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INTRODUCTION

The development of variceal hemorrhage is a direct consequence 
of portal hypertension(1). It occurs in 25 to 40% of patients with cir-
rhosis, and each episode of active variceal hemorrhage is associated 
with a 10% to 20% of mortality(2,3). Complications related to bleeding 
and the treatment of bleeding contribute substantially to mortality 
from active hemorrhage(4). The principal complications that cause 
death are aspiration pneumonia, sepsis and renal failure(5,6).

At the epithelial level, specifically in the small intestine, patients 
with liver cirrhosis present changes in barrier function. Increased 
intestinal permeability has been found in cirrhotic patients com-
pared with healthy controls(7,8). This increased permeability appears 
to be a result of  the loosening of  tight junctions associated not 
only with increased resistance to portal venous flow but also as a 
result of systemic circulatory dysfunction(9,10). This circumstance 
favors the translocation of  gram-negative bacteria across the 
intestinal barrier and may lead to infection and others complica-
tions. Most often, the bacteria are killed, but bacterial byproducts 
known as PAMPs (pathogen-associated molecular patterns) such 
as lipopolysaccharide and DAMPs (damage-associated molecular 
patterns) are released. PAMPs and DAMPs are spontaneously 
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recognized by PRRs (pattern recognition receptors) expressed in 
immune and other types of cells. PRR engagement may result in 
the release of pro-inflammatory cytokines/chemokines, leading to 
systemic inflammation(11).

Among various mediators of the acute or chronic inflammatory 
conditions that accentuate systemic vasodilation are stand HMGB1 
(High Mobility Group Box 1) and IL-6 (Interleukin-6)(12,13). 
HMGB1 is a type of DAMP, a pro-inflammatory nuclear protein 
actively secreted by the cells of the innate immune system and the 
hepatocytes, released as a result of apoptotic phenomena during 
the cell death process(12). When interacting with toll-like receptor 
4 (TLR-4) - a type of PPR transmembrane - in one of its various 
signaling pathways, HMGB1 induces the activation of  nuclear 
factor kappa B, producing immunostimulatory responses through 
transcriptional pro-inflammatory genes, including tumor necrosis 
factor, Interleukin-1 and ultimately IL-6, the most important 
cytokyne in sepsis(13,14).

The grade of inflammation parallels the severity of liver, cir-
culatory and renal dysfunction and acute on chronic liver failure 
(ACLF)(15,16). Its deleterious effect on organ function may derive 
from reduced organ perfusion and/or the effects of cytokines and 
reactive oxygen species on cell function and apoptosis(17,18).
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The aim of  this study is to evaluate the association of  the 
biomarkers HMGB1 and IL-6 with infection, acute kidney injury 
(AKI) and mortality in cirrhotic patients with variceal bleeding and 
determine the usefulness of these mediators as potential predictors 
of major outcomes.

METHODS

This was a prospective, observational study that included 32 
patients diagnosed with liver cirrhosis with active bleeding resulting 
from rupture of gastroesophageal varices between June 2014 and 
March 2016. All the patients underwent endoscopic treatment via 
the ligation of  esophageal varices or GOV1-type gastric varices 
associated with an intravenous bolus of octreotide 50 mcg followed 
by 50 mcg/hour for 5 days. Antimicrobial prophylaxis included 
norfloxacin 400 mg every 12 hours for 7 days or ceftriaxone 1 g 
every 24 hours for same period, when appropriate. During the hos-
pitalization period, demographic, clinical and laboratory data were 
collected to investigate the predictors of infection, AKI and mortal-
ity. Spontaneous bacterial peritonitis was defined as the presence 
of at least 250 polymorphonuclear leukocytes/mm3 in ascitic fluid 
analyzes, in the absence of a source of peritoneal cavity infection. 
The criteria for the pneumonia diagnosis were symptoms of acute 
respiratory tract disease associated with at least one systemic find-
ing - confusion, headache, sweating, chills and radiological infiltrate 
not previously present. Urinary tract infection was characterized by 
bacterial growth of at least 105 colony forming units/mL of urine 
(100.000 cfu/mL) associated with tract urinary symptoms. The 
diagnosis of  AKI was defined by the presence of two creatinine 
values, with a difference of at least 0.3 mg/dL or the elevation of 
at least 50% of its baseline value. Baseline creatinine was defined 
as the most recent and stable value prior to hospital admission 
within a maximum interval of seven days. Four participants were 
excluded. Three of them decided not to sign the consent form and 
one patient was submitted to liver transplant in the acute phase 
of bleeding. The demographic variables included age and gender 
and the clinical variables were Child-Pugh classification, Model 
for End-Stage Liver Disease (MELD), MELD sodium, presence 
of ascites and length of hospitalization. The examined laboratory 
variables were hemoglobin level at admission and after 48 hours, 
platelet count on admission and after 48 hours, serum levels of 
HMGB1 and IL-6, serum creatinine, albumin, total bilirubin, 
prothrombin activity with INR, activated partial thromboplastin 
time, fibrinogen and sodium on admission. The need for blood 
components was also recorded.

Statistical analyses were performed using the Statistical Package 
for Social Sciences version 21.0 (SPSS, Inc., Chicago, IL). Numeri-
cal variables are presented as means and standard deviations or as 
minimums, maximums and medians if  they did not present normal 
distribution (Kolmogorov-Smirnov test). Categorical variables were 
presented as percentages. The Mann-Whitney test was used to assess 
the associations between variables and Spearman’s test was used 
to evaluate the correlation between serum levels of HMGB1 and 
IL-6 and infection, AKI and death. 

Ethics
The study was approved by the Ethics Committee of the Federal 

University of Minas Gerais and was conducted in accordance with 
the 1975 Declaration of Helsinki (6th revision, 2008). All the patients 
signed a free informed consent form before beginning the study. 

RESULTS

A total of  32 patients with mean age of  52 years ± 10 were 
included; 20 (62.5%) were male. Alcohol and hepatitis C were the 
main causes of cirrhosis (TABLE 1). Seventeen patients (53.1%) 
were classified as Child-Pugh class C, 13 (40.6%) were Child-Pugh 
class B, and 2 (6.3%) were Child-Pugh class A. The mean MELD 
was 17.53±5, and MELD-Na was 20.63±6.06. The median hospi-
talization period was 8 days(5-17). There was need for red blood cell 
transfusion in 11 patients (34.4%) to maintain hemoglobin levels 
between 7 and 8 g/dL. Seven patients received platelet transfusions, 
and fresh frozen plasma and cryoprecipitate were used for one 
patient each. Infectious complications were present in 9 (28.1%) 
patients (pneumonia in five, spontaneous bacterial peritonitis in 
three and urinary tract infection in one). AKI was observed in 6 
(18.1%) patients, and 4 (12.5%) patients died. The median serum 
level of  HMGB1 was 1487 pg/mL (0.1–8593.1); for IL-6, it was 
62.1 pg/mL (0.1–1102.4).

TABLE 1. Etiology of cirrhosis (n=32).

Etiology Frequency (n) Percentage

Alcohol 11 34.4

Hepatitis C 10 31.3

Auto-immune hepatitis 4 12.5

Hepatitis B 2 6.3

Primary sclerosing colangitis 2 6.3

Primary biliar colangitis 2 6.3

Non-alcoholic stetohepatitis 1 3.1

After the univariate analysis for the evaluation of  factors 
associated with mortality was performed, the variables MELD, 
MELD-Na, red blood cell transfusion, plasma transfusion, transfu-
sion of cryoprecipitate, acute renal injury, sodium, serum HMGB1 
and infection were entered into the initial model; however, none 
remained at the end of the multivariate analysis. For the outcomes 
infection and AKI, the variables HMBGB1, plasma transfusion, 
cryoprecipitate, albumin, sodium and length of  hospitalization 
entered the initial model but did not remain with significance at 
the end of the model. 

To evaluate the behavior of HMGB1 and IL-6 serum levels as 
outcome predictors, their medians were compared between patients 
who developed infection, AKI and mortality and those who did 
not. HMGB1 serum levels were higher in patients who developed 
infection (P=0.000), AKI (P=0.004) and death (P=0.011). Regard-
ing serum levels of interleukin-6, P-values were 0.002 for infection, 
0.044 for AKI and 0.003 for mortality. Results are showed in 
TABLES 2, 3 and 4.

TABLE 2. Median serum HMGB1 and IL6 values in cirrhotic patients 
with and without infection.

Serum levels 
(pg/mL) Infection

P value
Median (Range) Yes No

HMGB1 4635 (3535–8593) 496 (0.1–2536) 0.000

IL-6 132 (80–1102) 21.7 (0.1–269) 0.002
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individuals and investigated its potential relationship to the clini-
cal features of  these patients. Enhanced serum levels of  HMGB1 
were associated with the development of  HBV-related ACLF 
in CHB patients. No study assessing HMGB1 as a prognostic 
marker for acute bleeding in cirrhotic patients was found. In the 
acute bleeding phase, circulatory dysfunction in cirrhotic patients 
worsens and is associated with a higher incidence of  infection and 
other complications, such as AKI and hepatic encephalopathy, 
possibly via mechanisms that involve weakening of the gut barrier 
and bacterial translocation(16).

In patients with liver disease, Kao et al.(21) evaluated 158 naïve 
liver cirrhosis patients and 144 non-liver cirrhosis individuals and 
tested the correlations among the mediators IL-6, interleukin-27, 
tumor necrosis factor-α (TNFα) and vascular endothelial growth 
factor with STAT proteins at diverse clinical-pathologic stages in 
the cirrhotic patients. Over-expression of IL-6 reflects hepatic dys-
function and varices bleeding with mortality, as well as correlates 
p-STAT3 expression. A study published in 2012 evaluated the role 
of TNF-α and IL-6 in cirrhotic patients who had hepatic and renal 
impairment with spontaneous bacterial peritonitis(22). Approxi-
mately 40% (n=48) of cirrhotic patients with SBP developed renal 
and hepatic impairment and showed significantly higher plasma and 
ascitic fluid cytokine levels upon the diagnosis of infection(22). In 
contrast, Elsing et al.(23) did not find higher levels of IL-6 in patients 
with acute decompensation compared with non-decompensated 
patients. There was also no difference between the patients with 
and without bleeding.

In this study, it was established that serum levels of HMGB1 
are higher in patients who developed infection, AKI and death 
compared with patients who did not have these outcomes and that 
the correlation was high for infection and moderate for AKI and 
death. Similar results were observed regarding serum IL-6 levels; 
however, the correlation was moderate for infection and death and 
low for AKI outcome.

Infectious complications and AKI are directly associated with 
cirrhotic circulatory dysfunction, a phenomenon whose main 
triggering factor is splanchnic arterial vasodilation secondary to 
portal hypertension(24). However, these two outcomes, as well as 
other forms of  organic dysfunction in cirrhosis, can occur even 
without the progression of  circulatory dysfunction because they 
also result from the complex interaction between the innate im-
mune system and bacterial components – also called PAMPs – 
translocated from the intestinal lumen and DAMPs(15,25,26). Once 
linked to PRRs, PAMPs and DAMPs activate several cascades of 
intracellular and extracellular signaling, producing proinflamma-
tory responses that, when excessive or chronic, can cause tissue 
damage(27,28). Thus, infection complications and AKI in cirrhosis 
should be interpreted as resulting not only from arterial vasodila-
tion but also from exacerbated systemic inflammation(27). Among 
various mediators of  acute or chronic inflammatory states that 
accentuate systemic vasodilation and are associated with organ 
failure, HMGB1 and IL-6 are the most prominent(29). HMGB1, 
a type of  DAMP, is a proinflammatory nuclear protein that is 
actively secreted by cells of  the innate immune system and re-
leased during apoptosis, including hepatocytes in the process of 
cell death(30). By interacting with the toll-like receptor 4 – a type 
of  transmembrane PRR - in one of  its several signaling path-
ways, HMGB1 induces the activation of  nuclear factor kappa B, 
producing immunostimulatory responses via the transcription of 
proinflammatory genes, including tumor necrosis factor, interleu-

TABLE 3. Median serum HMGB1 and IL6 values in cirrhotic patients 
with and without acute kidney injury.

Serum levels 
(pg/mL) Acute kidney injury

P value

Median (Range) Yes No

HMGB1 4222 (2063–8593) 548 (0.1–5175) 0.002

IL-6 123 (33.4–743) 27 (0.1–1102) 0.044

TABLE 4. Median serum HMGB1 and IL6 values in cirrhotic patients 
who had or did not evolve to death.

Serum levels 
(pg/mL) Death

P value

Median (range) Yes No

HMGB1 5446 (1592–8593) 596 (0.1–4645) 0.011

IL-6 123 (33.4–743) 27 (0.1–1102) 0.003

TABLE 5. Spearman’s coefficient (rho) between HMGB1 and Il-6 values 
and the outcomes.

Infection Acute kidney injury Death

HMGB1 0.794 0.530 0.467

IL-6 0.567 0.374 0.404

Spearman’s coefficient reference values (rho). R=1: perfect; R=0.80 to <1: very high; R=0.60 
to <0.80: high; R=0.40 to <60: moderate; R=0.20 to <0.40: low; R=0 to <0.20 very low; 
R=0: null.

The correlation between HMGB1 and IL-6 values and the 
outcomes was determined using Spearman’s coefficient (rho). The 
value of  rho for HMGB1 for infection was 0.794; for AKI, the 
value was 0.530; and for mortality, the value was 0.467. Regard-
ing the rho coefficients for interleukin-6, the values were 0.567 for 
infection, 0.374 for AKI and 0.404 for mortality (TABLE 5). These 
results evidenced that the serum levels of HMGB1 showed a high 
correlation with infection and moderate correlations with AKI and 
mortality. Serum IL-6 levels showed a moderate correlation with 
infection and mortality and a low correlation with AKI.

DISCUSSION

Variceal hemorrhage is one of the most important consequences 
of  portal hypertension. One-fourth of  the patients with varices 
develop hemorrhage within 2 years (2). The prognosis of patients 
with variceal hemorrhage has improved over the last two decades as 
the understanding of the pathophysiology of portal hypertension 
has improved, but mortality remains at 10% to 20%(2,3).

Interest in the use of  inflammatory mediators as prognostic 
biomarkers is increasing. In Hepatology, interleukin-6 has been 
studied more frequently, but HMGB1 is not still recognized as 
a possible biomarker in these patients. Cai et al.(19) evaluated 50 
patients with hepatitis B virus (HBV)-related ACLF, 35 patients 
with liver cirrhosis, 35 patients with chronic hepatitis B and 35 
healthy controls. HMGB1 concentrations continually declined 
in the survivors and increased in the nonsurvivors. Duan et al.(20) 
evaluated the HMGB1 levels in the serum of  60 patients with 
HBV-related ACLF, 30 with chronic hepatitis B and 24 healthy 
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kin-1 and, also, IL-6(31). Likewise, HMGB1 can accumulate in the 
renal tissue and urine, stimulating the production of  inflamma-
tory cytokines, including IL-6, through interaction with toll-like 
receptors 4(32). Elevated levels of  toll-like receptors 4 are found in 
the renal tubular cells of  cirrhotic patients with AKI, suggesting 
that these receptors may mediate renal injury in the context of 
infection or systemic inflammation(33).

CONCLUSION

The intrinsic relationship between these inflammatory media-
tors and the endpoints studied strengthens the likelihood that they 
may also function as prognostic markers. The higher performance 
of HMGB1 may be related to its function as DAMP at the begin-
ning of the inflammatory cascade independent of the stimulus of 
other mediators, as with IL-6.
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RESUMO – Contexto – Varizes esofagogástricas são a maior causa de morbimortalidade em pacientes cirróticos. Objetivo – Avaliar o papel de biomarca-

dores, High Mobility Group Box 1 (HMGB 1) e interleucina-6 (IL-6) como preditores de infecção, injúria renal aguda e mortalidade nestes pacientes. 
Métodos – Estudo prospectivo, observacional que incluiu 32 pacientes com cirrose hepática na fase aguda do sangramento. Resultados – A média de 
idade dos pacientes foi de 52±5 anos sendo 20 (62,5%) do gênero masculino. A média do MELD foi de 17,53±5 e a média do MELD-Na 20,63±6,06. 
Trinta (93,3%) pacientes foram classificados como Child B ou C. Complicação infecciosa esteve presente em 9 (28,1%) pacientes, injúria renal aguda 
em 6 (18,1%) e 4 (12,5%) evoluíram para o óbito. A mediana do nível sérico de HMGB 1 foi de 1487 pg/mL (0,1- 8593,1) e da IL-6 foi de 62,1pg/mL 
(0,1-1102,4). Os níveis séricos de HMGB 1 e IL-6 foram significativamente maiores nos pacientes que evoluíram com infecção, injúria renal aguda e 
óbito (P<0,05). Os valores da correlação de Spearman para os níveis séricos de HMGB 1 e IL-6 foram de 0,794 e 0,374 para infecção, 0,53 e 0,374 
para injuria renal aguda e 0,467 e 0,404 para óbito, respectivamente. Conclusão – Níveis séricos de HMGB 1 e IL-6 foram maiores nos três desfechos 
estudados. Níveis séricos de HMGB 1 apresentaram alta correlação para com o desfecho infecção e moderada correlação para com injúria renal aguda e 
óbito, enquanto os níveis séricos de IL-6 apresentaram moderada correlação para com infecção e óbito e baixa correlação para com injúria renal aguda.
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