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Inappropriate use of antibiotics results in antimicrobial resistance and dysbacteriosis. Among critically ill cir-
rhotic patients, consensus regarding the most optimal prescription strategy for antibiotics use has not been
achieved. For these patients, the score for end-stage liver disease (MELD) demonstrated its value in predicting
prognosis of cirrhosis. This study investigated use of the MELD score to guide antibiotics choice.

We enrolled 1250 patients with cirrhosis. We collected patient information, including antibiotics administra-
tion. Linear regression analyses were performed to determine independent predictors of antibiotic administra-
tion. Survival curves were constructed based on Cox regression models. Cox proportional hazard models were
used to calculate the hazard ratio, shown by forest plots.

The population was equally stratified into 4 groups based on the MELD score (Q1: MELD <10; Q2: 10< MELD
<17; Q3: 17< MELD <26; Q4: 26< MELD). In Q1, all the HR (hazard ratio) related to the duration of antibiotics
use demonstrated no statistical significance. In Q2, the HR related to the duration of antibiotics use revealed
a successive decrease. In Q3, the HR showed statistical significance only with a duration of antibiotics use of
7 days or more. In Q4, all the HR were statistically significant. As for categories of antibiotics use, whatever the
MELD score was, the HR continued to increase with ascending categories.

For low MELD score patients (MELD <17), changing the duration of antibiotics use was not associated with
a better prognosis. For high MELD score patients (MELD >17), longer duration of antibiotics use was associated
with a reduction in mortality. Whatever the MELD score was, an increase of number of antibiotic categories
was positively associat ed with poor prognosis.

Antibiotic Prophylaxis e Liver Cirrhosis ¢ Mortality

BUN - blood urea nitrogen; Cl - confidence interval; DBP - diastolic blood pressure; FI0, — fraction of
inspiration oxygen; HR — hazard ratio; ICU - Intensive Care Unit; INR - international normalized ratio;
HCT - hematocrit; MAP — mean arterial pressure; MDRO — multidrug-resistant microorganisms; MELD
score — model for end-stage liver disease score; MIMIC — Multi-Parameter Intelligent Monitoring in
Intensive Care; MOR — multiple-organ failure; NS — not significant; PaCO, - partial pressure of carbon di-
oxide; Pa0, - partial pressure of oxygen; RBC - red blood cell; SBP - systolic blood pressure; UGIB - up-
per-gastrointestinal bleeding; WBC — white blood cell
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Background

Inappropriate use of antibiotics results in impairment of the
microbiome of intestinal flora, which is reported to play a sig-
nificant role in liver development [1]. Additionally, there is an
increasing global concern that inappropriate prescription of an-
tibiotics results in antimicrobial resistance and the formation
of multidrug-resistant microorganisms (MDRO) [2-4]. MDRO
drastically weaken the effects of antibiotics and increase med-
ical cost and mortality [5]. There is insufficient consensus re-
garding the optimal prescription strategy for antibiotics use
in critically ill cirrhotic patients. The dilemma of maintaining
therapeutic efficacy while minimizing the potential risks re-
lated to MDRO continues to be an important debate [1,6-9].

Cirrhosis is the result of chronic liver injury and inflammation.
The development of regenerative nodules ultimately leads to
portal hypertension and end-stage liver disease [10]. Cirrhotic
patients generally have inefficient drug metabolism and are
sensitive to changes in pharmacodynamic and pharmacyki-
netic processes [11]. It has been demonstrated that shorten-
ing the duration of antibiotics use leads to better outcomes.
Similarly, combined use of multiple antibiotics is associated
with increased adverse effects [12]. Shortening the duration of
antibiotics use or reducing the number of categories of antibi-
otics used may not be suitable for all patients. Consequently,
it is necessary to find an index to control appropriate antibi-
otics use by evaluating the severity of cirrhosis, for which the
MELD score might by a good tool. The MELD score was origi-
nally developed to assess the prognosis of patients after tran-
sjugular intrahepatic portosystemic shunt (TIPSS) interventions
and is now approved in other contexts such as the allocation
of organs for liver transplantation, determination of optimal
therapy for patients with hepatocellular carcinoma, and pre-
dicting the outcomes of cirrhotic patients [13-15]. Previous
studies suggest that MELD score outperforms Child-Pugh score
in discriminative power to estimate the likelihood of develop-
ing certain endpoints in ICU patients [16].

In this study, we evaluated the relationship between the prog-
nosis of critically ill cirrhotic patients and the choice of antibi-
otics treatment. We also investigated the feasibility of using
MELD scores to guide use of antibiotics, which may improve
decision-making.

Material and Methods

Study population

The Multi-parameter Intelligent Monitoring in Intensive Care Il
version 3.0 (MIMIC-111 v3.0) is a publicly available, large-scale ICU
database, currently consisting of 46 520 ICU patients admitted
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to Beth Israel Deaconess Medical Center (Boston, MA) from
2001 to 2012. We received permission to access the database
after completion of the NIH web-based training course named
“Protecting Human Research Participants” (certification num-
ber: 1605699). The inclusion criteria included: with cirrhosis,
using antibiotics, eligible to calculate MELD score, and stay-
ing in ICU at least 1 day. The exclusion criteria were: at least
1 kind of basic characteristic missing, at least 1 kind of clinical
parameter missing, at least 1 kind of basic laboratory param-
eters missing, and more than 10% of data missing.

The basic characteristics such as age, sex, height, weight, and
ethnicity were available for all the patients. Clinical param-
eters comprised of vasopressin used, respiratory rate, heart
rate, temperature, systolic blood pressure (SBP), and diastolic
blood pressure (DBP) on the first day of admission to the ICU
were recorded from the hospital’s online information systems.
Laboratory parameters, including albumin, hemoglobin, glucose,
red blood cell count (RBC), white blood cell count (WBC), plate-
let count, hematocrit (HCT), sodium, potassium, PO,, PCO,, FIO,,
blood lactic acid, bicarbonate, creatinine, international normal-
ized ratio (INR), bilirubin, urine output, and blood urea nitro-
gen (BUN), were also collected on ICU admission. The MELD
score was calculated for all eligible patients. The study popu-
lation was equally stratified by MELD score.

Critically ill cirrhotic patients were defined as patients with
cirrhosis admitted to an ICU. Upper-gastrointestinal bleeding
(UGIB) was defined by the presence of hematemesis and me-
lena. Hepatic encephalopathy was defined by the presence of
impaired liver function and increased ammonia levels and coma.

Provision of antibiotics

For each patient, the duration of antibiotics use, the type an-
tibiotic, and the route of administration were recorded. When
antibiotics had different names and routes, as long as the ac-
tive molecule was similar, these antibiotics were defined as
part of a single category (e.g., piperacillin-tazobactam and
piperacillin). Because therapeutic antibiotics choice included
too many parameters, which was too complex to assess in in
a single study, and the limitation of MIMIC-I1l v3.0 (e.g., some
patients had fragmentary antibiotics use records, so we could
not include all parameters of antibiotics choice), we used dura-
tion of antibiotics use and category of antibiotics as 2 param-
eters to reflect the administration of antibiotics in this study.

Data collection

Patient records were extracted from the MIMIC database,
including basic characteristics, clinical parameters and lab-
oratory parameters. Basic characteristics included age, sex,
height, weight, ethnicity, and survival time. The continuous
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real-time signals, including heart rate, respiration rate, temper-
ature, SBP, DBP, and MAP, were obtained by ICU nurses from
the hospital’s online information systems. The laboratory pa-
rameters, such as albumin, hemoglobin, glucose, RBC, WBC,
platelet count, HCT, sodium, potassium, PO,, PCO,, FIO,, blood
lactic acid, bicarbonate, creatinine, INR, bilirubin, urine output,
and BUN, were obtained from routine tests and were organized
into a relational database. MELD scores were calculated by
the formula: R=9.57xlog_ (creatinine (mg/dL))+3.78xlog, (bili-
rubin (mg/dL))+11.2xlog,_ (INR)+6.4 (constant for liver disease
etiology) [17]. Mortality data were collected after hospital dis-
charge and were obtained by Social Security Death Records
from the United States government.

Data extraction was performed using Oracle SQL Developer
version 3.0 (Oracle Corporation, Redwood Shores, CA). Since
this was a retrospective study, no ethics approval was required
for analyses of these non-identifiable data.

Statistical analyses

Continuous variables are expressed as mean + standard devi-
ation or median, and categorical values are expressed as rel-
ative frequencies and proportions. Univariate methods were
used to compare baseline demographic among the different
MELD score groups. The chi-square test was used to compare
categorical variables, while analysis of variance was used to
compare continuous variables. Univariate and multivariate
linear regression analyses were performed to determine in-
dependent predictors of antibiotic administration. To show
the relationship between MELD score and patients’ outcomes
in the same condition (mean value) of antibiotics duration or
category, survival curves were constructed based on Cox re-
gression analysis. To demonstrate the association between
each level of antibiotics duration or category and patients’
outcomes in each level of MELD score, Cox proportional haz-
ard models were used to calculate the hazard ratio (HR) and
95% confidence interval (Cl). Forest plots were used to dem-
onstrate hazard ratios for each group.

For all analyses, a P-value of less than 0.05 was consid-
ered statistically significant. All statistical analyses were per-
formed using SPSS version 24.0 (SPSS, Chicago, IL) and R 3.3.2
(R Development Core Team, http://www.r-project.org).

Results

Baseline characteristics

A total of 46 520 individuals were initially enrolled into this
study, but according to the exclusion criteria, only 1250 subjects
were included (Supplementary Figure 1). Baseline characteristics
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of subjects are shown in Table 1 according to their quartile
values of the MELD score. From Q1 to Q4, the ranges of MELD
scores were 0.1-9.9, 10.0-16.9, 17.0-25.9, and 26.0-58.7,
respectively. The mean age was 57.74 years at the time of ad-
mission, and patients were predominantly male and white in
the included study population. The mean ages of subjects in
Q1 and Q2 were slightly higher than in Q3 and Q4. Males and
whites were represented proportionally more from Q1 to Q4.
Additionally, whatever the MELD score was, there were more
patients with hepatic encephalopathy than with UGIB.

Antibiotic administration and independent predictors

Most antibiotics were administered intravenously in Q1 (91.2%),
Q2 (90.7%), Q3 (95.3%), and Q4 (97.8%) (all P<0.001). For all
included patients, vancomycin, fluoroquinolones, broad-spec-
trum penicillin, third-generation cephalosporin, and metronida-
zole were the 5 most frequently prescribed antibiotics. In addi-
tion, ciprofloxacin and levofloxacin were the 2 most commonly
used fluoroquinolones in this population. Broad-spectrum pen-
icillin mainly consisted of piperacillin, ampicillin, and amoxi-
cillin. Third-generation cephalosporin predominantly included
ceftazidime and ceftriaxone. According to each patients’ du-
ration of antibiotics use, subjects were relatively equally sep-
arated into 4 groups: 1-4 days, 5-7 days, 8-15 days, and 16+
days. Similarly, subjects were split into 3 relatively equal pop-
ulations by categories of antibiotics (Table 2). Furthermore,
ethnic distribution slightly changed with increased duration
of antibiotics use (all P=0.492). Patients with hepatic encepha-
lopathy were more likely to receive antibiotics in each duration
group compared to patients without hepatic encephalopathy
(all P=0.225). However, patients with UGIB occupied a smaller
proportion in each duration group compared to patients with-
out UGIB (all P=0.018) (Table 3). For the categories of antibi-
otics use, the ethnic distribution was associated with an in-
creased number of categories of antibiotics used (all P=0.290).
Compared to patients without hepatic encephalopathy, patients
with hepatic encephalopathy were more likely to use antibi-
otics independent of the number of categories (all P=0.857).
When using 5-12 categories, patients with UGIB were more
predominant, but patients without UGIB made up a higher pro-
portion in 1-4 categories (all P=0.040) (Table 4).

Because antibiotics use is closely related to infection, we fo-
cused on 4 infection-related variables (infection, white blood
cell, albumin, and temperature) and 3 basic variables (age,
sex, ethnicity) entered into linear regression analysis to inves-
tigate the correlation of antibiotics use (duration and category)
with patients’ characteristics. For the duration of antibiotics
use, in univariate analysis, we found that differences in infec-
tion (P<0.001), white blood cell (P=0.003), albumin (P<0.001),
temperature (P=0.020), sex (P=0.011), and age (P<0.001) were
statistically significant. In multivariate analysis, independent
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Table 1. Baseline characteristics of 1250 critically ill cirrhotic patients, stratified by MELD score.

MELD score quartiles

Characteristic

Range of MELD score 0.1-58.7 0.1-9.9 10.0-16.9 17.0-25.9 26.0-58.7

N 1250 205 31 s 313
Ageyears  5774:1140 58911121  5972:1188  57.88+1141 544611037 <0001
Gender, maleno. (%) i 856 (685%) 199 (67.5%) 222 (692%) 213 (664%) 222 (709%) NS (0.626)
CBMIkg/m?  2813:840 200741257 27324629  27.99t696 28261691 NS (0339)
Heightem 158841536  17060:1013  171.89+1045 172058979 172781993 NS (0.288)
CWeight kg 818342250  8113:27.34 808312075 820442007 83312171  NS(0.579)
CBthnicityn 9 NS (0.184)
"""" White 905 (724%) 214 (72.5%) 245 (763%) 236 (735%) 210 (671%)
"""" Black 93 (4% 18 (61%) 24 (5% 24 (5% 27 @6%)
"""" Other 252 202%) 63 (214%) 52 (162%) 61 (190%) 76 (243%)

uGIB 508 (40.6%) 113 (30.3%) 142 (44.2%) 129 (40.2%) 124 (30.6%) NS (0.466)
Hepatic 688 (55.0%) 171 (58.0%) 179 (55.8%) 171 (533%) 167 (53.4%) NS (0.603)
,,,,,,, Sgpmemily
Respiratory rate, n 38.89432.62  38.64+33.12  3897#33.10  40.45+32.37  37.46+38.89 NS (0.716)
Heartraten  90.66£1908 907141830  9048+19.32  9130:19.50  90.14:19.50 NS (0.893)
Temperature,°C  36.63£098  36.80+1.02  367940.83  3658:0.89  3638:113 <0001
Csep,mmHg 1187582326 1226982506 1195542337 1187242282 1142322105 <0001
DBP,mmHg 624421633  65.40£1650  6376:1574 620141746  5874:1475 <0001
MAP, mmHg 812141678  8450+17.54 823841653  8091:17.16  77.24:1508 <0001
Vasopressinused, n. (%) 552 (442%) o7 (329%) 122 (38%) 145 (45.2%) 188 (60.1%) <0001
Abumingdl 2908064  3.16£060 2934057 2794058 2764063 <0001
el 10776226 11.10:246 10984229 1074213 10294208 <0001
G e T 1353146687  140.01664.16 1414246621 138.50£69.05 1213246609 <0.001
Redblood cell, 10L  3.36:074 3601076 3454076  330:060  309:067 <0001
White blood cell, 1%L 1045¢690 8974515 9274560  1084:7.59  1266:810 <0001
Platelet count, 107L  144.77:103.50 1783712241 148.64:103.65 1302748828 1240268957 <0001
CHCT% 31944648 3285674 32574659 31861646  30.53:590 <0001
B 135344674  137.96£516 136574599 134374719  1326047.11 <0001
s e 4245088  408:077 4188070 4226086 4474108 <0001
Cme s 16138:12028 199.03£134.16 177.87412730 14982413324 1208418808 <0001
PaCO, mmHg 385741066  41.86£1070 396041047  37.87+10.93 35148930 <0001
CFO,% 597643327 590843300 569343342 581583358 649783265 0012

i e s scommon . [R5 o)
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Table 1 continued. Baseline characteristics of 1250 critically ill cirrhotic patients, stratified by MELD score.

MELD score quartiles

Characteristic

Blood lactic acid, mmol/L 3.04+2.62 2.19+1.89 2.61+1.85 3.23+2.59 3.90+3.33 <0.001

BUN, mmol/L 32.76+.25.44 16.69+9.60 23.04+13.72 35.27422.42 55.06+30.93 <0.001

BUN - blood urea nitrogen; DBP — diastolic blood pressure; FIO, — fraction of inspiration oxygen; HCT — hematocrit;

INR — international normalized ratio; MAP — mean arterial pressure; MELD score — model for end-stage liver disease score;

NS - not significant; PaCO, — partial pressure of carbon dioxide; PaO, — partial pressure of oxygen; SBP — systolic blood pressure;
UGIB — upper gastrointestinal bleeding.

Table 2. ICU antibiotic use, stratified by MELD score.

MELD score quartiles

Intravenous route, % 93.9 91.2 90.7 95.3 97.8 <0.001
CAntibiotics class, %* NS (0.199)
~ Vancomycn  e7  s12 55 707 88
"""" Fluoroquinolones 633 546 639 701 69
"""" Broad-spectrum penicilin 501 437 439 514 60
© Third-generation cephalosporin 385 288 343 a5 98
"""" Metronidazole 373 281 301 433 473
 Duration of antibioticsuse,n . o0l
"""" 1-4days 333 16 91 e 713
"""" s7days 273 e 8 713 s
"""" g-15days 346 78 8 91 93
 >16days 298 a7 65 o4 2
 Categories of antibiotics,n . o0
"""" -2 40 158 14 94 75
"""" 34 a6 8 e 10 17
"""" s12 34 s3 & 17 121

* Percentage among the ICU patients with cirrhosis who were administrated certain antibiotics in specific range of MELD scores.
Due to the limited space, five most frequently used antibiotics were showed in the table. For the whole subjects, fluoroquinolones
mainly included ciprofloxacin, levofloxacin. Broad-spectrum penicillin mainly included piperacillin, ampicillin, amoxicillin.
Third-generation cephalosporin mainly included ceftazidime, ceftriaxone. NS — not significant.
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Table 3. Duration of antibiotics use in specific population.

Duration of antibiotics use, day

Variable

White race 235 (70.6%) 205 (75.1%) 249 (72.0%) 216 (72.5%)

Black race 24 (7.2%) 23 (8.4%) 29 (8.4%) 17 (5.7%) NS (0.492)

Other race 74 (22.2%) 45 (16.5%) 68 (19.6%) 65 (21.8%)

Hepatic encephalopathy 199 (59.8%) 142 (52.0%) 186 (53.8%) 161 (54.0%)
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— NS (0.225)

No Hepatic encephalopathy 134 (40.2%) 131 (48.0%) 160 (46.2%) 137 (46.0%)

UGIB 120 (36.0%) 121 (44.3%) 129 (37.3%) 138 (46.3%)
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.018

No UGIB 213 (64.0%) 152 (55.7%) 217 (62.7%) 160 (53.7%)

NS — not significant; UGIB — upper gastrointestinal bleeding.

Table 4. Categories of antibiotics use in specific population.

Categories of antibiotics use, n (%)

Variable

White race 345 (73.4%) 295 (72.7%) 265 (70.9%)

Black race 33 (7.02%) 37 (9.1%) 23 (6.1%) NS (0.290)

No UGIB 267 (56.8%) 261 (64.3%) 160 (42.8%)

NS — not significant; UGIB — upper gastrointestinal bleeding.

Table 5. Association of antibiotics use with patients’ characteristics.

Duration of antibiotics use Categories of antibiotics use
Variable
Univariate P-value Multivariate P-value Univariate P-value Multivariate P-value
Infection <0.001 <0.001 <0.001 <0.001
”””” Whitebloodcell 0003 003 <00l o013
”””” Abumin <001 o006 <001 <0001
”””” Temperatuwe 0020 oo:m  Ns@©2)
”””” Bhnicty  Ns@©se) s
”””” Gender oo Ns@10) ool Ns©8s)
”””” e ol <ol o1 <001

NS - not significant.
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Figure 1. Survival curves reflecting cumulative survival rate of critically ill cirrhosis. (A) The covariate was duration of antibiotics use,
and subjects were stratified by quartiles of MELD score. The duration of antibiotics use was kept at mean value (11.4 days).
(B) The covariate was categories of antibiotics use and subjects were stratified by quartiles of MELD score. The categories of
antibiotics use were kept at mean value (3.5 categories). MELD — model for end-stage liver disease.

predictors of duration of antibiotics use included infection
(P<0.001), white blood cell (P=0.023), albumin (P=0.006), tem-
perature (P=0.031), and age (P<0.001). For categories of an-
tibiotics used, in univariate analysis, only infection (P<0.001),
white blood cell (P<0.001), albumin (P<0.001), sex (P=0.021),
and age (P<0.001) had statistical significance. In multivariate
analysis, independent predictors of categories of antibiotics
used included infection (P<0.001), white blood cell (P=0.013),
albumin (P<0.001), and age (P<0.001) (Table 5).

Antibiotic administration and mortality

Figure 1 shows the cumulative survival rate of critically ill cir-
rhotic patients, stratified by MELD score. The covariate in
Figure 1A was duration of antibiotics use. The cumulative sur-
vival rate of critically ill cirrhotic patients decreased with in-
creased duration and MELD score. There was no significant dif-
ference between the 2 survival curves of Q1 and Q2. However,
the divergence between Q2 and Q3 was noticeably greater than
the divergence between Q1 and Q2 and between Q3 and Q4.
The covariate in Figure 1B illustrated the categories of anti-
biotics use. Likewise, the cumulative survival rate of critically
ill cirrhotic patients was decreasing with the increase of du-
ration and MELD score, and the divergence between Q2 and
Q3 was highest between Q1 and Q2 and between Q3 and Q4.

Figures 2, 3 show the hazard rate (HR) of mortality. Subjects
were stratified into Q1 (MELD <10), Q2 (10< MELD <17), Q3
(17< MELD <26), and Q4 (26< MELD). In Figure 2, each sub-
group continued to be stratified by duration of antibiotics and

with 1-4 days as the reference. When the MELD score was in
the range of 0 to 17, all the HR demonstrated no statistical
significance. In contrast, in Q2, risk factors showed a succes-
sive decrease in HR. In Q3, the HR was statistically significant
only with a duration of antibiotic use of 7 days or more. In Q4,
all the HRs showed statistical significance. In Figure 3, each
subgroup was stratified by categories of antibiotics use and
1-2 categories were used as a reference. In each subgroup,
HR continued to increase with increasing number of catego-
ries involved, and all HR demonstrated statistical significance.

Discussion

We performed a retrospective study of 1250 critically ill cirrhotic
patients. We presented stratified data according to MELD score
quartiles. To quantify antibiotics use, we focused on 2 com-
mon parameters: duration of antibiotics use and the number
of antibiotic categories prescribed.

The liver has a vital role in drug metabolism and liver dysfunc-
tion; critically ill cirrhotic patients are more sensitive to phar-
macokinetic and pharmacodynamic alterations. In this research,
the 5 most frequently used antibiotics were vancomycin, flu-
oroquinolones (ciprofloxacin; levofloxacin), broad-spectrum
penicillin (piperacillin; ampicillin; amoxicillin), third-generation
cephalosporin (ceftazidime; ceftriaxone), and metronidazole.
For critically ill cirrhotic patients, antibiotics without hepato-
toxicity or liver metabolism are considered the optimal choice.
However, few antibiotics are metabolized extrahepatically.
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Duration of antibiotics use HR (95%(Cl)
MELD <10 (n=295)
A.1-4 days . Ref
B.5-7 days . 0.83 (0.4, 1.56)
C.8-15 days . 0.60 (0.30,1.18)
D. 16+days . 0.62(0.26, 1.47)
10< MELD <17 (n=321)
A. 1-4 days [ Ref
B.5-7 days . 0.63(0.36,1.09)
C.8-15 days . 0.71(0.39,1.25)
D. 16+days . 0.64(0.33,1.25)
17< MELD <26 (n=321)
A.1-4 days . Ref
B.5-7 days - 0.85(0.53,1.36)
C.8-15 days " 0.58(0.36,0.95)
D. 16+days . 0.56 (0.33,0.96)
26< MELD (n=313)
A.1-4 days . Ref
B.5-7 days . 0.35(0.23,0.54)
C.8-15 days . 0.18(0.12,0.27)
D. 16+days . 0.09 (0.05,0.14)

Duration of antibiotics use HR (95%(I)
MELD <10 (n=295)
A.1-2 categories . Ref
B. 34 categories = 2.41(1.35,4.29)
C. >5 categories . 449 (2.13,9.23)
10< MELD <17 (n=321)
A.1-2 categories . Ref
B. 3-4 categories . 1.74(1.05, 2.85)
(. >5 categories = 2.69(1.50,4.83)
17< MELD <26 (n=321)
A.1-2 categories . Ref
B. 3—4 categories ] 1.89(1.26, 2.84)
(. >5 categories - 1.99(1.24,3.21)
26< MELD (n=313)
A.1-2 categories . Ref
B. 3—4 categories L] 2.82(1.86,4.28)
(. >5 categories = 437(2.77,6.89)
1 5 9

Figure 2. Forest plots of HR (95% Cl) for
P value quartiles of MELD score (duration of
antibiotics use). Decreasing trends
0.49 of HR with the increases of duration
0.57 of antibiotics use when MELD >17
0.14 and duration of antibiotics use >8 or
0.28 MELD >26. Cl — confidence interval;
HR - hazard ratios; MELD — model for
038 end-stage liver disease.
0.1
0.23
0.19
0.07
0.49
0.03
0.04
<0.001
<0.001
<0.001
<0.001
Figure 3. Forest plots of HR (95% Cl) for
Pvalue quartiles of MELD score (categories of
<0.001 antibiotics use). Increasing trends of
0,003 HR with the increases of categories
<0.00] of antibiotics use whatever the MELD
score was. Cl — confidence interval;
HR - hazard ratios; MELD — model for
0.004 . R
end-stage liver disease.
0.031
0.001
0.005
0.002
0.005
<0.001
<0.001
<0.001

Severe cirrhosis often leads to multiple-organ failure (MOF),
which can significantly exacerbate the adverse effects that
are irrelevant to the liver. Alteration of intestinal flora is one
of the consequences of antibiotic use (especially broad-spec-
trum antibiotics) and can result in severe microbial inflamma-
tions or even intestinal endotoxemia [18-22]. Antibiotics are
not without risk for critically ill cirrhotic patients, even if the
antibiotic has a low liver metabolism.

As shown in Figure 1, when the duration or categories of an-
tibiotics use were kept at the mean value (11.4 days and 3.5
categories), the prognosis of critically ill cirrhosis patients was
still deteriorating with an increase of MELD score. Compared to
other quartiles, the survival curves of Q1 and Q2 nearly over-
lapped, which indicates that, in the same condition of antibiot-
ics use, patients with MELD scores below 17 had similar prog-
noses. Moreover, there might be a cut-off point between Q2
and Q3. When MELD scores are below this point, it seems un-
necessary to increase the intensity of antibiotics administration.
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The HR in Figure 2 provides evidence for this hypothesis. When
the MELD score was lower than 17 (Q1 and Q2), the change of
duration of antibiotics use was not associated with poor clin-
ical outcome. In contrast, when MELD score was in the range
of 17 to 26 (Q3), a long course of therapy (>8 days) was re-
lated to mortality, and the prognosis of cirrhosis tended to be
better with the increased duration. For patients with a MELD
score exceeding 26 (Q4), prolonging the duration of antibiot-
ics use could improve the prognosis. In Figure 3, increasing
the categories of antibiotics use was always related with poor
prognosis, regardless of MELD score. Based on the above anal-
yses, the MELD score is a valuable guide to antibiotics admin-
istration for critically ill cirrhotic patients, with a MELD score
of 17 used as the cut-off point for duration of antibiotics use.

We propose 2 possible explanations for these results:
(1) Traditionally, there is a belief that the progression of mi-
crobial diseases due to ongoing replication of pathogens, and
antibiotics are used until clinical and laboratory parameters
show the infection has resolved. However, some severe com-
plication (e.g., SIRS) are more related to host immune activity
than to the bacteria. As such, a long duration of antibiotics use
is unnecessary, as been demonstrated in in respiratory system
disease [23,24]. For patients with low MELD scores (MELD <17),
immune activities probably affect prognosis of critically ill cir-
rhotic patients more than do bacteria. However, when patients
have high MELD scores (MELD >17), long-term use of antibiot-
ics is prophylactic. (2) Although the combined use of different
antibiotics can increase the anti-bacterial spectrum and have
synergism, there is still evidence that demonstrates adverse ef-
fects of this approach [25]. Combined therapy further stresses
the kidneys and can cause nephrotoxicity [12]; for critically ill
cirrhotic patients, it may increase the risk of MOF.

Our research had several notable strengths. Firstly, to the best
of our knowledge, it is the first and largest study specifically
aimed at using MELD score to guide the choice of antibiotics
used for critically ill cirrhotic patients. Secondly, we analyzed

46520 1CU patients admitted to Beth Israel Deaconess
Medical Center (Boston, MA) from 2001 to 2012

Inclusion criteria:

1) with cirrhosis (n=1453)

2) using antibiotics (n=1267)

3) eligible to calculate MELD score (n=1267)
4) staying in ICU at least ine day (n=1264)

Exclusion criteria:

1) at least one kind of basic characteristic missing (n=4)

2) atleast one kind of clinical parametr missing (n=3)

3) at least one kind of basic laboratory parameters
missing (n=5)

4) more than 10% data missing (n=2)

1250 eligible ICU patients were included

CLINICAL RESEARCH

the relation of MELD score, antibiotics use, and prognosis of
critically ill cirrhosis, and also defined a cut-off point for the
MELD score. Thirdly, our study provides a new method to pre-
vent inappropriate use of antibiotics. Our study also has some
limitations. Firstly, to simplify the analysis, we only used du-
ration and category to represent the intensity of antibiotics
use, which might not reflect antibiotics use comprehensively.
Secondly, different antibiotics have diverse adverse effects,
and the total adverse effect is sometimes not linearly related
to the cumulative number of categories. Drawing a more pre-
cise conclusion requires a more specific classification of an-
tibiotics. Thirdly, the duration of antibiotics use in this study
was the sum of all antibiotics each patient used. Fourthly,
the cut-off point (MELD=17) is merely the result of the quartile
definition, and this requires validation in more clinical trials.
Finally, as with all retrospective research, accuracy of results
depends on accuracy of data collection.

Conclusions

We evaluated the relationship between the prognosis of crit-
ically ill cirrhosis patients and the administration of antibiot-
ics combined with MELD score. For low MELD score patients
(MELD <17), changing duration of antibiotics use was not re-
lated to prognosis of critically ill cirrhosis patients. For high
MELD score patients (MELD >17), a long course of antibiot-
ics use could reduce the mortality. Whatever the MELD score
was, increasing the number of antibiotic categories predicted
a poor prognosis.
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Supplementary Figure 1. Study flow diagram. A total of 46 520
participants were enrolled initially, while 1250
ICU patients with cirrhosis were included.
ICU - Intensive Care Unit.
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