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Background: Sepsis is a life-threatening multiple-organ dysfunction caused by dysregula-
tion of host response to severe infection. Liver failure is a validated independent predictor of
mortality. Accurate and rapid assessment of liver function is critical in patients with sepsis.
However, an appropriate scoring system for liver function requires further development.
Objective: Our study aimed to validate the usefulness of the prothrombin time—international
normalized ratio (PT-INR) to albumin ratio (PTAR) in predicting the mortality of patients
with sepsis.

Methods: Data on a total of 4536 patients, obtained from the Multiparameter Intelligent
Monitoring in Intensive Care III database, were included in our retrospective study. Logistic
regression, Poisson regression with robust variance estimate analysis, and Cox proportional
hazards models were used to explore the relationship between PTAR and mortality. Area
under the curve (AUC) and decision curve analysis (DCA) were used to estimate the
performance of PTAR in predicting the prognosis in septic patient.

Results: Multivariable Poisson regression showed that the relative risk (RR) of PTAR to
ICU mortality, hospital mortality, and 28-day and 90-day mortality in septic patients was
1.26 (95% CL: 1.15-1.37), 1.24 (95% CT: 1.15-1.34), 1.23 (95% CL: 1.15-1.31), and 1.21
(95% CI: 1.13-1.28), respectively. Multivariable Cox regression showed that the hazard ratio
(HR) of PTAR to 28-day mortality and 90-day mortality was 1.56 (95% CI: 1.44-1.70), and
1.55 (95% CI: 1.43—-1.68), respectively. PTAR showed a moderate discrimination capacity in
predicting hospital mortality (AUC: 0.655, 95% CI: 0.636—0.675) and 90-day mortality
(AUC: 0.650, 95% CI: 0.633-0.667).

Conclusion: The PTAR scoring system is a convenient tool for predicting the prognosis of
patients with sepsis.
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Introductions

Sepsis, which is a life-threatening multiple organ dysfunction resulting from
a dysregulated host response to severe infection, is a common cause of hospital
mortality.' Although the mortality caused by sepsis has decreased substantially due
to improved recognition and intervention over the past 2 decades, the mortality of
patients with sepsis and septic shock remains at 32.8% according to the study of
Surviving Sepsis Campaign (SSC).? Liver, a key integrator of microbial responses in
sepsis, is a target organ during sepsis, and decreased hepatic function is associated with
poor prognosis. According to previous studies, mortality rates of septic patients with
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hepatic dysfunction or failure range from 54 to 68%, which is
higher than the mortality rates of septic patients with lung
dysfunction or failure which is commonly observed in
sepsis.” Therefore, recognizing liver injury and dysfunction
in sepsis is of great importance to clinicians and scientists.

Several ICU scoring models have been developed to
assess the severity of sepsis in patients. Among these
models, the Sepsis-related Organ Failure Assessment
(SOFA) score is widely used to evaluate the extent of
organ dysfunction and has become one of the criteria in
sepsis diagnosis.* However, although it evaluates the
serum bilirubin level, which is a biomarker of liver func-
tion, the SOFA scoring system was not originally devel-
oped for assessing liver function. The current liver-specific
scoring models, such as the Child-Pugh model’ and the
model for end-stage liver disease (MELD),® were con-
structed to predict the prognosis of patients with severe
or chronic liver disease. Although previous studies have
validated the potential value of the aforementioned mod-
els, the complex and subjective parameters utilized by
these models limit their clinical use. Recently, Haruki
et al’ created a new objective liver function scoring
model named the prothrombin time—international normal-
ized ratio (PT-INR) to albumin ratio (PTAR) via
a retrospective study including 199 patients who received
elective hepatic resection for hepatocellular carcinoma,
and validated the excellent performance of PTAR in pre-
dicting outcomes of those patients. Similar with patients
with hepatocellular carcinoma resection, patients with sep-
sis also have liver function disorder and reserves damage.
Albumin and PT-INR abnormalities have been widely
described in patients with sepsis, particularly in intensive
care units.*'°

Based on previous studies, we speculated that PTAR
may be a potentially valuable tool for assessing liver
function in patients with sepsis. Therefore, in this retro-
spective study, we explored the prognostic value of PTAR
in predicting the mortality of patients with sepsis.

Materials and Methods
Database

Patient data were collected from the Medical Information
Mart for Intensive Care III (MIMIC-III), which is a large
publicly accessible database containing data on more than
40,000 ICU patients admitted to the Beth Isracl Deaconess
Medical Center (BIDMC) from 2001 to 2012."' The
MIMIC-III database includes general information (ie,

demographics, ICD-9 codes, and common ICU scores),
intervention approaches (ie, medications, procedures, and
laboratory tests), and survival (ie, length of stay and mor-
tality) on ICU patients. After completing the training
entitled
Participants,” from the National Institute of Health, we

course “Protecting  Human  Research
obtained access to the database (certificate number:

36983240) and performed data extraction.

Study Population and Exclusion Criteria
Our study included adult patients meeting the criteria for
sepsis 3.0." The exclusion criteria were as follows: (1) age
<16 years old or >90 years old; (2) spent less than 24 hr in the
ICU; (3) lack of PT-INR, bilirubin or albumin data in 24 hr
after admission to ICU; and (4) missing mortality data. With
respect to patients admitted to ICU more than once, only the
first ICU admission data were included in our study.

Data Extraction and Definition

We used the structure query language (SQL) with pgAdmin4
PostgreSQL 9.6 to extract data from the MIMIC-III database.
Data included those on patient demographics, clinical vital
signs (ie, blood pressure, heart rate, respiratory rate, and
temperature), and related laboratory parameters (ie, com-
monly performed blood tests, liver function assessments,
coagulation tests, renal function assessments, and electrolyte
levels). The parameters used in our study had less than 10%
of missing values, and the missing values were filled using
median values. Common prognostic models (ie, SOFA,
qSOFA, SIRS, LODS, OASIS, APS-III, SAPS, SAPS-II,
MELD, and PTAR) were also extracted or evaluated in our
study. For those prognostic models, we used the worst value
for related parameters, assessed on the first day in the ICU;
our calculations for the evaluation of these models were
based on formulas obtained in previous studies.*®’-1%71¢
Especially, the ALBI score was calculated according to the
formula: ALBI = log10 (bilirubin (umol/L)) * 0.66—0.085 *
albumin (g/L),"* and PTAR was calculated by dividing the
PT-INR by serum albumin level (g/dl).” We also extracted the
liver function score in SOFA scoring model and defined four
grades, point 0, 1, 2 and >3 to assess the effect of SOFA score
to evaluate liver function during sepsis.

The primary endpoint was hospital mortality, defined as
death during hospitalization. Other endpoints included length
of ICU and hospital stay, ICU mortality, and 28- and 90-day
mortality after discharge from hospital. Additionally, we
divided the study population into two subgroups, biliary
liver disease subgroup and non-biliary liver disease
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subgroup, by carefully screening the diagnosis of those
patients. Biliary liver disease patient in biliary liver disease
subgroup had a history of hepatic or biliary diseases such as
hepatitis, cholangitis, and hepatic tumors.

Statistical Analyses

Continuous variables were tested for normality using the
Skewness-Kurtosis test, and expressed as mean + SD or
median (IQR) depending on normal or non-normal distribu-
tion; continuous variables were compared using Student’s
t-test or Kruskal-Wallis test, as appropriate. Categorical vari-
ables were expressed as N (%) and compared using the Chi-
square test. Correlations between PTAR and endpoints (ICU
mortality, hospital mortality, 28- and 90-day mortality) were
examined using univariable and multivariable logistic regres-
sion by reporting the odds ratio (OR). Because of the relatively
high mortality rate, Poisson regression analysis with robust
variance estimate was used to report the relative risk (RR)
values.'” Multicollinearity was examined using the variance
inflation factor (VIF), with a VIF > 10 indicating the presence
of multicollinearity. To further estimate the effectiveness of
PTAR in predicting prognosis, univariate and multivariate Cox
proportional hazards models were used to report the hazard
ratio (HR). Confounders, including age, gender, weight, and
APS-III score, were adjusted in all the multivariable regression
models and multivariable Cox models. The interaction
between age and SAPS-II score was also adjusted in multi-
variable Cox models. Patients were assigned to the following
three groups based on their PTAR grades: low PTAR group
(PTAR < 0.54); medium PTAR group (0.54< PTAR < 0.82);
and high PTAR group (PTAR > 0.82) using X-tile software
(Version 3.6.1, Yale University, USA) to calculate the optimal
cut-off values. Cumulative survival curves of these three
groups were plotted using the Kaplan-Meier method and
compared using the Log rank test. A receiver operating char-
acteristic curve (ROC) of PTAR and other models were then
plotted, and their areas under the curve (AUC) were calculated
and compared using the Chi-square test. With regard to clinical
usefulness, we examined net benefit by using Decision Curve
Analysis (DCA)."®' All the tests were operated in Stata 16.0,
and a two-tailed p value of less than 0.05 was considered
statistically significant.

Results

Characteristics of Included Patients
As per our inclusion and exclusion criteria, 4536 patients
were enrolled in our study (Figure 1). The mean age of all the

patients with sepsis was 63.3 (51.3—75.8) years, and 57.9% of
the participants were male. Patients in the non-survivor
cohort had a higher percentage of biliary or hepatic diseases
than those in the survivor cohort (49.4% vs 38.8%, p <
0.001). The median PTAR scores in the non-survivor and
survivor cohorts were 0.7 (IQR 0.5-1.0) and 0.5 (IQR 0.4—
0.7), respectively. Compared with the survivor cohort, the
non-survivor cohort showed significantly higher SOFA (9.0
vs 5.0, p<0.001), APS-III (71.0 vs 50.0, p<0.001), MELD
(18.8 vs 12.1, p<0.001), and ALBI (—1.3 vs —1.6, p<0.001)
scores, as well as a higher percentage of liver failure (19.2%
vs 4.7%, p<0.001), kidney failure (57.0% vs 30.5%,
p<0.001), coagulation failure (41.0% vs 16.3%, p<0.001),
and circulatory failure (73.1% vs 41.9%, p<0.001), during
the ICU stay. The overall mortality in the ICU, in hospital,
and during 28 and 90 days after discharge from hospital,
were 17.7%, 22.2%, 27.9%, and 32.2%, respectively.
Details on the baseline characteristics of the patients included
in our present study are shown in Tables 1 and 2 and S1.

Association Between PTAR and

Outcomes

As shown in Table 1, PTAR scores were significantly
higher in non-survivors compared to survivors (0.7 vs
0.5, p<0.001). Logistic regression and Poisson regression
with robust variance estimate analysis were conducted in
all the patients and subgroup patients included in our study
(Table 3,Table 4 and S2). Multivariable logistic regression
analysis shows that the adjusted OR of PTAR to ICU
mortality, hospital mortality, and 28- and 90-day mortality
in all the patients was 1.64 (95% CI: 1.40-1.92), 1.66
(95% CI: 1.42-1.94), 1.70 (95% CIL: 1.46-1.99), 1.67
(95% CI: 1.43—1.95) respectively. After Poisson regression
with robust variance analysis, the adjusted RR of PTAR to
these four kinds of mortality in all the patients included in
our study was 1.26 (95% CI: 1.15-1.37), 1.24 (95% CI:
1.15-1.34), 1.23 (95% CI: 1.15-1.31), and 1.21 (95% CI:
1.13-1.28), respectively, which suggested an increase in
PTAR score increased the risk of mortality events of
patients with sepsis.

Cox regression was also used to further estimate the
association of PTAR with 28-day and 90-day mortality.
After adjusting for covariates including age, sex, weight,
SAPS-II score, and the interaction of age and SAPS-II
score, the HR of PTAR to 28- and 90-day mortality was
1.56 (95% CI: 1.44-1.70), and 1.55 (95% CI: 1.43-1.68),
respectively.
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Figure | A flow diagram on the study participants included in our study.

The patients were divided into three groups, based on their
PTAR scores, as follows: low PTAR group (PTAR < 0.54);
medium PTAR group (0.54< PTAR < 0.82); and high PTAR
group (PTAR > 0.82). The 28-day mortality rates in these
three groups were 16.4% (380/2318), 26.6% (337/1269), and
42.8% (404/945), respectively; 90-day mortality rates were
21.1% (489/2318), 35.0% (444/1269), and 50.8% (480/945),
respectively. Kaplan-Meier curves show that mortality rates
differed significantly among the low, medium, and high
PTAR-score groups and differed poorly among SOFA-liver
score groups (Figure 2).

Performance of PTAR Score in Predicting

Mortality in Patients with Sepsis

Further analysis of PTAR in predicting the mortality of
patients with sepsis indicated that this scoring system showed
a moderate discrimination capacity in predicting hospital mor-
tality (AUC: 0.655, 95% CI: 0.636-0.675) and 90-day mor-
tality (AUC: 0.650, 95% CI: 0.633—0.667). Other widely used
ICU scoring systems and models used to estimate liver func-
tion were also analyzed in this study (Table 5 and Figure 3).
The widely used SOFA score showed a slightly better AUC
than that of PTAR in predicting hospital mortality (AUCgsora
VS AUCprar. 0.700 VS 0.655, p<0.001); however, AUC did

not differ significantly between SOFA and PTAR in predicting
90-day mortality (AUCsopa VS AUCprar: 0.664 VS 0.650,
p=0.294). Another widely used model, qSOFA, performed
worse than PTAR in predicting both hospital mortality
(AUCgsora VS AUCprar: 0.560 VS 0.655, p<0.001) and 90-
day mortality (AUCqsora VS AUCprar: 0.558 VS 0.650,
p<0.001). Compared with other liver function assessment
models, PTAR presented similar effect with MELD and better
effect than ALBI and SOFA-liver score. Detailed results of
these analyses, as well as those of subgroup analyses, are
shown in Table 5 and Figure 3.

Figure 4 illustrates the decision curves for PTAR and
other models to predict the 90-day mortality. All models
were useful between a narrow range of threshold probabil-
ities of 35-45%, and the net benefit of PTAR was better than
most models between threshold probabilities of 30—50%.

Subgroup Analyses

To explore whether PTAR showed different efficiencies in
predicting the mortality of patients with and without the his-
tory of biliary-liver diseases, we performed a subgroup analy-
sis of patients with or without biliary-liver disease (Tables 1-5
and Supplementary Data). These subgroup results were con-

sistent with those obtained for all the patients with sepsis
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Table | Characteristics of the Study Population, Stratified by Survival
Total (N=4536) | Survival in Hospital (N=3528) | Not-Survival in Hospital (N=1008) p?

Age (year) 63.3 (51.3-75.8) 62.3 (50.6-74.7) 67.0 (54.5-78.0) <0.001
Sex, male 2628 (57.9%) 2023 (57.3%) 605 (60.0%) 0.129
Weight (kilogram) 79.7 (67.0-94.5) 79.7 (67.7-94.8) 78.0 (65.1-93.3) 0.021
Biliary liver disease 1868 (41.2%) 1370 (38.8%) 498 (49.4%) <0.001
Non-biliary liver disease 2668 (58.8%) 2158 (61.2%) 510 (50.6%) <0.001
Biliary disease 503 (11.1%) 407 (11.5%) 96 (9.5%) 0.073
Liver disease 1568 (34.6%) 1114 (31.6%) 454 (45.0%) <0.001
Biliary liver tumor 192 (4.2%) 158 (4.5%) 34 (3.4%) 0.124
Viral hepatitis 506 (11.2%) 381 (10.8%) 125 (12.4%) 0.154
Alcoholic liver 409 (9.0%) 287 (8.1%) 122 (12.1%) <0.001
Vital Signs

Body temperature (°C) 37.6 (37.1-38.2) 37.6 (37.1-38.2) 37.5 (36.9-38.2) <0.001
Heart rate (bpm) 74.5 (63.0-86.0) 74.0 (63.0-85.0) 76.6 (17.9) 0.004
Respiratory rate (bpm) 28.0 (24.0-32.0) 27.0 (24.0-32.0) 29.0 (25.0-34.0) <0.001
Systolic blood pressure (mmHg) 87.0 (78.0-98.0) 89.0 (80.0-100.0) 81.0 (71.0-91.2) <0.001
Diastolic blood pressure (mmHg) | 43.0 (36.0-50.0) 44.0 (37.0-51.0) 40.0 (32.0-47.0) <0.001
Mean blood pressure (mmHg) 57.0 (49.0-64.0) 58.0 (50.0-65.0) 53.0 (45.0-60.0) <0.001
Organ Failure in ICU

Liver failure 360 (7.9%) 166 (4.7%) 194 (19.2%) <0.001
Kidney failure 1651 (36.4%) 1076 (30.5%) 575 (57.0%) <0.001
Coagulation failure 989 (21.8%) 576 (16.3%) 413 (41.0%) <0.001
Circulatory failure 2214 (48.8%) 1477 (41.9%) 737 (73.1%) <0.001

Notes: Continuous variables are expressed as mean * SD or median (IQR), depending on normal or abnormal distribution of the data; categorical variables are expressed as
N (%). *Student’s t-test or Kruskal-Wallis test was used for the analysis of continuous variables, and the chi-square test was used for the analysis of categorical variables.

evaluated in our study. Poisson and Cox regression analyses
showed that after adjustment, RR for hospital mortality was
1.24 (95% CI: 1.11-1.38) and HR for 90-day mortality was
1.60 (95% CI: 1.42—-1.81) in patients with biliary-hepatic dis-
eases. RR for hospital mortality was 1.20 (95% CI: 1.08-1.34)
and HR for 90-day mortality was 1.44 (95% CI: 1.27-1.65) in
patients without biliary-hepatic diseases. KM analysis also
showed that high PTAR grade patient had high risk of mortal-
ity in both patients with or without biliary-liver diseases.
Interestingly, when predicting hospital mortality and 90-
day mortality, PTAR showed no significantly different perfor-
mances with SOFA score in non-biliary liver disease patients,
but significant differences in patients with biliary liver disease.

Consistent with analysis of all patients, PTAR performed
better than other scoring models including qSOFA, SOFA-
liver score and ALBI during subgroup analysis. Additionally,
the decision curve illustrated PTAR was useful between
threshold probabilities of 30-60% in patient with biliary
liver disease and threshold probabilities of 30-40% in patient
without biliary liver disease.

Discussion

Consistent with the results obtained in other studies, we
observed a poor outcome in ICU patients with sepsis. We
also observed a higher proportion of liver failure (19.2% vs
4.7%, p<0.001) in the non-survival cohort in all the septic
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Table 2 Clinical Scores and Outcomes, Stratified by Survival

Total Survival in Hospital Not-Survival in Hospital p?

(N=4536) (N=3528) (N=1008)
PTAR 0.5 (0.4-0.8) 0.5 (0.4-0.7) 0.7 (0.5-1.0) 0.000
PTAR grade 0.000
PTAR grade | 2322 (51.2%) 1987 (56.3%) 335 (33.2%)
PTAR grade 2 1269 (28.0%) 979 (27.7%) 290 (28.8%)
PTAR grade 3 945 (20.8%) 562 (15.9%) 383 (38.0%)
SOFA 6.0 (4.0-9.0) 5.0 (4.0-8.0) 9.0 (6.0-12.0) 0.000
MELD 13.3 (7.3-21.2) 12.1 (6.6-19.4) 18.8 (11.0-27.8) 0.000
ALBI —1.6 (-2.1-1.1) —1.6 (-2.1-1.2) —1.3 (-1.9-0.8) 0.000
Clinical outcomes
Death in hospital 1008 (22.2%) / 1008 (100.0%) /
Death in 28-days 1266 (27.9%) 258 (7.3%) 1008 (100.0%) 0.000
after hospital discharge
Death in 90 days after hospital 1460 (32.2%) 452 (12.8%) 1008 (100.0%) 0.000
discharge

Abbreviations: MELD, model for end-stage liver disease; PTAR, prothrombin time—international normalized ratio to albumin ratio; SOFA, sequential organ failure
assessment; ALBI, albumin-bilirubin. *Student’s t-test or Kruskal-Wallis test was used for continuous variables, and chi-square test was used for categorical variables.

patients included in our study. To explore the prognostic value
of PTAR in estimating the liver function of patients with
sepsis, we validated the association between increased PTAR
and increased mortality. Furthermore, PTAR presented

comparable performance of predicting mortality especially in
predicting 90-day mortality with SOFA score model and
showed better risk stratification of liver function than SOFA
score model.

Table 3 Univariate and Multivariate PRRV for RR of PTAR to Mortalities

Model and Patient ICU Mortality Hospital Mortality 28-Day Mortality 90-Day Mortality
Group Ratio (95% CI) Ratio (95% CI) Ratio (95% CI) Ratio (95% CI)
Univariable regression model

Al sepsis patients 1.68 (1.57-1.81) 1.62 (1.52-1.73) 1.55 (1.46-1.65) 1.48 (1.40-1.57)
Biliary liver disease 1.72 (1.57-1.89) 1.63 (1.50-1.78) 1.54 (1.43-1.67) 1.46 (1.36—1.56)
Non-biliary liver disease 1.55 (1.40-1.72) 1.51 (1.37-1.67) 1.48 (1.35-1.62) 1.44 (1.32-1.58)
Multivariable regression model

All sepsis patients 1.26 (1.15-1.37) 1.24 (1.15-1.34) 1.23 (1.15-1.31) 1.21 (1.13-1.28)
Biliary liver disease 1.27 (1.13-1.44) 1.24 (1.11-1.38) 1.21 (1.10-1.33) 1.18 (1.08-1.28)
Non-biliary liver disease 1.20 (1.05-1.36) 1.20 (1.08-1.34) 1.20 (1.09-1.32) 1.19 (1.09-1.30)

Notes: The P values for ORs and RRs were <0.001, and multivariable regression model was adjusted for age, gender, weight, and the APS-Ill score. For multivariable
regression models, the mean variance inflation factor for all the variables was 6.07 in the models used for all the patients, 6.72 in the models used for patients with biliary

liver disease, and 5.89 in the models used for patients without biliary liver disease.
Abbreviation: PRRY, Poisson regression with robust variance.
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Table 4 Cox Regression Analysis to Evaluate the Usefulness of PTAR in Predicting 28-and 90-Day Mortality

Model and Patient 90-Day Mortality 28-Day Mortality
Group HR (95% CI) a HR (95% CI) p
Cox regression (Crude HR)

All sepsis patients 1.78 (1.66—1.91) <0.001 1.83 (1.70-1.96) <0.001
Biliary liver disease 1.88 (1.71-2.07) <0.001 1.96 (1.78-2.15) <0.001
Non-biliary liver disease 1.61 (1.44-1.79) <0.001 1.63 (1.45-1.83) <0.001
Cox regression (Adjusted HR)

All sepsis patients 1.55 (1.43-1.68) <0.001 1.56 (1.44-1.70) <0.001
Biliary liver disease 1.60 (1.42-1.81) <0.001 1.62 (1.42-1.83) <0.001
Non-biliary liver disease 1.44 (1.27-1.65) <0.001 1.45 (1.26-1.67) <0.001

Notes: *Adjusted for age, sex, weight, SAPS-II score, and interaction of age and SAPS-II score. HRs and P values were estimated using the Cox proportional hazard model.

Sepsis is a complex disorder resulted from an over-
whelming infection. Described by Bone et al in 1989,'%2°
sepsis is defined as a maladaptive systematic inflammation
due to infection, and was previously diagnosed using the
systemic inflammatory response syndrome (SIRS) criteria.
However, after decades of research and clinical practice,
the poor specificity of SIRS was finally examined in
2003.2' In 2016, the Third International Consensus offi-
cially defined sepsis and septic shock as a life-threatening
organ dysfunction following a dysregulated host response
to an infection.' The Sequential Organ Failure Assessment
(SOFA) score is currently widely used to estimate the
extent of multiple-organ dysfunction, including hepatic
injury, in patients with sepsis.

As one of concerned organs in sepsis diagnosis criterion,
previous studies have validated the crucial role of the liver
in immune surveillance, defense, and regulation during
sepsis.”? Because of its unique anatomical structure, liver
is consistently exposed to pathogens, toxins, danger signals,
and antigens from both arterial and portal systems, and is an
essential line of defense in inhibition of pathogens and
prevention of sepsis.”> Several studies have been reported
that liver is susceptible to sepsis-induced impairment.?*2°
Attacks from pathogens, excessive inflammatory responses,
and pathologic events, such as hepatocellular injury,
hypoxic hepatitis, and cholestasis, can facilitate hepatic
injury and even failure during sepsis.”’

Though unlike acute respiratory failure, acute kidney
failure and acute heart failure, liver dysfunction or impair-
ment gained relatively low attention in patients with sep-
sis. Indeed, liver failure or impairment has been validated

an independent predictor of mortality in patients with
sepsis.”® Consistent with previous reports, we observed
an increased incidence of hepatic failure in the non-
survival cohort under the criteria that included serum
bilirubin level of >12.0 mg/dL, which indicated the crucial
role of liver during sepsis and suggested the potential
benefit of recognizing liver status and damage pattern of
patients with sepsis.

Actually, pre-existing liver dysfunction has been well
recognized an important role in poor outcome and high
mortality of critical patients. However, the clinical mean-
ing of mild or moderate liver injury in patients without
pre-existing liver dysfunction is less clear.’ The impact of
liver dysfunction on mortality and morbidity of critical
patients has been controversially reported ranging from
the assumption that liver dysfunction contributes little
effect on mortality to the opinion that it contributes
a higher risk for mortality than other commonly observed
organ failure such as lung, renal failure.”” According to
previous reports, the prevalence of liver dysfunction was
uncertainly estimated range from 1% to 26%.*° In our
study, a significantly low incidence (7.9%) of liver failure
compared with other organ dysfunction (kidney failure:
36.4%, coagulation failure: 21.8% and circulatory failure:
48.8%) in all sepsis patients was examined. Earlier,
Kramer et al conducted a study including a total of 4146
patients with early hepatic dysfunction and found the
occurrence of sepsis was significantly higher in the group
of patients with hepatic dysfunction than in the control
group.®' Similar result was reported by Jensen et al
recently.’> Jensen et al reported a study measuring
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Figure 2 Kaplan—Meier curves stratified by different PTAR grades and SOFA-liver grades. Kaplan—-Meier curves of (A and C) 28-day mortality and (B and D) 90-day

mortality in all the patients with sepsis included in our study.

circulating biomarkers in 1096 medical and surgical ICU
patients without pre-existing chronic liver disease to assess
their hepatic dysfunction. According to their study, they
found a strong interaction between severe infection and
liver impairment (p=0.04) when exploring mortality and
found no liver variable carried an increased mortality
when analyzing patients without severe infection. Jensen
et al hypothesized that the liver dysfunction leads to dys-
regulation in the immune surveillance resulting in
increased susceptibility for infections. The conclusion
might need to expand, since sepsis-induced liver dysfunc-
tion also contribute to this finding. Based on our result and
previous studies, whether the prevalence of liver dysfunc-
tion was underestimated should be carefully estimated.
Besides, assessment of the extent of liver injury in sepsis
is worth for further exploration. More specifically, whether
the currently used definitions of liver impairment are rele-
vant for septic critically ill patients should be answered

and an appropriate assessment tool of liver injury or dys-

function should be well considered.>%*3

The PTAR scoring model, first proposed by Haruki
et al for the estimation of hepatic function, uses only two
objective and accessible parameters: albumin and INR.’
As synthetic indicators of liver, INR and albumin were
validated their prognostic value in mortality of patients
with sepsis according to previous reports. By combining
two objective and accessible parameters, PTAR could be

a promising tool in assessing liver function during sepsis.

In our retrospective study, we observed a significant asso-
ciation and correlation between the PTAR score and patient
outcomes, with an increased PTAR score indicating worse
patient prognosis during all patient analysis and the following
subgroup analysis. Furthermore, we observed significant dif-
ferences in prognoses with respect to different PTAR grades
(low, medium, and high) in both all patient and subgroups KM

1836 "

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

Table 5 AUROC of Scores to Predict Mortality, and the Comparison Between PTAR and Other Scores

Patient Group All Patients Biliary Liver Disease Non-Biliary Liver Disease
AUROC (95% CI) p* AUROC (95% CI) p? AUROC (95% CI) p?
Hospital mortality
PTAR 0.655 (0.636-0.675) / 0.699 (0.672-0.726) / 0.602 (0.574-0.631) /
SIRS 0.589 (0.571-0.607) <0.001 0.605 (0.579-0.632) <0.001 0.578 (0.552-0.603) 0.159
SOFA 0.700 (0.681-0.719) <0.001 0.749 (0.724-0.774) 0.001 0.647 (0.619-0.674) 0.005
qSOFA 0.560 (0.544-0.577) <0.001 0.596 (0.572-0.620) <0.001 0.532 (0.509-0.555) <0.001
MELD 0.656 (0.637-0.676) 0.903 0.718 (0.692-0.744) 0.157 0.585 (0.557-0.613) 0.231
ALBI 0.615 (0.595-0.636) <0.001 0.626 (0.596-0.656) <0.001 0.583 (0.555-0.611) 0.071
SOFA-liver grade | 0.576 (0.557-0.595) <0.001 0.594 (0.565-0.623) <0.001 0.529 (0.506-0.551) <0.001
90-day mortality
PTAR 0.650 (0.633-0.667) / 0.669 (0.644-0.694) / 0.617 (0.593-0.641) /
SIRS 0.573 (0.556-0.590) <0.001 0.587 (0.562-0.612) <0.001 0.564 (0.542-0.587) <0.001
SOFA 0.664 (0.626-0.662) 0.294 0.700 (0.676-0.725) 0.030 0.616 (0.592-0.639) 0917
qSOFA 0.558 (0.543-0.573) <0.001 0.584 (0.561-0.607) <0.001 0.541 (0.520-0.561) <0.001
MELD 0.644 (0.626-0.662) 0.476 0.684 (0.658-0.709) 0.247 0.595 (0.571-0.619) 0.080
ALBI 0.612 (0.594-0.630) <0.001 0.625 (0.598-0.652) <0.001 0.583 (0.559-0.607) <0.001
SOFA-liver grade | 0.575 (0.558-0.592) <0.001 0.598 (0.572-0.624) <0.001 0.526 (0.506-0.544) <0.001

Note: *Compared with PTAR. Chi-square test was used.

curves analysis. The PTAR score had moderate discrimination
ability in predicting hospital and 90-day mortality with AUC
of 0.655 and 0.650, respectively. We also found PTAR per-
formed better in patients with biliary liver disease with higher
AUC value and better DCA threshold probability compared
with patients without biliary liver disease. These results indi-
cated that the PTAR classification may be a practical and
accessible tool for rapidly evaluating patients with sepsis
upon admission to ICU.

Besides PTAR score model, multiple common ICU and
hepatic-specific scoring models have been employed in clin-
ical practice. However, a suitable liver function assessment
tool of sepsis remains uncertain. As a criterion in Sepsis 3.0,
the SOFA scoring model includes serum bilirubin level as an
essential marker for detecting hepatic dysfunction. Derived
from SOFA, the Chronic Liver Failure (CLIF)-SOFA model
was constructed to evaluate patients with acute to chronic
liver failure. Although both SOFA models include hepatic-
function analyses, the former model was developed to assess
the function of multiple systems, while the later model was
intended for patients with liver disease rather than those with
sepsis. The currently recommended hepatic-specific scoring
models include the End-Stage Liver Disease (MELD), Liver
Injury and Failure Evaluation (LiFe), the Child-Pugh system,
and albumin-bilirubin (ALBI) originally developed to assess
liver function in patients with end-stage chronic liver diseases

or hepatic tumors. However, further application of those
models was limited because of containing a hepatic-
encephalopathy assessment, which is a subjective marker
that can introduce bias, or their complex calculation system,
especially in ICU situation where objective evidence and
rapid assessments are required.

Compared with those models, the PTAR scoring system is
simple to use and effective in predicting prognosis in this
patient population, as it only requires simple, objective and
accessible laboratory-based parameters. Our study showed
that the performance of PTAR was better than that of AIBL
(0.655 vs 0.615, p<0.001), SIRS (0.655 vs 0.585, p<0.001),
gSOFA (0.655 vs 0.560, p<0.001), as well as MELD (0.655 vs
0.656, p=0.903), but was worse than SOFA (0.655 vs 0.700,
p<0.001). The SOFA scoring model, which includes multiple
parameters for the assessment of different organ function,
provided a more comprehensive and systemic assessment of
septic patients compared with that of PTAR, thereby showing
better performance in predicting hospital mortality than that of
PTAR. However, as a comprehensive model, SOFA presented
a weak risk stratification capability in different status of liver
function. We extracted the SOFA liver score in all patients and
found terrible discrimination in KM curves, which suggested
that estimating liver function via SOFA or liver score in SOFA
was unreliable (Figure 2). Additionally, PTAR performed as
well as SOFA in predicting 90-day mortality (0.650 vs 0.664,
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Figure 3 Area under the receiver operating characteristic curve (AUROC) analysis of the predictive ability of PTAR and other scoring models in all the patients with sepsis.
AUROC of the (A) PTAR, SIRS, SOFA, qSOFA and (B) MELD, PTAR, ALBI, SOFA-liver models’ ability to predict hospital mortality. AUROC of the (C) PTAR, SIRS, SOFA,
qSOFA and (D) MELD, PTAR, ALBI, SOFA-liver models’ ability to predict 90-day mortality.

Abbreviations: SIRS, systemic inflammatory response syndrome; MELD, model for end-stage liver disease; PTAR, prothrombin time—international normalized ratio to

albumin ratio; SOFA, sequential organ failure assessment; ALBI, albumin-bilirubin.

p=0.294), suggesting its potential prognostic value in long-
term events. In regard of another objective liver function
assessment tool, though statistically, the PTAR scoring system
showed similar performance with MELD in our study,
a simple formula of PTAR would be much easier to calculate
and applicate in clinical situation.

Application of PTAR in patients on anticoagulant should
be careful, since INR is included in PTAR. Usage of coagula-
tion markers in liver function assessment would be limited
when patients are on an anticoagulant. The anticoagulant
treatment would artificially increase INR resulting overesti-
mate liver injury. For example, MELD-XI was suggested
because MELD can overestimate risk when INR is artificially
elevated by anticoagulation, which may affect organ
allocation.>* Indeed, due to the role of liver in versatile func-
tions, virtually no single parameter is completely applicable in
different situation, which explains why it remains challenge to

accurately assess liver dysfunction in different clinical situa-
tion. For patients with sepsis, the possible bias of PTAR result
from anticoagulant and its impact on clinical decision need

further estimation.

Limitations

Our study had several limitations. First, patients from MIMIC
IIT database were admitted into the ICU from 2001 to 2012;
the criteria and guidelines for sepsis have changed greatly
since then. Using the Sepsis 3.0 definition as our inclusion
criteria could have led to potential bias in patient selection.
Additionally, although several liver-specific models were
mentioned above, we only compared the PTAR score with
MELD and ALBI, because some parameters required by other
scores, such as the extent of hepatic encephalopathy and

arterial lactate level, were not available in the database.
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Figure 4 Decision curve analysis of PTAR and other prognostic models for 90-day mortality of (A and B) all sepsis patients, (C and D) sepsis patients with biliary liver

diseases and (E and F) sepsis patients without biliary liver diseases.

Conclusions

In conclusion, PTAR score includes two objective and acces-
sible laboratory parameters, and is appropriately stratified
into three levels, rendering it a convenient tool for estimation
of liver function in septic patients. The PTAR score may be
a useful adjunction to general ICU scoring models, and may
help to rapidly identify patients with liver injury and dysfunc-
tion. However, more prospective studies are needed to further
evaluate this scoring system.
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