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Abstract

Hyponatremia is associated with an increased risk of mortality on the liver transplant (LTx)
waiting list. Though incorporation of the serum sodium into the MELD score may reduce wait list
mortality, concerns remain about a potential association between pre-LTx hyponatremia and
decreased post-LTx survival. Furthermore, the relationship between pre-LTx hypernatremia and
post-LTx survival remains unexplored. The purpose of this study was to investigate the impact of
the entire spectrum pre-LTx serum sodium (Na) on post-LTx outcomes. We identified
19,537patients with serum Na that was available immediately before LTx from 2003-20010.
Patients were divided into three groups including hyponatremic (Na < 130 mEq/L),
normonatremic (Na=131-145mEq/L) and hypernatremic (Na >145 mEg/L) groups and their post-
LTx outcomes compared. There was no difference in in-hospital mortality or 90-day survival
between patients with hyponatremia and normonatremia. A fraction (2.4%) of patients had
hypernatremia, which was associated with increased in-hospital death (11.2% vs. 4.2%, p<0.001)
and diminished 90 day survival (86.4% vs. 94.0.%, p<0.001). After adjusting for important
clinical variables, the association of preLTx hypernatremia with post-transplant mortality
remained significant with a HR=1.13 for each unit increase in sodium >145mEqg/L (p<0.001).
Length of hospitalization after LTx was significantly longer in hypernatremic patients (p < 0.001).
In conclusion, hyponatremia per se does not affect post-LTx survival. Pre-LTx hypernatremia is a
highly significant risk factor for post-LTx mortality.
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INTRODUCTION

Hyponatremia is a common yet ominous sign in patients with end stage liver disease
(ESLD). Nearly 50% of cirrhotic patients have serum sodium concentrations below the
lower limit of the normal range (135-145 mmol/L).(1) Hyponatremia in cirrhosis has been
defined as a serum sodium < 130 mEg/L.(2) Hyponatremia in cirrhosis results from
antidiuretic hormone-mediated renal retention of free water despite increased total body
sodium. Major complications of hepatic decompensation have been associated with
hyponatremia including bacterial infections, ascites, renal failure, encephalopathy, and
reduced quality of life.(3-6) It is now well established that hyponatremic patients with
ESLD have increased mortality independent of other indicators of severity of liver disease,
such as the MELD score.(3-10)

Liver transplantation (LTx) not only restores the functional reserve of the liver but also
corrects hemodynamic derangements of end stage liver disease, such as splanchnic
vasodilation and renal hypoperfusion associated with portal hypertension. To the extent that
these factors drive hyponatremia in ESLD patients, successful LTx rapidly restores sodium
homeostasis. Although the impact of hyponatremia on waitlist mortality has been studied
widely, it remains unclear whether hyponatremia preceding liver transplantation affects
post-transplantation outcomes.(11-14) Earlier European studies reported that hyponatremic
patients had shorter survival and higher incidence of complications following LTx than
those with normonatremia. In our previous work based on a US multicenter database, we
found no association between hyponatremia and decreased survival postLTx, whereas
certain complications such as central pontine myelinolysis were more common among
hyponatremic patients. The importance of this debate has become even more important
currently given the potential for US-wide implementation of an organ allocation system
incorporating serum sodium.

Hypernatremia is the less common dysnatremia, yet in a very early publication it was
associated with high mortality rates.(15) Hypernatremia is also associated with higher
mortality in patients with chronic kidney disease or heart failure, patients admitted to the
ICU, and geriatric patients admitted to the hospital.(16-19) There is a paucity of data on the
relationship between pre-LTx hypernatremia and post-LTx outcomes

In this study, we utilize population-based data in the United States to address (1) whether
hyponatremia prior to LTx is associated with diminished post-LTX survival and (2) whether
hypernatremia has an impact on post-LTx outcome.

MATERIALS AND METHODS

Data Source

Data were obtained from the Organ Procurement and Transplantation Network for 47,254
patients who underwent liver transplantation (LTx) in the Unites States from 2003 to 2010.
All adult patients (= 18 year) with chronic liver disease who received their first liver
transplant were eligible for inclusion in the study. Reasons for exclusion included age under
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18 years (n=4,232), listed as status 1 (n=3,071), prior liver transplantation (n=895), any
malignancy (n=7,248), or incomplete data (n=12,271).

Demographic, clinical and laboratory data at the time of LTx were extracted from the
Standard Transplant Analysis and Research (STAR) dataset file. All laboratory data,
including serum sodium, were measured within 0—7 days prior to transplantation. Recipients
were divided into three groups according to the serum sodium value: hyponatremic group
(Na < 130 mEqg/L), normonatremic group (Na=131-145mEq/L) and hypernatremic group
(Na >145 mEqg/L). These sodium values were chosen based on currently accepted definitions
of hyponatremia and hypernatremia as well as the visual inspection of a smoothing spline
generated from the Cox proportional hazard regression analysis (see below) Underlying liver
disease diagnosis was categorized into viral, cholestatic, alcohol, and other etiologies.
Patients with more than one diagnosis were categorized under the etiology most likely to
determine the post-LTx outcome. For example, patients with hepatitis C and alcohol were
classified as hepatitis C.

Data Analysis

RESULTS

Descriptive analysis of the recipient characteristics included comparison of hypo-, normo-
and hypernatremic patients with respect to demographic, clinical and laboratory data.
Following LTx, the main outcome variable considered was survival, including post-LTx
mortality within 30 and 90 days as well as in-hospital mortality. Patient survival was
calculated by the interval between LTx and the last known follow up or death. In addition,
graft survival was calculated by the interval between LTx and death, re-transplantation or
last day of follow-up. The Kaplan-Meier method was used to estimate recipient survival
after LTx using the log-rank test to determine statistical significance. The relationship
between pre-LTx sodium and survival post-LTx was analyzed using the multivariable Cox
proportional hazard regression analysis. The Cox model was used to generate a smoothing
spline to determine the relationship between serum sodium, across the spectrum of values,
and post-LTx transplant survival. The spline was evaluated visually and by formal test for
linearity, which helped determine rational sodium ranges to evaluate. A number of
covariates at the time of LT, specifically age, gender, race, presence of ascites, etiology of
liver disease, MELD, dialysis, and life support were considered as a potential confounding
variable of serum sodium. A p-value less than 0.05 was used for statistical significance in all
analyses.

Recipient Characteristics

There were 19,537primary transplant recipients that met the inclusion criteria. Table 1
describes patients’ characteristics at the time of LTx. A Majority (84.6%) of patients
(n=16,525) had a serum sodium in the normal range (131-145 mEq/L) while 13.0.%
(n=2,548) were hyponatremic (<130 mEg/L) and 2.4% (n=464) were hypernatremic (>145
mEg/L). The median serum sodium for the entire population was 136 mEg/L and the median
age 53 years. Viral hepatitis was the most common etiology of liver disease (46.8%). Of the
patients with a diagnosis of ‘other’ (26.3%) liver disease, 8.4% had cryptogenic cirrhosis,
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and 6.7% had cirrhosis due to non-alcoholic steatohepatitis. Ascites was present in 86.8% of
recipients and was generally graded as mild. Hepatic encephalopathy was present in 73.5%,
most of whom had grade 1-2 HE. Dialysis and life support were necessary in 12.2% and
5.2% of recipients, respectively. The median calculated MELD score at the time of LTx was
22.

In comparing the three groups according to serum sodium concentrations, the vast majority
of parameters shown in Table 1 were statistically significantly different, although not all of
the differences may be medically meaningful. In gender comparisons, male preponderance
was the highest in the hyponatremia group and the lowest in the hypernatremia group.
Compared to patients with normonatremia, hypo- and hypernatremic patients displayed
evidence of more advanced hepatic decompensation. The proportion of patients with
moderate to severe ascites was higher in hypo- and hypernatremic patients when compared
to normonatremic patients. Grade 3 or 4 hepatic encephalopathy was most common among
patients with hypernatremia. Similarly, the MELD score and its component laboratory data
were the highest in hypernatremic patients, followed by the hyponatremic and then the
normonatremic groups.

Serum Sodium and Post-LTx Survival

Following LTx, the median follow up after LTx was 1,063 days (interquartile range, IQR=
548-1,732). One thousand five hundred eighty-one (8.1%) of the 19,537 patients died within
the first 90 days after LTx, including 673 (3.4%) who died within the first 30 days. Figure 1
illustrates patient survival up to 90 days following LTx. It is apparent that there is no
difference in survival between hyponatremic and normonatremic patients, whereas patient
survival in hypernatremic patients is significantly shorter (log-rank, p <0.001). The Kaplan-
Meier probability of patient survival at 90 days was 94.0.% (95% confidence interval [CI]:
93.6-94.3%) for normonatremia, 94.7% (95%CI: 93.8-95.5%) for hyponatremia and 86.4%
(95%Cl: 83.3-89.9%) for hypernatremia. We considered post-LTx survival beyond the first
week given the large drop in the hypernatremic group in the first week. While survival
remained similar between hypo- and normonatremic patients, the curve (not shown) for
hypernatremia patients continued to diverge from the others two groups and was statistically
significant. (log rank, p<0.001) Figure 2 demonstrates survival of patients arbitrarily
subcategorized as having mild (125-130), moderate (120-124) or severe (<120)
hyponatremia. Of note, patients with any degree of hyponatremia did not have a statistically
significant difference in the Kaplan Meier probability of survival relative to their
counterparts with normal serum sodium. Figure 3a depicts a smoothing spline which
demonstrates the relationship between pre-LTx serum sodium and post-LTx mortality, after
adjusting for the MELD score. Between a serum sodium of 130 mEg/L and 145 mEqg/L, the
curve is flat indicating that there was no change in mortality. Below 130 mEg/L of sodium,
the confidence band widened progressively indicating decreasing number of events in
patients with severe hyponatremia; however, there was no evidence of increasing mortality
as serum Na decreased. On the other hand, there was a dramatic increase in the risk of death
associated with Na > 145 mEqg/L. Here also, the confidence band widened; however,
mortality risk with Na > 150 mEq/L rose steeply and was statistically significantly (p<
0.001). Figure 3b demonstrates the relationship between pre-LTx serum sodium, and post-
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LTx mortality after adjusting for multiple important clinical variables. With those
adjustments, there was no significant change in the conclusion.

Hyponatremia and post-LTx Survival

Table 2 presents results of the multivariable regression analysis focusing on the impact of
hyponatremia on post-LTx mortality. Serum sodium in the low and normal ranges had no
clinically important effect on survival (after adjusting for known factors that affect post-LTx
outcomes) at 1 month (hazard ratio, HR=1.017, 95% CI 1.001-1.034) or 3 months
(HR=1.015 95% CI 1.003-1.027), again consistent with data presented in Figure 1. The p
values were significant however, due to the large number of observations. Other covariates
that were significant included MELD and ‘other’ liver disease. As there were patients with
missing laboratory data within the predefined window (0-7 days prior to LTx), we
conducted a sensitivity analysis by repeating the same multivariable regression analysis with
sodium values from different time frames before transplantation. When serum sodium
values from 0-30 days prior to transplant were included, there were an additional 1,820
patients that met inclusion criteria with a sodium value available within the 8-30 day time
frame, providing a total of 20,514 with the necessary data for the sensitivity analysis. This
did not result in any material change. The hazard ratio associated with serum sodium was
1.013(95% CI 0.998-1.02) and 1.014 (95%CI 1.002-1.026) at 30 and90 days, respectively.
Similarly, the multivariable regression analysis was conducted for patients with serum
sodium levels recorded within 48 hours (UNOS data 2005-2008) of the time of transplant
(n=11,568) and the hazard ratios were not significant at 1 month (HR=1.007; 95% CI 0.968-
1.027) or 3 months (HR=1.0; 95% CI 0.995-1.025). There were 4,166 (31% of total)
patients with sodium values available within 24 hours of transplant; the 30 and 90 day
hazard ratios were 1.03 (95% CI 0.996-1.066) and 1.02 (95% CI 0.995-1.049) for this
smaller patient group, respectively. A separate Cox PH regression analysis was also
performed for patients with serum sodium < 125 mEg/L (n=426) and < 120 mEg/L (n=80) at
0-7 days prior to transplant, which demonstrated no effect on 30 and 90 day post-LTx
mortality.

Hypernatremia and Post-LTx Survival

Given the fact that hypernatremic patients were generally sicker with high proportion of
patients receiving dialysis and life support as well as having high MELD scores (median 29,
IQR 22-35) we investigated whether the impact of hypernatremia on survival may be
explained by those other variables that indicate the level of sickness. In Figure 4, one unit
(mEg/L) increase in serum sodium above >145 was associated with a HR of 1.131 (95% ClI:
1.082-1.182, p<0.001), when no other covariate was considered. This effect did not change
meaningfully when other potential confounders were taken into account, namely recipient
age, race, ascites, encephalopathy, dialysis, life support, and MELD score.

Serum Sodium and Immediate Post-LTx Outcome

Table 4 demonstrates short term outcome of patients after liver transplantation.
Approximately 4.3% (832/19,537) of the total population experienced an in-hospital death
(death before or within 24 hours after hospital discharge). As can be expected from Figure 1,
in-hospital mortality was significantly higher in hypernatremic patients than those with
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lower serum sodium (Table 3). The median length of hospitalization after LTx was 10 days
(interquartile range: 7-18 days), which was significantly longer in hypernatremic patients
than that in patients with lower serum sodium (p < 0.001).
DISCUSSION

Abnormal serum concentrations of sodium are common in patients with end stage liver
disease and those undergoing LTx. The main observation in this study is that pre-LTx
hyponatremia is not associated with decreased survival afterward, whereas there is a strong
association between hypernatremia and diminished post-LTx survival. These relationships
are clearly shown in Figure 1, in which the hyponatremic and normonatremic survival
curves are very similar. Even patients with severe hyponatremia (Na<120 mEg/L) did not
have diminished post-transplant survival, although there were a small number (h=111) of
patients in this group (figure 2). In contrast, 90 day survival was 8% lower in patients with
hypernatremia as compared to those with normal or low serum sodiums. The relationship
between pre-transplant hypernatremia and decreased post-LTx survival persisted even after
adjusting for MELD score and other markers of severity of illness.

There is a broad consensus that hyponatremia adversely affects survival of end stage liver
patients including those on LTx waitlist. However, the impact of hyponatremia on post-LTx
survival has been debated. European investigators have shown an association between
hyponatremia and decreased post-LTx survival.(11, 12) Dawwas et al. conducted a
multicenter study based on a registry of 5,152 LTx recipients in the UK and Ireland. In that
study, serum sodium < 130 mEg/L was associated with 55% increase in 90-day mortality
after adjusting for other factors that may affect post-LTx survival.(12) In another study of
241 patients from a single center in Spain, the 90-day mortality in hyponatremic
(Na<130mEg/L, n=19) patients was 16% compared with 5% in those with normonatremia.
(11) On the other hand, we have recently reported that hyponatremia did not have an impact
on patient survival, based on databases obtained from networks of select academic LTx
centers in the US.(13) Data in this study, in close agreement with the latter study, indicates
that there is not a relationship between pre-LTx hyponatremia and post-LTx mortality.
Hackworth et al. recently reported no difference in 6-month post-transplant survival in their
U.S. cohort consisting of patients with pre-transplant hyponatremia (n=34) or resolved
hyponatremia (n=56), compared to patients who never had hyponatremia (n=123).(14) In
addition, we now have prospective data from a small number of patients (n=62) from the
OPTN Region 11 in which the MELDNa was used experimentally.(20) The 6 month
survival was the same in those in whom the MELDNa was utilized as compared to standard
MELD.

The dichotomy between the two European and the three U.S. studies is intriguing. In all of
these studies, hyponatremic patients clearly have more advanced liver disease, including a
higher prevalence of ascites and encephalopathy and more severe abnormalities in
biochemical decompensation (e.g., MELD). One potential mechanism by which
hyponatremic patients may suffer poorer outcome is the use of less than ideal donors. At
times, patients that are in an urgent need of LTx may be offered an organ that may be
considered less than ideal. For example, in the UK study, donors for hyponatremic patients

Liver Transpl. Author manuscript; available in PMC 2014 August 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leise et al.

Page 7

were more likely to be ABO-incompatible or older. Those organs also were judged to have
suboptimal appearance by the surgeon, one of the strongest indicators of organ quality.
Additionally, patients with severe hyponatremia were more likely to have hepatitis C and
less likely to have PBC.(12) Thus, it is possible that recipient hyponatremia (accompanied
by more severe hepatic decompensation) may be confounded by other baseline
characteristics and donor factors that affected the outcome. Another explanation for the
difference between the U.S. and European data may be the MELD-based organ allocation
system. Under this system, patients with advanced liver disease are systematically
recognized and given a higher priority. Much of the European data were generated under a
system in which the priority of transplantation took into account other factors than disease
severity, such as waiting time. In such a system, ill patients with high MELD and
hyponatremia wait longer, allowing development of complications that affect postoperative
outcome.

Hypernatremia occurs infrequently (1-2% of hospitalized patients), yet it has been
associated with in-hospital mortality as high as 41-66%.(21-23) Mortality is reported to be
significantly higher in patients who develop hypernatremia in the hospital than in those who
present with hypernatremia.(24-26) It has been postulated that patients who develop
hypernatremia (usually in the ICU setting) have multiple physiologic mechanisms that
predispose them to hypernatremia including insensible free water loss, nasogastric suction,
loop diuretics, gastrointestinal bleeding and parenteral nutrition.(22, 27) In patients with
liver disease, lactulose therapy has been associated with a high incidence of hypernatremia.
(28) Osmotic diuresis from increased nitrogen excretion in the kidneys has been correlated
with Gl hemorrhage in cirrhotic patients with ascites.(29) Our data amplify the message that
hypernatremia is associated with complications of advanced liver disease.(15)

Published data are sparse about the impact of hypernatremia on post-LTx survival. In the
UK study by Dawwas et al., hypernatremia (Na > 145mEq/L) was associated with a 2.3-fold
increase in the risk of post-LTx mortality, which occurred mostly within the first 90 days.
(12) Similar to our data, hypernatremia was not common (1.6%, n=81)), and it was
associated with more advanced hepatic decompensation requiring dialysis and life support in
a high proportion of patients. In this paper, we further demonstrate that adjusting for these
pre-transplant variables did not attenuate the effect of hypernatremia (Figure 4).

In the intensive care arena, hypernatremia has been suggested as an indicator of quality of
care.(30) This is especially true of iatrogenic hypernatremia that goes unnoticed or
untreated, which has been associated with high mortality and may point to a failure for the
medical staff to incorporate electrolyte balance in their patient management strategy.
Moreover, some physicians may erroneously believe that a high serum sodium concentration
helps to mobilize ‘third-space’ fluid. The fact that pre-LTx characteristics could not explain
away the increased mortality associated with hypernatremia may suggest that hypernatremia
may simply be a surrogate of the quality of care at the individual center, which deserves
further exploration. Donor factors may also contribute though it has previously been
demonstrated that the difference between donor and recipient sodium values at transplant
does not affect post-LTx outcomes.(31).
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The authors recognize some limitations of the study. One of the pitfalls of using registry
data is the lack of detailed clinical information on the etiology and management of sodium
abnormalities. The UNOS database was not specifically designed to study transplant
outcomes in relation to pre-LTx sodium measurements. Serum sodium may be influenced by
free water restriction, use of diuretics or hypertonic saline infusion. Conceivably,
hyponatremia in some patients could have been corrected between the sodium data
collection and LT, or conversely, patients with normal serum sodium could develop
hyponatremia. However, Hackworth et al. have recently shown that patients with
hyponatremia that is corrected prior to liver transplantation have no survival difference
when compared to patients with normal sodium homeostasis.(14) Less is known about how
treatment of hypernatremia affects post-LTx outcomes. A second limitation of this study is
the lack of accurate data on the cause of death, which prevented us from providing more
information about how hypernatremia affects post-LTx mortality. In a recent study, the
leading causes of death in hypernatremic patients were hypoxic respiratory failure, septic
shock, neurologic, and cardiogenic shock.(27) Whether or not correction of hypernatremia
in its early stages prevents the development of the ultimate cause of death in post-liver
transplant patients is unknown. Lastly, data regarding neurologic consequences including
central pontine myelinolysis were not available for this study.

In conclusion, the present study demonstrated pre-transplant hyponatremia, although a
strong indicator of waitlist mortality, does not affect mortality following LTx. This is the
largest study conducted on this issue. These data suggest that incorporation of serum sodium
in determining organ allocation priority should not diminish survival after LTx. Although
hypernatremia was uncommon, it appears to have a significant impact on post-LTx survival.
The effect of hypernatremia was independent of indicators of advanced liver failure.
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Kaplan-Meier curve compares patient survival after LTx by mild (Na 125-130), moderate

(121-124), and severe hyponatremia (Na < 120) compared to normonatremia and

hyponatremia
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Figure 3a. Association between serum sodium at LTx and post-LTx mortality, after
adjusting for MELD score. FU=follow-up

Figure 3b. Association between serum sodium at LTx and post-LTx mortality, after
adjustment for age, sex, gender, diagnosis, MELD, hepatic encephalopathy, ascites, dialysis,
and life support. FU=follow-up

Liver Transpl. Author manuscript; available in PMC 2014 August 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leise et al.

Hazard Ratio

1.00 1.05 1.10 1.15 1.20 1.25 1.30

0.95

Page 17

______ {).__________________ RSP UGN PSSP AP R g S S S i gy S U SRS S PR (R S
Hepatic
Enceph- Life
None Age Ascites Diagnosis Dialysis alopathy Support Male MELD  Non-white
*Absolute Na and indicator for Na<130 are included in all models
Figure 4.

Effect of excess sodium (number of points in excess of serum sodium of 145 mEg/L) with
various adjustors from cox model* of 3 month survival after liver transplantation
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