Hepatology




# World Journal of
Hepatology

Contents Monthly Volume 12 Number 11 November 27, 2020

883

REVIEW
Malnutrition in cirrhosis: More food for thought

Chapman B, Sinclair M, Gow PJ, Testro AG

897

908

919

MINIREVIEWS
Paraneoplastic syndromes in cholangiocarcinoma

Rahman SU, Sana MK, Tahir Z, Ali A, Shah PA

Noninvasive scores for the prediction of esophageal varices and risk stratification in patients with cirrhosis

Bangaru S, Benhammou JN, Tabibian JH

Natremia and liver transplantation: The right amount of salt for a good recipe

Lenci I, Milana M, Grassi G, Signorello A, Aglitti A, Baiocchi L

931

949

965

976

993

1004

ORIGINAL ARTICLE

Basic Study
Inhibition of vascular adhesion protein-1 modifies hepatic steatosis in vitro and in vivo

Shepherd EL, Karim S, Newsome PN, Lalor PF

Aceclofenac-induced hepatotoxicity: An ameliorative effect of Terminalia bellirica fruit and ellagic acid

Gupta A, Pandey A

Obeticholic acid attenuates human immunodeficiency virus/alcohol metabolism-induced pro-fibrotic
activation in liver cells

New-Aaron M, Ganesan M, Dagur RS, Kharbanda KK, Poluektova LY, Osna NA

Screening and identification of bioactive compounds from citrus against non-structural protein 3 protease
of hepatitis C virus genotype 3a by fluorescence resonance energy transfer assay and mass spectrometry

Khan M, Rauf W, Habib F, Rahman M, Iqgbal M

Retrospective Cohort Study

Cannabis use history is associated with increased prevalence of ascites among patients with nonalcoholic
fatty liver disease: A nationwide analysis

Choi CJ, Weiss SH, Nasir UM, Pyrsopoulos NT

Phase angle and non-alcoholic fatty liver disease before and after bariatric surgery

Teixeira J, Marroni CA, Zubiaurre PR, Henz A, Faina L, Pinheiro LK, Mottin CC, Fernandes SA

Jaishideng®

WJH | https://www.wjgnet.com I November 27,2020 | Volume12 | Issue1l



World Journal of Hepatology

Contents
Monthly Volume 12 Number 11 November 27, 2020

Retrospective Study
1020  Factors associated with 5-year survival of combined hepatocellular and cholangiocarcinoma

Sempokuya T, Wien EA, Pattison RJ, Ma J, Wong LL

1031  Circulating miR-21-5p level has limited prognostic value in patients with hepatocellular carcinoma and is
influenced by renal function

Franck M, Thon C, Schiitte K, Malfertheiner P, Link A

1046 Real impact of tumor marker AFP and PIVKA-II in detecting very small hepatocellular carcinoma (<2 cm,
Barcelona stage 0) - assessment with large number of cases

Tarao K, Nozaki A, Komatsu H, Komatsu T, Taguri M, Tanaka K, Chuma M, Numata K, Maeda S

1055  Non-invasive splenic parameters of portal hypertension: Assessment and utility

Ahmad AK, Atzori S, Maurice J, Taylor-Robinson SD, Lim AKP

1067  Outcome of gastric antral vascular ectasia and related anemia after orthotopic liver transplantation

Emhmed Ali S, Benrajab KM, Dela Cruz AC

Clinical Trials Study

1076  Hepatitis B surface antigen and hepatitis B core-related antigen kinetics after adding pegylated-interferon
to nucleos(t)ids analogues in hepatitis B e antigen-negative patients

Broquetas T, Garcia-Retortillo M, Mico M, Canillas L, Puigvehi M, Cariiete N, Coll S, Viu A, Hernandez JJ, Bessa X,
Carrion JA

Observational Study

1089  Occurrence of seeding metastases in resectable perihilar cholangiocarcinoma and the role of low-dose
radiotherapy to prevent this

Franken LC, Roos E, Saris J, van Hooft JE, van Delden OM, Verheij J, Erdmann JI, Besselink MG, Busch OR, van
Tienhoven G, van Gulik TM

Randomized Controlled Trial

1098  Metalloproteinase expression after desflurane preconditioning in hepatectomies: A randomized clinical
trial

Koraki E, Mantzoros I, Chatzakis C, Gkiouliava A, Cheva A, Lavrentieva A, Sifaki F, Argiriadou H, Kesisoglou I, Galanos-
Demiris K, Bitsianis S, Tsalis K

SYSTEMATIC REVIEWS
1115 Clinical utility of viscoelastic testing in chronic liver disease: A systematic review

Wei H, Child LJ

CASE REPORT
1128  Hepatocellular carcinoma with tumor thrombus extends to the right atrium and portal vein: A case report

Gomez-Puerto D, Mirallas O, Vidal-Gonzalez J, Vargas V

Gishidengs WIH | https://www.wjgnet.com I November 27,2020 | Volume12 | Issuell |



World Journal of Hepatology

Contents

Monthly Volume 12 Number 11 November 27, 2020

ABOUT COVER

Associate editor of World Journal of Hepatology, Dr. Yong-Ping Yang is a Distinguished Professor at Peking
University Health Science Center in Beijing, China. Having received his Bachelor’s degree from Yanbian University
in 1985, Dr. Yang undertook his postgraduate training at PLA Medical College, receiving his Master’s degree in
1992. He rose to Chief Physician in the Hepatology Division of the Fifth Medical Center of the Chinese PLA
General Hospital in 2003 and has held the position since. His ongoing research interests involve liver fibrosis,
cirrhosis and hepatocellular carcinoma, with a particular focus on cryoablation and cryo-immunotherapy for
hepatocellular carcinoma. Currently, he serves as Chairman of the Department of Liver Disease of the Chinese PLA
General Hospital and as President of the Chinese Research Hospital Association for the Study of the Liver Disease.
(L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CST]), and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ii-I; Wang, Production Department Director: Yun-Xiagjian Wu; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5182 (online) https:/ /www.wignet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https:/ /www.wijgnet.com/bpg/getinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1948-5182/editorialboard.htm https:/ /www.wignet.com/bpg/getinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
November 27, 2020 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJH | https://www.wjgnet.com 11 November 27,2020 | Volume12 | Issuell


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

#

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

DOI: 10.4254/wijh.v12.i11.919

World Journal of
Hepatology

World | Hepatol 2020 November 27; 12(11): 919-930

ISSN 1948-5182 (online)

MINIREVIEWS

Natremia and liver transplantation: The right amount of salt for a

good recipe

Ilaria Lenci, Martina Milana, Giuseppe Grassi, Alessandro Signorello, Andrea Aglitti, Leonardo Baiocchi

ORCID number: Ilaria Lenci 0000-
0001-5704-9890; Martina Milana
0000-0003-2027-0481; Giuseppe
Grassi 0000-0001-9182-8759;
Alessandro Signorello 0000-0002-
3831-7244; Andrea Aglitti 0000-0001-
9742-0172; Leonardo Baiocchi 0000-
0003-3672-4505.

Author contributions: Lenci I
collected, analyzed and interpreted
the data, and drafted the
manuscript and revised it critically;
Milana M, Grassi G, Signorello A,
and Aglitti A collected the data
and revised the manuscript
critically; Baiocchi L made the
study proposal, conceived of the
study, corrected the manuscript
and revised it critically.

Conflict-of-interest statement:
There are no conflicts of interest to
disclose for any of the authors.

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

Jaishideng®

WJH | https://www.wjgnet.com

llaria Lenci, Martina Milana, Giuseppe Grassi, Alessandro Signorello, Andrea Aglitti, Leonardo
Baiocchi, Department of Internal Medicine, Hepatology Unit, Tor Vergata University, Rome
00133, Ttaly

Corresponding author: Leonardo Baiocchi, MD, PhD, Associate Professor, Department of
Internal Medicine, Hepatology Unit, Tor Vergata University, Viale Oxford 81, Rome 00133,
Italy. baiocchi@uniroma?2.it

Abstract

An adequate balance between electrolytes and clear water is of paramount
importance to maintaining physiologic homeostasis. Natremia imbalance and, in
particular, hyponatremia is the most frequent electrolyte abnormality observed in
hospitalized subjects, involving approximately one-fourth of them. Pathological
changes occurring during liver cirrhosis predispose patients to an increased risk
of sodium imbalance, and hypervolemic hyponatremia has been reported in
nearly 50% of subjects with severe liver disease and ascites. Splanchnic
vasodilatation, portal-systemic collaterals” opening and increased excretion of
vasoactive modulators are all factors impairing clear water handling during liver
cirrhosis. Of concern, sodium imbalance has been consistently reported to be
associated with increased risk of complications and reduced survival in liver
disease patients. In the last decades clinical interest in sodium levels has been also
extended in the field of liver transplantation. Evidence that [Na‘] in blood is an
independent risk factor for in-list mortality led to the incorporation of sodium
value in prognostic scores employed for transplant priority, such as model for
end-stage liver disease-Na and UKELD. On the other hand, severe hyponatremic
cirrhotic patients are frequently delisted by transplant centers due to the elevated
risk of mortality after grafting. In this review, we describe in detail the
relationship between sodium imbalance and liver cirrhosis, focusing on its impact
on peritransplant phases. The possible therapeutic approaches, in order to
improve transplant outcome, are also discussed.

Key Words: Sodium imbalance; Liver transplant; Cirrhosis; Vaptan; Transplant list;
Hypervolemic hyponatremia
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Core Tip: Sodium imbalance represents an important issue in cirrhotic patients. In the
last decades, the impact of altered sodium levels in the peritransplant phases has also
gained a relevant clinical interest. In this review, we examined: (1) The determinants of
an impaired sodium balance in the course of severe liver diseases; (2) The
consequences of sodium imbalance on liver transplant; and (3) The possible corrective
measures for this condition.

Citation: Lenci I, Milana M, Grassi G, Signorello A, Aglitti A, Baiocchi L. Natremia and liver
transplantation: The right amount of salt for a good recipe. World J Hepatol 2020; 12(11): 919-
930

URL: https://www.wjgnet.com/1948-5182/full/v12/i11/919.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i11.919

INTRODUCTION

We are all well aware that the human body is composed of a high percentage of water
(approximately 60% by weight), with significant changes among different tissues and
according to sex and age!). However, when we examine the human physio-
pathological mechanisms, it would be better to keep in mind that this large fluid mass
is actually composed of “salt” water!’. The accurate proportion/relationship between
electrolytes and water is of paramount importance to preserve cellular and tissue
homeostasis. Moreover, specific transporters, such as the sodium pump or aquaporin
channels, exist to keep definite gradients of electrolytes and water between the inside
and outside of the cell”. Failure to maintain adequate solute concentration (osmolality)
between the intra- and extracellular compartments may affect tonicity, determining
cellular damage for shrinkage or swelling. The accumulation in the cell of sodium
(Na*), the most concentrated cation in extracellular fluid, is prevented by the sodium
pump. For this reason, Na*is not only the main determinant of plasma osmolality but
it also plays an important role in maintaining isotonicity between the intra- and
extracellular environment!’l.

Central regulation of the sodium-water balance and tonicity are obtained by
brain/kidney crosstalk”l. In brief, during physiologic conditions, neurohypophysis
detects hypertonic signals recorded by osmoreceptors and activates vasopressin [i.e.
antidiuretic hormone; antidiuretic hormone (ADH)] release by the pituitary gland.
ADH, in turn, stimulates kidney reabsorption of water, thus reducing
hyperosmolarity. Thirst is also stimulated by osmoreceptors as long as homeostasis is
not reacquired. In hypotonic conditions, the mechanism is the reverse, with decreased
ADH secretion and inhibition of thirst. Despite this fine-tuned regulation of
osmolality, altered sodium serum levels are frequently encountered in clinical practice;
in this case, our attention is usually recalled by the Na' reported value; however,
changes in plasmatic sodium are more frequently the expression of an impaired water
balance rather than electrolyte increase or loss.

In this review, we examined natremia changes in pathological conditions focusing
on the aspects observed during liver cirrhosis. The consequences of altered sodium
levels on the outcome of patients undergoing liver transplantation (LT) and the
possible corrective measures will also be discussed.

NATREMIA IMBALANCE IN GENERAL PRACTICE

While natremia imbalance should be considered a symptom rather than a disease,
evidence in clinical practice of a plasma sodium concentration lower than 135 or
higher than 145 mEq/L, respectively, defines hypo or hypernatremia. Hyponatremia is
by far the more frequently encountered electrolyte abnormality in hospitalized
patients 'l In a large retrospective study, prevalence of Na*< 135 mEq/L was 22.1%
and 14.7% in hospitalized and ambulatory patients, respectively!”. Despite the finding
of hyponatremia, a hypo, hyper or isotonic plasma/cell condition should not be ruled
out since other solutes not able to cross plasma membrane (such as glucose) may
impact tonicity!"*'l. However, hypotonic or dilutional hyponatremia caused by excess
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water intake or impaired kidney water disposal is the most frequent form!'*.

Hyponatremia should also be discriminated in the clinic according to the volume of
extracellular fluid in hypo, normo, or hypervolemic forms!"”.. In chronic diseases such
as cardiac insufficiency, nephrotic syndrome, or liver cirrhosis, a hypervolemic
hyponatremia is usually present, characterized by edema. Concern exists in
hospitalized patients because of the strict relationship between morbidity/mortality
and hyponatremial'l. Moreover, an increased risk of mortality, in sodium-deficient
hospitalized patients, seems to be present also for mild reduction of blood [Na'] (130-
134 mEq/L) and persists also in the 5-year follow-up after dischargel'”'*l,

With regard to mortality, the most dramatic complications of acute hyponatremia
(also when a too rapid correction of sodium depletion occurs) are considered the
neurologic ones™”l. Symptoms of onset are represented by lethargy, vomiting,
headache and confusion, among others, reflecting impairment of the central nervous
system as a consequence of a rapid change of extracellular tonicity exiting in brain
edema and possible demyelination*. This condition is characterized by a relevant
morbidity in more than one-third of subjects”l. However, (1) since this important
complication requires rapid modification of plasma sodium concentration and (2)
considering that an adaptive response to osmotic changes exists in the brain
(constituted mainly by the shift of fluid in the subarachnoid space” and loss of solutes
by brain cells™), increased overall mortality observed in patients with hyponatremia
does not seem completely explained by neurological involvement. In this perspective,
besides patients in which sodium depletion is the main cause of death, there are others
in whom hyponatremia is only the innocent expression of a chronic severe disease,
thus not eliciting a direct impact (or with just a partial impact) on mortality!*l.

Hypernatremia, recognized by a plasma [Na*] > 145 mEq/L (as also stated before),
is a condition with a lower prevalence in comparison with hyponatremia, but it is
associated, like the latter, with significant mortality. While hyponatremia may be
present in different conditions of extracellular fluid tonicity, the hypernatremia is
constantly characterized by a hypertonic plasma’. In the pathogenesis of the
increased plasma sodium concentration, an imbalance between clear water and Na*
loss/intake occurs, with concomitant failure of the compensatory systems, including
the brain-kidney axis and the thirst triggering mechanism™!. Given the important
defense operated by thirst stimulation against hypernatremia, increased plasma
sodium levels usually occur when the sensitivity to central stimuli is absent or greatly
reduced. Therefore, in clinical practice, patients with reduced consciousness, such as
those in an intensive care unit are at major risk for hypernatremia®*J. In outpatient
settings increased sodium levels are rarely observed and the main causes are
represented by diarrhea (in elderly and small children), excessive use of diuretic
drugs, diabetes insipidus, and others!>*,

From all the above, it is clear that complex diagnostic flow charts are sometimes
needed to achieve a correct diagnosis in patients with sodium imbalance. In other
clinical situations, such as in liver cirrhosis, changes in sodium blood levels are instead
characteristic of the disease.

NATREMIA IMBALANCE IN LIVER CIRRHOSIS: IT ALL STARTS HERE

Impaired water handling has long been demonstrated in liver cirrhosis™; this is well
documented by the frequent finding of ascites and edema in patients with relevant
liver impairment™. Ascites and dilutional hyponatremia are, in liver cirrhosis, the
ending evolution of the same pathological sequence of events. In fact, as an important
step, a hyperdynamic circulation with increased cardiac output and decreased blood
pressure for reduced peripheral vascular resistance develops!!. Fall of peripheral
resistance, which is not justified by increased requirement of oxygen by tissues, is
clearly evident also by the subject examination usually exhibiting warm extremities,
palmar erythema, spider naevi, and other typical signs. Rearrangement of the systemic
circulation is thought to occur as a response to portal hypertension, stimulating
splanchnic vasodilatation and portal-systemic collaterals’” opening!™. Vasodilation in
this setting seems to be maintained by the excretion of several modulators™. Among
these, nitric oxide has long been identified as of major importancel™*l.

Finally, arterial underfilling activates baroreceptors stimulating chronic ADH
release. Increased reabsorption of clear water is then the determinant of fluid
accumulation and hypervolemic hyponatremia in decompensated cirrhosisl. A
simplified scheme of events leading to dilutional hyponatremia during cirrhosis is
reported in Figure 1. Considering (1) the constant occurrence of altered clear water
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Figure 1 A simplified scheme including the sequential factors and the organs involved in hypervolemic hyponatremia onset, during
cirrhosis, is depicted. ADH: Antidiuretic hormone; NO: Nitric oxide. 1: Increase; | : Decrease.
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handling in the majority of patients with advanced liver disease and (2) in order to
have a more tailored indication on pathological sodium levels in these patients, the
beginning of the threshold limit for hyponatremia in cirrhotic patients was reduced to
[Na*] <130 mEq/ L.

Detection of persistent hyponatremia in cirrhotic patients represents a worrisome
event because of its relationship with complications and mortality"*. In 2006, a
prospective survey on 997 cirrhotic patients with ascites, coming from 28 worldwide
centers, was performed in order to assess the impact of natremia on the onset of
complications’. This study demonstrated a prevalence of hyponatremia (Na* < 135
mEq/L) of nearly 50%, while 21.6% exhibited a Na* < 130 mEq/L. Moreover, low
sodium levels were associated with a more severe grade of liver disease (Child-Pugh
C) and an increased risk of major complications, such as hepatic encephalopathy,
hepatorenal syndrome (HRS), and spontaneous bacterial peritonitis, excluding only
gastrointestinal bleeding. Of particular concern is the association between natremia
and HRS. The latter, that is currently diagnosed on the basis of acute kidney injury
criteria (baseline increase of serum creatinine > 0.3 mg/DL and/or > 50% within 48 h),
has, in fact, a recorded mortality higher than 50%"*4. HRS is still in search of adequate
medical treatment, and the complex interplay between hyponatremia and HRS are
discussed in detail in a 2015 review by Mohanty et alt*’l.

Finally, hyponatremia has been demonstrated to impact the health-related quality of
life (HRQL) of cirrhotic patients. This is also observed in the absence of hepatic
encephalopathy™!. In a study, sodium correction in 21 patients with cirrhosis
determined a statistical improvement in HRQL and cognitive performance in
comparison with the corresponding baseline values!*’l. This finding, as also suggested
in an editorial of the same journal, underscored the fact that correction of
hyponatremia in cirrhosis did not correspond to just “treating a number” but to a cure
for several clinical complications, including a reduced HRQL.

Hypernatremia is more seldom observed and less studied in cirrhotic patients,
accounting for 2%-5% of cases only"**l. It has been described in severely ill patients
after the lactulose-induced loss of fluid or in concomitance with decompensated
diabetes; however, a definite picture of hypernatremia prevalence, morbidity, and
mortality in cirrhosis is not available at present™*"l.

Given the importance of sodium imbalance in liver diseases, with regard to its
relationship with complications and mortality, the attention to sodium was also
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translated in the field of liver transplantation in the last decades. Natremia levels were,
in fact, examined for their possible role as a prognostic factor in the waiting list, as a
predictor of outcome after grafting, and as possible effectors of complications in the
peritransplant phases.

NATREMIA IMBALANCE AND LIVER TRANSPLANTATION

Starting from the new millennium, it was evident in the United States that liver
transplantation should be offered on a “sickest first basis” rather than on-list waiting
time™. In this perspective, prognostic scores to forecast a short term decrease in
cirrhotic patients acquired paramount importance in order to select subjects more in
need of a transplant with a consequent reduction of in-list mortality. The model for
end-stage liver disease (MELD) score (calculated on the base of bilirubin, creatinine,
and international normalized ratio values)™, originally proposed to evaluate 3-mo
liver-related mortality in cirrhotic patients undergoing trans-jugular-portal-systemic
shunt, seemed at that time adequate also for the selection of best liver transplant (LT)
candidates™ . However, assessment of the MELD score in the real LT world
suggested that dynamic evaluation of these parameters or adoption of adjunctive
parameters should determine a better selection of patients for LT,

A study on 507 patients evaluated for LT in the United States aimed to find
additional parameters (not included in MELD) indicating short-term mortality™!. This
research evidenced that persistent ascites and sodium serum levels < 135 mEq/L
represented important predictors of mortality that improved the performance of low
(<21) MELD score. Since the impact on survival of water imbalance was not captured
by the MELD score and in need to find a possible objective parameter paralleling the
severity of edema, a study was conducted to evaluate the predictive value of MELD
and sodium serum levels in the waiting list for LT, In 554 cirrhotic patients in a
single United States center: (1) A natremia < 126 mEq/L at listing was associated with
an increased (nearly 8 times) risk of death; (2) The estimation of risk based on sodium
levels was independent by MELD score; and (3) The inclusion of Na with MELD
seemed to improve performance in estimating mortality at 3 mo and 6 mo. The role of
sodium levels as an independent factor predicting in-list mortality was then
definitively demonstrated in a very large study with data retrieved from the Organ
Procurement and Transplantation Network databasel*. This research demonstrated a
better graft allocation employing the MELD score and Na* value together (more
evident for low MELD score), with a possible 7% reduction of mortality in the list
when this scheme was applied to retrospective results.

Further evidence-based studies led to the incorporation of natremia in the MELD
score, giving origin to MELD-Na in the United States and UKELD in the United
Kingdom, respectively™*’l. Both scores were demonstrated to perform better than the
original MELD at 3 mo and 6 mol"", even if their superiority was not demonstrated
when evaluating patients with acute liver failurel. At present, the importance of
sodium serum level inclusion in the MELD score has also been confirmed in an
updated model undergoing optimization of coefficient bounds!”. However, some
authors advanced concern in including natremia for LT allocation since this parameter
could be artificially altered in the clinical setting, and its contribution in the MELD
model seems to be limited as well as restricted to low score!*l.

Interest in sodium serum levels and LT then rose also with regard to surgical
outcome. In an early retrospective European study on 241 cirrhotic patients
undergoing LT, a prevalence of hyponatremia (< 130 mEq/L) of 8% was found!".
Hyponatremic patients had ascites in 100% of cases and more severe liver disease
before LT. In the first month after LT, the incidence of neurologic, infectious, or kidney
complications was statistically more frequent in patients transplanted with a [Na*] <
130 mEq/L in comparison with others. This translated into a significant reduction of 3
mo survival (84% vs 95%; P < 0.05). A subsequent United Kingdom multicenter study
reassessed this issue on 5152 patients undergoing LT and in whom pre-transplant
sodium data were available!*’. Patients were stratified according to blood [Na'] in
severely hyponatremic (< 130 mEq/L), hyponatremic (130-134 mEq/L), normal (135-
145 mEq/L), and hypernatremic > 145 mEq/L. The 3-mo mortality was increased in
patients with sodium < 130 mEq/L, accounting for approximately 15% of cases, while
the impact on mortality of hypernatremia was even more evident, accounting for 25%
of cases. However, the finding of increased sodium levels was 20-times less frequent
than hyponatremia in the study. Finally, patients with sodium serum levels falling
between 130-134 mEq/L did not exhibit a difference in mortality in comparison with
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eunatremic subjects.

Despite the fact that the main cause of death in all groups in the study was
represented by infections, thus evolving in multi-organ failure, the authors suggested
that the occurrence of central nervous system complications was the first trigger
increasing mortality in groups with natremia imbalance. In fact, a previous study
demonstrated that rapid corrective osmotic changes occurring during transplant and
in early postoperative phases might be responsible in patients with deranged sodium
serum levels of pontine and extrapontine myelinolysis”*"l. Unfortunately, the
occurrence of this complication was not assessed in the study. Prevalence of central
pontine myelinolysis after LT and according to pretransplant natremia levels was then
evaluated in a large United States study!”l. Central pontine myelinolysis was
evidenced in 0.5% of the entire cohort (2175 patients) and was associated with the
presence of hyponatremia. Interestingly in this American study, differently from
previous European data, even if Na* levels were associated with longer intensive care
unit and in-hospital stay, an increased 90 d mortality after LT was not found.

The possible role of hyponatremia on LT short-term survival was again challenged
by a following United States large study’l. In this cohort of nearly 20.000 patients,
there was no difference in short-term (90 d) survival after LT between hyponatremic
and normonatremic patients. On the other hand, an important (statistically significant)
reduced survival was observed in hypernatremic (Na* > 145 mEq/L) subjects. The
interesting discrepancy between the European and American studies does not have a
clear explanation so far. However, it is possible that in European studies: (1)
Hyponatremia was the expression of more severe liver disease; (2) The use of marginal
graft was more largely applied; and (3) Different etiologies of liver diseases (with
worse outcomes) were more represented’l. More recently, a monocentric study with a
limited number of patients (1 = 306) reassessed the issue of natremia and short-term
neurological complications!”'l. In this research, while either hypo (< 130 mEq/L) or
hypernatremia (< 145 mEq/L) did not have an effect on short-term survival after LT, a
relationship between the magnitude of sodium levels correction (> 10 mEq/L),
neurological complication, and reduced outcome was observed.

THERAPEUTIC STRATEGIES FOR SODIUM IMBALANCE IN PATIENTS
UNDERGOING LT

As reported above, the general issue of sodium imbalance in cirrhosis acquires
particular importance with regard to patients proceeding toward LT. The management
of hyponatremia in liver disease patients (the most frequent electrolyte alterations
observed) changes widely according to the clinical picture. Acute hypovolemic
hyponatremia (observed for extended diuretic therapy or fluid loss) may be managed
with success by employing sodium and fluid replacement therapy!”. On the other
hand, treatment of chronic hypervolemic (dilutional) hyponatremia, that represents
the expression of a more general impairment of clear water handling, is complex and
overall results remain unsatisfactory. The heterogeneous management of this
condition by different transplant centers, in the lack of a shared guideline, reflects the
complexity of this pathological alteration and the physicians” concern. The United
States data show that the majority of LT centers delist patients with Na*< 120 mEq/L
and that a specific protocol to manage low natremic levels before surgery is adopted in
less than one-third of transplant centersi”. These findings suggest that the
establishment of an optimal therapy of dilutional hyponatremia in cirrhotic patients
may increment their access to transplants, also reducing in-list mortality and possible
peritransplant complications.

In clinical practice and in this setting, treatment for decreased natremia is a
multistep route to be tailored according to therapy response and target!”l. Low-level
hyponatremia (Na* < 135; > 130 mEq/L) is not deemed worthy of treating since it is
considered a frequent and harmless feature of severe liver disease. Sodium values
lower than 130 mEq/L may be considered for corrective measures, even if symptoms
are seldom observed above 125 mEq/L. Less aggressive, first-line therapy is
represented by the withholding of diuretic drugs and fluid restriction. An adequate
reduction of fluid intake (1-1.5 L/d) is frequently difficult to obtain because of
compliance issues. When this measure is effective, blood sodium level rises within 24-
48 h!>, Correction of hypokalemia and administration of albumin may also improve
sodium levels”>74. Potassium, when it is administered to restore the normal serum
range, migrates in the cell, shifting sodium in the extracellular space to equilibrate the
net charge concentration. The use of albumin, for sodium correction in cirrhotic
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patients, despite the efficacy, remains more controversial due to the cost and its
transient effect’”; however, in hyponatremic patients awaiting LT, it seems a
reasonable second-line treatment to reduce possible perisurgical complications after
the failure of fluid restriction.

In a large United States study on cirrhotic hyponatremic (< 130 mEq/L) patients,
albumin administration was statistically associated with normalization of sodium
levels; this, in turn, had a positive effect on 30-d survival”. The effect of albumin on
natremia may be related to both its oncotic and non-oncotic (inhibition of vasodilators
release) properties, as underlined in a commentary in the same journal?”l.

The possibility to administer hypertonic saline (generally contraindicated in
cirrhotic patients since it increases ascites and edema) may be considered as a
short-term treatment, in the few days preceding LT, in severely hyponatremic
patients. However, drastic changes in sodium serum levels (> 8 mEq/L daily) should
be carefully avoided for the possible onset of significant adverse events in these fragile
patients”l. In this perspective, it seems reasonable to postpone hypertonic saline
infusion after attempting to correct sodium levels with fluid restriction or albumin
infusion. In fact, the latter strategies are not flawed by significant complications.

Finally, a more complex therapeutic approach includes the use of vaptans; the latter
are specific inhibitors of vasopressin (V)-receptorsl. Among different V receptors
(V1a, V1b, and V2), the one involved in kidney clear water reabsorption is the V2.
Great interest was raised on V2-vaptans inhibitors (lixivaptan, stavaptan, and
tolvaptam) for their possible beneficial effects in cirrhosis since they seemed to target
the specific physio-pathological mechanisms leading to dilutional hyponatremia and
edema during end-stage liver diseases. Three meta-analyses, focusing on cirrhotic
patients, during the last decade consistently demonstrated correction of natremia and
reduction of ascites and related complications, such as spontaneous bacterial
peritonitis. However, a clear effect on survival was never observed also after a long-
term (> 26 wk) follow-upl™*1. Moreover, a safety warning was released by the Food
and Drug Administration in 2013 to avoid tolvaptan in patients with underlying liver
disease, since increased liver enzymes were observed in 4.4% of patients (significant
alteration in 1%) in a trial on autosomal dominant polycystic kidney disease™. On the
other hand, despite the fact that early data on autosomal dominant polycystic kidney
disease evidenced changes in liver biochemistry during vaptans (tolvaptan)
therapy™™, a significant increase in adverse events in cirrhotic patients was never
observed. A more worrisome complication related to V2-specific vaptans use might be
considered the too rapid (> 8 mEq/L day) correction of sodium levels, with possible
neurologic deleterious effect. For this reason, their administration should be decided,
managed, and monitored by expert centers. However, the utility of long-term routine
use of tolvaptan (the only V2-specific oral vaptan available) for chronic hyponatremia
in cirrhotic patients, remains undefined and uncertain since the quick reversal of the
therapeutic effect when treatment is withdrawn and the possible adverse events. For
these reasons, hyponatremia in cirrhosis remains an “off label” indication for this drug
in the majority of countries.

The clinical setting of LT is nevertheless different from the general management of
liver cirrhosis. Sometimes, a patient needing an accelerated LT because of a poor
prognosis may present with severe hyponatremia. This condition exposes the
candidate to a well-recognized risk of neurological complications in the perisurgical
phase and maybe to an “a priori” exclusion from transplant. In this complex and
specific clinical situation, in which possible drug-induced liver toxicity appears
negligible as LT is already required, it seems correct to consider vaptans treatment!”>*,
In this perspective, tolvaptan was experimented for the first time by our group in two
LT candidates presenting with severely reduced sodium levels*!. These subjects were
in need of an expedited LT (MELD > 30), both with a natremia approaching 120
mEq/L. After the failure of fluid restriction and hypertonic saline administration, they
underwent a short-term (5 d) low-dose (15 mg daily) administration of tolvaptan, with
a rise of sodium levels > 130 mEq/L. The drug administration (after acquisition of an
informed consent due to the risk of increased liver damage) was carefully
followed-up, with frequent testing of liver function parameters and sodium levels, as
the patients were hospitalized in our liver sub-intensive unit. We did not observe any
major changes in patient biochemical tests. One patient was transplanted and the
outcome was uneventful, while the other died of multi-organ failure since an
appropriate graft was not retrievable despite the urgency. Our data demonstrated that
this short-term low-dose administration was effective, safe, and feasible also in the
presence of relevant cholestasis and coagulopathy (both patients had bilirubin > 10
mg/dL and international normalized ratio > 2.5). Our experience was also replicated
in a case report of an LT candidate with a less severe liver impairment (MELD17)1.
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Finally, a study was undertaken with tolvaptan in LT candidates in order to
improve refractory ascitesl. Ten patients were treated with a very low dose of
tolvaptan (starting from 3.75 mg/d) together with standard diuretic therapy. Six of
them had a reduction > 1.5 Kg of body weight within 1 wk of treatment. No major
changes were observed with regard to liver function tests or natremic levels.

Also in the lack of unequivocal data and clear guidelines, a possible multi-step
approach to severe hypervolemic hyponatremia, for candidates to expedite LT, is
proposed in Figure 2.

CONCLUSION

Sodium imbalance, and in particular dilutional hyponatremia, is frequently
encountered in patients with severe liver disease. Low sodium levels in cirrhosis
should be considered as the expression of a more complex impairment of water
handling rather than a mere electrolyte deficiency. In this perspective, the scarce
effects of standard maneuvers for natremia correction are not surprising since the ideal
treatment should be targeted to reverse the mechanisms at the base of hyperdynamic
circulation or the increased excretion of nitric oxide and ADH. While waiting for
appropriate medical treatment, sodium imbalance continues to affect survival and to
increase complications in cirrhotic patients. It also sometimes prevents their
transplantability, increasing their list mortality and the complexity of post-transplant
outcomes. A definitive solution to these aspects would be an important achievement in
the future. For the time being, we have to consider that LT represents the most
effective therapy for chronic natremia unbalance in cirrhosis and that hyponatremic
patients are those experiencing the major survival benefit from this procedurel*l.
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Severe hypervolemic hyponatremia (Na* < 120 mEg/L) in patient awaiting expedite liver transplantation

*Withhold diuretic
*Fluid restriction (1-1.5 L/d)
«Correction of potassium levels

Evaluate response after 24/48 h

Y

Yes
Proceed to transplant

Albumin infusion (mean total amount 225 g)

Evaluate response ‘

(e |

Yes
Proceed to transplant

Hypertonic saline infusion
(Na* correction to keep < 8 mEq/L d)

Evaluate response ‘

(o]

Yes
Proceed to transplant

Consider short-term, low dose vaptan
treatment (Tolvaptan 15 mg/d for 5-7 d; Na*+
correction to keep < 8 mEq/L d)

Figure 2 Proposed algorithm for correction of severe hypervolemic hypernatremia in cirrhotic patients in wait of expedited liver
transplantation. Indications are mainly desumed by small studies or on the base of expert opinion!"“"®*>¥]_For vaptan, consider (1) the “off-label” indication and
(2) the warning on tolvaptan liver toxicity limiting its use in patients with liver injury, in some countries. Acquisition of patient informed consent is suggested before

treatment.
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