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Abstract: Patients with cirrhosis are vulnerable to acute hepatic insults

and are more likely to develop rapid hepatic deterioration. The aim of

this study is to describe the clinical course of patients with cirrhosis and

hospitalized for acute hepatic deterioration (AHD).

This is a prospective study involving 163 patients with cirrhosis and

AHD. The occurrence of organ failures, systemic inflammatory

response syndrome (SIRS), and infections during hospital stay were

recorded and the relationship between organ failure and death or SIRS/

infection was subsequently analyzed.

Of 163 patients, 35 did not develop any organ failure during in-

hospital follow-ups (90-day mortality: 0%); 84 had intrahepatic organ

failures (IH-OFs, defined by liver and/or coagulation failure) (90-day

mortality: 22.0%); and 44 patients developed extra-hepatic organ fail-

ures (EH-OFs, defined by kidney, cerebral, circulation, and respiratory

failure) on the basis of IH-OF with a 90-day mortality of 90.9%. On
hou, MD, Jingfen , MD, PhD,
en, MD, PhD, and Jifang Sheng, MD

development of EH-OF. Furthermore, IH-OF at admission and infec-

tions occurred during the hospital stay were shown to be another 2

potential risk factors.

The clinical course of cirrhosis patients with acute hepatic injury

was characterized by 3 consecutive stages (AHD, IH-OF, and EH-OF),

which provided a clear risk stratification. The PIRO criteria provided an

accurate frame for prognostication of those patients. The systemic

inflammatory response syndrome may be a target for blocking the

progression to the EH-OF stage.

(Medicine 94(47):e2031)

Abbreviations: ACLF = acute-on-chronic liver failure, AHD =

acute hepatic deterioration, AHI = acute hepatic injury, ALT =

alanine aminotransferase, AST = aspartate aminotransferase,

CHB = chronic hepatitis B, CLIF-SOFA = the chronic liver

failure-sequential organ failure assessment, EH-OF = extra-hepatic

organ failure, HAV = hepatitis A virus, HBV = hepatitis B virus,

HEV = hepatitis E virus, IH-OF = intrahepatic organ failure,

INR = international normalized ratio, OF = organ failure, SBP =

spontaneous bacterial peritonitis, SIRS = systemic inflammatory

response syndrome, WBC = white blood count.

INTRODUCTION

A n acute hepatic insult, such as spontaneous flare-up of
chronic hepatitis B (CHB), hepatitis B virus (HBV) reacti-

vation, hepatitis A virus (HAV)/hepatitis E virus (HEV) infec-
tion, and excessive alcohol assumption, can usually lead to
acute hepatic deterioration (AHD) in patients with cirrhosis.1–7

These patients are often at high risk of developing organ failures
(OF) or even acute-on-chronic liver failure (ACLF), which is
associated with high short-term mortality.8,9 Our recent study
has demonstrated that although intrahepatic organ failures (IH-
OF, defined as liver and/or coagulation failure) were more
frequently seen in those patients, some patients also developed
extra-hepatic organ failures (EH-OF, defined as cerebral, kid-
ney, respiratory, and circulation failure).10 Therefore, abnorm-
ality in liver and coagulation system could be regarded as the
early and direct consequence resulting from an acute hepatic
insult, whereas the occurrence of extra-hepatic organ failures
may be a delayed event, which indicates a more severe stage
of disease.

However, the question regarding to the causal factors for
extra-hepatic organ failures in this population of patients
remains unresolved. One possible precipitating factor is
systemic inflammatory response (SIRS), which consists of heart
hite cell count and temperature. It has
is associated with hepatic encephalo-

d poor outcome in patients with acute
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TABLE 1. Definition of Organ Failure

Organ Definition

Hepatic organ
Liver failure Serum bilirubin � 12 mg/dL
Coagulation failure INR�2.5

Extra-hepatic organ
Renal failure Cr�1.5 mg/dL
Cerebral failure Grade III/IV HE
Circulatory failure Need to use vasopressors
Respiratory failure PaO2/FiO2 < 200 or

mechanically ventilated

Cr¼ creatinine, HE¼ hepatic encephalopathy, INR¼ international
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liver failure or cirrhosis.5,11,12 In addition, the cirrhosis patients
were at high risk of being complicated with bacterial infec-
tion5,10 and there is strong evidence that bacterial infection can
lead to organ failures and significantly increased mortality in
patients with liver cirrhosis.13

To describe the clinical course of this population of
patients, a prospective cohort of 163 patients with liver cirrhosis
and acute hepatic deterioration (AHD) were recruited from 2
clinical centers, and the occurrence of organ failures was
recorded during the overall in-hospital period. Additionally,
the association between SIRS/infection and development of
extra-hepatic organ failure was also explored in this study.

STUDY POPULATION AND METHODS

Study Population
Patients with acute hepatic injury were identified in a

registered prospective cohort of patients with liver cirrhosis
(ChiCTR-OCH-14005018), who enrolled from May 1, 2014,
and February 25, 2015, in hepatic failure ward of First Affiliated
Hospital of Zhejiang University and Ningbo No. 2 Hospital. The
diagnosis of cirrhosis was described by previous studies:10,14 by
liver biopsy, endoscopy, radiological examination, or clinical
evidence of prior hepatic de-compensation. Acute hepatic injury
(AHI) was defined as a rise of alanine aminotransferase (ALT)
35 times of the normal upper limit or more than twice of the
baseline value within 1 month. Acute hepatic deterioration
(AHD) was defined on the basis of AHI and should meet the
following criteria as previously described: increase of serum
bilirubin 385 mmol/L and international normalized ratio
(INR) 31.5 with a definite hepatic insult.10 As previously
described, hepatic-related acute precipitating events included
spontaneous flare-up of CHB, HBV reactivation, HAV and
HEV superimposed infection, hepatotoxic drug use, and active
alcohol drinking. Among them, spontaneous flare-up of CHB was
defined as a flare-up of ALT 35 times of the normal upper limit,
and/or more than twice of the baseline value, with replicating
HBV-DNA (10E5 copies/mL for HBeAg-positive patients;
10E4copies/mL for HBeAg-negative patients) within 1 month
before admission. HBV reactivation was defined as reappearance
of serum HBV-DNA along with a flare-up of ALT 35 times of
the normal upper limit, and/or more than twice of the baseline
value in a person known to have the inactive HBsAg carrier state
or resolved hepatitis B. Active alcohol drinking-related AHI
should have aspartate aminotransferase (AST) to alanine trans-
aminase (ALT) ratio> 1 (AST/ALT>1), in addition to a flare-up
of ALT and excessive alcohol assumption within 1 month.

Patients were excluded based on the following criteria: (i)
age<18 years; (ii) pregnancy; (iii) hepatocellular carcinoma
(HCC) outside Milan criteria or other types of tumors; (iv)
previously received a liver transplant; (v) HIV infection.

This study complies with the principles of the Declaration
of Helsinki and was approved by the ethics committee of both
First Affiliated Hospital of Zhejiang University and Ningbo No.
2 Hospital. Written consents were obtained from each partici-
pant or their legal representatives.

In-Hospital and Out-Patient Data
At admission, patients were evaluated for the presence of

organ failure and SIRS. For patients suspected for infection, an

Shi et al
initial screening by laboratory blood and urine tests, pulmonary
CT scan, and abdominal ultrasound was performed, followed by
cultures of blood, urine, sputum, or ascites (as well as ascitic fluid
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analysis). For in-hospital follow-up, the presence and develop-
ment of organ failure and SIRS were checked at least every 3
days. In-hospital infection was also screened for suspected
patients. In-hospital death was recorded. For those discharged
from hospital, 28-day and 90-day prognosis were recorded, which
were verified by medical records, telephone contact, or visiting.

Organ failure was categorized into either intrahepatic or
extra-hepatic identities and the definition was based on the
chronic liver failure-sequential organ failure assessment (CLIF-
SOFA) (9) (see Table 1). Systemic inflammatory response is
defined as at least 2 of the following components: core tempera-
ture of >38 8C or <36 8C; heart rate >90 bpm; respiratory rate
>20 bpm; white blood cell (WBC) count >12,000/mm3.15 The
presence of SIRS was confirmed by at least 2 repetitive
measurements with at least 2 h interval. Bacterial or fungal
infections were diagnosed as previously described:14 (1) pneu-
monia: new pulmonary infiltrate with fever, respiratory symp-
toms, findings on auscultation, or WBC count >10,000/mm3 or
<4000/mm3; (2) spontaneous bacterial peritonitis (SBP): poly-
morphonuclear cells in ascitic fluid >250/mL; (3) bacteremia:
positive blood cultures without a source of infection; (4) urinary
tract infection: urine WBC >10/high power field with positive
culture and symptom of urinary irritation; (5) others bacterial
infections included skin infection and intra-abdominal infec-
tion; (6) fungal infection: positive fungal culture.

Patients with detectable serum HBV-DNA were treated
with nucleoside analogs (lamivudine alone 100 mg, telbivudine
alone 600 mg, entecavir alone 0.5 mg, or lamivudine 100 mg
plus adefovir 10 mg daily). Patients with bacterial or fungal
infection were treated with intravenous albumin plus antibiotic
or antifungal therapy empirically or based on the culture test.
Patients with overt ascites were treated with diuretics (moder-
ate) or paracentesis plus intravenous albumin (large or refrac-
tory). Patients with renal failure were treated with intravenous
albumin with or without vasoconstrictors (such as dopamine
and terlipressine). Patients with hepatic encephalopathy were
treated with lactulose, antibiotics, and L-ornithine aspartate.
Patients with circulation failure were treated with fluid replace-
ment, followed by vasoactive agents. Patients with respiratory
failure were treated with oxygen therapy (mask or venturi mask
oxygen inhalation) or mechanical ventilation. Patients with
coagulation failure received plasma transfusion. Patients with

normalized ratio, MAP¼mean artery pressure.
liver failure were treated with ademetionine, ursodesoxycholic
acid, glycyrrhizic acid, or artificial liver support. Patients with
hypo-albuminemia were given intravenous albumin.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Statistical Analysis
Variables were expressed as mean� standard deviation

(SD), median with interquartile range, or number/percentage.
Continuous variables were compared using Mann–Whitney U
test and nominal variables were compared via chi-square test. The
log-rank test was used to compare survival among/between the
groups and survival curves were drawn by GraphPad Prism 5
(GraphPad Software, San Diego, CA). To identify independent

FIGURE 1. Flowchart of patient selection and follow-up. AHI¼
hepatocellular carcinoma, IH-OF¼ intrahepatic organ failure, OF¼
risk factors associated with time-dependent death of patients, a bi-
variate analysis using the Cox proportional hazard model was
performed to screen candidate variables (P< 0.10), followed by

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
multivariate analysis. A multivariate logistic regression analysis
was performed to explore predictors for development of extra-
hepatic organ failures. For multivariate analysis, the entry and
removal probability for stepwise was set as 0.05 and 0.10,
respectively, and variables with P< 0.05 were kept in the final
model. All the statistical analyses were performed with SPSS
version 16.0 (SPSS Inc, Chicago, IL).

te hepatic injury, EH-OF¼ extra-hepatic organ failure, HCC¼
gan failure.
RESULTS
As shown in Figure 1 and Table 2, a total of 163 patients

with cirrhosis and acute hepatic deterioration were studied

www.md-journal.com | 3



TABLE 2. Demographic and Clinical Characteristics of
Patients in the Cohort

Variables
All Patients

(n¼ 163)

Age 50.5� 12.2
Male 130 (79.8)
Diabetes 11 (6.7)
Previous de-compensation 23 (14.1)
Etiology of cirrhosis

HBV 130 (79.8)
Alcohol 7 (4.3)
HBV plus alcohol 23 (14.1)
Others 3 (1.8)

Types of acute insults
Spontaneous flare-up of CHB 98 (60.1)
HBV reactivation 31 (19.0)
HAV/HEV superimposed infection 5 (3.1)
Hepatotoxic drugs 5 (3.1)
Active drinking 10 (6.1)
More than one insults 14 (8.6)

Laboratory parameters
ALT (IU/L) 298 (483)
AST (IU/L) 259 (436)
Albumin (g/dL) 29.8� 4.1
Serum bilirubin (mmol/L) 296 (215)
Hemoglobin (g/L) 122.9� 24.5
International normalized ratio 1.9 (0.7)
Serum sodium (mmol/L) 138 (5)
WBC count (109/L) 5.9 (3.9)
Creatinine (mmol/L) 69 (24)
Platelet count (109/L) 88 (55)

Complications
Ascites (absence/UD/overt) 41/41/81
Hepatic encephalopathy (0/I-II/III-IV) 142/19/2
Upper gastrointestinal bleeding 0
SIRS 25 (15.3)
Bacterial or fungal infection 32 (19.6)

Scores
MELD 13.0 (2.9)
iMELD 3.1 (5.3)
CLIF-SOFA 8.8 (10.0)
28-day mortality 46 (28.2)
90-day mortality 59 (36.2)

Data are expressed as mean� standard deviation (SD), median
(interquartile range), or number (percent).

ALT¼ alanine aminotransferase, AST¼ aspartate Aminotransferase,
CHB¼ chronic hepatitis B, CLIF-SOFA¼The Chronic Liver Failure-
Sequential Organ Failure Assessment, HAV¼ hepatitis A virus,
HBV¼ hepatitis B virus, HEV¼ hepatitis E virus, iMELD¼ integrated
integrated MELD, MELD¼model for end-stage liver disease,
SIRS¼ systemic inflammatory response syndrome, UD¼ ultrasound-

Shi et al
prospectively. Out of the total population, 79.8% was men, with
a mean age of 50.5� 12.2 years, and most patients had (93.9%)
underlying HBV-related cirrhosis. Among various precipitating
events, spontaneous flare-up of CHB (68.7%) and HBV reacti-

detected, WBC¼white blood cell.
vation (19.0%) were the commonest, and ascites (74.8%) was
the commonest complication, followed by hepatic encephalo-
pathy (12.9%). A total of 19.6% of patients had bacterial or

4 | www.md-journal.com
fungal infection, and 15.3% of patients had SIRS. The mortality
at 28-day and 90-day was 28.2% and 36.2%, respectively.

Evolving Organ Failures During Hospital Stay
It was observed that 117 of 163 patients had organ failures

at admission. Among them, most patients (89.7%) had intra-
hepatic organ failure (liver and/or coagulation failure) alone
(see Fig. 1). During the hospital stay, another 32 patients
developed extra-hepatic organ failures, of which 84.4% already
had IH-OF at admission. Of interest is that the 5 patients who
did not have IH-OF at admission, progressed to EH-OF, and
also developed IH-OF after admission (data not shown). The
specific types of organ failures occurred at admission or during
the entire in-hospital period were listed in Table 3.

The Relationship Between Organ Failures and
Transplant-Free Mortality

Patients, who developed EH-OF, had extremely high 28-
day (72.7%) and 90-day mortality (90.9%). Similarly, patients
who solely had IH-OF, within in-hospital follow-up, also had a
considerable 28-day and 90-day mortality at 16.7% and 22.6%,
respectively. In contrast, those with no organ failure had a more
favorable outcome, with no death reported within 90-day
follow-up (see Fig. 1). The significant difference on 90-day
cumulative survival among the 3 groups is shown in Figure 2.

To further confirm the observation, a Cox proportional
hazard model was used to analyze the association between
organ failure and short-term mortality (a preliminary screening
analysis was seen in supplementary Table 1, http://links.lww.-
com/MD/A520). According to the admission data, elder age,
high WBC count, presence of IH-OF and EH-OF were all
independently associated with 90-day mortality on multivari-
able analysis; however, after combining with the in-hospital
data, only elder age, presence of IH-OF and EH-OF were shown
to be significant predictors (see Table 4). Of particular interest is
that EH-OF was the strongest variable in predicting short-
term mortality.

The Relationship Between SIRS/Infection and
Extra-Hepatic Organ Failures

We next explored the factors related to the development of
EH-OF. We found patients with EH-OF had significantly higher
occurrence of SIRS and infection compared to those with IH-OF
alone, or those without OF at admission or during the in-hospital
period (see Fig. 3). Furthermore, a multivariable logistic
regression analysis showed that the presence of SIRS and
IH-OF at admission predicted the development of EH-OF (a
preliminary screening analysis was seen in supplementary
Table 2, http://links.lww.com/MD/A520). By using in-hospital
data, in addition to SIRS, infection was a potentially significant
predictor (see Table 5).

Among patients who developed EH-OF, we further com-
pared the types and number of EH-OF between those complicated
with infection and those without. We found the constitution of
EH-OF in patients precipitated by no-infection SIRS seemed to be
dominated by cerebral failure, whereas patients with infection
had a more complicated representation of EH-OF, although it did
not reach statistical significance. It was also observed that patients
complicated with infection had higher numbers of EH-OF per

Medicine � Volume 94, Number 47, November 2015
person than those without (see Fig. 4).
The detailed information of infection was listed in Table 6.

Nearly all infection was acquired in-hospital or health-care

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Comparison of 90-day survival among No-OF, IH-OF,
and EH-OF groups. The cumulative survival across the groups was
compared using the log-rank test. EH-OF¼ extra-hepatic organ
failure, IH-OF¼ intrahepatic organ failure, OF¼organ failure.

TABLE 3. Episodes of Organ Failures in 163 Patients at Admis-
sion and Throughout Hospital Stay

Organ Failure At Admission
Throughout

Hospital Stay
�

No organ failure 46 (28.2) 35 (21.5)
Intrahepatic organ failure 117 (71.8) 128 (78.5)
Liver 112 (68.8) 124 (76.1)
Coagulation 31 (18.4) 65 (39.9)
Extra-hepatic organ failure 12 (7.1) 44 (27.0)
Cerebral 2 (1.2) 26 (15.9)
Kidney 8 (4.9) 22 (13.5)
Respiratory 1 (0.6) 21 (12.9)
Circulation 1 (0.6) 10 (6.1)

Data are expressed as the number (percent).�
Events occurring at admission and in-hospital.

TABLE 4. Multivariate Analysis of Independent Risk Factors of 90

Model 1

Variables Regression Coefficient HR (95%CI) P V

Age 0.026 1.03 (1.01–1.05) 0
Diabetes 0.51 1.67 (0.75–3.69) 0
Serum sodium 0.008 1.01 (0.94–1.07) 0
WBC count 0.086 1.09 (1.02–1.16) 0
At admission

SIRS 0.074 1.08 (0.49–2.35) 0
Infection 0.47 1.60 (0.85–3.02) 0
IH-OF 1.24 3.46 (1.47–8.15) 0
EH-OF 1.86 6.43 (3.02–13.69) <0

Throughout hospital stay
�

SIRS
Infection
IH-OF
EH-OF

CI¼ confidence interval, EH-OF¼ extra-hepatic organ failure, HR : haz
matory response syndrome, WBC¼white blood cell. Statistical analysis
(preliminary screening by a binary analysis, see supplementary Table 2, ht�

Events occurring at admission and in-hospital.

Medicine � Volume 94, Number 47, November 2015
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related. Out of which, the commonest type of infection was
pneumonia, followed by SBP and bacteremia. Totally 23.2% of
infection was culture-confirmed, with a considerably high
occurrence of fungal infection. The information of isolated
pathogen was listed in Table 7.

A Proposed Model for the Natural History of
Cirrhosis Patients With Acute Hepatic
Deterioration

Based on the above findings, we propose a model for
delineating the natural history of this special population (see
Fig. 5). A consecutive 3-stage categorization, including acute
hepatic deterioration (AHD), IH-OF and EH-OF, was used for
dividing the clinical course. Patients remaining at the AHD
stage were likely to be safe, but progression to IH-OF could lead
to higher risk of EH-OF development and medium risk of death
in patient. Therefore, extra cautions should be taken at this
stage. Inflammation and/or infection might be potential pre-
cipitating factors in the development of EH-OF, and the factors
determining 90-day death fit well with PIRO criteria: age
(predisposing), IH-OF (injury), WBC (response), and EH-OF
(organ failure).

DISCUSSION
Building upon the previous studies,2,5,16,17 this study further

described the clinical characteristics of cirrhosis patients pre-
cipitated by severe hepatic injury. Precipitated by acute hepatic
insults, the patients represented an acute exacerbation of hepa-
tocellular function, manifesting as severe jaundice and coagulao-
pathy at early stage of disease onset. Additionally, the patients
usually had relatively well compensated cirrhosis before the
attack. Moreover, the patients with poor prognosis usually devel-
oped extra-hepatic organ failures at late stage. Lastly, most death

The Natural History of Cirrhosis With AHD
occurred within 90 days of admission or diagnosis, and patients
who recovered from this attack had relatively favorable long-term
outcome10 (Abdul-Hai et al, 2015).

-Day Mortality by Cox Proportional Hazard Model

Model 2

alue Regression Coefficient HR (95%CI) P Value

.008 0.033 1.03 (1.01–1.05) 0.003

.21 �0.237 0.79 (0.35–1.78) 0.21

.82 0.006 1.01 (0.95–1.07) 0.85

.008 0.010 1.01 (0.95–1.07) 0.72

.85

.14

.004

.001

0.27 1.31 (0.65–2.62) 0.44
�0.053 0.95 (0.50–1.79) 0.87

2.18 8.88 (1.19–66.40) 0.033
2.20 9.02 (5.03–16.15) <0.001

ard ratio, IH-OF¼ intrahepatic organ failure, SIRS¼ systemic inflam-
was performed using a multivariable Cox proportional hazard model
tp://links.lww.com/MD/A520).
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FIGURE 3. Occurrence of SIRS and infections in No-OF, IH-OF,
and EH-OF groups throughout hospital stay. The statistical analysis
was performed using the chi-square test. EH-OF¼ extra-hepatic

Shi et al
Our study highlighted several important findings: we
observed that organ failures occurred in a chronological order:
almost all patients had liver and/or coagulation failure before
developing extra-hepatic organ failures. Although abnormality
in the coagulation system could be caused by sepsis, it would be
reasonable to regard it as another reflection of liver failure in
this clinical setting, as it occurred simultaneously with jaundice
and independently of infections. Further analysis showed that
the presence of liver/coagulation failure was a strong predictor
of extra-hepatic organ failures. Moreover, patients with EH-OF
had a significantly higher short-term mortality than those with
IH-OF alone. Thus, these findings suggest that IH-OF and EH-
OF were 2 consecutive stages of disease progression, and such
phenomenon was characteristic of cirrhosis patients with acute
hepatic deterioration (AHD), which could not be observed in
infection-precipitated ACLF patients.18

This study also reported that infection in AHD patients
with cirrhosis was different from that of the overall population

organ failure, IH-OF¼ intrahepatic organ failure, OF¼organ fail-
ure, SIRS¼ systemic inflammatory response syndrome.
of patients with liver cirrhosis. Infections were seldom acquired
from community, suggesting that the acquirement of infections
was a late event in the natural history of patients with acute

TABLE 5. Risk Factors Associated With Development of Extra-hepa

Model 1

Variables Regression Coefficient OR (95%CI) P Va

Diabetes 0.34 1.41 (0.26–7.65) 0.6
WBC count 0.09 1.09 (0.97–1.23) 0.1
Cr 0.013 1.01 (0.99–1.04) 0.2
At admission

SIRS 2.12 8.30 (2.82–24.44) <0.0
Infection 0.45 1.57 (0.53–4.68) 0.4
IH-OF 1.03 2.80 (0.96–8.27) 0.0

Throughout hospital stayy

SIRS
Infection
IH-OF

CI¼ confidence interval, Cr¼ creatinine, IH-OF¼ intrahepatic organ fail
WBC¼white blood cell. Statistical analysis was performed using a multiv
analysis, see supplementary Table 3, http://links.lww.com/MD/A520).�

Only patients without EH-OF at admission into analysis.
yEvents occurring at admission and in-hospital.

6 | www.md-journal.com
hepatic injury. Secondly, pneumonia but not SBP was the
commonest type of infection, perhaps due to most patients
having well-compensated cirrhosis previously. The occurrence
of fungal infection was not rare, which might be because of
long-term antibiotic treatment or immune paracensis.19,20

In a recent study, our study showed a relationship between
SIRS/infection and EH-OF.5 The finding was not surprising
because the importance of SIRS has been highlighted in patients
with cirrhosis, which is associated with renal dysfunction,
worsening of hepatic encephalopathy, and poor in-hospital
outcome.21,22 Infection has also been demonstrated to lead to
multiorgan failures.23,24 It should be noted that although infec-
tions accounted for a large proportion of SIRS, some cases of
SIRS occurred independently from SIRS. Both SIRS with
infection (sepsis) and without (sterile inflammation) were
associated with EH-OF development (data not shown),
suggesting that both sterile and infection-related systemic
inflammation might be important precipitants of disease pro-
gression. According to our previous study, ACLF patients
precipitated by infections had higher occurrence of EH-OF
than those precipitated by hepatic insults.10 In line with it,
our results indicated a trend toward higher numbers of EH-OF
per patient in patients with infections. The findings suggest that
secondary infections complicated the natural history of AHD
patients with cirrhosis. Of course, the causal relationship
between SIRS/infection awaits more definitive confirmation
and further studies are required to clarify this issue.

The PIRO criteria have been successfully applied to
predict the prognosis of ACLF patients.25 In line with the
criteria, 4 predictors of poor prognosis were found to be age,
IH-OF, WBC, and EH-OF, which fit well with the correspond-
ing PIRO components (predisposition, injury, response, and
organ failures). The value of age in predicting the prognosis of
cirrhosis patients with hepatic injury has been reported in our
previous studies10,26 and might be linked to the decreased
tolerance to damage. WBC, reflecting body inflammatory

Medicine � Volume 94, Number 47, November 2015
response to insults, has been confirmed to be a strong predictor
of poor prognosis in cirrhosis patients with acute de-compen-
sation.9,27

tic Organ Failures by Multivariate Logistic Regression Analysis
�

Model 2

lue Regression Coefficient OR (95%CI) P Value

9 0.48 1.61 (0.28–9.13) 0.59
4 0.043 1.04 (0.92–1.18) 0.51
8 0.005 1.00 (0.98–1.03) 0.70

01
2
58

2.87 17.65 (5.42–57.46) <0.001
0.95 2.59 (0.98–7.04) 0.053

– – –

ure, OR : odds ratio, SIRS¼ systemic inflammatory response syndrome,
ariable logistic regression analysis (preliminary screening by a binary
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FIGURE 4. Comparison of number and type of EH-OF among
those developing EH-OF according to potential precipitating
factors. Asterisk (

�
) indicates the comparison of the constitution

of EH-OF (cerebral and noncerebral) between the 2 groups. Hash

TABLE 7. List of Isolated Pathogen

Name of Pathogen
Types of

Culture Sample Frequency

Gram-negative
bacteria

Escherichia coli Ascites 2
Escherichia coli Peripheral blood 2
Klebsiella pneumoniae Ascites 2
Klebsiella pneumoniae Peripheral blood 2
Aeromonas
hydrophila/caviae

Peripheral blood 1

A.calcoaceticus-
A.baumannii complex

Sputum 3

Unidentified gram
negative bacilli

Urine 1

Gram-positive bacteria
Streptococcus serotype 1 Peripheral blood 1
Streptococcus mitis Peripheral blood 1
Staphylococcus
saprophyticus

Urine 1

Methicillin-resistant
staphylococcus aureus

Sputum 1

D enterococcus faecium Urine 1
Fungi

Candida albicans Sputum 2
Candida famata Sputum 1
Aspergillus fumigatus Sputum 1
Aspergillus flavus Sputum 1
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Liver transplantation (LT) is the major therapeutic option
for patients with acute hepatic deterioration; however, the
decision should be made by weighing the need for LT and
the risks associated with the procedure.28 For patients with IH-
OF, LT should be considered for those with concurrent SIRS as
these patients are more susceptible to developing EH-OF.
Previously, 2 studies showed an encouraging long-term prog-
nosis (a 5-year survival of 70–80%) in ACLF patients,29,30

(#) indicates the comparison of EH-OF number per patient
between the 2 groups. EH-OF¼ extra-hepatic organ failure.
suggesting that liver and coagulation failure had little impact on
post-operation mortality. However, some of the patients with
uncontrolled infection-induced SIRS would be less likely to

TABLE 6. Detailed Information of Infections Reported During
Overall In-Hospital Period

Variables Frequency

Episodes of infections 66
Patients with infections 57

Sites of infections
Pneumonia 30 (45.5)
SBP 13 (19.7)
Bacteremia 7 (10.6)
Urinary infection 8 (12.1)
Others 8 (12.1)

Patterns of infections
CA 3 (4.5)
HCA

�
29 (40.9)

HA 34 (51.5)
Microbiologically confirmed infections 23 (34.8)
Patients with sepsis 39/57 (68.4)

Data are expressed as number (percent). CA¼ community-acquired,
HA¼ hospital-acquired, HCA¼ health care-acquired, SBP¼
spontaneous bacterial peritonitis.�

The majority of infections were acquired by recent hospitalization.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
receive LT. For patients with EH-OF, the possibility of LT
should be considered for all the patients because of the extre-
mely high short-term mortality. Previous studies showed
cerebral (hepatic encephalopathy), kidney, and pulmonary fail-
ure were not absolute contraindication for LT, although likely to
decrease the success of LT.30–32

The present study still has certain limitations. Some cases
did not progress to EH-OF when discharged from the hospital
due to nonmedical reasons. In these patients, the role of EH-OF
might be underestimated in the study and a prolonged follow-up
is needed. Also, the diagnosis of infections might be under-
estimated using the current criteria and some cases of SIRS
might be attributed to occult infections. In addition, the causal
relationship between SIRS/infections could not be established
in the study and the majority of our study population had HBV-
related cirrhosis and precipitated by spontaneous flare-up of
CHB and HBV reactivation.

Based on the above findings, the present study proposes a
categorization of the natural history of patients with cirrhosis
and acute hepatic deterioration by 3 consecutive stages of AHD,
IH-OF, and EH-OF. Such categorization effectively described
the dynamic disease progression of those patients and provided
clear risk stratification, therefore, provides clinical implications
for designing therapeutic strategies. For patients in the IH-OF
stage, infection control (or prevention) and resolving inflam-
mation might be 2 separate therapeutic targets, and it is crucial

to prevent the development of EH-OF. However, once patients
developed EH-OF, the possibility of liver transplantation should
be immediately considered.
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FIGURE 5. The graphic scheme of the natural history of cirrhosis patients with acute hepatic injury. AHD¼ acute hepatic deterioration,
fail
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