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Background:  Few  studies  have  evaluated  whether  combination  and  sequential  evaluation  of ACLF  (acute-
on-chronic  liver  failure)  and  hyponatremia  aids  prognosis.
Aims:  Describe  clinical  course  and  determine  prognostic  capability  of  assessing  ACLF and  hyponatremia
at  specific  time-points.
Methods:  Prospective  study  with  inclusion  of  376  patients.  ACLF  and  hyponatremia  were  evaluated  at
days  1 and  7 and  classified  as  persistent,  transient,  de novo  or absent.  Follow-up  was  90  days.
Results:  At inclusion,  ACLF  was  diagnosed  in 99  patients.  Reversal  was  observed  in  57  patients  and  was
associated  with  lower  creatinine  and  ACLF  grade.  De novo  ACLF  developed  in  19  patients,  and  MELD
(model  of end-stage  liver  disease)  score  and  lower albumin  were  predictive  factors.  Hyponatremia  was
present  in  76  patients  (persistent,  transient  and  de novo  in  27, 24  and  25  respectively).  ACLF  at  D7  had  the

lowest  survival  compared  to transient  or no ACLF  (21,  57  and  80%,  p <  0.0001).  Hyponatremia  at  admission
was  associated  with low  survival  (35%)  whereas  survival  was higher  for de  novo  or  absent  cases  (70%),
p <  0.001.  In  multivariate  analysis  ACLF  at D7  and  hyponatremia  at D1 were  predictors  of survival.
Conclusion:  ACLF  and  hyponatremia  are dynamic  and  evaluation  of both  conditions  at  different  time-
points  identifies  patients  at higher  risk  of short-term  mortality.

© 2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Acute-on-chronic liver failure (ACLF) is an increasingly recog-
ized syndrome that develops in cirrhotic patients, characterized
y organ failure and high short-term mortality [1–6]. A potential

imitation of ACLF definition is that it does not take into account
erum sodium concentration. Hyponatremia has been demon-
trated as a good predictor of survival in patients with liver cirrhosis
ndependently of MELD [7–9]. There is very little data available

ith respect to the interaction between ACLF and hyponatremia

nd a potential benefit of combining both conditions in terms of
rognosis [10].

∗ Corresponding author at: Avenida Londres 616 (21041-030), 3rd Floor, Bon-
ucesso, Rio de Janeiro, RJ, Brazil.
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ACLF and hyponatremia are potentially dynamic conditions
and reversal may  translate in improved survival [11]. On the
contrary, development of these complications throughout hospi-
talization may  translate into increased morbidity and mortality.
Most previous studies do not differentiate ACLF and hypona-
tremia in terms of clinical and laboratory characteristics and
prognosis, or whether they are already present at admission or
develop during hospital stay. Combination and sequential assess-
ment of these conditions at specific time-points would characterize
their evolution over time and may  theoretically improve prog-
nostic capability compared to a single time-point, inclusion-based
model.

The objectives of the present study were to determine: (1)
course and clinical characteristics of ACLF and hyponatremia at
different time-points; (2) if sequential assessment of ACLF and

hyponatremia better identifies patients with increased mortality
than a single evaluation; and (3) the potential benefit of the assess-
ment of both ACLF and hyponatremia in predicting survival in
decompensated cirrhosis.

 rights reserved.
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Table 1
Baseline characteristics of the 376 patients.

Age 56 ± 14
Male gender 206 (55%)
Etiology of cirrhosis
Hepatitis C 121 (32%)
Alcohol 84 (22%)
HCV (hepatitis C virus) + alcohol 38 (10%)
Cryptogenic/NASH (non-alcoholic steatohepatits) 57 (15%)
Other 76 (20%)
Previous decompensations
Ascites 244 (69%)
Hepatic encephalopathy 103 (28%)
Esophageal variceal bleeding 99 (27%)
Spontaneous bacterial peritonitis 24 (6%)
Any previous decompensation 287 (76%)
Complications at admission
Ascites 251 (67%)
Hepatic encephalopathy 123 (33%)
Renal failure 109 (29%)
Gastrointestinal bleeding 52 (14%)
Bacterial infections 189 (50%)
Clinical and laboratorial data
Mean arterial pressure (mmHg) 89 ± 15
Heart rate (bpm) 79 ± 14
AST (aspartate transaminase) (U/L) 94 ± 135
ALT (alanine transaminase) (U/L) 60 ± 91
Gamma  glutamyltranspeptidase (U/L) 191 ± 244
Bilirubin (mg/dL) 3.3 ± 4.8
Albumin (g/L) 25 ± 6
International normalized ratio 1.5 ± 0.5
Creatinine (mg/dL) 1.5 ± 1.2
Sodium (mEq/L) 135 ± 6
Potassium (mEq/L) 4.3 ± 0.7
Hemoglobin (g/dL) 10.4 ± 2.7
Platelet count (×109/L) 134 ± 97
Leucocyte count (×109/L) 6.6 ± 4.1
C-reactive protein (mg/dL) 5.9 ± 12.1
Child–Pugh score 9 ± 2
A/B/C-(%) 30 /207/139

(8/55/37)
MELD score 17 ± 7
2 G. Pereira et al. / Digestive a

. Patients and methods

.1. Study design and patients

This is a prospective, observational study of patients hos-
italized at ward of Gastroenterology and Hepatology Unit of
onsucesso General Hospital during the periods of October
011–July 2014, and March 2015–February 2017. Inclusion crite-
ia were diagnosis of cirrhosis, defined by a combination of clinical,
aboratory, histological, ultrasonographic and endoscopic criterion,
nd age equal to or greater than 18 years. Patients admitted for
lective therapeutic interventions, like large-volume paracentesis,
ere not included. Patients with HIV (human immunodeficiency

irus) infection, pregnancy, previous solid organ transplantation,
dvanced hepatocellular carcinoma (BCLC (Barcelona clinic for liver
ancer) stage C or D) or extrahepatic malignancy and those with
dvanced cardiac or respiratory failure were excluded. Patients
ere followed up for 3 months or until liver transplantation or
eath. During study period, 538 patients were evaluated. Of those,
62 were excluded either due to the presence of at least one exclu-
ion criteria (n = 83), lack of data (n = 67), discharge or death before

 week of hospitalization (n = 12). The study cohort included 376
atients.

.2. Procedures

At admission, demographic and clinical data such as prior
ecompensation of cirrhosis, exacerbation of liver disease (flair of
epatitis B or autoimmune hepatitis, alcoholic hepatitis with con-
omitant liver cirrhosis) and potential precipitating factors for ACLF
gastrointestinal hemorrhage, bacterial infections, exacerbation of
iver disease) were recorded. Liver, kidney, and circulatory function
s well as parameters of systemic inflammation were assessed at
ays 1 and 7 of hospitalization. Presence and development of com-
lications of cirrhosis were recorded throughout hospitalization.
iagnosis and treatment of complications of cirrhosis were done
ccording to current guidelines [12–14]. The study was  conducted
n accordance with Declaration of Helsinki and was approved by
ocal Institutional Review Board. Written informed consent was
iven by patients or a legal surrogate before inclusion.

.3. Definitions

Acute-on-chronic liver failure (ACLF) was defined and graded
ccording to CLIF C OF score [3].

Renal failure was defined as a serum creatinine value greater
han 1.5 mg/dL [12,13].

Hyponatremia was defined by a serum sodium concentra-
ion lower than 130 mEq/L and classified as severe if lower than
25 mEq/L.

Presence of ACLF and hyponatremia was assessed at day 1
nd day 7 of hospitalization and clinical course was characterized
ccording to the following definitions: persistent: present at days 1
nd 7; transient: present at day 1 but not at day 7; de novo: absent
t day 1 but present at day 7; absent: absent at days 1 and 7.

.4. Statistical analysis

Categorical variables were described as frequencies and per-
entages and compared using chi-square test. Continuous variables
ere described as means and standard deviations and compared
sing Student’s t test. Factors associated with ACLF development

nd reversal were selected in univariate analysis and multivariate
nalysis using a stepwise logistic regression model.

Factors independently associated with 3-month survival were
elected in univariate and multivariate analysis using Cox-
SIRS (systemic inflammatory response syndrome) 48/230 (21%)
ACLF 99 (26%)
(grade I/II/III) 88/10/1

regression method. Survival curves were constructed using the
Kaplan–Meier method and comparisons were performed using the
log-rank test. Prognostic capability of survival models using differ-
ent combinations of ACLF and hyponatremia status was evaluated
using ROC (receiver operating characteristic) curves. For surviving
purposes, patients were censored at time of transplantation. In all
analysis, a significance threshold of p < 0.05 was  considered. Statis-
tical analysis was performed using the IBM SPSS 21 for Windows
program.

3. Results

3.1. Characteristics of patients

The characteristics of the 376 patients at study inclusion are
shown in Table 1. The majority of patients were male, had cirrhosis
due to Hepatitis C and/or alcohol and had prior decompensation of
disease. Ascites and hepatic encephalopathy were the most com-
mon  complications at hospital admission, observed in 291 patients
(77%). Presence of any precipitating event for ACLF was observed in
249 (66%) patients, and in 26 cases (7%), more than one factor was
observed.
3.2. ACLF-prevalence, incidence and clinical evolution

At day 1, 99 patients (26%) were diagnosed with ACLF. The mean
CLIF C OF score was 8.9 ± 1.4 (versus 6.5 ± 0.8 for patients without
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CLF, p < 0.001) and ACLF was classified as grade I in 88 patients.
he most common type of organ failure was kidney, liver and cere-
ral failure, present in 79, 14 and 11 patients respectively. Cerebral
ysfunction was frequently observed (42 patients).

At day 7, ACLF was still present in 57 patients (persistent ACLF)
nd was reversed in the remaining 42 patients (transient ACLF). Of
hose patients with persistent ACLF, 7 of the 47 patients with ACLF
rade I at day 1 had progressed to grade II by day 7 (15%), whereas

 of the 10 patients with grade II/III had improved to grade I ACLF
p = 0.006). Additionally, 19 out of 279 patients (7%) without ACLF
t day 1 developed it within the first week of hospitalization (de
ovo ACLF). Overall, the prevalence of ACLF at day 7 was 20%.

Table 2 shows the clinical characteristics of patients with and
ithout ACLF at different time points. At day 1, ACLF patients were

lder, predominantly male with alcoholic etiology and had more
requently presented prior decompensation of cirrhosis and pre-
ipitating events. Prevalence of ascites, hepatic encephalopathy
nd bacterial infections was higher in these patients. Presence of
CLF was associated with more severe liver, kidney and coagulation
ysfunction, as evidenced by higher values of serum bilirubin, cre-
tinine and INR (international normalized ratio), and lower values
f albumin. Patients with ACLF also showed signs of more severe
ystemic inflammation, with higher leucocyte count. Interestingly,
erum sodium values were lower and prevalence of hyponatremia
igher in patients with ACLF, showing a correlation between these 2
onditions. On the other hand, presence of ACLF at day 7 was  associ-
ted with different clinical characteristics. There was  no correlation
ith gender, alcoholic etiology or precipitating events. Presence of
CLF was associated with significant changes in liver, kidney and
erebral function, and higher frequency of cardiorespiratory failure.
otably, presence of ACLF was correlated with strikingly higher leu-
ocyte count. Similar to what was observed at day 1, serum sodium
evels were lower, and hyponatremia was more frequent in patients

ith ACLF at day 7.
In order to identify possible predictors of reversal of ACLF, we

ompared the baseline characteristics of patients with persistent
nd transient ACLF (Supplementary Table S1). Reversal of ACLF
as achieved by 41/88 patients with grade I but in only 1 of the

1 patients with grade II/III ACLF at D1 (p = 0.022). In multivari-
te analysis, only serum creatinine (OR (odds-ratio) 2.73 (95% CI
confidence interval) 1.58–3.84), p < 0.001) and D1 ACLF grade II/III
OR 18.03 (95% CI 1.49–210.9), p = 0.023) were predictors of ACLF
ersistence.

We also evaluated the predictors of ACLF development within
he first 7 days of hospitalization. Supplementary Table S2 shows
he baseline differences between patients without ACLF and de
ovo ACLF. The only independent predictors of ACLF development
ere MELD score (OR 1.19 (95% CI 1.07–1.32), p = 0.001) and serum

lbumin (OR 0.89 (95% CI 0.81–0.98), p = 0.026).

.3. Hyponatremia-prevalence, incidence and clinical evolution

At hospital admission, hyponatremia was  present in 51
13%) patients (serum sodium concentration 125 ± 5 mEq/L versus
37 ± 4 mEq/L in patients without hyponatremia, p < 0.0001) and
as classified as severe in 20 patients (39). At day 7, hypona-

remia was classified as persistent in 27 and as transient in 24
atients. Patients with transient hyponatremia showed an increase

n serum sodium concentration of 9 ± 6 mEq/L, with a final value of
35 ± 5 mEq/L. Corresponding values for patients with persistent
yponatremia were 2 ± 6 and 125 ± 3 mEq/L (p < 0.0001 for both
omparisons).
At the end of first week of hospitalization, 25 out of 325
atients (7%) with serum sodium above 130 mEq/L at day 1 devel-
ped hyponatremia (de novo hyponatremia). Patients with de novo
yponatremia had a mean decrease in serum sodium concentration
Fig. 1. Survival according to ACLF evolution.

of 8 ± 3 mEq/L and a final value of 127 ± 3 mEq/L (p = 0.062 versus
patients with persistent hyponatremia). Prevalence of hypona-
tremia at day 7 was  similar to that observed on day 1 (14% and
13% respectively). However, severe hyponatremia was  less com-
mon  at this time point (39% vs 43% on day 1, p = NS). Overall, 76
patients (20%) presented hyponatremia within the first 7 days of
hospitalization.

Table 3 shows the clinical characteristics of patients with
and without hyponatremia at different time points. Patients with
hyponatremia on day 1 more frequently had prior decompensation
of disease and presented more commonly with complications of
cirrhosis. There was also a correlation between hyponatremia and
worse liver, kidney and circulatory function, as well as higher fre-
quency of bacterial infections and leucocyte count. Notably, ACLF
was twice as common in patients with hyponatremia, mostly due
to an increased prevalence of kidney and coagulation failure and
cerebral failure/dysfunction. On the contrary, hyponatremia at day
7 was not associated with previous decompensation or current
complications of cirrhosis, except for hepatic encephalopathy. In
addition, there was  no association between liver and circulatory
function. Similar to what was observed on day 1, patients with
hyponatremia at day 7 more commonly had ACLF than those with-
out, mostly due to higher frequency of kidney and cerebral failure.
There was also an association between the severity of hypona-
tremia and ACLF

3.4. Survival

Hospital mortality was 24% (92 patients) and median length of
hospitalization was  16 [10–20] days. The most common cause of
death was  severe sepsis, being present in 60 patients (65%), associ-
ated with MODS and refractory septic shock in 37 and 13 patients
respectively. At the end of 90 days, 214 patients were alive (57%),
10 were transplanted (3%), 34 (9%) were lost on follow-up (median
follow-up 55 (33–76) days) and 118 (31%) died. The overall 90-day
probability of transplant-free survival was  65%.

Fig. 1 shows the probability of survival according to clinical evo-
lution of ACLF. The presence of ACLF at day 7, either persistent or de
novo, was associated with a very low probability of survival. Among
patients with persistent ACLF, survival was  higher for those with
grade I compared to grade II/III ACLF at day 7 (28 vs 0%, p < 0.001).
Conversely, patients who did not develop ACLF within the first

week of hospitalization had a good prognosis. Finally, patients with
transient ACLF, in spite of having a much higher survival than
patients with ACLF at day 7, showed a noticeably lower survival
than patients without ACLF.
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Table 2
Clinical features associated with ACLF at days 1 and 7.

Day 1 Day 7

ACLF ACLF

Yes (n = 99) No (n = 277) p-Value Yes (n = 76) No (n = 300) p-Value

Age (years) 61 ± 11 55 ± 14 <0.001 61 ± 9 56 ± 14 <0.001
Male  sex 66 (67%) 140 (50%) 0.006 45 (59%) 161 (54%) 0.38
Alcoholic ethology 47 (48%) 79 (29%) 0.001 29 (38%) 97 (32%) 0.33
Hepatitis C 42 (42%) 117 (42%) 0.97 34 (45%) 125 (42%) 0.63
Previous decompensation 88 (91%) 199 (72%) <0.001 65 (86%) 222 (75%) 0.028
Ascites 75 (76%) 176 (64%) 0.027 67 (88%) 216 (72)% 0.004
Hepatic encephalopathy 55 (56%) 68 (25%) <0.001 52 (68%) 111 (37%) <0.001
GI  bleeding 9 (9%) 43 (15%) 0.11 14 (18%) 66 (22%) 0.49
Bacterial infections 63 (63%) 126 (46%) 0.003 54 (83%) 144 (51%) <0.001
Renal  failure 76 (77%) 33 (12%) <0.001 71 (93%) 89 (30%) <0.001
Precipitating events 75 (76%) 174 (63%) 0.019 55 (72%) 194 (65%) 0.20
Exacerbation of liver disease 10 (10%) 13 (5%) 0.054 6 (8%) 17 (6%) 0.47
Hyponatremia 22 (22%) 29 (11%) 0.003 16 (21%) 36 (12%) 0.041
MAP  (mean arterial pressure) (mmHg) 87 ± 14 89 ± 15 0.31 85 ± 14 87 ± 13 0.17
Heart  rate (bpm) 77 ± 13 80 ± 15 0.069 74 ± 14 74 ± 14 0.99
Bilirubin (mg/dL) 5.3 ± 7.6 2.6 ± 3.0 0.001 5.5 ± 8.2 2.6 ± 3.9 0.005
Albumin (g/L) 23 ± 6 25 ± 7 0.05 24 ± 89 25 ± 64 0.43
INR  1.7 ± 0.8 1.5 ± 0.3 0.015 1.9 ± 1.0 1.5 ± 0.3 <0.001
AST  (U/L) 111 ± 199 88 ± 105 0.32 105 ± 134 90 ± 135 0.43
ALT  (U/L) 66 ± 136 57 ± 69 0.40 61 ± 80 59 ± 94 0.86
Creatinine (mg/dL) 3.0 ± 1.7 1.0 ± 0.3 <0.001 3.2 ± 1.7 1.0 ± 0.3 <0.001
Sodium (mEq/L) 133 ± 19 136 ± 5 0.009 135 ± 7 136 ± 6 0.52
Potassium (mEq/L) 4.6 ± 0.9 4.2 ± 0.6 0.001 4.5 ± 0.9 4.3 ± 0.6 0.024
Hemoglobin (g/dL) 103 ± 34 104 ± 24 0.9 95 ± 39 104 ± 50 0.18
Platelet count (×109/L) 127 ± 67 136 ± 106 0.34 123 ± 76 129 ± 100 0.63
Leucocyte count (×109/L) 8.6 ± 5.3 6.2 ± 14 <0.001 9.9 ± 7.4 5.6 ± 3.2 <0.001
C-reactive protein (mg/dL) 5.6 ± 4.1 6.0 ± 13.9 0.76 4.4 ± 3.8 10.3 ± 56 0.54
Child–Pugh 10 ± 2 9 ± 2 <0.001 10 ± 2 8 ± 2 <0.001
MELD  24 ± 6 14 ± 4 <0.001 24 ± 7 14 ± 4 <0.001
MELD–Na 26 ± 6 17 ± 5 <0.001 28 ± 7 17 ± 7 <0.001
SIRS  16/66 (24%) 32/164 (20%) 0.42 14/46 (30%) 39/187 (21%) 0.16
Organ failure
Liver 14 (15%) 5 (2%) <0.001 9 (13%) 9 (3%) 0.004
Kidney 79 (80%) 0 (0%) <0.001 63 (80%) 0 (0%) <0.001
Cerebral 11 (11%) 3 (1%) <0.001 14 (19%) 2 (1%) <0.001
Coagulation 7 (8%) 0 (0%) <0.001 11 (16%) 3 (1%) <0.001
Circulatory 0 (0%) 0 (0%) NA 7 (9%) 0 (0%) <0.001
Respiratory 1 (1%) 0 (0%) 

Grade II/III ACLF 11 (11%) – 

Clif  C OF 8.4 ± 1.3 6.5 ± 0.8 

a
a
t
c

at day 1, although uncommon, was associated with very low sur-
Fig. 2. Survival according to evolution of hyponatremia.

Fig. 2 shows the survival according to presence of hyponatremia
t different time points. Patients with hyponatremia on day 1 had
 very low probability of survival at 3-months, and this remained
rue even in the case of reversal of hyponatremia at day 7. On the
ontrary, absence of hyponatremia at day 1 conveys higher sur-
0.26 8 (10%) 0 (0%) <0.001
– 19 (25%) –
<0.001 9.3 ± 2.5 6.4 ± 0.7 <0.001

vival. Interestingly, prognosis remained good even for patients who
developed hyponatremia within the first week of hospitalization, as
demonstrated by the almost identical survival of patients without
or de novo hyponatremia.

Univariate analysis showed that presence of ACLF, hypona-
tremia, age, alcoholic etiology, previous decompensation, ascites
at inclusion, albumin, MELD, Child score leucocyte and platelet
count were associated with 3-month survival. Among different
combinations of ACLF and hyponatremia, the model including
D7 ACLF and D1 hyponatremia showed the highest prognostic
capability (AUROC 0.80, 95% CI 0.75–0.85, p < 0.0001). The corre-
sponding AUROC for D7 ACLF and D1 hyponatremia was 0.70 (95%
CI 0.64–0.76, p < 0.0001) and 0.59 (95% CI 0.53–0.65, p = 0.03). In
multivariate analyses, ACLF at day 7 (HR (Hazard Ratio) 4.71, 95%
CI 3.10–7.16, p < 0.001), transient ACLF (HR 1.79, 95% CI 1.008–3.18,
p = 0.047) and hyponatremia at day 1 (HR 2.21, 95% CI 1.45–3.37,
p < 0.001), as well as ascites (HR 2.19, 95% CI 1.33–3.63, p = 0.002)
and leucocyte count (HR 1.042, 95%CI 1.002–1.082, p = 0.037) at
day 1, were independent predictors of survival.

The effect of combination of ACLF and hyponatremia on survival
is shown in Fig. 3. Presence of both D7 ACLF and hyponatremia
vival. Patients with D7 ACLF who did not present hyponatremia
on day 1 still had a low probability of survival. Due to similarities
in prognosis, patients with either D1 hyponatremia without ACLF
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Table  3
Clinical features associated with hyponatremia at days 1 and 7.

Day 1 Day 7

Hyponatremia Hyponatremia

Yes (n = 51) No (n = 325) p-Value Yes (n = 52) No (n = 324) p-Value

Age (years) 57 ± 14 55 ± 14 0.89 57 ± 13 57 ± 14 0.81
Male  sex 29 (57%) 177 (54%) 0.74 32 (62%) 174 (54%) 0.29
Alcoholic ethology 21 (41%) 105 (32%) 0.13 19 (37%) 107 (33%) 0.19
Hepatitis C 15 (29%) 144 (44%) 0.045 13 (25%) 146 (45%) 0.007
Previous decompensation 46 (90%) 241 (75%) 0.017 43 (84%) 244 (76%) 0.19
Ascites 40 (78%) 65% 0.057 44 (86%) 234 (74%) 0.09
Hepatic encephalopathy 30 (59%) 93 (29%) <0.001 32 (62%) 131 (40%) 0.004
GI  bleeding 2 (4%) 50 (15%) 0.027 10 (19%) 70 (22%) 0.7
Bacterial infections 37 (73%) 152 (47%) <0.001 35 (69%) 161 (55%) 0.076
Renal failure 20 (39%) 89 (28%) 0.081 28 (54%) 132 (40%) 0.076
Precipitating 40 (78%) 209 (64%) 0.047 33 (64%) 216 (67%) 0.65
Exacerbation 6 (12%) 17 (5%) 0.11 3 (6%) 20 (6%) 0.91
MAP  (mmHg) 82 ± 11 90 ± 15 <0.001 85 ± 14 87 ± 12 0.19
Heart  rate (bpm) 81 ± 15 78 ± 14 0.19 73 ± 14 74 ± 13 0.59
Bilirubin (mg/dL) 5.4 ± 6.9 2.9 ± 4.3 0.017 4.5 ± 6.9 3.0 ± 4.9 0.15
Albumin (g/L) 23 ± 6 25 ± 6 0.046 23 ± 8 25 ± 6 0.48
INR  1.8 ± 0.8 1.5 ± 0.4 0.011 1.7 ± 0.6 1.6 ± 0.6 0.19
AST  (U/L) 98 ± 81 93 ± 141 0.72 93 ± 136 99 ± 172 0.81
ALT  (U/L) 67 ± 90 58 ± 91 0.51 54 ± 70 58 ± 91 0.76
Creatinine (mg/dL) 1.9 ± 1.4 1.5 ± 1.2 0.033 1.8 ± 1.5 1.4 ± 1.2 0.082
Sodium (mEq/L) 125 ± 5 137 ± 4 <0.001 126 ± 3 137 ± 4 <0.001
Potassium (mEq/L) 4.7 ± 0.8 4.3 ± 0.7 0.001 4.6 ± 0.7 4.3 ± 0.7 <0.001
Hemoglobin (g/dL) 110 ± 21 103 ± 28 0.078 102 ± 23 102 ± 52 0.99
Platelet count (109/L) 127 ± 79 135 ± 100 0.34 131 ± 98 127 ± 96 0.80
Leucocyte count (109/L) 9.3 ± 6.7 6.4 ± 6.7 0.001 8.2 ± 6.1 6.2 ± 4.5 0.039
C-reactive protein (mg/dL) 5.0 ± 4.1 6.0 ± 12.9 0.70 5.8 ± 7.1 9.5 ± 55.4 0.75
Child–Pugh 10 ± 2 9 ± 2 <0.001 10 ± 2 9 ± 2 0.04
MELD  22 ± 8 16 ± 6 <0.001 19 ± 8 16 ± 7 0.04
MELD–Na 28 ± 5 18 ± 6 <0.001 26 ± 5 18 ± 7 <0.001
SIRS  9/34 (27%) 39/196 (20%) 0.42 2/33 (15%) 48/200 (24%) 0.26
ACLF  22 (43%) 77 (24%) 0.003 13 (31%) 60 (19%) 0.041
Organ  failure
Liver 5 (10%) 14 (4%) 0.15 4 (9%) 14 (5%) 0.25
Kidney 17 (33%)/14 (8% 62 (19%)/71 (22%) 0.06 15 (32%) 48 (16%) 0.02
Failure/dysfunction 5 (11%) 28 (9%)
Cerebral 1 (2%)/(27 (52%)) 13 (4%)/ <0.001 2 (4%) 14 (5%) 34 (11%) 0.03
Failure/dysfunction (71 (22%)) 14 (29%)
Coagulation 3 (6%) 5 (2%) <0.001 3 (7%) 11 (4%) 0.42
Circulatory 0 (0%) 0 (0%) NA 1 (2%) 6 (2%) 0.95
Respiratory 1 (1%) 0 (0%) 

Grade  II/III ACLF 2 (9%) 9 (12%) 

Clif  C OF 7.6 ± 1.4 6.9 ± 1.2 

Fig. 3. Survival according to presence of ACLF and hyponatremia at different time
p
p
D

a
w
o
a

oints: ACLF D7/hyponatremia D1 (18 patients), ACLF D7/normonatremia D1 (58
atients); transient ACLF and/or hyponatremia D1 (68 patients), normonatremia
1/no ACLF D7 (232 patients), p < 0.001.
nd those with transient ACLF (n = 68, both conditions in 7 patients)
ere grouped together. In patients without ACLF within first week

f hospitalization, presence of hyponatremia on day 1 had a strong
ssociation with prognosis. Even in absence of ACLF, patients with
0.26 1 (2%) 6 (2%) 0.96
1.00 3 (19%) 16 (27%) 0.24
0.001 7.6 ± 1.8 6.9 ± 1.7 0.007

hyponatremia at hospitalization had a survival probability closer to
50%, similar to patients with transient ACLF. Finally, patients with-
out any of these complications constituted the group who had the
best prognosis.

4. Discussion

The current study evaluated the presence and clinical course of
both ACLF and hyponatremia, and their correlation with progno-
sis in a large cohort of cirrhotic patients. In the current study, we
observed substantial differences in terms of frequency and evolu-
tion between ACLF and hyponatremia.

ACLF was present in almost one quarter of patients at hospital
admission, a frequency similar to other studies [2,15,16]. In contrast
to previous studies, the majority of patients were classified as grade
I. There are several possible explanations for this discrepancy. Only
patients admitted to regular ward were included, while previous
studies also included patients initially admitted to ICU (intensive
care unit). In most centers, cirrhotic patients are hospitalized in

regular wards and this is probably a more realistic representation
of the syndrome’s prevalence. Nevertheless, a smaller European
study with patients exclusively admitted to regular ward, authors
observed a higher of frequency of cerebral and coagulation failure,
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rade II/III ACLF and a lower number of patients with kidney failure
17]. In this study, the majority of patients had alcoholic cirrho-
is presenting with the first decompensation of disease, and these
re factors associated with more severe presentation. Our cohort
as mainly composed of hepatitis C patients, an etiology associ-

ted with lower frequency of ACLF [15]. These data suggest that
CLF in patients with hepatitis C may  have distinct clinical features
nd highlight the subtle differences of ACLF in specific populations.

ACLF is a dynamic condition and short-term (i.e., 1 week)
hanges exerted a strong effect upon prognosis. The syndrome was
eversible in almost 45% of patients within 7 days and reversibility
as associated with improved survival.

The dynamism of ACLF has previously been demonstrated
18]. In this study, reversibility of ACLF was observed in a sig-
ificant proportion of patients (42%) and was associated with

mproved prognosis. Also, ACLF grade at day 3–7, but not upon
iagnosis, was the best predictor of survival, highlighting the
uperiority of assessing ACLF at different time-points early in
he course of hospitalization rather than at initial moment
lone.

This was achieved without any treatment directed specifically
owards ACLF itself and corroborates the finding that regular man-
gement of complications of cirrhosis is appropriate for reversal of
CLF in a significant number of patients. Nevertheless, timely iden-

ification and proper treatment are crucial, as the presence of higher
rades of ACLF and worse kidney function were associated with
ower probability of reversal. This has recently been reported for
atients with hepatorenal syndrome, for whom response to treat-
ent with terlipressin and albumin was negatively related to ACLF

rade [19].
Development of de novo ACLF was unusual, accounting for less

han 10% of patients. This frequency is lower than previously
eported, but in these studies the frequency was not evaluated
ithin a defined period, but during the entire hospitalization
eriod. Higher MELD score and lower albumin were associated with
evelopment of ACLF. MELD has previously been associated with
igher frequency of bacterial infection [20] — a well-known pre-
ipitating for ACLF — and albumin infusion with improvement in
idney function [21]. These parameters may  be useful for identifi-
ation of patients at risk and for selection of potential candidates
or future trials of ACLF prophylaxis.

Hyponatremia was diagnosed at hospital admission in 13% of
atients, and approximately 50% of patients had resolution of
yponatremia within the first week of hospitalization — a surpris-

ngly high frequency —, about twice as common as reported for
lacebo group and slightly inferior to that observed in treatment
ith vaptans [22,23]. Reversal was achieved without any specific

reatment other than hypotonic fluid restriction, and irrespective of
yponatremia severity. This highlights the importance of correct-

ng potential precipitating events (which are very similar to those of
CLF), through successful management of this complication, even

n more severe cases. Development of hyponatremia was uncom-
on  and overall frequency of hyponatremia after 1 week was 20%,

imilar to that reported in decompensated cirrhotic populations
24,25].

Sequential evaluation of ACLF turned out to be very useful and
uggest that substantial differences in terms of risk factors and
linical characteristics between ACLF at days 1 and 7.

Day 1 ACLF was associated with a number of epidemiological
nd clinical characteristics, some of them well known, such as a
igher frequency in cases of alcoholic cirrhosis. Surprisingly, ACLF
as more common in patients with prior decompensation of cir-
hosis, in contrast to previous descriptions [2]. Access to health-care
ystems may  account for this difference and explain the effect of
rior decompensation in distinct populations. In contrast, ACLF
t day 7 was most associated with higher frequency of bacterial
er Disease 52 (2020) 91–97

infections, more intense systemic inflammation, as well as higher
frequency of cardio respiratory failure and more severe presenta-
tion. This may  be explained by the worsening of organ failure in
patients with persistent ACLF but in large part by the appearance
of new cases of ACLF. Patients with de novo ACLF had the high-
est leukocyte count and accounted for the vast majority of cases of
cardiorespiratory failure (data not shown). One can speculate these
cases are largely due to nosocomial infections, which are commonly
associated with multi-resistant bacteria, higher frequency of shock
and death. Not surprisingly, worse liver and kidney function as evi-
denced by MELD and serum albumin — well-known risk factors for
bacterial infections — were predictors of ACLF development. The
prognosis of patients with day 7 ACLF was  extremely poor and, as
previously demonstrated, these patients should be urgently eval-
uated for liver transplantation, as this is associated with higher
survival [18].

On the other hand, hyponatremia as a prognostic indicator
seems to be restricted to its status at the time of hospitaliza-
tion. Irrespective of resolution, presence of hyponatremia on D1
is associated with high mortality. Conversely, development within
the first week was  not associated with lower survival. A care-
ful look at clinical characteristics of hyponatremia on days 1
and 7 possibly explains these findings. Hyponatremia on D1 was
associated with worse liver, kidney and circulatory function, as
well as systemic inflammation and bacterial infections. On the
contrary, at D7 hyponatremia was only associated with hep-
atic encephalopathy and leucocyte count. These results argue in
favor of hyponatremia on D1 as a consequence of non-osmolar
secretion of ADH in the context of derangement of circulatory
function likely triggered or exacerbated by bacterial infections.
Conversely hyponatremia at D7 may be in large part due to
iatrogenic reasons, such as over-administration of hypotonic IV
solutions and/or diuretics and may  not reflect a true circula-
tory disfunction. Not surprisingly, in this scenario hyponatremia
may  not be associated with prognosis, as described in patients
treated with terlipressin for varicose upper GI (gastrointestinal)
bleeding [26].

Finally, we  were able to demonstrate that assessment of both
conditions is important. There was a clear association of ACLF and
hyponatremia, as evidenced by a higher frequency of hyponatremia
in ACLF patients and vice-versa and poor prognosis in patients with
these two conditions. Even in the absence of ACLF, serum sodium
identifies a subgroup of patients with acute decompensation that
deserve attention due to a high mortality rate. Finally, progno-
sis is good in the absence of both complications after 1 week of
evaluation.

In conclusion, hyponatremia and ACLF are common in cir-
rhotic patients and are frequently associated complications of
cirrhosis. Nevertheless, they have distinct risk factors and time-
trends. Evaluation of both conditions in a sequential manner
is better than a time-point assessment and properly identi-
fies three distinct subgroups of cirrhotic patients in terms of
prognosis.
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