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Abstract
Background Dynamic assessment of critically ill patients with cirrhosis (CICs) is required for accurate prognostication.
Objective Development of a dynamic model for prediction of mortality and decision on futility of care in CICs.
Design and setting In a prospective cohort study, we developed the PIRO-CIC model (predisposition, injury, response, organ 
failure for critically ill cirrhotics)] in a derivative cohort (n = 360) and validated it (n = 240) for patients admitted to the 
Liver ICU.
Patients Decompensated cirrhosis admitted to ICU. The model was developed using Cox-regression analysis, and futility 
was performed by decision-curve analysis.
Results CICs aged 48 ± 11.5 years, 87% males, majority being alcoholics, were enrolled, of which 73.5% were alive at one 
month. Factors significant for P component were INR [hazard ratio 1.12, 95% confidence interval 1.07–1.18] and CystatinC 
[2.25, 1.70–2.97]; for I component were sepsis [4.69, 1.90–11.57], arterial lactate[1.40, 1.02–1.93] and alcohol as etiology 
[2.78, 1.85–4.18]; for R component-systemic inflammatory response syndrome [1.97, 1.14–3.42] and urine neutrophil-gelati-
nase-associated lipocalin [HR 2.37, 1.59–3.53]; for O component-low PaO2/FiO2 ratio and need of mechanical ventilation 
[7.41, 4.63–11.86]. The PIRO-CIC model predicted one-month mortality with a C-index of 0.83 in the derivation and 0.80 
in the validation cohorts. It predicted futility of care better than other prognostic scores. The immediate risk of mortality 
increased by 39% with each unit increase in PIRO-CIC score.
Limitations Not applicable for acute-on-chronic liver failure and patients requiring emergency liver transplant.
Conclusions Assessment and stratification of CICs with the dynamic PIRO-CIC model could determine one-month mortal-
ity and futility in the first week. Targeted and aggressive management of coagulation, kidneys, sepsis, and severe systemic 
inflammation may improve outcomes of CICs.
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Abbreviations
ICU  ICU
MELD  Model for end-stage liver disease
SOFA  Sequential organ failure assessment
AARC   Asian pacific association for the study of liver 

disease acute on chronic liver failure research 
consortium

INR  International normalized ratio
CICs  Critically ill patients with cirrhosis
PIRO  Predisposition, injury, response, and organ 

failure
AKI  Acute kidney injury; uNGAL, urine neutrophil 

gelatinase-associated lipocalin
CysC  Cystatin
CKD  Chronic kidney disease
CAD  Coronary artery disease
KIDGO  Kidney disease improving global outcome 

criteria
SIRS  Systemic inflammatory response syndrome 

(SIRS)
ROC  Receiver operating curve
AUROC  Area under receiver operating characteristic 

curve
DCA  Decision curve analysis

HR  Hazard ratio
C-index  Concordance index
CI  Confidence interval
TLC  Total leukocyte count
CTP  Child-Turcotte Pugh
MDRD  Modification of diet in renal disease

Introduction

Patients with liver disease frequently require admis-
sion to the ICU, which involves complex resource usage 
[1]. Development of infections, variceal bleed, hepatic 
encephalopathy, and organ failures are frequent reasons 
for admission to the ICU [1, 2]. The outcome of cirrhot-
ics admitted to the ICU remains dismal, with mortality 
rates varying from 60 to 85% [2]. The mortality rates 
increase with an increase in organ failures [2–6]. It, there-
fore, becomes imperative to identify patients who may 
not require life-sustaining treatment. Kidneys are the 
most vulnerable organ that is affected in the critically ill 
[1]. The course of acute kidney injury (AKI) in the first 
week is an independent predictor of worse outcomes [7]. 
The severity of systemic inflammation, the number of 
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extrarenal organ failures and infections with multidrug-
resistant organisms usually drive AKI progression in the 
first week [7]. The assessment and management of kid-
neys play a crucial role in the evaluation of CICs [8]. The 
AKI outcomes can additionally improve with the use of 
biomarkers for diagnosis and prognosis of AKI. Studies 
in patients with cirrhosis have shown a promising role of 
urine neutrophil gelatinase-associated lipocalin (uNGAL) 
to identify acute tubular necrosis and cystatinC (CysC) as 
a biomarker of glomerular dysfunction [9, 10]. The sig-
nificance of arterial lactate has recently emerged in the 
assessment and management of sick patients with cirrhosis 
[7, 11–13]. Therefore, there is a need of novel prognos-
tic models in the context of CICs. There are also limited 
models for determining futility.

The predisposition, injury, response, and organ failure 
(PIRO) concept was developed for patients with sepsis and 
ACLF to predict outcomes [14, 15]. The PIRO concept ena-
bles the stratification of patients for the predisposing condi-
tions, the inciting cause of deterioration, the response of the 
host to the insult, and finally, the presence of organ failures 
as a result of these factors. The PIRO concept would be ideal 
for classifying and predicting critically ill patients with cir-
rhosis at risk of adverse outcomes.

We aimed to develop and validate a dynamic and concept-
based PIRO-CIC model incorporating the two renal bio-
markers CysC and uNGAL for predicting the risk of 30-day 
mortality in CICs. We also aimed to evaluate the model's 
performance to determine futility and compare it with exist-
ing predictive models.

Patients and methods

Prospective cohort of consecutive cirrhotics admitted 
to the ICU from March 2016 to December 2018 were 
enrolled. The monitoring and management of patients 
were as per the standard of care. [Online Supple Appen-
dix] Ethical approval was obtained. We included all adult 
patients (aged > 18 years) with cirrhosis and severe com-
plications requiring ICU admission. At enrolment, we 
performed a serum cystatin C and urine NGAL for all 
included patients. We excluded patients with acute liver 
failure, advanced hepatocellular carcinoma, extrahepatic 
malignancies, obstructive uropathy, urinary tract infec-
tions, pregnant patients, and post-liver transplant. We 
excluded elective admissions to the ICU for observation, 
patients with post-surgery decompensation, and extremely 
moribund patients dying within 72 h, patients with acute-
on-chronic liver failure defined in accordance by the Asian 
pacific association for the study of liver (APASL) [16]. 
The data are a post-hoc analysis of the role of biomarkers 
for determination of AKI outcomes in a cohort of critically 

ill patients. The primary outcome of the study was sur-
vival at one month. Secondary outcomes included decid-
ing the futility of aggressive care at day 5.

The development of the prediction model PIRO‑CIC

Enrolment was defined as day 1 of the ICU stay.
We collected data, including all the variables defined 

according to each PIRO component (details and definitions 
in supple methods)

Predisposition: Patient demographics presence and sever-
ity of ascites, comorbidities, enrolment biochemical param-
eters including serum CysC.

Injury: Etiology of liver disease, variceal bleed, sepsis, 
and arterial lactate.

Response: uNGAL and the presence of systemic inflam-
matory response syndrome (SIRS) [10].

Organ failure: Use of renal replacement therapy(RRT), 
circulatory failure; cerebral failure, respiratory failure, or 
requirement of mechanical ventilation.

Statistical methods

Analyses of characteristics at enrolment

Description of enrolment characteristics was done in the 
form of mean ± standard deviation for continuous variables 
and number (percentage) for categorical variables. Students 
t test for continuous variables, respectively.

Variables for PIRO

These were measured at enrolment and were dynamically 
assessed until day 4 (excepting uNGAL and CysC). The 
worst value of each parameter was recorded for the analysis.

Development of model

Initially Cox-regression model was fitted for all the variables 
(including provision for non-linearity) within each compo-
nent of PIRO.

We computed the score using the coefficients of the 
final variables in the PIRO-CIC. We assessed the calibra-
tion by comparing the actual observed risk of mortality 
and the predicted probability of mortality by various times 
in 1-month follow-up in both the derivation and valida-
tion cohorts by graphical methods. We used Harrell's 
concordance index (C-index) to assess the concordance 
of predicted survival probabilities. Further, we used the 
time-dependent area under the receiver operating curve 
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(AUROC) statistics for comparing the performance of 
PIRO-CIC score with other scores.

Decision curve analysis (DCA)

DCA banks on the net benefit concept are defined as the 
difference between the true positives and the weighted 
proportion of false positives. The net benefit is the num-
ber of aggressive interventions that can be avoided instead 
of treating all patients at a given threshold probability. 
The threshold probability is the probability “where the 
expected benefit of treatment is equal to the expected ben-
efit of avoiding treatment,” Of various prognostic models 
considered in the analysis, the one with the highest net 
benefit over a range of threshold probabilities will result in 
superior clinical outcomes, and banking on it would result 
in more good than harm than banking on other predictive 
models. [17, 18]

An optimal cut point of the PIRO-CIC score that best 
discriminates time to mortality was determined using the 
Contal and O’ Quigley method [18], which banks on the 
Log-rank test statistic.

We performed the statistical analysis using SAS Univer-
sity edition and Stata version 13.

Results

Baseline characteristics of the study cohort

We screened a total of 2066 patients of which 600 patients 
of CICs were enrolled in the current study. (Supple. Fig-
ure 1) The mean age of the cohort was 48.4 ± 11.3 years, 
87% males, with a mean MELD of 27.4 ± 9.4, CLIF-SOFA 
score of 10.6 ± 3.2, and AARC score of 10.1 ± 1.9. Of 
these, 555 (70%) were alive at one month (Table 1).

Development of PIRO‑CIC model (derivation cohort‑ 
n = 360) (Table 2)

The entire cohort was randomly divided: 3:2 as derivation 
and validation cohorts to develop and validate the PIRO-
CIC score. The baseline characteristics of the patients were 
comparable (Table 1).

Predisposition components: On univariate analysis, 
higher INR, and higher levels of CysC were identified as 
significant factors. The presence of comorbid diseases, i.e., 
diabetes and hypertension were however, protective. On 
multivariate analysis, more elevated INR [hazard ratio (HR) 
1.12 (1.07–1.18)] and CysC [HR 2.25 (1.70–2.97)] were the 
independent predictors of mortality.

Injury components: Admission to the ICU for variceal 
bleed did not impact a worse outcome. Alcoholics[HR 
2.79 (1.85–4.18)], sepsis [HR 4.69 (1.90–11.59)], and 
arterial lactate [HR 1.40 (1.02–1.93)] were independently 
associated with higher 30-day mortality.

Response: The elevation of urine NGAL [HR 2.37 
(1.59–3.53)] and components of SIRS were independent 
predictors of one-month mortality. Patients with severe 
SIRS, i.e., presence of either 3 or 4 components [HR 1.97 
(1.14–3.42)] had worse outcomes as compared to the pres-
ence of 2 components of SIRS [HR 1.65 (1.04–2.63)] and 
absence of SIRS [HR 1( as reference)].

Organ Failure: In the ICU, patients may require 
mechanical ventilation for different reasons. It was inter-
esting to observe the need of mechanical ventilation [HR 
7.41 (4.63–11.86)] as an independent predictor of worse 
outcomes. The requirement of vasopressors was significant 
on univariate but not on multivariate analysis. Among the 
other organ failures, dialysis and the presence of hepatic 
encephalopathy were not associated with higher mor-
tality in these patients. The lower ratio of partial pres-
sure of oxygen to the fractional inspired oxygen (PaO2/
FiO2) below 300 was significantly associated with worse 
survival.

Based on these factors final model for the PIRO-CIC 
score was developed as under:

PIRO − CIC Score = INR ∗ (0.1142599) + Cystatin ∗ (0.8143525) + Alcohol

etiology ∗ (1.021861) + Infection ∗ (1.54528) + Log(Lactate) ∗ 0.3381176+

Log(NGAL) ∗ (0.863039) + (SIRS two components) ∗ (0.501128)+

(SIRS 3 or 4 components) ∗ (0.6802653) + (Ventilator support)

∗ (2.003401) + (PAO2∕FIO2 ratio greater than 300) ∗ (−0.6691328)
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Table 1  Baseline characteristics of the study cohort

Factor All patients (n = 600) Derivation cohort 
(n = 360)

Validation cohort (n = 240) p value

Age, (in years) 48.4 ± 11.3 48.3 ± 11.3 48.7 ± 11.3 0.66
Sex; (Male) n (%) 523 (87.2) 316 (87.8) 207 (86.3) 0.58
Alcohol 430 (71.7) 259 (71.9) 171 (71.3) 0.65
Hepatitis B 17 (2.8) 9 (2.5) 8 (3.3)
Hepatitis C 20 (3.3) 12 (3.3) 8 (3.3)
Cholestatic liver disease 2 (0.3) 0 (0) 2 (0.8)
Cryptogenic 94 (15.7) 60 (16.7) 34 (14.2)
Non-alcoholic fatty liver disease 33 (5.5) 18 (5.0) 15 (6.3)
Autoimmune liver disease 4 (0.7) 2 (0.6) 2 (0.8)
Acute decompensation
 Hepatitis E 2 (22.2) 1 (20) 1 (25)
 Hepatitis A 7 (77.8) 4 (80) 3 (75) 1.00

Diabetes mellitus; n (%) 81 (13.5) 52 (14.4) 29 (12.1) 0.41
Hypertension; n (%) 44 (7.3) 30 (8.3) 14 (5.8) 0.25
Ascites; n (%) 518 (86.3) 315 (87.5) 203 (84.6) 0.31
Portal vein thrombosis; n(%) 8 (1.33) 7 (1.9) 1 (0.4) 0.15
Chronic kidney disease; n (%) 24 (4.0) 16 (4.4) 8 (3.3) 0.50
Serum creatinine (mg/dL) 1.5 ± 1.1 1.5 ± 1.1 1.5 ± 1.1 0.91
INR 3.7 ± 3.0 3.8 ± 3.2 3.5 ± 2.8 0.29
Total bilirubin (mg/dL) 10.4 ± 10.2 10.3 ± 10.4 10.6 ± 10.0 0.77
Urine output, (ml/hour) 50.3 ± 59.9 50.4 ± 60.3 50.0 ± 59.4 0.94
Platelet count (*10^9 cells/L) 108.9 ± 54.6 109.1 ± 54.7 108.5 ± 54.5 0.88
Serum albumin (g/dL) 2.3 ± 0.5 2.3 ± 0.5 2.3 ± 0.5 0.79
Serum cystatin C (mg/L) 2.3 ± 0.7 2.3 ± 0.7 2.3 ± 0.7 1.00
Urine NGAL, (ng/ml) 1165.8 ± 671.8 1159.7 ± 680.8 1174.8 ± 659.5 0.79
Etiology; n (%) alcohol 430 (71.7) 259 (71.9) 171 (71.3) 0.85
Variceal bleed; n (%) 123 (20.5) 74 (20.6) 49 (20.4) 0.97
Bacterial infection; n (%) 488 (81.3) 297 (82.5) 191 (79.6) 0.37
Arterial lactate, ( mmol/L) 3.4 ± 2.8 3.3 ± 2.6 3.6 ± 3.0 0.14
Systemic inflammatory response syn-

drome; n (%)
0.59

0–1 component 279 (46.5) 172 (47.8) 107 (44.6)
2 components 219 (36.5) 131 (36.4) 88 (36.7)
3 or 4 components 102 (17.0) 57 (15.8) 45 (18.8)
Mechanical ventilation; n (%) 205 (34.2) 117 (32.5) 88 (36.7) 0.29
Use of vasopressors; n (%) 0.56
No vasopressor 435 (72.5) 264 (73.3) 171 (71.3)
1 vasopressor 93 (15.5) 57 (15.8) 36 (15.0)
2 vasopressors 72 (12.0) 39 (10.8) 33 (13.8)
Hepatic encephalopathy; n (%) 0.087
Absent 196 (32.7) 115 (31.9) 81 (33.8)
Grade 1–2 148 (24.7) 100 (27.8) 48 (20.0)
Grade 3–4 256 (42.7) 145 (40.3) 111 (46.3)
Mean arterial pressure (mm of Hg) 81.0 ± 13.2 81.5 ± 13.4 80.2 ± 12.8 0.23
PAO2/FIO2 ratio 0.067
 <  = 200 170 (28.3) 91 (25.3) 79 (32.9)
200–300 159 (26.5) 105 (29.2) 54 (22.5)
 > 300 271 (45.2) 164 (45.6) 107 (44.6)
Organ failures 0.084
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Validation of the PIRO‑CIC score

Internal validation

The PIRO-CIC score was internally validated in the deri-
vation cohort. The Harrell’s C-index was 0.83 (95% CI 
0.79–0.87) (Supple Table 1), and the score showed a good 
calibration with derivation data (Fig. 1A).

External validation

The model was also externally validated in the validation 
cohort. The Harrell's C-index of the model in the valida-
tion dataset was 0.80 (95% CI 0.75–0.86) (Suppl Table 1). 
The model showed an excellent discrimination and calibra-
tion. (Fig. 1B).

Dynamicity of the PIRO‑CIC score

We observed that the immediate risk of mortality increased 
by 92% [HR 1.94 (1.76–2.13)] with each unit increase in 
the PIRO-CIC score at enrolment. The score was also 
dynamic at 0.01 level of significance. The instantaneous 
risk of death increases by 39% [HR 1.39 (1.10–1.77)] with 
every one unit increase in PIRO-CIC score between day 1 
to day 4 (Supple Fig. 2A and B).

Comparison of the PIRO‑CIC score with other 
prognostic scores

The PIRO-CIC score was compared with other predic-
tive scores (Fig. 2). The score was significantly superior 
to CLIF-SOFA, CTP, MELD and AARC score (Supple 
Tables 1 and 2) and better discriminated the subjects who 
experience death and who do not (Supple Fig. 3).

Data presented as mean (standard deviation) for continuous data
Quantitative data presented as number(percentage), p value is derived from comparison between patients with decompensated cirrhosis and 
acute on chronic liver failure
INR International normalized ratio, SOFA Sequential organ failure assessment, MELD Model for end stage liver disease, CTP Child-Turcott 
Pugh, CLIF-SOFA Chronic liver failure-sepsis organ failure assessment score, AARC  Asian pacific association for study of liver (APASL), ACLF 
Acute on chronic liver failure research consortium, FiO2 Fraction of inspired oxygen, PO2 Partial pressure of oxygen, PCO2 partial pressure of 
carbon dioxide, NGAL Neutrophil-gelatinase-associated lipocalin, KDIGO Kidney disease improving global outcome criteria

Table 1  (continued)

Factor All patients (n = 600) Derivation cohort 
(n = 360)

Validation cohort (n = 240) p value

1 185 (30.83) 119 (33.1) 66 (27.5)
2 161 (26.83) 93 (25.8) 68 (28.3)
3 114 (19.0) 73 (20.3) 41 (17.1)
4 44 (7.33) 23 (6.4) 21 (8.8)
5 13 (2.17) 3 (0.8) 10 (4.2)
6 2 (0.33) 1 (0.3) 1 (0.4)
SOFA score 10.5 ± 3.4 10.4 ± 3.5 10.7 ± 3.3 0.28
CTP score 12.2 ± 1.6 12.2 ± 1.6 12.3 ± 1.6 0.62
MELD score 27.4 ± 9.4 27.5 ± 9.6 27.3 ± 9.0 0.84
CLIF-SOFA 10.6 ± 3.2 10.5 ± 3.1 10.8 ± 3.4 0.32
AARC score 10.1 ± 1.9 10.1 ± 1.9 10.1 ± 2.0 0.88
KIDIGO stage 0.25
0 107 (17.8) 65 (18.1) 42 (17.5)
1 93 (15.5) 49 (13.6) 44 (18.3)
2 177 (29.5) 115 (31.9) 62 (25.8)
3 223 (37.2) 131 (36.4) 92 (38.3)
Hematomas 1 (7) 4 (33) 0.14
Intraabdominal 5(19) 10 (67) 4 (33)
Intracranial 14 (52) 1 (7) 3 (25)
Rectus sheath 4 (15) 3 (20) 1 (8)
Skin 4 (15)
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Table 2  Univariate and 
multivariate cox-regression 
analysis based on training 
data to identify components of 
PIRO that are independently 
associated with time-to-
mortality based on a one-month 
follow-up of critically ill 
cirrhotics (n = 360)

Data presented as univariate and multivariate hazard ratios (HR) and 95% confidence intervals (CI)
INR International normalized ratio, FiO2 Fraction of inspired oxygen, PO2 Partial pressure of oxygen, 
PCO2 Partial pressure of carbon dioxide, NGAL Neutrophil-gelatinase-associated lipocalin, KDIGO Kid-
ney disease improving global outcome criteria
a Exponentiated regression coefficients
* p < 0.05
** p < 0.01

Factor Unadjusted  HRa 95% CI Adjusted  HRa 95% CI

Predisposing factors
 Age (in years) 1.01 0.99–1.03
 Sex (ref category—females) 1.13 0.60–2.12
 Diabetes mellitus 0.38* 0.18–0.83 0.53 0.23–1.19
 Ascites (present) 0.76 0.40–1.46
 Hypertension 0.28* 0.09–0.89 0.41 0.12–1.39
 Chronic kidney disease 0.19 0.03–1.39
 Serum creatinine (mg/dL) 0.83 0.66–1.06
 INR 1.18** 1.12–1.24 1.12** [1.07,1.18]
 Total bilirubin (mg/dL) 1.003 0.99–1.02
 Urine output (ml/hour) Log transformed 0.72 0.48–1.08
 Platelet count (*10^9 cells/L) 1.001 0.10–1.01
 Serum albumin (g/dL) 0.82 0.54–1.26
 Serum cystatin C (mg/L) 2.35** 1.81–3.06 2.25** [1.70, 2.97]

KDIGO stage
 0 1 1.00–1.00
 1 1.15 0.52–2.57
 2 1.64 0.87–3.12
 3 1.48 0.78–2.78

Infection factors
 Etiology-alcohol 2.52** 1.68–3.78 2.78** 1.85–4.18
 Variceal bleed 1.03 0.62–1.72
 Bacterial infection 4.53** 1.84–11.16 4.70** 1.90–11.57
 Arterial lactate (mmol/L) Log transformed 1.07* 1.01–1.14 1.40* 1.02–1.93

Response factors
 Urine-NGAL (ng/ml) Log transformed 2.51** 1.68–3.73 2.37** 1.59–3.53

SIRS
 0–1 components 1 1.00–1.00 1 1.00–1.00
 2 components 1.80* 1.13–2.87 1.65* 1.04–2.63
 3 or 4 components 2.22** 1.28–3.83 1.97* 1.14–3.42

Organ failure factors
 Mechanical ventilation 8.48** 5.36–13.42 7.41** 4.63–11.86

Vasopressor use
 0 1 1.00–1.00 1 1.00–1.00
 1 1.34 0.79–2.30 1.29 0.75–2.21
 2 2.16** 1.26–3.70 1.38 0.80–2.40

Dialysis 2.38 0.75–7.51
Hepatic encephalopathy
 Absent 1 1.00–1.00
 Grade 1–2 1.24 0.73–2.10
 Grade 3–4 1.12 0.69–1.82
 Mean arterial pressure (mm of Hg) 0.99 0.98–1.01

PAO2/FIO2 ratio
  <  = 200 1 1.00–1.00 1 1.00–1.00
 200–300 0.90 0.56–1.44 0.84 0.52–1.36
  > 300 0.37** 0.22–0.62 0.51* 0.31–0.86
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PIRO‑CIC score to predict futility of intensive 
care‑decision curve analysis

Table 3 summarizes the performance of the PIRO-CIC score 
concerning the number of aggressive interventions that we 
can avoid and its comparison with other prognostic scores 
for predicting futility. Our results show that if the decisions 
are based on PIRO-CIC score, we can prevent 15 aggres-
sive interventions per 100 CIC patients, even at a threshold 
probability of 0.1. The performance remained superior to 
the other prognostic scores even with the increase in the 
threshold probability from 0.1 to 0.5. And at 0.5 threshold 
probability, we can avoid 56 aggressive interventions per 
100 CIC patients. (Table 3, Fig. 3).

Patients with the PIRO-CIC score of greater than or equal 
to 11 were at increased risk of mortality.[Supple Fig. 3B] 
Almost 95% of patients with PIRO-CIC score below 10 sur-
vived, while 83% of patients with a score above 13 died. 
All patients with PIRO-CIC score of above 14.8 died on 
or before 30 days, indicating futility of current treatment 
modalities. There is a clear need for a new intervention 

modality for this group of patients to reduce deaths. The 
usefulness of banking on PIRO-CIC cut point instead of 
banking on other scores was assessed using DCA. We found 
banking on the cut point provided have a higher net benefit 
and results in an aversion of a higher number of unnecessary 
interventions than other existing scores considered in this 
study. (Supple Fig. 3, Supple. Table 1).

Discussion

The results of our study, done in a large prospective cohort 
of critically ill patients with cirrhosis, identifies the factors 
associated with poor prognosis and futility of care. These 
factors were considered together as a part of a concept-based 
PIRO-CIC score for risk stratification and one-month mor-
tality. Our model also incorporated arterial lactate and the 
two most promising renal biomarkers for phenotyping AKI 
in CIC patients. To the best of our knowledge, this is the 
first large cohort study evaluating uNGAL and cystatin C 
in a specific cohort of sick patients with cirrhosis admitted 
to the ICU.

Each PIRO element signifies the factors that should be 
carefully assessed in critically ill cirrhotics at enrolment to 
identify modifiable from non-modifiable characteristics and 
determine prognostication and futility based on the change 
in the score post-therapeutic interventions. We observed 
high INR and CysC as significant factors in predisposition. 
There is a cross-talk between the severity of inflammation 
and the coagulation cascade [19]. Therefore, high INR in 
these patients, apart from being a marker of synthetic liver 
dysfunction, may also reflect the severity of endothelial dys-
function, impaired microcirculation, and coagulation. It is 
imperative to investigate whether the assessment of global 
coagulation with the point of care tests would perform bet-
ter than INR for risk stratification in these patients [19, 20].

Assessment and management of kidneys in the first week 
have major implications on patient outcomes [1, 7]. There is 
emerging evidence suggesting the concept of AKI-induced 
organ cross-talk. AKI in the critically ill causes distant 
organ dysfunction via disruption of immunological bal-
ance, endothelial dysfunction, and oxidative stress [21, 22]. 
In critically ill, the stratification by the clinical phenotype of 
AKI requires protein biomarkers as urine microscopy, even 
though reliable has limitations. Serum urea and creatinine do 
not reflect the degree and type of renal dysfunction in CICs. 
Phenotyping the AKI is important. In patients with cirrho-
sis, for the same serum creatinine level, patients with acute 
tubular necrosis would have worse outcomes than those with 
prerenal fluid responsive AKI and hepatorenal syndrome. 
Even though functional surrogates of the compromised renal 
system, i.e., oliguria, are sensitive in the timely detection of 
AKI, [23] it does not help phenotype the cause of AKI. CysC 

Fig. 1  Calibration of proposed PIRO-CIC score. A Calibration in the 
derivation cohort. B Calibration in the validation cohort
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in patients with cirrhosis is a reliable marker for risk stratify-
ing for the development of CKD [24]. Even though higher 
CysC was predictive of poor outcomes, CKD's presence 
was not associated with worse outcomes. NGAL release 
increases by extrarenal cells in states of systemic inflam-
mation and cardiomyocyte dysfunction [24]. The NGAL 
protein is mainly derived from the epithelial cells of the 
distal nephron, even though a fraction may derive from the 
proximal tubular epithelial cells [24]. Estimating the degree 
of glomerular dysfunction by CysC in the predisposition 
component and urine NGAL as a response of the kidneys to 
the precipitant could stratify the clinical phenotype of AKI 
for the appropriate institution of therapeutic interventions in 
CICs and improve outcomes.

As reported previously, patients with alcohol as eti-
ology of liver disease and sepsis as a reason for ICU 

admission were associated with worse outcomes. Infec-
tions with multidrug-resistant organisms are a significant 
concern in our patients [7]. These are more difficult to treat 
and associated with worse results [25]. Both the presence 
and severity of SIRS were relevant in CICs [25]. We have 
reported the significance of severe systemic inflammation, 
MDR infections as crucial factors driving AKI outcomes 
and associated with high mortality in the context of CICs 
[7]. Prior studies have highlighted the significance of SIRS 
in cirrhosis of different etiologies, including severe alco-
holic hepatitis [26]. It would be worthwhile to investigate 
the impact of therapeutic interventions targetting SIRS in 
CICs. We also identified arterial lactate as an essential 
component of the PIRO-CIC score. Robust data in the 
context of critically ill patients have suggested the prog-
nostic relevance of lactate and the assessment of lactate 

Fig. 2  Area under the receiver 
operating curve comparing 
PIRO-CIC score with the other 
prognostic scores
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clearance for the management of patients in the ICU [11, 
12, 27]. However, we, for the first time, propose a score 
incorporating lactate and kidney biomarkers for assessing 
the outcomes and determining futility in CICs.

Among the organ failures, we found the requirement of 
mechanical ventilation and the presence of lung involve-
ment as an independent predictor of mortality. Prior studies 
have demonstrated poor outcomes of cirrhotics requiring 
mechanical ventilation [28]. Our study substantiates this 
observation, and mechanical ventilation due to any cause 
was an independent predictor of worse outcomes. We also 
observed lung involvement among all other organ failures 
as a major factor associated with worse outcomes [29, 30].

The dynamic increase in the PIRO-CIC score was directly 
related to mortality in CICs, which, therefore, incorporated 
patients’ response to therapeutic interventions and deter-
mined futility. The PIRO-CIC was also superior to the other 
prognostic scores developed in the context of CICs.

The concept of futility is exceptionally crucial in the con-
text of cirrhotics admitted to the ICU. Prior studies have 
assessed futility with the help of persistence of three or 
more organ failures with aggressive intervention [4, 31, 32]. 
Objective scores are needed, which could enable decisions 
on escalation or de-escalation, recognition of futility to avoid 
unnecessary therapeutic interventions, and associated dis-
tress. The end-of-life care decisions form an integral compo-
nent of patient management in a liver ICU, and there is cur-
rently a need for objective scores for guiding these decisions. 
Our results show that if we consider a threshold probability 
of 0.1 (i.e., even if the clinician is risk-averse), we can avoid 
15 aggressive interventions per 100 CIC patients using the 
PIRO-CIC score. All patients with a PIRO-CIC score above 
14.6 died by 1-month. Some of these components determine 
futility in patients undergoing liver transplants [27, 32].

Fig. 3  Results of decision curve analysis in terms of net beneft and 
number of aggressive interventions avoided per 100 CIC patients

Table 3  Decision curve analysis comparing the performance of the PIRO-CIC score with the other prognostic scores

PIRO-CIC Predisposition injury organ failure score for critically ill cirrhotics, SOFA sequential organ failure assessment, MELD model for end 
stage liver disease, CLIF-SOFA Chronic liver failure-sepsis organ failure assessment score, AARC  Asian pacific association for study of liver, 
(APASL) ACLF acute on chronic liver failure research consortium, CTP Child-Turcott Pugh score

Threshold 
probability

Its meaning—in terms of average number of 
aggressive interventions to prevent one death

Reduction in unnecessary aggressive interventions per 100 CIC patients, 
based on a particular score, instead of treating all patients agrressively

PIRO-CIC MELD AARC SOFA CLIF-SOFA CTP

0.05 20.0 5 0 0 0 0 0
0.1 10.0 15 0 0 0 0 0
0.15 6.7 27 0 0 0 0 − 2
0.2 5.0 37 − 2 0 0 − 1 − 5
0.25 4.0 42 4 9 1 5 2
0.3 3.3 44 12 6 5 12 9
0.35 2.9 48 19 11 14 10 18
0.4 2.5 52 27 22 24 22 26
0.45 2.2 54 34 32
0.5 2.0 56
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The major strength of our study is inclusion of a large 
prospective cohort of CICs wherein we developed and 
validated a dynamic, concept-based prognostic score 
which could also determine futility. The model, in addi-
tion, incorporates renal biomarkers of glomerular and 
tubular dysfunction. There is enough data supporting the 
use of these biomarkers. Routine incorporation of the bio-
markers and arterial lactate in the clinical care of sick 
cirrhotics may improve outcomes. However, a limitation 
of our study is the non-availability of the renal biomarkers 
post-enrolment. In our study, both the renal biomarkers 
(i.e., CystC and uNGAL) were identified as strong pre-
dictors of time-to-death. Incorporating information on the 
follow-up changes in them in the PIRO-CIC score may 
improve the dynamic nature of PIRO-CIC model further, 
i.e., the predictive ability of the delta change in PIRO-CIC 
in predicting time-to-mortality. The other limitation is the 
lack of patients undergoing emergency liver transplant in 
the current cohort. In our center, we perform almost 100 
transplants a year which in the majority are living donor. 
Only patients with acute and acute-on-chronic liver fail-
ure are considered for emergency liver transplants which 
were excluded in the current study. We follow the APASL 
guidelines for defining ACLF. We have shown these 
patients need to be considered in the first week for an 
emergency liver transplant. These patients are distinctly 
different from patients who have prior decompensation as 
they have a higher incidence of sepsis, rapid onset organ 
failures and higher mortality [16, 33–36]. Multiple factors 
contribute toward non-consideration of decompensated 
cirrhotic patients for emergency liver transplant during 
their stay in the ICU in resource poor countries. However, 
as majority of included patients had kidney dysfunction, 
the patients included in the current study met the crite-
ria for ACLF defined by the Canonic study [34]. We also 
excluded extremely moribund patients wherein predictive 
models are not required for decision making and patients 
with urinary tract infections as this would have hindered 
the estimation of uNGAL. Future studies evaluating the 
progressive change in the renal biomarkers are needed. 
The other limitation remains a possibility of bias in the 
patient population considering this a single center study in 
India. Race and patient characteristics may affect the data. 
The model therefore needs validation in external cohorts. 
Considering the poor outcomes of alcoholics in the ICU, 
we propose developing separate protocols for treating 
these patients. Therapeutic protocols targeting the lactate, 
severity of systemic inflammation, sepsis, and aggressive 
management of kidneys are required for improving out-
comes of cirrhotic patients admitted to the ICU, and per-
sistence or worsening of these parameters is a determinant 
of futile ICU care in CICs.
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