilirubinuria means that in cholestasis, when less bile reaches
the duodenum, conjugated bilirubin is alternatively excreted
via the urine. The potential nephrotoxicity of unconjugated
bilirubin was ascribed to its accumulation in mitochondria
with subsequent inhibition of oxidative phosphorylation with
decreased adenosine triphosphatase activity. This was associ-
ated with mitochondrial defects and led to increased perme-
ability of cell membranes, resulting in modified electrolyte
content and cell volume.'’-2' However, currently there is no
direct proof for the concept that bilirubin may be causative for
tubular epithelial injury, cast formation, or more generally
speaking CN. Renal bilirubin accumulation in CN may therefore
justbe aninnocent bystander caused by accumulation through
alternative renal excretion in cholestasis hampered through
cast formation and tubular injury. Interestingly, there seems to
be a certain threshold for serum bilirubin levels (> 15 mg/dL)in
patients with CN. However, this does not necessarily mean that
high bilirubin levels are causative; rather, it might reflect
the degree of cholestasis and liver disease. Indeed, bilirubin
may even have renoprotective effects, which were attributed to
an increased expression of heme oxygenase-1 and increased
activity of this enzyme in kidneys of common bile duct ligated
rodents.?>%’ In addition, bilirubin was shown to improve
vascular resistance, tubular function, mitochondrial integrity,
and inhibition of nicotinamide adenine dinucleotide phos-
phate hydrogen oxidase and nitric oxide synthase 2 expression,
which all together would be assumed to be beneficial for
stressed kidneys.?42® There is also increasing clinical evidence
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that elevated serum bilirubin levels may be renoprotective. In
line with that assumption, late graft failure in kidney trans-
plant patients was significantly lower in those with higher
bilirubin.?’ Moreover, a large-sized cohort study showed
slower chronic kidney disease progression in individuals
with only mild elevations of serum bilirubin levels beyond
the upper limit of normal (ULN).?8 In essence, there is currently
no strong experimental evidence supporting a causative role
for bilirubin in the pathogenesis of CN. Nevertheless, increased
urinary excretion of bilirubin may still be an attractive cause of
tubular casts and virtually nothing is known about the phys-
icochemistry of bilirubin within casts or the tubular lumen in
CN. Consequently, several intriguing questions remain such as
whether there is bilirubin crystal formation or cross-reaction
with proteins or alternative molecules in CN.

Bile Acids

Under physiological conditions, glomerular-filtered bile acids
are reuptaken in the distal part of Henle’s loop via active
transport systems, apical sodium-dependent transporter and
organic solute transporter o/B,%° similar to the quantitatively
much more important reuptake of bile acids in the terminal
ileum during their enterohepatic circulation that starts with
the excretion of hepatic bile acids with bile into the duode-
num.3° In cholestatic patients, less bile reaches the duodenum
and bile acids spill over from the liver and accumulate in serum.
Alternative renal excretion of bile acids is currently seen as a
mechanism of compensation under this condition.3'=3> It is
therefore tempting to speculate that this mechanism may
exceed the kidneys’ capability for alternative bile acid excretion
at certain levels of cholestasis, resulting in CN.3°

The most compelling evidence that bile acids may trigger
CN derives from experimental animal models. In response to
common bile duct ligation (CBDL), serum bile acids peak
around day 3."31-36 Notably, this coincides with discrete
alterations in proximal tubule architecture, which may easily
be missed on hematoxylin and eosin stained kidney sections
but may be more easily seen on periodic acid-Schiff (PAS)-
stained sections.'>3® We showed epithelial injury in collecting
ducts in CBDL mice at day 3 that will hardly be detected in
patients.'? Besides tubular epithelial injury, basement mem-
brane defects leading to leaky tubuli and obstruction of
collecting ducts due to sloughed cells, tubular casts, and
increased urinary neutrophil gelatinase-associated lipocalin
levels were found.">~"> There is no evidence in this model that
tubular casts contain plentiful bilirubin; however, CBDL mouse
liver, intriguingly, shows neither bilirubinostasis nor bile plugs
and the species differences remain unexplained. Time course
studies revealed that these early lesions were followed by
interstitial nephritis and tubulointerstitial fibrosis later on.
With long-term CBDL (up to 8 weeks), we were able to model
the typical human histomorphological and functional alter-
ations with CN."3 These findings suggest that full-blown CN in
CBDL mice requires a long-standing and severe form of chole-
stasis. Evidence that bile acid toxicity is key in this model is
based on two main experimental findings and key experi-
ments: (1) increasing the hydrophilicity of the bile acid pool
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Fig. 1 (A) Potential triggers of acute kidney injury (AKI) in jaundiced patients. (B) Conceptual model for the pathogenesis of cholemic
nephropathy (CN). (1) CN in common bile duct ligated mice starts at the level of collecting ducts with injury to aquaporin 2 (AQP2)-positive
tubular epithelial cells and basement membrane disintegrity leading to leaky collecting ducts. (2) Tubules cell injury and cast formation increase
pressure within the tubular part of the nephron with dilatation and tubulointerstitial nephritis. (3) Progressive tubular dilatation and interstitial
nephritis trigger interstitial fibrosis (adapted from Fickert et al) '3 (C) Postmortem kidney histology in a patient with CN. periodic acid-Schiff (PAS)-
stained section showing granular (partially PAS-positive) intratubular casts with cellular debris in the tubulus lumina (as highlighted by arrows).
Note also a mixed-cell inflammatory infiltrate in the tubulus lumina and the interstitium (magnification 10x).
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with the aid of hydrophilic and nontoxic norursodeoxycholic
acid (norUDCA) significantly ameliorated the renal pheno-
type'* and (2) CBDL in FXR/~ mice (with a much more
hydrophilic bile acid pool in comparison to the wild-type
controls) were protected against CN but showed similar renal
fibrosis in response to unilateral ureteral ligation.'® Accord-
ingly, bile acids might represent a key determinant of CN in
CBDL mice. High concentrations of cholephiles such as bile
acids in the renal tubules (probably in concert with alternative
danger signals or inflammatory mediators) may be toxic to
tubular epithelial cells and consequently trigger inflammation.
Detailed mechanisms, however, still have to be determined
and most importantly currently there is no human evidence
that bile acids have a major role in CN. This is of critical
importance and likely based on the numerous species differ-
ences in bile acid biology between rodents and humans that
have to be considered.>”-3

There is a lively discussion on the issue whether tubular
casts in CN may be the cause or rather the consequence of a
decreased glomerular filtration rate (please see AJKD blog;
#NephMadness 2019: Hepatorenal Region). Currently, known
cast ingredients in CN include desquamated epithelial cells,
protein precipitates, and bilirubin as evidenced by positive PAS
and Hall’s stain. However, this has to be referred to as indirect
evidence from unspecific staining methods, since a detailed
biochemical analysis of casts in CN is still unavailable. The
enigma also remains as to whether casts themselves are
tubulotoxic or may trigger CN. Such a mechanism could
hypothetically be analogous to cast nephropathies by myelo-
ma or myoglobin release from crushed muscles.>®>#? Interest-
ingly, tubular casts in CN are predominantly found in
aquaporin 2-positive collecting ducts in CBDL mice.'? This
key finding was recently confirmed in kidney biopsies of
patients with CN.*3> Tubular cast formation at the level of
collecting ducts originate not only from a higher urinary
concentration due to water reabsorption in this part of the
nephron but also from lower pH, both of which may promote
cast formation.***> Consequently, the formation of tubular
casts in CN could be due to the poor water solubility of
cholephiles such as bilirubin and specific bile acids and/or
limited proximal tubular reabsorption. Again, detailed bio-
chemical analysis of tubular casts should provide important
results and answers.

Inflammation

Cholestasis and jaundice are frequently seen in patients with
decompensated cirrhosis. CN may in fact be more frequent as
suggested so far in such patients, since several studies showed
that there may actually be renal pathology comparable to CN,
even when patients were clinically classified as having HRS.
Thus, our current diagnostic criteria for HRS do not rule out
CN.246 In recent years, evidence has accumulated indicating
that decompensated cirrhosis is associated with persistent
systemic inflammation, which may play an important part in
the progression of cirrhosis and the development of compli-
cations, including not only HRS but also CN.'®#7~4% patients
with advanced cirrhosis show bacterial translocation from the
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gut to mesenteric lymph nodes, which is associated with
increased levels of proinflammatory cytokines. In addition,
pathogen-associated molecular patterns (PAMPs) deriving
from bacterial translocation or bacterial infections and
damage-associated molecular patterns (DAMPs, e.g., high-
mobility group protein B1) may come into play. It is conse-
quently attractive to speculate that such inflammatory
cascades may also trigger CN, again analogues as to the
pathogenesis of myoglobin nephropathy underscoring the
importance of macrophages and activated platelets in this
disease.”

Figuring out the pathogenesis of CN will be demanding
indeed and will require a multidisciplinary approach including
clinical and experimental nephrologists, hepatologists, and
pathologists.

“The proof of the pudding is in the eating” (English
saying): What is the clinical evidence for cholemic
nephropathy?

The clinical literature on CN published since the early 20th
century was more or less anecdotal, constituting mainly of
case reports or case series and CN did not attract much
attention either in the hepatologists’ or the nephrologists’
camps (=Table 1). This may be related to its overlap with
different medical disciplines and their respective interests,
and general problems with research funding for CN; even a
lack of clinical appeal due to the generally poor prognosis of
jaundiced patients with AKI may be a reason. The pathology
series published by van Slambrouck et al including analysis of
44 patients (classified as 23 cirrhotic jaundice, 14 obstructive
jaundice, 5 hepatic jaundice, 2 hemolytic jaundice) had a
game changing effect, at least with the invention of the new
name “bile cast nephropathy” and suddenly raised consider-
able interest in the cause and consequences of kidney disease
in jaundiced patients.®4® In essence, the findings of this
interesting study can be summarized in that the presence
of tubular casts (positive for Hall’s stain indicating bilirubin
content) correlated with higher serum bilirubin levels and
showed a trend toward higher creatinine levels. However, as
we discussed above, changing the name from CN to bile cast
nephropathy may harbor significant disadvantages, but most
importantly, this paper substantially stimulated nephrolo-
gists’ and hepatologists’ imaginations and interest in this
most likely underestimated and probably important disease
and stimulated recent research and discussions.®46

Subsequently, Brasen et al investigated the frequency and
clinical course of CN in their tertiary care hospital over a period
of more than 15 years (from 2000 to 2016) when a total of 79
patients with liver disease underwent kidney biopsy due to
deteriorating renal function.*? It is important to note that this
retrospective analysis was based on the presumed histomor-
phological characteristics of CN, specifically the presence of
Hall's stain-positive bilirubin casts. Out of 79 patients, 45
presented with AKI and in this study the diagnosis of CN
was exclusively observed in patients with AKI (8 of 45, 18%). All
patients with histological findings compatible with CN were
positive for bilirubin in the urine, whereas only 22% of non-CN
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patients had detectable urinary bilirubin. An additional uni-
variate logistic regression analysis identified bilirubin > 5
times the ULN and alkaline phosphatase > 3 times the ULN
as independent risk factors. Importantly, this study calls the
specificity of histological findings in CN into question. To
further characterize the histomorphology of CN and to deter-
mine the specificity of these findings, the authors developed a
questionnaire and included some CN cases in a group of 20
acute tubular injury cases (7 CN, 7 cases with liver disease and
elevated bilirubin but no CN, and 6 cases with pigment
deposits for different reasons such as lipofuscin, iron, or
porphyria). The authors invited six highly experienced neph-
ropathologists from three different pathology departments to
participate and answer the questionnaire. Neither the evalua-
tion of all six raters nor a subgroup analysis based on their level
of experience (nephropathologists with > 10 vs.> 15 years
of experience) identified discriminating histopathological
features among the chosen entities indicating that the histo-
pathological findings in CN may be less specific than initially
suggested. Moreover, Hall's stain is known to have a low
sensitivity.8 Of note, this important study confirmed that
kidney biopsy carried a significant risk of bleeding (6 of 79
patients, 8%; 4 underwent surgery or vascular coiling). There-
fore, kidney biopsy/histology may not represent the ideal
diagnostic test and the findings of the Brdsen et al study
reinforce the need for noninvasive and alternative diagnostic
methods.

Both studies raise the pivotal question about the esti-
mated number of unreported cases of CN within the group
of patients currently referred to as AKI-HRS, since they may
also fulfill the revised modern criteria for this syn-
drome.®™>2 It is attractive to hypothesize that AKI-HRS
patients with insufficient response to terlipressin or nor-
adrenalin may be most likely to have CN.

Diagnostic Challenges in Cholemic
Nephropathy

A consensus on diagnostic criteria for CN is sorely missed. From
the clinicians’ point of view, the differential diagnosis of CN
arises in cases with (prolonged) deep jaundice and concomitant
impairment of renal function which may not be primarily
related to or explained by clinical significant portal hyperten-
sion (i.e., the situation with only minimal or lack of ascites).
Currently, the diagnosis of CN is solely based upon kidney
histology with Hall’s stain-positive bilirubin casts as the diag-
nostic corner stone, which are frequently considered as disease
specific. The tubular casts in CN may significantly differ in color
(e.g., greenish yellow, light to dark red), composition (variable
degree of cellular debris), and localization (primarily in the
distal nephron segments, also in the proximal segments in
severe cases). Pathologists use the Hall's stain (i.e., using
Fouchet’s reagent which converts bilirubin to green biliverdin)
to confirm bilirubin in the casts and Perls’ Prussian blue stain to
rule out ferric iron deposits. It again has to be mentioned that
Hall's histochemical stain is insensitive. In addition, kidney
biopsy in patients with advanced liver disease may involve a
significant risk of bleeding, as also observed in the Brédsen et al
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study.*> Consequently, the benefit-risk ratio for kidney biopsy
in such cases is complicated, especially in the light of the
current lack of therapeutic consequences. Together with the
current evidence that kidney histology in CN might not be as
specific as has been suggested,43 this also raises the critical
question of whether CN is indeed a specific entity in each
individual case. Alternatively, CN may also represent a part of
the spectrum of AKI in jaundiced patients also including those
with advanced chronic liver disease, acute on chronic liver
failure (ACLF), or inflammatory-driven AKI. At least what is
known from published autopsy studies argues for such an
assumption, since there are numerous patients reported show-
ing morphological characteristics of CN in kidney histology but
were clinically classified as AKI-HRS.84 A postmortem kidney
biopsy study by Nayak et al included 127 renal biopsies for
analysis obtained from 84 patients with decompensated cir-
rhosis and 43 patients with ACLF.%® Fifty-seven of the total 127
(45%) biopsies showed CN with Hall’s stain-positive and Perls’
stain-negative tubular casts. Patients with CN had significantly
higher levels of serum total bilirubin, total leukocyte count, and
Model of End-stage Liver Disease score than those without CN.
The authors concluded that CN was found in 72% of patients
with ACLF and 27% patients with decompensated cirrhosis
hospitalized with HRS-AKI. This indicates that a so far unde-
fined percentage of patients fulfilling current AKI-HRS criteria
will show kidney histology compatible with the findings in CN.
Such a concept is further supported by the finding in Brasen et
al's study that patients with a unalterable liver problem did not
recover from CN in contrast to those with a treatable liver
disease (e.g., chronic hepatitis B).** It is attractive to speculate
that the percentage of CN in terlipressin nonrepsonder AKI-
HRS patients will be high. However, all these intriguing ques-
tions have to be resolved in future prospective clinical trials,
since postmortem analysis and retrospective analysis of kidney
biopsies in AKI-HRS patients have several flaws and weak-
nesses ranging from the problem of potential postmortem
artifacts to the important issue of selection bias. Still, the
studies discussed above are relevant, since they challenge
our current concepts of definition and classification of AKI-
HRS on one hand and those of CN on the other and will
stimulate further essential research in this area.

The fact that kidney biopsy is risky especially in AKI
patients with advanced liver disease raises the critical issue
of alternative and noninvasive diagnostic methods. One
rather simple method could be urine cytospin and cellblock
analysis,>> but this still has to be evaluated in prospective
trials. In the Nayak et al study, there was no difference in the
(routine) urinary analysis between patients with and with-
out CN; however, they did not use adequate protocols to
detect casts (e.g., centrifugation of 10 mL of urine at 2,000
revolutions per minute for 20 minutes) and the authors
critically discuss this interesting issue in detail.*® Future
prospective studies should therefore evaluate such protocols
for potential noninvasive detection of Fouchet’s or Hall’s
stain-positive casts in CN patients. Moreover, urinary
biomarkers such as NGAL, interleukin-18, kidney injury
molecule-1, and liver-type fatty acid binding protein should
be studied in CN as discussed in detail earlier.’
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Management of Patients with Cholemic
Nephropathy

Currently, there is no specific treatment or management
recommendation for CN available. The published evidence
on that issue still has to be referred to as anecdotal and
publication bias is additionally very likely (=~Table 1). Since
jaundiced patients are known to be at significantly increased
risk for AKI, potentially nephrotoxic agents should be omitted
to minimize tubular stress and volume status of patients has to
be checked and corrected carefully. In some patients, however,
complete recovery of renal function after successful biliary
drainage was observed, which is again a strong argument for
cholephiles as causing factors of CN. There is currently no
single published prospective clinical trial on the therapeutic
management of CN, which may originate in the ambiguity of
the diagnostic criteria and standards of CN, the discussed
differential diagnostic problems (especially clear discrimina-
tion from AKI-HRS), and the mixed patients population.
Animal experiments suggest that bile acids such as norUDCA
may represent attractive candidates for medical treatment.'*

Task List for Cholemic Nephropathy

* We need diagnostic criteria and standards for CN.

* One of the most critical issues in the area is the widely
unknown clinical impact of CN in patients with and
without concomitant liver disease and the undefined
but likely overlap with AKI-HRS. For that aim, we urgently
need carefully designed prospective large cohort studies,
which should be performed by powerful study groups.

* Careful retrospective histological analysis of explanted
kidneys from patients with refractory AKI-HRS undergo-
ing combined liver and kidney transplantation should be
most informative.

* Clinical studies should especially aim on the identification of
triggers, risk factors, and noninvasive diagnostic tests for CN.

* Animal models with cholestatic liver diseases should be
screened for CN, since CBDL in rodents comprises several
limitations.'

* Mechanisms of renal tubular cell injury, impact of bile
acid signaling molecules such as FXR and TGR5 on renal
bile acid transport, and mediators of inflammation in CN
have to be determined.

» Since CN may have numerous parallels to myoglobin
nephropathy where platelets were just recently shown
to play a major role,”° the influence of platelets should be
clarified.

 Impact of activation of inflammatory cells, of DAMPs or
PAMPs, as well as of different cytokines and chemokines has
to be determined and such studies should specifically focus
on the identification of novel potential therapeutic targets.

Main Concepts and Learning Points

* The term cholemic nephropathy (CN) refers to renal
dysfunction with tubular epithelial injury primarily in
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distal nephron segments accompanied by intraluminal
cast formation in patients with deep jaundice.

* The mechanisms of tubular cell injury remain elusive and
whether tubular casts in CN are cause or consequence of
the disease is unclear; the role of bilirubin is controversial,
but the role of bile acids is likely pivotal.

* Lack of clear diagnostic criteria and standards as well as
the need for invasive and potentially risky kidney biopsy
currently hinders accurate but exact diagnosis and con-
sequently a clear picture of the clinical impact of CN in the
absence of prospective clinical trials.

* CN frequently resolves if cholestasis can be resolved, but
there is no specific therapy to achieve this.

* Research in CN should focus on its pathophysiology,
identification of noninvasive diagnostic tests, determina-
tion of its prognosis and clinical importance, and on the
development of specific treatment strategies.

Conflict of Interest

PF. reports grants from Dr. Falk Pharma GmbH, other from
Medical University of Graz, grants from Austrian Science
Foundation, during the conduct of the study; grants from
Dr. Falk Pharma GmbH, other from Medical University of
Graz, outside the submitted work. P.F has a patent
W02006119803 licensed to Medical University of Graz,
and a patent W020099013334 licensed to Medical Univer-
sity of Graz.

References
1 Krones E, Pollheimer M], Rosenkranz AR, Fickert P. Cholemic

nephropathy - historical notes and novel perspectives. Biochim

Biophys Acta Mol Basis Dis 2018;1864(4 Pt B): 1356-1366

Dawson JL. Acute post-operative renal failure in obstructive

jaundice. Ann R Coll Surg Engl 1968;42(03):163-181

Armstrong CP, Dixon JM, Taylor TV, Davies GC. Surgical experience

of deeply jaundiced patients with bile duct obstruction. Br ] Surg

1984;71(03):234-238

4 Ariza X, Graupera I, Coll M, et al; CANONIC Investigators, EASL

CLIF Consortium. Neutrophil gelatinase-associated lipocalin is a

biomarker of acute-on-chronic liver failure and prognosis in

cirrhosis. ] Hepatol 2016;65(01):57-65

ArroyoV,MoreauR, Jalan R, Ginés P; EASL-CLIF Consortium CANONIC

Study. Acute-on-chronic liver failure: a new syndrome that will

re-classify cirrhosis. ] Hepatol 2015;62(1, Suppl):S131-S143

Cardi E. The hepatorenal syndrome; a historical review. AMA Arch

Surg 1956;73(02):224-227

Quincke H, Hoppe-Seyler G, Oser L, Neusser E. Die Krankheiten

der Leber/Die Erkrankungen des Pankreas/Die Erkrankungen der

Nebennieren. In: Nothnagel H, ed. Spezielle Pathologie und

Therapie. Wien: A. Holder; 1897-1899. Bd. 18 Tl. 1-3

van Slambrouck CM, Salem F, Meehan SM, Chang A. Bile cast

nephropathy is a common pathologic finding for kidney injury

associated with severe liver dysfunction. Kidney Int 2013;84(01):

192-197

Amin AA, Alabsawy El, Jalan R, Davenport A. Epidemiology,

pathophysiology, and management of hepatorenal syndrome.

Semin Nephrol 2019;39(01):17-30

10 Leclerc M, Lanot A, Béchade C, Le Naoures C, Comoz F, Lobbedez T.
Bile salt nephropathy/cholemic nephrosis [in French]. Nephrol
Ther 2016;12(06):460-462

11 Flores A, Nustas R, Nguyen HL, Rahimi RS. Severe cholestasis and
bile acid nephropathy from anabolic steroids successfully treated
with plasmapheresis. ACG Case Rep ] 2016;3(02):133-135

N

w

(6]

a

~

o

o

Downloaded by: Carnegie Mellon University. Copyrighted material.



1

w

1

N

16

19

20

2

-

22

2

w

24

25

26

2

~

28

29

30

31

3

N

33

Luciano RL, Castano E, Moeckel G, Perazella MA. Bile acid nephrop-
athy in a bodybuilder abusing an anabolic androgenic steroid. Am |
Kidney Dis 2014;64(03):473-476

Fickert P, Krones E, Pollheimer MJ, et al. Bile acids trigger cholemic
nephropathy in common bile-duct-ligated mice. Hepatology
2013;58(06):2056-2069

Krones E, Eller K, Pollheimer M]J, et al. NorUrsodeoxycholic acid
ameliorates cholemic nephropathy in bile ductligated mice. ] Hepatol
2017;67(01):110-119

Krones E, Wagner M, Eller K, Rosenkranz AR, Trauner M, Fickert P.
Bile acid-induced cholemic nephropathy. Dig Dis 2015;33(03):
367-375

Adebayo D, Morabito V, Davenport A, Jalan R. Renal dysfunction in
cirrhosis is not just a vasomotor nephropathy. Kidney Int 2015;87
(03):509-515

Gollan JL, Billing BH, Huang SN. Ultrastructural changes in the
isolated rat kidney induced by conjugated bilirubin and bile acids.
Br ] Exp Pathol 1976;57(05):571-581

Rivera-Huizar S, Rincén-Sanchez AR, Covarrubias-Pinedo A, et al.
Renal dysfunction as a consequence of acute liver damage by bile duct
ligation in cirrhotic rats. Exp Toxicol Pathol 2006;58(2-3):185-195
Elias MM, Comin EJ, Ochoa EJ, Rodriguez Garay EA. Evidence for a
secretory component in the handling of unconjugated bilirubin by
the isolated perfused rat kidney. Can J Physiol Pharmacol 1985;63
(12):1581-1585

Elias MM, Comin EJ, Grosman ME, Galeazzi SA, Rodriguez Garay
EA. Possible mechanism of unconjugated bilirubin toxicity on
renal tissue. Comp Biochem Physiol A Comp Physiol 1987;87(04):
1003-1007

Ozawa K, Yamada T, Tanaka J, Ukikusa M, Tobe T. The mechanism
of suppression of renal function in patients and rabbits with
jaundice. Surg Gynecol Obstet 1979;149(01):54-60

Leung N, Croatt AJ, Haggard JJ, Grande JP, Nath KA. Acute chole-
static liver disease protects against glycerol-induced acute renal
failure in the rat. Kidney Int 2001;60(03):1047-1057

Bolisetty S, Zarjou A, Agarwal A. Heme oxygenase 1 as a thera-
peutic target in acute kidney injury. Am J Kidney Dis 2017;69(04):
531-545

Adin CA, Croker BP, Agarwal A. Protective effects of exogenous
bilirubin on ischemia-reperfusion injury in the isolated, perfused
rat kidney. Am ] Physiol Renal Physiol 2005;288(04):F778-F784
Lanone S, Bloc S, Foresti R, et al. Bilirubin decreases nos2
expression via inhibition of NAD(P)H oxidase: implications for
protection against endotoxic shock in rats. FASEB ] 2005;19(13):
1890-1892

Oh SW, Lee ES, Kim S, et al. Bilirubin attenuates the renal tubular
injury by inhibition of oxidative stress and apoptosis. BMC
Nephrol 2013;14:105

Deetman PE, Zelle DM, Homan van der Heide J], Navis GJ, Gans RO,
Bakker SJ. Plasma bilirubin and late graft failure in renal trans-
plant recipients. Transpl Int 2012;25(08):876-881

Ryu S, Chang Y, Zhang Y, et al. Higher serum direct bilirubin levels
were associated with a lower risk of incident chronic kidney
disease in middle aged Korean men. PLoS One 2014;9(02):e75178
Dawson PA, Lan T, Rao A. Bile acid transporters. ] Lipid Res 2009;
50(12):2340-2357

Hofmann AF, Hagey LR. Bile acids: chemistry, pathochemistry,
biology, pathobiology, and therapeutics. Cell Mol Life Sci 2008;65
(16):2461-2483

Lee ], Azzaroli F, Wang L, et al. Adaptive regulation of bile salt
transporters in kidney and liver in obstructive cholestasis in the
rat. Gastroenterology 2001;121(06):1473-1484

Schlattjan JH, Winter C, Greven J. Regulation of renal tubular bile
acid transport in the early phase of an obstructive cholestasis in
the rat. Nephron, Physiol 2003;95(03):49-56

Soroka CJ], Velazquez H, Mennone A, Ballatori N, Boyer JL. Osta
depletion protects liver from oral bile acid load. Am ] Physiol
Gastrointest Liver Physiol 2011;301(03):G574-G579

34

36

37

38

39

40

42

43

a4

45

46

47

48

49

50

5

=

52

53

54

55

Cholemic Nephropathy Reloaded Fickert, Rosenkranz

Soroka CJ, Mennone A, Hagey LR, Ballatori N, Boyer JL. Mouse
organic solute transporter alpha deficiency enhances renal
excretion of bile acids and attenuates cholestasis. Hepatology
2010;51(01):181-190

Slitt AL, Allen K, Morrone ], et al. Regulation of transporter
expression in mouse liver, kidney, and intestine during extrahe-
patic cholestasis. Biochim Biophys Acta 2007;1768(03):637-647
Kaler B, Karram T, Morgan WA, Bach PH, YousefIM, Bomzon A. Are
bile acids involved in the renal dysfunction of obstructive jaun-
dice? An experimental study in bile duct ligated rats. Ren Fail
2004;26(05):507-516

Hagey LR, Vidal N, Hofmann AF, Krasowski MD. Evolutionary
diversity of bile salts in reptiles and mammals, including analysis
of ancient human and extinct giant ground sloth coprolites. BMC
Evol Biol 2010;10:133

Argmann CA, Houten SM, Champy MF, Auwerx ]. Lipid and bile
acid analysis. Curr Protoc Mol Biol 2006;Chapter 29:2

Sathick IJ, Drosou ME, Leung N. Myeloma light chain cast nephrop-
athy, a review. ] Nephrol 2019;32(02):189-198

Gnemmi V, Leleu X, Provot F, Moulonguet F, Buob D. Cast
nephropathy and light-chain deposition disease in Waldenstrém
macroglobulinemia. Am ] Kidney Dis 2012;60(03):487-491
Harrois A, Libert N, Duranteau J. Acute kidney injury in trauma
patients. Curr Opin Crit Care 2017;23(06):447-456

Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney
injury. N Engl ] Med 2009;361(01):62-72

Brdsen JH, Mederacke YS, Schmitz |, et al. Cholemic nephropathy
causes acute kidney injury and is accompanied by loss of aqua-
porin 2 in collecting ducts. Hepatology 2019;69(05):2107-2119
Hofmann AF, Mysels KJ. Bile acid solubility and precipitation in
vitro and in vivo: the role of conjugation, pH, and Ca2+ ions.
J Lipid Res 1992;33(05):617-626

Burnstine RC, Schmid R. Solubility of bilirubin in aqueous sol-
utions. Proc Soc Exp Biol Med 1962;109:356-358

Nayak SL, Kumar M, Bihari C, Rastogi A. Bile cast nephropathy in
patients with acute kidney injury due to hepatorenal syndrome: a
postmortem kidney biopsy study. ] Clin Transl Hepatol 2017;5
(02):92-100

Angeli P, Tonon M, Pilutti C, Morando F, Piano S. Sepsis-induced
acute kidney injury in patients with cirrhosis. Hepatol Int 2016;10
(01):115-123

Piano S, Brocca A, Angeli P. Renal function in cirrhosis: a critical
review of available tools. Semin Liver Dis 2018;38(03):230-241
Arroyo V. Microalbuminuria, systemic inflammation, and multi-
organ dysfunction in decompensated cirrhosis: evidence for a
nonfunctional mechanism of hepatorenal syndrome. Hepatol Int
2017;11(03):242-244

Okubo K, Kurosawa M, Kamiya M, et al. Macrophage extracellular
trap formation promoted by platelet activation is a key mediator
of rhabdomyolysis-induced acute kidney injury. Nat Med 2018;24
(02):232-238

Wong F. Acute kidney injury in liver cirrhosis: new definition and
application. Clin Mol Hepatol 2016;22(04):415-422

Gineés P, Sola E, Angeli P, Wong F, Nadim MK, Kamath PS. Hep-
atorenal syndrome. Nat Rev Dis Primers 2018;4(01):23

Qamar I, Rehman S, Mehdi G, Maheshwari V, Ansari HA, Chauhan
S. Utility of cytospin and cell block technology in evaluation of
body fluids and urine samples: a comparative study. ] Cytol 2018;
35(02):79-82

Bal C, Longkumer T, Patel C, Gupta SD, Acharya SK. Renal function
and structure in subacute hepatic failure. ] Gastroenterol Hepatol
2000;15(11):1318-1324

Kiewe P, Korfel A, Loddenkemper C, et al. Unusual sites of Hodgkin’s
lymphoma: CASE 3. Cholemic nephrosis in Hodgkin’s lymphoma
with liver involvement. ] Clin Oncol 2004;22(20):4230-4231
Betjes MG, Bajema I. The pathology of jaundice-related renal
insufficiency: cholemic nephrosis revisited. ] Nephrol 2006;19
(02):229-233

Seminars in Liver Disease  Vol. 40 No. 1/2020

99

Downloaded by: Carnegie Mellon University. Copyrighted material.



100

Cholemic Nephropathy Reloaded

57

58

59

60

Fickert, Rosenkranz

Uslu A, Tasli FA, Nart A, et al. Human kidney histopathology in
acute obstructive jaundice: a prospective study. Eur | Gastro-
enterol Hepatol 2010;22(12):1458-1465

Bredewold OW, de Fijter JW, Rabelink T. A case of mononucleosis
infectiosa presenting with cholemic nephrosis. NDT Plus 2011;4
(03):170-172

Rafat C, Burbach M, Brochériou I, et al. Bilirubin-associated acute
tubular necrosis in a kidney transplant recipient. Am ] Kidney Dis
2013;61(05):782-785

van der Wijngaart H, van Dam B, van den Berg ]G, Krul-Poel YH,
Klemt-Kropp M, Bax WA. A 73-year-old male with jaundice and
acute kidney injury. Bile cast nephropathy. Neth ] Med 2014;72
(02):95-99, 99

61 Jain K, Gupta A, Singh HK, Nickeleit V, Kshirsagar AV. Bile cast

62

63

Seminars in Liver Disease

nephropathy. Kidney Int 2015;87(02):484

Sequeira A, Gu X. Bile cast nephropathy: an often forgotten
diagnosis. Hemodial Int 2015;19(01):132-135

Tabatabaee SM, Elahi R, Savaj S. Bile cast nephropathy due to
cholestatic jaundice after using stanozolol in 2 amateur body-
builders. Iran ] Kidney Dis 2015;9(04):331-334

Vol. 40 No. 1/2020

64

65

66

67

68

69

70

Patel ], Walayat S, Kalva N, Palmer-Hill S, Dhillon S. Bile cast
nephropathy: a case report and review of the literature. World ]
Gastroenterol 2016;22(27):6328-6334

Sens F, Bacchetta |, Rabeyrin M, Juillard L. Efficacy of extracorpo-
real albumin dialysis for acute kidney injury due to cholestatic
jaundice nephrotoxicity. BM] Case Rep 2016;2016:2016

Werner CR, Wagner V, Sipos B, et al. Acute kidney injury in liver
failure [in German]. Dtsch Med Wochenschr 2016;141(21):1559
Alkhunaizi AM, ElTigani MA, Rabah RS, Nasr SH. Acute bile
nephropathy secondary to anabolic steroids. Clin Nephrol 2016;
85(02):121-126

Alnasrallah B, Collins JF, Zwi LJ. Bile nephropathy in flucloxacillin-
induced cholestatic liver dysfunction. Case Rep Nephrol 2016;
2016:4162674

Mohapatra MK, Behera AK, Karua PC, et al. Urinary bile casts in
bile cast nephropathy secondary to severe falciparum malaria.
Clin Kidney ] 2016;9(04):644-648

Aniort ], Poyet A, Kemeny JL, Philipponnet C, Heng AE. Bile cast
nephropathy caused by obstructive cholestasis. Am J Kidney Dis
2017;69(01):143-146

Downloaded by: Carnegie Mellon University. Copyrighted material.



