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Abstract

BACKGROUND

Liver injury in patients with dengue infection is common. Most patients have mild
and transient hepatitis. Acute liver failure (ALF) in dengue infection is rare but
results in an extremely poor prognosis.

AIM
To identify prognostic predictors of ALF and death in patients with dengue-
induced severe hepatitis (DISH).

METHODS

We retrospectively reviewed 2311 serologically confirmed adolescent and adult
dengue patients who were hospitalized during a 12-year study period (between
2007 and 2019) at the university hospital of King Chulalongkorn Memorial
Hospital, Bangkok, Thailand. Patients with DISH [n = 134 (5.80%)], defined as a
baseline transaminase > 10 times the normal reference cut-off level, and DISH
with subsequent ALF as defined by the American Association for the Study of the
Liver Diseases 2011 criteria [n = 17 (0.74%)], were included. Predictors of ALF and
in-hospital death were identified using logistic regression analysis.

RESULTS

Of the 151 dengue-infected patients with severe liver injury or ALF, 51% were
female, with a mean age of 27.9 + 14.5 years. Capillary leakage syndrome (CLS)
occurred in 68.2% (n = 103) of DISH and 100% of ALF patients. The mortality rate
was low in DISH patients (0.8%) but was remarkably high if ALF developed
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(58.8%). In univariate analysis, age, sex, hematocrit, white blood count, atypical
lymphocyte count, platelet count, international normalized ratio (INR), bilirubin,
serum glutamate-oxaloacetate transaminase, serum glutamate-pyruvate
transaminase, alkaline phosphatase, albumin, creatinine, Model for End-Stage
Liver Disease (MELD) score, presence of liver comorbidity and presence of CLS
were identified as potential prognostic parameters for ALF or death. In
multivariate analysis, the MELD score remained the only predictor of ALF with
an adjusted odds ratio (aOR) of 1.3 [95% confidence interval (CI): 1.1-1.5; P = <
0.001]. An initial MELD score = 15 was associated with ALF from DISH with an
area under the receiver operating characteristic (AUROC) of 0.91, 88.2%
sensitivity and 87.3% specificity. Regarding mortality prediction, the deterioration
of liver function to ALF was the most significant factor related to death in DISH
patients (aOR 108.5, 95%CI: 5.5-2145.4, P = 0.002). Other independent factors
associated with death included baseline INR (aOR 10.4, 95%CI: 2.6-40.5, P =
0.001). An INR = 1.5 predicted death from DISH with an AUROC of 0.83 (81.8%
sensitivity and 86.8% specificity).

CONCLUSION

The MELD score is the best predictor of ALF in DISH patients, a complication
from dengue that is associated with high mortality. The presence of ALF and the
baseline INR level are independent markers of death in DISH patients.

Key words: Dengue; Liver failure; Hepatitis; Prognosis; Mortality; Predictor

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Acute liver failure (ALF) from dengue infection is rare, but it results in high
mortality rate not only due to impairment in synthesis and detoxification functions of the
liver but also because ALF indicates a state of severe inflammatory response to dengue;
hence, early identification of patients who are at risk of ALF and prompt treatment are
keys to improving clinical outcomes. Both Model for End-Stage Liver Disease (MELD)
score and international normalized ratio (INR) level were excellent prognostic predictors
for dengue patients with severe hepatitis. MELD score was the best predictor of ALF,
while baseline INR level was the best predictors of mortality.

Citation: Teerasarntipan T, Chaiteerakij R, Komolmit P, Tangkijvanich P, Treeprasertsuk S.
Acute liver failure and death predictors in patients with dengue-induced severe hepatitis. World
J Gastroenterol 2020; 26(33): 4983-4995

URL: https://www.wjgnet.com/1007-9327/full/v26/i33/4983.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.133.4983

INTRODUCTION

Dengue virus is one of the most devastating mosquito-borne viral pathogens in
humans. It is endemic throughout tropical and subtropical countries, particularly in
Southeast Asia and Western Pacific regions, with an estimated 390 million infections
annually™ and an economic burden of over $1 billion per year!”. The infection rate is
increasing continuously, and major outbreaks occasionally occur.

Clinical symptoms of dengue infection range from asymptomatic to fatal. Dengue
fever (DF), a mild disease, typically presents with rash, myalgia, arthralgia and
headache. Severe dengue [dengue hemorrhagic fever (DHF)] is characterized by the
presence of capillary leakage syndrome (CLS), an increase in capillary permeability
leading to the leakage of plasma into the pleural space and peritoneal cavity, and may
cause inadequate tissue perfusion, which is called dengue shock syndrome (DSS).
Dengue virus can cause damage to various organs, such as the liver, kidney, brain and
heart®1.

Liver involvement in dengue infection is more common in DHF than DF"l and more
prevalent in adults than in children®. Clinical features suggesting dengue-related liver
injury are hepatomegaly (28%-72%) and elevated transaminases (45%-97%). Common
symptoms of liver injury are abdominal pain (18%-63%), nausea or vomiting (49%-
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58%), and anorexia. There have been no reports of chronic liver disease resulting from
dengue infection. The possible mechanisms of dengue-induced liver injury are a
combination of direct viral injury to hepatocytes, dysregulation of immune responses
to dengue infection and ischemic liver injury from CLSF. We postulated that the
degree of liver damage from dengue infection varies according to the main
pathophysiology. Mild hepatitis might be caused by direct viral injury to hepatocytes,
while severe hepatitis or ALF might be caused by severe dysregulation of the immune
response or severe liver hypoperfusion.

Liver injury from dengue infection is frequently observed, but it is usually mild and
self-limited. Dengue-induced severe hepatitis (DISH), which is defined by a more than
10-fold elevation in transaminase, occurs in 4%-15% of patientsl” and is associated with
severe forms of denguel’. Although the deterioration of liver function to acute liver
failure (ALF) is uncommon in dengue patients, it results in a grave prognosis!’l. Hence,
early detection of dengue patients at risk for ALF is the key intervention to improve
treatment outcomes®. Our primary objective was to identify the predictive factors of
ALF in all hospitalized dengue patients, regardless of dengue severity, who had DISH
at presentation, and our secondary objectives were to identify mortality predictors
from all hospitalized dengue patients with DISH and to study the clinical
characteristics of all patients who had their liver status change from DISH to ALF.

MATERIALS AND METHODS

Patients

We retrospectively screened 2396 serologically confirmed all cases of dengue patients,
regardless of dengue severity, including DF, DHF, and DHF with DSS, who were
hospitalized during the 12-year study period (between 2007 and 2019) at King
Chulalongkorn Memorial Hospital, Thailand. The inclusion criteria were as follows:
(1) Age 210 years; (2) Dengue infection and classification defined according to the
WHO criteria®, with serological confirmation by the detection of dengue
immunoglobulin M antibody or nonstructural 1 antigen; and (3) Serum glutamate-
oxaloacetate transaminase (SGOT) > 350 U/L or serum glutamate-pyruvate
transaminase (SGPT) > 400 U/L as assess with blood tests performed within 24 h after
hospital admission. The exclusion criteria were as follows: (1) Liver biochemistry not
performed within 7 days after the onset of fever; (2) Incomplete clinical information;
and (3) Concomitant causes of liver injury, such as the use of acetaminophen at a dose
over 150 mg/kg within the previous 96 h and a prior consumption of > 40 (female) or >
60 (male) grams of alcohol/day within the previous 60 d (Figure 1).

The baseline demographic data, clinical presentation of dengue infection, hospital
course and treatment outcome at 30 d were reviewed. DISH patients who developed
hepatic encephalopathy and had an international normalized ratio (INR) level > 1.5
within 26 wk after the onset of fever were diagnosed with ALF according to the
American Association for the Study of the Liver Diseases 2011 criteria. To be more
time-frame specific, we diagnosed fulminant hepatic failure in our cohort using the
Clichy criteria: encephalopathy that developed within 2 wk of the onset of jaundice,
regardless of ALF etiology!. Factors that might contribute to ALF and liver-specific
treatment outcomes were evaluated.

Statistical analysis

Categorical variables are described as counts and percentages and were compared
using Fisher's exact test. Continuous variables are described as the means or medians
as appropriate. The independent samples f test was used for comparisons between
groups with normal distribution, and the Mann-Whitney U (Wilcoxon rank-sum) test
was used to compare groups without normal distributions. Potential relationships
between parameters and the development of ALF and mortality were initially
assessed, and statistically significant parameters were subsequently included in
multivariate linear regression analysis. The odds ratio (OR), calculated by logistic
regression analysis and Mantel-Haenszel methods, was used to estimate the direction
and degree of each variable in the prognosis of ALF patients. Haldane’s correction was
applied to avoid the calculation error of zero division for the chi-squared tests. All
tests were 2-sided, and the adopted P value for significance was < 0.05. All statistics
were analyzed by SPSS for Mac (version 22.0; SPSS Inc., Chicago, IL, United States).
The statistical methods of this study were reviewed and approved by Chonlada
Phathong, a biomedical statistician from the Division of Gastroenterology, Department
of Medicine, Faculty of Medicine, Chulalongkorn University.
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85 patients excluded
Liver function tests not performed
Incomplete clinical information
Concomitant cause of liver injury
Other possible causes of liver injury

Y

Serologically confirmed
dengue patients
n = 2396

Y

transaminitis

Dengue without or mild DISH without ALF DISH with ALF

n = 2160 (94.36%)

1 = 134 (5.80%) n =17 (0.74%)

Figure 1 Study algorithm. DISH: Dengue-induced severe hepatitis; ALF: Acute liver failure.

Jaishideng®

RESULTS

Of 2311 eligible dengue patients, 151 patients (6.5%) had DISH and were enrolled in
the study. There were 77 (51.0%) female DISH patients. The overall average age was
27.9 £ 14.5 years. Most DISH patients (n = 134, 88.7%) maintained their liver function
during hospitalization, whereas 0.7% (n = 17) deteriorated to ALF. ALF patients
tended to be younger than non-ALF patients (24.5 £ 13.5 years vs 28.3 £ 14.6 years), but
the difference did not reach statistical significance (P = 0.84).

Most patients (n =117, 77.5%) were healthy prior to dengue infection. Of those with
comorbidities, 8.6% had metabolic syndromes, and 18.0% had other inactive chronic
medical conditions, such as thalassemia, tuberculosis and autoimmune diseases.
Twenty-one patients (13.9%) had liver-related comorbidities, such as chronic hepatitis
B viral infection, nonalcoholic fatty liver disease (NAFLD), recent nonheavy alcohol
consumption and herbal drug use. One patient had a first diagnosis of early cirrhosis
from NAFLD. The presence of liver-related comorbidities increased the risk of
developing ALF from DISH with an OR of 3.8, (P = 0.04), but it did not increase the
risk of death (P = 0.98). No relationship was found between underlying nonliver
conditions and dengue prognosis (P = 0.92 for ALF and P = 0.72 for death prediction).

Table 1 demonstrates the results of baseline blood tests at the initial presentation.
The INR level was the only parameter that was statistically higher in ALF patients
than in non-ALF DISH patients (2.4 £ 1.0 vs 1.2 £ 0.3, P = 0.004), whereas other
laboratory profiles, including hematocrit, number of total white blood cells,
neutrophils, lymphocytes and atypical lymphocytes, platelet count, creatinine,
albumin, total bilirubin, SGOT, SGPT, and alkaline phosphatase, tended to be worse in
ALF patients than in non-ALF DISH patients, but the differences did not reach
statistical significance. After adjusting the results by a scoring system, ALF patients
had significantly higher MELD scores than non-ALF patients (24.5 +10.2vs 9.7 £4.7, P
< 0.001). We found that INR, albumin, creatinine, MELD score and the presence of
liver comorbidities were associated with the transition to ALF from DISH. Age and
sex-adjusted multivariate analysis revealed that the MELD score remained statistically
significantly associated with ALF [P < 0.001, adjusted OR = 1.3, 95% confidence
interval (CI): 1.1-1.5] (Table 2). A cut-off MELD score > 15 predicted ALF developing
from DISH with an area under the receiver operating characteristic (AUROC) of 0.906,
sensitivity of 88.2% and specificity of 87.3% (Figure 2).

For patients with mild disease or DF, DISH was uncommon, and neither ALF nor
death had been reported. In patients with severe dengue, DISH was common (n = 103,
68.2%), among which 76.7% (n = 79) were DHF without shock and 23.3% (n = 24) were
DHF with DSS. Nonetheless, the risks of ALF or death for patients who already had
DISH did not increase with dengue severity, including the presence of CLS and DSS.
In predicting mortality from DISH, INR, albumin, creatinine, the MELD score and the
presence of ALF were found to be influential parameters based on univariate analysis.
Among these factors, a deterioration of liver function to ALF was by far the dominant
predictor of death from DISH, with an adjusted OR of 108.5 (95%CI: 5.5-2145.4, P =
0.002).

ALF developing from DISH was obviously associated with a very poor prognosis;
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Table 1 Laboratory profiles at initial presentation

Laboratory parameters All DISH patients (n=151)  DISH without ALF (n=134) DISH with ALF (n=17) P value
Hematocrit (%) 41.0+738 41177 40.2+88 0.833
WBC (x 10°/pL) 56%38 5538 6.3%39 0.379
Neutrophil (x 10%/pL) 32%28 3.0+27 4530 0.461
Lymphocyte (x 10°/pL) 15+1.1 1611 1170 0.461
AL (x 10°/pL) 0407 041038 02202 0.501
Platelet (x 10'2/pL) 56.9 % 76.5 57.2%75.0 54.9+89.9 0.190
INR 14107 12103 24210 0.004°
Creatinine (mg/dL) 1.0£1.0 09+0.9 19+14 0.134
Albumin (g/dL) 3606 3705 3.0+05 0.136
Total bilirubin (mg/dL) 20+4.6 1417 63115 0.272
SGOT (U/L) 1547.0 £ 2254.3 1130.6 £ 1302.5 4804.3 £ 4540.4 0.437
SGPT (U/L) 694.3 £725.1 590.8 + 493.6 1510.5 + 1451.6 0.369
ALP (U/L) 112.0 £105.5 108.7 £108.5 138.1£75.7 0.157
MELD score 123+83 9.7+47 245+10.2 <0.001°
P < 0.005.

4P <0.001. AL: Atypical lymphocyte; DISH: Dengue-induced severe hepatitis; ALF: Acute liver failure; WBC: White blood cell; INR: International
normalized ratio; SGOT: Serum glutamate-oxaloacetate transaminase; SGPT: Serum glutamate-pyruvate transaminase; ALP: Alkaline phosphatase; MELD:
Model for End-Stage Liver Disease.

however, many ALF patients did not have ALF at presentation. It would be beneficial
if we could detect DISH patients who had a high risk of mortality before they
developed ALF. Therefore, we performed multivariate analysis using the clinical and
investigation information available at presentation, without the presence of ALF. To
select the variables for multivariate analysis, we postulated that mortality from dengue
infection is dependent not only on liver dysfunction but also on multiorgan
dysfunction. Since the Model for End-Stage Liver Disease (MELD) score primarily
evaluates liver dysfunction, we used creatinine and INR without the MELD score in
the multivariate analysis to avoid any multicollinearity effect among the MELD score,
INR and creatinine. In addition to ALF, the age and sex-adjusted multivariate analysis
showed that INR was another factor that could predict death, with an adjusted OR of
10.4 (95%CI: 2.6-40.5, P = 0.001). A cut-off INR level > 1.5 predicted death from DISH
with an AUROC of 0.832, sensitivity of 81.8% and specificity of 86.8% (Figure 3).

The prevalence of ALF among DISH patients was 0.7% (1 = 17). All patients had the
severe dengue phenotype; 64.7% (n = 11) of these patients had DHF with DSS, and
35.3% (n = 6) of these patients had DHF without DSS. All patients developed ALF
shortly after the onset of CLS, within 24 h for 14 patients (82.4%) and 48 h for the
remaining 3 cases (patient 5, 6 and 12). All ALF patients had concurrent, serious,
nonhepatic complications, such as renal failure (88.2%), systemic bleeding (82.4%),
sepsis (29.4%), and respiratory failure (29.4%). The mortality rate from DISH with ALF
was 58.8%, in comparison with 0.8% for non-ALF patients. One patient (patient 3) died
from persistent grievous cerebral edema contributing to brain death after extrahepatic
conditions had recovered. The remaining deceased patients died from non-liver
complications; six patients (60.0%) died within a few hours after CLS onset because of
refractory circulatory failure. The remaining three patients (30.0%) died because of
bleeding complications and uncontrolled sepsis (Table 3).

In our study, 5 patients (patient numbers 4, 5, 9, 12, 15) met the King’s college
criteria (non-acetaminophen-induced ALF) for liver transplantation. The detailed
complications of dengue, treatment for ALF and final outcome of each patient are
shown in Table 4. Information regarding the serum factor V level was not available in
this study. The arterial lactate levels of these patients ranged from 1.0 mmol/L to 3.5
mmol/L after fluid resuscitation. All five patients had grade 4 hepatic encephalopathy
and concomitant renal failure and underwent continuous renal replacement therapy.
Three of the five patients (patients 4, 12 and 15) received liver dialysis [molecular

WJG | https://www.wjgnet.com 4987 September 7,2020 | Volume?26 | Issue33 |

Jaishideng®



Teerasarntipan T et al. ALF predictors in DISH

Table 2 Regression analysis of the factors associated with acute liver failure from dengue-induced severe hepatitis

Parameters

Baseline demographic information

Age

Male sex

Univariate analysis Multivariate analysis

Odds ratio 95%Cl P value Adjusted odds ratio 95%Cl Pvalue
1 0.9-1.0 0.044° 0.9 0.9-1.0 0.033"
07 03-2.1 057 3.9 0.5-30.1 0.193

Hematological parameters change with response to dengue severity

Hematocrit
WBC count
Percentage of neutrophils

Platelet count

1

1

1.1

1

Liver status at diagnosis of DISH

Total bilirubin
SGPT

INR

Albumin
Creatinine
MELD score

Presence of liver comorbidity

1.3

1

23.7

0.1

22

1.3

3.8

0.9-1.0 0.624 = - ;
1.0-1.0 0.419 = = =
1.0-1.1 0.001° = . ;
1.0-1.0 0.907 = - B,
1.0-1.6 0.026* = - B}
1.0-1.0 0.001° = - ,
5.0-111.9 <0.001" = . B}
0.04-0.4 <0.0015 0.7 0.2-3.2 0.696
1.3-3.9 0.006" - = -
1.2-1.4 <0.001" 13 1.1-15 <0.001
1.1-13.9 0.042" 45 0.4-48.6 0.215

ap < (.05.
bp < 0.05.
P =0.001.
dp <0.05.
P =0.001.
fp < 0.001.
8P < 0.001.
hp <0.05.
ip<0.001.
P <0.001.

kP < 0.05. DISH: Dengue-induced severe hepatitis; WBC: White blood cell; INR: International normalized ratio; SGPT: Serum glutamate-pyruvate
transaminase; MELD: Model for End-Stage Liver Disease; CI: Confidence interval.
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adsorbent recirculating system (MARS) and single-pass albumin dialysis (SPAD)] as a
supportive treatment. Unfortunately, none of these patients underwent liver
transplantation due to organ shortages. Only two of the five (patients 4 and 9) patients
survived.

An analysis of 17 ALF patients with DISH showed that having concurrent
conditions (systemic major organ bleeding (lung and brain), DSS, and multiple organ
failure) increased the likelihood of death but not significantly so (P = 0.154, 0.128 and
0.128, respectively). No specific regimens for ALF therapy, such as N-acetylcysteine
and liver dialysis, showed obvious clinical benefits in terms of reducing mortality rate,
hepatic encephalopathy duration or length of intensive care unit (ICU)/hospital stay
(Tables 4 and 5).

DISCUSSION

The prevalence of ALF from dengue has not been clearly identified. Case series have
reported a range of 5.2%-8.9%!""""], while retrospective studies have reported a range of
0.3%-1.1%0>"1. Notably, these results were all based on dengue infections. With a
larger study population, our study found an ALF prevalence of 0.7% in those who had
severe hepatitis, supporting the notion that ALF caused by dengue infection was
remarkably rare. However, when ALF develops, it results in a high mortality rate:
58.8% from our study and 50.0%-68.3% according to previous reports!'-"], in
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Table 3 Regression analysis of the factors associated with death from dengue-induced severe hepatitis

Univariate analysis Multivariate analysis
Parameters ) . .

Odds ratio 95%Cl Pvalue Adjusted odds ratio ~ 95%Cl P value
Baseline demographic information
Age 1 1.0-1.1 0.817 1 1.0-1.1 0.142
Male sex 0.9 0.3-2.9 0.807 - - -

Hematological parameters change with response to dengue severity

Hematocrit 1 0.9-1.1 0.96 - - -
WBC count 1 1.0-1.0 0.856 - - -
Percentage of neutrophils 1.1 1.0-1.1 0.036" - - -
Percentage of atypical 1 0.9-1.1 0.467 - - -
lymphocytes

Platelet count 1 1.0-1.0 0.673 - - -

Liver status at diagnosis of DISH

Total bilirubin 1 0.9-1.1 0.789 0.8 0.5-1.3 0.347
SGPT 1 1.0-1.0 0.004" - - -
INR 6.5 2.6-16.2 <0.001° 10.4 2.6-40.5 0.001¢
Albumin 0.2 0.1-0.5 0.003° 0.2 0.04-1.3 0.104
Creatinine 1.6 1.01-2.4 0.046" 1.2 0.8-1.9 0.419
MELD score 1.1 1.1-1.2 0.001° - - -
Presence of liver comorbidity 1 0.1-8.2 0.983 - - -

2P < 0.05.

bp < 0.005.

‘P < 0.001.

4p =0.001.

€P < 0.005.

fP<0.05.

8P = 0.001. DISH: Dengue-induced severe hepatitis; WBC: White blood cell; INR: International normalized ratio; SGPT: Serum glutamate-pyruvate
transaminase; MELD: Model for End-Stage Liver Disease; CI: Confidence interval.

comparison with the 0.8% mortality rate from DISH without ALF. Hence, identifying
ALF predictors should not be overlooked.

Approximately 63%-97% and 45%-96% of dengue patients have elevated SGOT and
SGPT levels, respectively?>'"l. Liver injury from dengue infection is generally mild (4-
5-fold and 2-3-fold elevation of SGOT and SGPT levels, respectively)!"l. The rise in
SGOT level was more prominent and resolved faster than that of SGPT, which is
consistent with our results. An increase in bilirubin and alkaline phosphatase and low
albumin have been occasionally reported!".

Previous studies have found that transaminase levels are correlated with the degree
of dengue severity and poor clinical outcomes®®'"*>*l, particularly in patients with
severe hepatitis. We thus emphasized patients with severe hepatitis at presentation
and evaluated their prognoses. The prevalence of DISH in our study was 6.5%, which
was similar to that in a previous study performed in Thailand (7.0%)™ and in studies
performed in other countries (1.0%-15.0%)'""!.

Regarding the liver biochemistry, the mean levels of bilirubin, transaminases, and
alkaline phosphatase were higher in the ALF group than in the non-ALF group, which
was in accordance with findings from previous studies>*l. The degree of
transaminase elevation in our study was relatively higher than that in other studies!'"**!
(15-20 times the normal level); however, we did not find an association between the
presence of extremely high transaminase levels or increasing levels of other
biochemistry outcomes and the development of ALF from DISH. Because various
conditions can contribute to elevated liver enzymes, particularly liver ischemia, which
is caused by different mechanisms in dengue, liver function tests (LFTs) in dengue
infection might reflect the degree of liver injury and CLS severity, which is in
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Table 4 Summary of the clinical characteristics of dengue-induced severe hepatitis patients with acute liver failure

Dengue Dengue complications Treatment for Duration (d) Treatment outcome
Number Sex Age .
severity Sepsis ARDS Syst. Bleed. Renal failure Other ALF/HE HE ICU Hospital Status Cause of death

1 F 23 DSSs No No Yes Yes No None 1 1 3 Dead CV failure

2 F 19 DSS No No Yes Yes No NAC 2 2 4 Dead CV failure

3 M 11 DSS Yes No Yes Yes No None 5 21 22 Dead Liver failure

4 M 16 DSS No No Yes Yes DIC SPAD NAC 4 7 26 Cured -

5 F 21 DSS No Yes Yes Yes DIC Mannitol steroids 5 7 8 Dead Bleeding
complication

6 F 54 DSS No No Yes Yes No None 6 - 106 Cured -

7 F 35 DSS No No Yes Yes SICM None 2 2 4 Dead CV failure

8 M 16 DSS No No No No No None 3 3 8 Cured -

9 M 24 DHF Yes Yes Yes Yes DIC, HLH NAC 10 37 78 Cured -

10 F 17 DHF No No Yes Yes No SPAD NAC 4 4 11 Cured -

11 M 18 DHF Yes No Yes Yes DIC NAC 10 33 40 Dead Bleeding
complication

12 M 33 DHF Yes No Yes Yes DIC, ANP MARS NAC 4 58 63 Dead Uncontrolled sepsis

13 M 52 DSS No No No Yes ANP None 2 2 2 Dead CV failure

14 F 14 DHF No No No Yes No 3% NaCl 2 7 7 Cured -

15 M 11 DSS No Yes Yes Yes DIC SPAD 6 6 6 Dead CV failure

16 M 39 DHF No No Yes No No NAC 5 8 16 Cured -

17 M 13 DSS Yes Yes Yes Yes No None 5 5) 5 Dead CV failure

F: Female; M: Male; Syst. Bleed.: Systemic bleeding; HE: Hepatic encephalopathy; ALF: Acute liver failure; CLS: Capillary leakage syndrome; ARDS: Acute respiratory distress syndrome; DHF: Dengue hemorrhagic fever; DSS: Dengue
shock syndrome; WI: Within; DIC: Disseminated intravascular coagulation; CV: Cardiovascular; SICM: Stress-induced cardiomyopathy; HLH: Hemophagocytic lymphangiohistiocytosis; ANP: Acute necrotizing pancreatitis; NAC: N-
acetylcysteine; SPAD: Single-pass albumin dialysis; MARS: Molecular adsorbent recirculating system.

agreement with the previous literaturel""'¥), rather than the true liver functional
capacity. In addition, the LFT levels frequently fluctuate and become elevated from
extrahepatic causes; thus, LFTs might not accurately predict ALF.

Conditions that occur in severe dengue, such as the presence of CLS or DSS, a high
degree of hemoconcentration, a low white blood cell count, a high atypical lymphocyte
count and a low platelet count, are related to a poor prognosis!”*'l. However, by taking
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Table 5 Factors associated with the risk of death among dengue-induced severe hepatitis patients with acute liver failure

Factors Dengue survivors (n1=7) Dengue nonsurvivors (n=10) Odd ratio of death P value

Presence of DSS, n (%) 3 (42.9) 8 (80.0) 53 0.128

Concurrent extrahepatic organ failure, 1 (%)

Systemic bleeding 5(71.4) 10 (100.0) 9.6 0.154
Bacterial sepsis 2 (28.6) 6 (60.0) 3.8 0.211
Renal failure 5(71.4) 9 (90.0) 3.6 0.341
ARDS 1(14.3) 3 (30.0) 2.6 0.461
DIC 2(28.6) 5 (50.0) 25 0.382
Multiple (2 2) extrahepatic organ failure, n 3 (42.9) 8 (80.0) 53 0.128

(o)

Liver-specific treatment, n (%)

Any treatment’ 5(71.4) 5 (50.0) 0.4 0.382
Intravenous NAC 4(57.1) 4 (40.0) 0.5 0.488
Artificial liver support 2 (28.6) 2 (20.0) 0.6 0.683

1In comparison with conservative treatment. ARDS: Acute respiratory distress syndrome; DIC: Disseminated intravascular coagulation; NAC: N-
acetylcysteine; DSS: Dengue shock syndrome.
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Figure 2 Receiver operating characteristic curve of Model for End-Stage Liver Disease score for predicting acute liver failure from
dengue-induced severe hepatitis patients. ROC: Receiver operating characteristic.

into account liver-related outcomes, we did not find an association between these
parameters and ALF. Although we found that DISH was more common in patients
with severe dengue, the risk of conversion to ALF was not significantly increased with
respect to the disease grade.

We found that the presence of liver comorbidities, such as a high INR level and a
low serum albumin, increased the risk of the development of ALF from DISH. These
findings were compatible with those of previous studies”'*"**. Our study
demonstrated that INR and creatinine had high ALF predictive values. It needs to be
noted that both INR and creatinine are components of the MELD score, which also had
a good ALF predictive value in our study. Moreover, the MELD score is an established
prognostic predictor of liver disease. After adjusting the MELD score by multivariate
analysis with other potential variables and excluding INR and creatinine to avoid
multicollinearity effects with the MELD score, our study demonstrated that the MELD
score was the best clinical parameter at presentation for predicting the development of
ALF from DISH. With a cut-off > 15 points, the MELD score could predict ALF from
DISH with an excellent performance (AUROC of 0.906, 88.2% sensitivity and 87.3%
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Figure 3 Receiver operating characteristic curve of international normalized ratio level for predicting death from dengue-induced severe
hepatitis patients. ROC: Receiver operating characteristic.
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specificity). Overall, we suggest that the liver background and functional reserve after
dengue infection are the main prognostic factors and have a stronger influence on the
development of ALF than the severity of liver insults from the virus®!.

All cases of ALF in our study occurred shortly after the onset of CLS, which is a
feature of ischemic liver injury. However, all the ALF patients had other concurrent
organ dysfunctions that were not directly caused by impaired perfusion, such as
disseminated intravascular coagulopathy and acute respiratory distress syndrome.
Most ALF non-survivors died because of profuse uncontrolled plasma leakage that did
not respond to volume resuscitation and vasopressors as well as excessive bleeding in
vital organs, such as the lungs and brain. Moreover, liver failure was not considered
the principal cause of death for almost any of the DISH patients. We postulated that
exaggerated and overwhelming immune responses to dengue infection, which, in turn,
further exacerbated plasma leakage, might be the main contributing mechanisms to
dengue complications and multiple organ failure. Previous studies have found that
elevated levels of inflammatory cytokines, such as interleukin-2 and C-reactive
protein, are related to severe outcomes from dengue*"*!.

INR, the albumin level and the MELD score were associated with death from DISH.
Unlike for liver failure with a non-dengue etiology, in which mortality from liver
injury is well predicted by the MELD score, we postulated that the INR level had a
superior mortality predictive performance than the MELD score because a change in
the INR level reflects both liver injury and systemic inflammation, whereas a change in
the MELD score is mainly related to liver dysfunction. Our study showed that INR
was among the best mortality predictors for DISH patients; an INR level > 1.5 had an
AUROC of 0.832, sensitivity of 81.8% and specificity of 86.8%. Developing ALF from
DISH was strongly associated with death, not only because of an impairment in
synthesis and the detoxification function of the liver but also because ALF indicated a
state of severe inflammatory response to dengue. The treatment of ALF from dengue
should be targeted at both sustaining the hepatocyte function and controlling systemic
inflammation. Available information regarding the treatment of ALF from dengue is
scarce and inconclusive.

A case series showed that early intravenous N-acetylcysteine (IV NAC) given to
restore hepatic antioxidants might improve the survival of ALF dengue patients with
grade 1 or 2 hepatic encephalopathy!™'**~l. Artificial liver support, such as SPAD and
a MARS, has been used in some case reports and has shown favorable outcomes*!l. In
our study, IV NAC, SPAD and MARS were used to treat a few patients, but it was
difficult to determine their benefits in terms of reducing mortality, length of
hospital /ICU stay, and the duration of hepatic encephalopathy.

A recent systematic review showed that corticosteroids given to reduce the degree
of inflammation in the period between CLS and DSS had a survival benefit™ in
dengue; however, there has been no study of their use in a subgroup of patients with
ALF. One patient in our study received corticosteroids; unfortunately, she did not
survive. High volume plasma (HVP) exchange is a promising option because it
supports hepatocyte function and eliminates cytokine storms™. HVP exchange has
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been shown to improve survival in patients with ALF and ACLF"! from nondengue
etiologies. Disappointingly, two recent case series showed unsatisfactory outcomes.
Only two of five patients with ALF from dengue who underwent HVP exchange
survived”**l. Therefore, while effective therapeutic options for patients with ALF from
dengue are under investigation, early identification of patients at risk of ALF and
prompt supportive treatment are still the best options to improve dengue survival.

There were some limitations to this study. There was a heterogeneous timing of
biochemical blood collection, particularly for the liver function tests, which ranged
from an immediate venous sampling at the first visit to 48 h after admission. In this
study, we selected patients based on transaminase levels, and thus, we may have
under detected the presence of DISH because the transaminases were checked too
early. Moreover, since serum transaminase levels increase rapidly, the delayed blood
sampling may have resulted in an extremely high level of transaminases. This
limitation also applies to the hematological profiles, especially the total WBC count
and the differential blood count. Due to the high heterogeneity of the liver function
tests and peripheral blood count, we cannot confidently conclude that these variables
have no role in prognostication for dengue patients.

CONCLUSION

Previously, liver injury from dengue infection has generally been recognized as a mild
and transient complication and is believed to only have a subtle impact on prognosis.
However, this study noted that some basic bedside parameters, the MELD score and
INR, should not be overlooked because they can indicate a poor prognosis. These
parameters would be helpful for primary care providers to select patients who are at
risk of a poor outcome and need close monitoring, as well as to triage high-risk
patients who require intensive care in a hospital that has limited human resources or a
shortage of intensive care unit beds.

ARTICLE HIGHLIGHTS

Research background

Liver injury from dengue infection is frequently observed, but it is usually mild and
transient. Approximately 10% of dengue patients have dengue-induced severe
hepatitis (DISH), which is defined by a more than 10-fold elevation in transaminase.
Acute liver failure (ALF) from dengue infection is extremely rare but results in a high
mortality rate.

Research motivation

The prognosis of patients with DISH has not been well studied. Moreover, information
regarding the risk of transitioning from DISH to ALF and death is limited. Evidence
regarding effective therapeutic options for patients with ALF from dengue is still
lacking, and therefore, early identification of patients who are at risk of ALF and
prompt treatment are keys to improving clinical outcomes.

Research objectives

We aimed to identify the predictive factors of ALF and death in hospitalized dengue
patients, regardless of dengue severity, who had severe hepatitis at presentation. We
also aimed to analyze the clinical characteristics of all patients who transitioned from
DISH to ALF.

Research methods

We retrospectively reviewed 2311 serologically confirmed adolescent and adult
dengue patients who were hospitalized during a 12-year study period. Patients with
DISH (n = 134) and DISH with subsequent ALF (n = 17) were included. Predictors of
ALF and in-hospital death were identified using logistic regression analysis.

Research results

The mortality rate was low in DISH patients (0.8%) but was remarkably high if ALF
developed (58.8%). In univariate analysis, age, sex, hematocrit, white blood count,
atypical lymphocyte count, platelet count, international normalized ratio (INR),
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bilirubin, serum glutamate-oxaloacetate transaminase, serum glutamate-pyruvate
transaminase, alkaline phosphatase, albumin, creatinine, Model for End-Stage Liver
Disease (MELD) score, presence of liver comorbidity and presence of capillary leakage
syndrome (CLS) were identified as potential prognostic parameters for ALF or death.
In multivariate analysis, the MELD score remained the only predictor of ALF, with an
adjusted odds ratio (aOR) of 1.3 [95% confidence interval (CI): 1.1-1.5, P < 0.001]. An
initial MELD score > 15 was associated with ALF from DISH with an AUROC of 0.91,
sensitivity of 88.2% and specificity of 87.3%. An independent factor associated with
death was baseline INR (aOR 10.4, 95%CI: 2.6-40.5, P = 0.001). INR > 1.5 predicted
death from DISH with an area under the receiver operating characteristic of 0.83
(sensitivity of 81.8% and specificity of 86.8%).

Research conclusions

The MELD score was the best predictor of ALF in DISH patients, a complication from
dengue that is associated with high mortality. The presence of ALF and the baseline
INR level were independent predictors of death among DISH patients.

Research perspectives

ALF developing from DISH is rare, but it has a very poor prognosis. Early detection of
patients who are at risk of ALF and death is essential. The MELD score and INR level
are basic parameters that showed good predictive values for ALF and death among
DISH patients.
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