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Abstract

Ascites formation is a sign of decompensation of cirrhosis and heralds a
poor prognosis. The widely used standard binary classification of ascites
as diuretic-responsive or refractory does not cover the spectrum of ascites
and has limited prognostic information. We developed the Cirrhotic Ascites
Severity (CIRAS) model to predict 1-year mortality among 465 patients rand-
omized to placebo in the satavaptan trials investigating treatment of cirrhotic
ascites. We used multivariable logistic regression to derive the CIRAS model
based on these variables: ascites discomfort score (€50 or >50), plasma so-
dium (=140, 133-139, 125132, or <125mmoL/L), and a composite of ascites
accumulation and diuretic treatment. We validated the prediction model in
697 trial participants randomized to satavaptan treatment. The 1-year all-
cause mortality was 19.6%. The area under the receiver operator curve was
higher for the CIRAS model than for the standard ascites classification into
refractory and diuretic-responsive in both the development cohort (0.68 [95%
confidence interval (Cl): 0.62-0.75] vs. 0.62 [0.57-0.68]), and the validation
cohort (0.68 [0.64—0.72] vs. 0.55 [0.51-0.60]). The CIRAS model had similar
discrimination to the Child-Pugh score and nearly as good as the Model for
End-Stage Liver Disease (MELD), MELD-Na, and MELD 3.0. Conclusions:
The CIRAS model based on simple ascites-relevant data is an easily appli-
cable and patient-centered way to describe the severity and prognosis of all
ascites grades. It carries more prognostic information than today's label of
“refractory ascites” and forms the basis for earlier and better clinical decisions
related to ascites management.
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DEVELOPMENT AND VALIDATION OF THE CIRRHOTIC ASCITES SEVERITY MODEL

INTRODUCTION

Ascites formation is the most frequent manifestation
of cirrhotic decompensation.l! More than half of pa-
tients with cirrhosis develop ascites within 10years,[2]
and 10% of these patients progress to refractory as-
cites.2* The long-term survival is reduced in patients
with cirrhosis with ascites compared to patients with
ascites-free cirrhosis, and those developing refrac-
tory ascites have a particularly poor prognosis.[5] The
diagnostic criteria for refractory ascites rely on a bat-
tery of assessments including the lack of effect of or
intolerance to intensive diuretic therapy, adherence to
a salt-restrictive diet, and evaluations of renal sodium
excretion, development in body weight, and ascites re-
currence rate.2*% (Table S1). Because the diagnostic
criteria are complicated, the clinical definition of “re-
fractory ascites” transfers poorly from one center to the
next. This problem of ambiguity is compounded by the
existence of the term “recidivant ascites” (Table S1),
which is reserved for ascites that is severe but not quite
refractory.[5] Furthermore, the binary descriptive classi-
fication does not yield clinical predictions pertaining to
the whole spectrum of ascites, and in this way is less
useful. It is therefore time to replace the clinical terms
diuretic-responsive, recidivant, and refractory ascites
with measures that apply to all degrees of ascites, are
easily accessible and restricted to ascites-related char-
acteristics, and hold broader prognostic information.

With the access to detailed data from three large
multicenter randomized trials including 1198 patients
with cirrhosis with ascites,/”! we aimed to develop and
validate such a model that is both descriptive and pre-
dicts mortality, reported following the TRIPOD guide-
line.®®! The model relied on ascites-related variables to
predict 1-year all-cause mortality in patients with any
stage of cirrhotic ascites. We intended to compare the
prognostic performance of this model with that of the bi-
nary classification into refractory or diuretic-responsive
ascites.

METHODS
Patients

Three multicenter randomized placebo-controlled
double-blind studies were performed between July
2006 and December 2008 to explore the safety and
efficacy of long-term administration of the vasopressin
V2 receptor antagonist, satavaptan, as treatment of as-
cites in patients with cirrhosis.!”®! Recruitment occurred
from 33 countries across six continents. The total study
population consisted of 1198 patients with cirrhosis
with three different ascites profiles; patients with clini-
cally evident ascites treated with sodium-restricted
diet with or without diuretic treatments and without any

large-volume paracentesis (LVP) performed during the
past 6 months (n = 462, randomized 1:1 to satavaptan
or placebo); patients with recurrent ascites treated with
sodium-restricted diet in combination with diuretics with
a history of LVP (n = 496, randomized 2:1 to satavaptan
or placebo); and patients with recurrent ascites with a
history of frequent LVP not being treated with diuret-
ics (n = 240, randomized 2:1 to satavaptan or placebo).
Note that, because of the different randomization
schemes, patients on satavaptan had more severe as-
cites on average. Exclusion criteria were identical in the
three trials: variceal bleeding or spontaneous bacterial
peritonitis within the past 10days, ongoing hepatic en-
cephalopathy exceeding West-Haven grade 1, a func-
tioning transjugular intrahepatic portosystemic shunt
(TIPS), hepatocellular carcinoma exceeding the Milan
criteria, use of potent modifiers of the cytochrome P450
3A pathway, use of drugs with an ability to prolong the
QT interval, serum creatinine >150 umol/L, serum po-
tassium >5.5mmol/L, plasma (P) sodium >142 mmol/L,
serum bilirubin >150 umol/L, international normalized
ratio>3.0, platelets <30,000 /mm?®, and neutrophils
<1000 /mm?®.

We created a three-way categorical variable com-
bining ascites accumulation with diuretic treatment
(Supporting Information S2 and S3): (1) ascites accu-
mulation and no diuretics, (2) ascites accumulation and
any diuretic treatment, and (3) no ascites accumulation.
For this purpose, “ascites accumulation” was defined
as at least one paracentesis during the past 3 months
before inclusion into the study, or requiring a paracen-
tesis at inclusion into the study. This ascites-diuretic
variable does not correspond to the standard classifi-
cation into diuretic-responsive, recidivant, and refrac-
tory ascites (Table S2).

All patients were followed up after 1 year to regis-
ter survival or date of death. While participating in the
trials, ascites was controlled with paracentesis and/or
diuretic titration as required, and other cirrhosis-related
complications were managed at the discretion of the
treating hepatologist. The classification of patients with
refractory, diuretic-responsive, or recidivant ascites
was based on the managing clinician's judgment, with
the trial protocols referring to consensus clinical guide-
lines.*% For the present work we excluded 36 patients
with missing data on ascites accumulation, diuretic treat-
ment, plasma sodium (P-sodium), or patient-reported
ascites discomfort score. Consequently, 465 patients
randomized to the placebo arms were included in the
model development cohort, and 697 patients treated
with satavaptan were used as a validation cohort.

Statistical analyses

The easily obtainable clinical ascites-related variables
P-sodium, patient-reported ascites discomfort score on
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a 100-mm visual analogue scale with 0 reflecting no
discomfort due to ascites and 100 reflecting maximum
discomfort, and ascites-diuretic group, were selected
for regression analyses (Supporting Information S3
and Table S3). P-sodium and ascites discomfort score
were divided into categories to make the model easier
to use. The outcome was 1-year all-cause mortality. We
first performed univariable logistic regression analyses.
All candidate variables achieved p-values below 0.10
and proceeded to a multivariable logistic regression
model, in which p-values remained below the limit of
0.10 for inclusion or exclusion. We also tested the pre-
dictive performance of the ascites discomfort score in
subgroups by continental region of recruitment to show
that its predictive potential was ubiquitous (Supporting
Information S4 and Table S4). Next, we turned all com-
binations of model coefficients into integers by multi-
plying them by two and then rounding to the nearest
integer (Table S5).

We used the area under the receiver operator curve
(AUROC) to examine the model's ability to discrimi-
nate between patients who were dead or alive after
1 year. This was examined in the development and
validation cohorts and primarily compared with the
discrimination ability of the binary classification into
refractory or diuretic-responsive ascites, as we aimed
to challenge this term. In addition, we compared with
established predictive models/scores to demonstrate
noninferiority of our model. To examine the model's
ability to assign an accurate 1-year mortality risk to
patients in the development and validation cohorts
(i.e., its calibration ability), we computed the predicted
1-year mortality based on the final logistic regression
model. Also, a Pearson goodness-of-fit test was ap-
plied. Next, we performed sensitivity analyses con-
sisting of (1) a multivariable Fine and Gray regression
analysis with liver transplantation treated as compet-
ing risk to death and (2) a multivariable logistic re-
gression analysis with death or liver transplantation
after 1 year as outcome. The candidate variables re-
mained the same.

Finally, we divided patients in the development and
validation cohorts into three arbitrary groups depend-
ing on their score (low, intermediate, and high grade).
We used the Kaplan—Meier estimator to calculate the
cumulative all-cause mortality in the three groups
from randomization to the end of follow-up after 1
year.

RESULTS
Development cohort
The included 465 patients with cirrhosis were

grouped according to their ascites classification: 175
(37.6%) with diuretic-responsive ascites, 91 (19.6%)

with recidivant ascites, and 199 (42.8%) with refrac-
tory ascites. Compared to patients with recidivant
ascites, patients with diuretic-responsive ascites
had similar hepatic and renal biochemistry but fewer
paracenteses. The diuretic-responsive and recidi-
vant ascites groups as a whole had a better liver
function and milder degree of ascites than patients
with refractory ascites (Table 1). The 1-year mortal-
ity for diuretic-responsive (14.9%) and recidivant as-
cites (11.0%) were similar, but lower than refractory
ascites (28.6%) (Figure S1). Thus, for the remain-
der of this work, we consider recidivant ascites as
diuretic-responsive and proceed using only the bi-
nary standard classification of diuretic-responsive
and refractory ascites.

Cirrhotic Ascites Severity score

Table 2 provides the univariable and multivariable odds
ratios for the candidate ascites-related variables. The
prediction model included a triad of patient-reported,
clinical, and biochemical variables ultimately creat-
ing the seven risk scores (scored 0—6) in the Cirrhotic
Ascites Severity (CIRAS) model (Figure 1).

Validation cohort

The validation cohort displayed a similar cirrhosis eti-
ology distribution and baseline biochemistry profile as
the development cohort, but the patients in the valida-
tion cohort were characterized by more severe ascites.
The 1-year all-cause mortality was 25.8% (95% con-
fidence interval [Cl]: 22.6%-29.2%) in the validation
cohort, which was higher than the development cohort
with a 1-year all-cause mortality of 19.6% (95% CI:
16.1%—-23.5%) (Table 3).

Discrimination and calibration

In the development cohort, the AUROC of the CIRAS
model for 1-year all-cause mortality was 0.68 (95% CI:
0.62-0.75), which was better than the binary classifica-
tion into refractory and diuretic-responsive ascites with
an AUROC of 0.62 (95% CI: 0.57-0.68) (Figure 2A). Also
in the validation cohort, the AUROC for 1-year all-cause
mortality was 0.68 (95% CI: 0.64—0.72) for the CIRAS
model and again was better than the binary ascites clas-
sification that gave an AUROC of 0.55 (95% CI: 0.51-
0.60) (Figure 2B). The AUROC of the CIRAS model was
similar to the Model for End-Stage Liver Disease (MELD),
MELD-Na, MELD 3.0, and the Child-Pugh (CP) score in
the development cohort, and in the validation cohort only
MELD-Na and MELD 3.0 performed slightly better than
the CIRAS model (Figure 2B). In the validation cohort
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TABLE 1 Background characteristics of the development cohort

Age (years)

Sex (male)

Ethnicity
Black
Caucasian/White
Asian
Other

Etiology of cirrhosis®
Alcohol

Diuretic-responsive ascites

(n = 175)
57 (51-63)
132 (75.4%)

2 (11%)
169 (96.6%)
3 (1.7%)
1(0.6%)

119 (68.0%)

Recidivant
ascites (n =91)
56 (49-62)
59 (64.8%)

1(1.1%)
88 (96.7%)
1(1.1%)
1(1.1%)
63 (69.2%)
13 (14.3%)

Diuretic-responsive
and recidivant ascites
combined (n = 266)

56 (50—63)
191 (71.8%)

3 (11%)
257 (96.6%)
4 (1.5%)

2 (0.8%)

182 (68.4%)
25 (9.4%)

Refractory

ascites (n = 199)

56 (50-63)
133 (66.8%)

3 (1.5%)
171 (85.9%)
17 (8.5%)
8 (4.0%)

131 (65.8%)
14 (7.0%)

Hepatitis B virus infection 12 (6.9%)

Hepatitis C virus infection 35 (20.0%) 17 (18.7%) 52 (19.6%) 49 (24.6%)
Nonalcoholic fatty liver disease 7 (4.0%) 2 (2.2%) 9 (3.4%) 4 (2.0%)
Cryptogenic 10 (5.7%) 3 (3.3%) 13 (4.9%) 14 (7.0%)
Autoimmune hepatic disease 6 (3.4%) 4 (4.4%) 10 (3.8%) 7 (3.5%)
Storage deficiency 4 (2.3%) 1 (1.1%) 5 (1.9%) 1 (0.5%)
Other 2 (1.1%) 4 (4.4%) 6 (2.3%) 4 (2.0%)
Biochemistry

Albumin (g/L) 34 (29-38) 34 (29-37) 34 (29-38) 32 (28-35)
Bilirubin (pmol/L) 28 (18-41) 27 (17-50) 27 (17-46) 29 (19-50)
Creatinine (pmol/L) 75 (65-93) 74 (61-93) 75 (64-93) 79 (65-101)
INR 1.4 (1.2-1.6) 1.4 (1.3-1.7) 1.4 (1.3-1.6) 1.4 (1.2-1.7)

Sodium (mmol/L)

Platelets (x 10%/L)

Urea (mmol/L)

MELD

MELD-Na

MELD 3.0
Child-Pugh score

Median score

A

B

(0]
Encephalopathy

HE previously

HE at baseline®
Diuretics (mg)

K-sparing drugs

Loop-diuretics
Last paracentesis (days)

<4weeks

4-12weeks

>12weeks

Never

138 (135-140)

115 (78-184)
5.1 (4.1-6.8)
13 (10-15)
15 (12—20)
14 (11-18)

8 (7-9)
29 (16.6%)
114 (65.1%)
32 (18.3%)

39 (22.3%)
7 (4.0%)

100 (50-100)
40 (0-40)
130 (30-398)
17 (9.7%)
15 (8.6%)
44 (251%)
99 (56.6%)

137 (134-140)
132 (94-180)
5.8 (4.5-7.8)
13 (10-17)
16 (13-21)
15 (12-19)
8 (7-9)
8 (8.8%)
62 (68.1%)
21 (23.1%)

29 (31.9%)
3 (3.3%)

100 (50—200)
40 (0-80)

23 (14-53)
42 (46.2%)
22 (24.2%)
12 (13.2%)
15 (16.5%)

138 (135-140)

124 (82-183)
5.3 (4.2-7.0)
13 (10-16)
15 (12—-20)
14 (11-18)

8 (7-9)
37 (13.9%)
176 (66.2%)
53 (19.9%)

68 (25.6%)
10 (3.8%)

100 (50-100)
40 (0-50)
41 (19-180)
59 (22.2%)
37 (13.9%)
56 (21.1%)

114 (42.9%)

136 (132-138)

125 (88—190)
6.1 (4.3-8.2)
13 (11-17)
18 (14-22)
16 (13-20)

9 (8-10)
8 (4.0%)
117 (58.8%)
74 (37.2%)

58 (29.2%)
16 (8.0%)

50 (0-150)
9 (0-50)
19 (9-40)

115 (57.8%)
54 (27.1%)
12 (6.0%)
18 (9.1%)
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TABLE 1 (Continued)
Diuretic-responsive
Diuretic-responsive ascites  Recidivant and recidivant ascites = Refractory
(n =175) ascites (n=91) combined (n = 266) ascites (n = 199)

Paracenteses the past year 0 (0-1) 3 (1-6) 0 (0-2) 4 (1-8)

0 118 (67.4%) 17 (18.7%) 135 (50.8%) 21 (10.7%)

1-3 56 (32.0%) 33 (36.3%) 89 (33.5%) 70 (35.7%)

4-12 1 (0.6%) 30 (33.0%) 31 (11.7%) 77 (39.3%)

>12 0 (0.0%) 11 (12.1%) 11 (4.1%) 28 (14.3%)
Ascites accumulation 35 (20.0%) 66 (72.5%) 101 (38.0%) 171 (85.9%)
Ascites discomfort score (0—100) 18 (5—46) 39 (7-53) 24 (5-48) 41 (10-71)
Refractory type

Diuretic-resistant NA NA NA 134 (67.3%)

Diuretic-intractable NA NA NA 61 (30.6%)

Both NA NA NA 1(0.5%)

Unknown NA NA NA 3 (1.5%)
Time since ascites debut (months) 13 (3-37) 12 (5-32) 12 (4-35) 13 (6-31)
Ascites location

Abdominal 40 (100%) 65 (98.5%) 105 (99.1%) 170 (98.8%)

Thoracic 0 (0%) 1(1.5%) 1(0.9%) 1(0.6%)

Both 0 (0%) 0 (0%) 0 (0%) 1(0.6%)
Ascites-diuretic group®

Ascites acc., no diu. treatment 4 (2.3%) 7 (7.7%) 11 (4.1%) 72 (36.2%)

Ascites acc., any diu. treatment 31 (17.7%) 59 (64.8%) 90 (33.8%) 99 (49.8%)

No ascites acc. 140 (80.0%) 25 (27.5%) 165 (62.0%) 28 (14.1%)
Treatments within trial period

Liver transplantation 7 (4.0%) 7 (7.7%) 14 (5.3%) 12 (6.0%)

TIPS insertion 1(0.6%) 3(3.3%) 4 (1.5%) 7 (3.5%)

1-year mortality 24 (14.9%)

10 (11.0%) 34 (12.8%) 57 (28.6%)

Note: The data in this table represent medians with interquartile ranges or numbers with proportions.

Abbreviations: acc., accumulation; diu., diuretic; HE, hepatic encephalopathy; INR, international normalized ratio; K-sparring drugs, potassium-sparing drugs;

NA, not applicable; TIPS, transjugular intrahepatic portosystemic shunt.

@ Autoimmune hepatic disease includes autoimmune hepatitis, primary sclerosing cholangitis, and primary biliary cholangitis. Storage deficiency includes
hemochromatosis and Wilson disease. Other includes hepatitis D virus infection, alpha-1 antitrypsin deficiency, cardiogenic cirrhosis, and toxic hepatitis.

Grade 1 hepatic encephalopathy according to the West-Haven classification.

°The three groups rely on the combination of diuretic therapy and whether the patients have ascites accumulation defined as paracentesis within the past 3
months and/or at study inclusion. The group without ascites accumulation includes patients on monotherapy with sodium restrictive diet as well as patients

receiving any diuretic treatment regimen.

we also explored the CIRAS model's performance within
the groups with refractory and diuretic-responsive as-
cites. The AUROC for 1-year mortality was 0.73 (95% CI:
0.66—0.80) for patients with diuretic-responsive ascites
and 0.62 (95% CI: 0.56—0.68) for patients with refrac-
tory ascites. As the median time from ascites onset was
13months, we also performed a subgroup analysis ex-
ploring the predictive performance of the CIRAS model
in patients with less than 6 months from ascites onset to
study enrollment. The AUROC for 1-year mortality was
0.67 (95% CI: 0.53—-0.81) in the development cohort (136
patients) and 0.72 (95% CI: 0.65-0.80) in the validation
cohort (186 patients).

Next, we examined the calibration of the CIRAS
model. The observed 1-year mortality risks in the

development and validation cohorts agreed with the
predicted risks, particularly for CIRAS model scores
0 to 5. Only few patients achieved a score of 6, of
whom 25% underwent liver transplantation (Figure 3).
Moreover, the CIRAS model performed well in calibra-
tion tests (Supplementary Information S6).

Sensitivity analyses

In a multivariable Fine and Gray regression analysis with
liver transplantation treated as a competing risk to death,
the g coefficients remained largely unchanged compared
with the multivariable logistic regression analysis used
previously. The f coefficients also remained unchanged
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TABLE 2 Univariable and multivariable odds ratios for death after 1 year

Univariable analyses

Multivariable analyses

Risk factors

Ascites discomfort score (continuous score 0—100)
Ascites discomfort score (>50 vs. <50)
Ascites-diuretic groups:

No ascites accumulation

Ascites accumulation and any diuretic treatment

Ascites accumulation and no diuretic treatment
P-sodium, mmol/L (continuous)
P-sodium categories:

2140mmolL/L

133-139mmolL/L

125-132mmoL/L

<125mmol/L

OR (95% Cl) i

1.01 (1.00-1.02)  0.01
2.02 (1.25-3.25) 0.7

1.63 (0.94-2.84)  0.49
3.61(1.95-6.67) 1.28
0.90 (0.86-0.94)

1.70 (0.88-3.29)  0.53
3.81(1.80-8.05) 1.34
111 (3.07-401)  2.41

p-Value OR (95% CI) p p-Value
0.002 — — —
0.004 1.54 (0.92-2.55) 0.43 0.097
1.00 (reference) — — 1.00 (reference) — —
0.081 1.41 (0.80-2.49) 0.35 0.23
<0.001 2.59(1.36-4.96) 0.95 0.004
-0.10 <0.001 — — —
1.00 (reference) — — 1.00 (reference) — —
0.113 1.63 (0.84-3.17)  0.49 0.149
<0.001 3.05(1.41-6.57) 1.12 0.004
<0.001 6.84 (1.81-25.9) 1.92 0.005

Note: All variables selected for the multivariable logistic regression model were independent predictors of 1-year mortality.

Abbreviations: OR, odds ratio; g, regression coefficient.

Ascites discomfort score

<50

>50

P-sodium (mmol/l)

P-sodium (mmol/l)

FIGURE 1

Ascites-diuretic gro Ascites-diuretic grou
! IR >140 133-139  125-132 <125 e >140 133-139 | 125-132 <125
No ascites accumulation 0 1 2 4 No ascites accumulation 1 2 3
Ascites accumulation and Ascites accumulation and
any diuretic treatment 1 2 3 any diuretic treatment 2 3 4
Ascites accumulation and 9 3 4 Ascites accumulation and 3 4
no diuretic treatment no diuretic treatment

The Cirrhotic Ascites Severity (CIRAS) model and scores for all combinations of variables. The score ranges from 0 (lowest)

to 6 (highest). The shades of green, yellow, and red represent low, intermediate, and high 1-year mortality risks, respectively. The ascites
discomfort score is reported by the patients on a 100-mm visual analogue scale (0 = no ascites-related discomfort and 100 = maximum
ascites-related discomfort). The ascites-diuretic groups rely on the combination of diuretic therapy and whether the patients have ascites
accumulation defined as paracentesis within the past 3 months and/or at study inclusion. P-sodium, plasma sodium.

when we assessed either liver transplantation or death
after 1 year as outcome in a multivariable logistic regres-
sion analysis. In addition, discrimination was unaltered
by the statistical approach used to derive the CIRAS
model (Supporting Information S7 and Table S6).

Risk stratification with CIRAS
score grades

We introduced three CIRAS model grades. Model
scores from 0-2, 3—4, and 5-6 were classified as

low, intermediate, and high-grade ascites, respec-
tively (Supporting Information S7 and Figure S2). In
the development cohort, the 1-year mortality risk was
13% (95% ClI: 9%—17%) for patients with low-grade
ascites, 31% (95% Cl: 23%—-40%) for patients with
intermediate-grade ascites, and 55% (95% CI: 32%—
76%) for patients with high-grade ascites (Figure 4A).
These risks largely persisted in the validation cohort,
in which the corresponding 1-year mortality risks
were 18% (95% ClI: 14%—-21%), 38% (95% CI: 31%-
44%), and 56% (95% CI: 35%-75%), respectively
(Figure 4B).
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TABLE 3 Baseline characteristics of patients in the
development and validation cohorts

Age (year)
Sex (male)
Ethnicity
Black
Caucasian/White
Asian
Other
Etiology of cirrhosis®
Alcohol
Hepatitis B virus infection
Hepatitis C virus infection

Nonalcoholic fatty liver
disease

Cryptogenic
Autoimmune hepatic disease
Storage deficiency
Other
Biochemistry
Albumin (g/L)
Bilirubin (pmol/L)
Creatinine (pmol/L)
INR
Sodium (mmol/L)
Platelets (x10°/L)
Urea (mmol/L)
MELD
MELD-Na
MELD 3.0
Child-Pugh score
Median score
A
B
C
Encephalopathy
HE previously
HE at baseline®
Diuretics (mg)
K-sparing drugs
Furosemide
Ascites:
Last paracentesis (days)
Never drained
Paracenteses the past year

Ascites accumulation

Development
cohort
(n = 465)

56 (50-63)
322 (69%)

6 (1.3%)
428 (92.0%)
21 (4.5%)
10 (2.2%)

313 (67.3%)
39 (8.4%)
101 (21.7%)
13 (2.8%)

27 (5.8%)
17 (3.7%)

6 (1.3%)
10 (2.2%)

33 (29-36)
28 (18-46)
78 (65-95)
1.4 (1.3-1.6)

137 (134-139)

125 (87-186)
5.6 (4.3-7.7)
13 (11-16)
16 (13-21)
15 (12-19)

8 (7-10)

45 (10%)
293 (63%)
127 (27%)

126 (27%)
26 (6%)

100 (0-100)
34 (0-50)

25 (13-63)
132 (28%)

1 (0-5)
272 (58%)

Validation

cohort

(n =697)
58 (51-64)

486 (70%)

6 (0.9%)
645 (92.5%)
20 (2.9%)
26 (3.7%)
485 (69.6%)
57 (8.2%)
144 (20.7%)
17 (2.4%)

45 (6.5%)
16 (2.3%)

7 (1.0%)
14 (2.0%)

33 (29-38)
27 (15-43)
79 (64-97)
1.4 (1.3-1.6)
136 (134-139)
130 (92-191)
6.1 (4.3-8.2)
13 (11-16)
16 (13-21)
15 (11-19)
8 (7-9)
53 (8%)
471 (68%)

173 (25%)

171 (25%)
50 (7%)

100 (0-100)
25 (0-40)

20 (11-48)

124 (18%)
3 (1-6)

512 (73%)

(Continues)

TABLE 3 (Continued)

Ascites discomfort score
(0-100)

Ascites classification
Diuretic-responsive
Recidivant
Refractory

Time since ascites debut
(months)

Abdominal ascites location

Development
cohort
(n = 465)

32 (6-58)

175 (38%)
91 (20%)
199 (43%)
13 (5-33)

275 (99%)

Validation
cohort
(n =697)

28 (6-56)

187 (27%)

137 (20%)

373 (54%)
15 (5-36)

508 (99%)

Ascites-diuretic group®

Ascites accumulationand no 83 (18%) 168 (24%)
diuretics

Ascites accumulation and 189 (41%) 344 (49%)
any diuretic treatment

No ascites accumulation 193 (42%) 185 (27%)

Treatments within trial period
Liver transplantation 26 (5.6%) 37 (5.3%)
TIPS insertion 11 (2.4%) 8 (1.1%)

1-year mortality 91 (19.6%) 180 (25.8%)

Note: The data in this table represent medians with interquartile ranges or
numbers with proportions.

@Autoimmune hepatic disease includes autoimmune hepatitis, primary
sclerosing cholangitis, and primary biliary cholangitis. Storage deficiency
includes hemochromatosis and Wilson disease. Other includes hepatitis
D virus infection, alpha-1 antitrypsin deficiency, cardiogenic cirrhosis, and
toxic hepatitis.

®Grade 1 hepatic encephalopathy according to the West-Haven
classification.

°The three groups rely on the combination of diuretic therapy and whether
the patients have ascites accumulation defined as paracentesis within

the past 3 months and/or at study inclusion. The group without ascites
accumulation includes patients on monotherapy with sodium restrictive diet
as well as patients receiving any diuretic treatment regimen.

DISCUSSION

The main achievement of the present study is the
development of the CIRAS model to predict 1-year
all-cause mortality for patients with all degrees of cir-
rhotic ascites. The model is simple to use and provides
patient-centered management of ascites by including
only easily obtainable patient-reported, clinical, and
biochemical data that relate directly to ascites: ascites
discomfort score, ascites accumulation, diuretic treat-
ment, and P-sodium. The model shows better survival
discriminatory ability than the clinical standard classifi-
cation into refractory or diuretic-responsive ascites in
both the development and validation cohorts. Thus, the
CIRAS model outperforms the standard binary refrac-
tory ascites classification and may replace the standard
classification as the preferred assessment tool for clini-
cians in their management of patients with all stages of
cirrhotic ascites.
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One-year mortality
Development cohort

1.00
1

Sensitivity
0.50
1

AUC (95%CI
CIRAS model 0.68 (0.62-0.75)
Refractory ascites 0.62 (0.57-0.68)
MELD 0.64 (0.58-0.70)
------- MELD-Na 0.69 (0.63-0.74)
MELD 3.0 0.70 (0.64-0.76)
Child-Pugh score 0.67 (0.62-0.73)
————— Reference

0.00
1

T
0.00 0.25 0.50 0.75 1.00
1-specificity

One-year mortality
Validation cohort

1.00
1

Sensitivity
0.50
1

AUC (95% CL
CIRAS model 0.68 (0.64-0.72)
Refractory ascites 0.55 (0.51-0.60)
MELD 0.69 (0.64-0.73)
------- MELD-Na 0.74 (0.70-0.78)
MELD 3.0 0.73 (0.69-0.77)
Child-Pugh score 0.68 (0.63-0.72)
————— Reference
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I 1

T
0.00 0.25 0.50 0.75 1.00
1-specificity

FIGURE 2 Area under the curve (AUC/AUROC) analyses. The AUROC analyses for the CIRAS model (Figure 1) and the standard
classification into refractory and diuretic-responsive ascites, Model for End-Stage Liver Disease (MELD), MELD-Na, MELD 3.0, and
Child-Pugh score in the development cohort (A) and the validation cohort (B). In the development cohort, the AUROC for 1-year mortality
of the CIRAS model was 0.68 (95% confidence interval [Cl]: 0.62—-0.75), which was higher than the AUROC of the standard refractory
ascites classification of 0.62 (95% CI: 0.57-0.68) and similar to AUROCSs of the MELD, MELD-Na, MELD 3.0, and Child-Pugh score. In the
validation cohort, the AUROC remained higher for the CIRAS model at 0.68 (95% CI: 0.64—-0.72), compared with the standard refractory
ascites classification at 0.55 (95% CI: 0.51-0.60), whereas the AUROC increased slightly for MELD-Na and MELD 3.0.

The standard binary refractory ascites classification
was developed to guide clinicians for timely evaluation
of patient eligibility for invasive ascites treatments or
liver transplantation, as well as to terminate ineffective
and potentially harmful diuretic treatments and intensify
the monitoring of renal and liver biochemistry, nutrition,
and quality-of-life measures.! The classification was
not set up for prognostic information, and particularly
not so for all degrees of ascites. Furthermore, as as-
cites often worsens over time and has a long career
before it reaches the refractory stage, there is a need
for another classification system on which to base
the clinical decisions earlier in the course of ascites.
Therefore, a major strength of the CIRAS model is its
ability to identify all patients with ascites by their 1-year
mortality risk, enabling earlier pharmacological treat-
ment optimization and improving the preparation time
for invasive ascites treatments, including transplanta-
tion. This is further supported by the good discrimina-
tory performance of the CIRAS model in the subgroup
of diuretic-responsive patients. In addition to the clinical
and biochemical variables, the CIRAS model includes
ascites-related quality of life, which has also previously
been demonstrated to be an independent predictor
of mortality.[”] This paper disseminates the data on
patient-reported ascites discomfort from the satavap-
tan trials.l”! As such, the CIRAS model brings a differ-
ent perspective into the clinical assessment of patients
with cirrhotic ascites.

All-cause mortality after 1 year was chosen as out-
come. We believe that all-cause mortality is relevant

and easier to communicate to patients than a compos-
ite endpoint of death or liver transplantation, which de-
pends on access to liver transplantation. One year was
considered a clinically relevant time frame, as cirrhosis
decompensation markedly reduces survival. However,
shorter follow-up time may be clinically relevant too.
Therefore, we included cumulative incidence of mortal-
ity curves for the CIRAS model grades. These curves
separate early, so we would probably have obtained
similar results with an even shorter follow-up duration.
This may illustrate the meaningfulness of the model.
Additionally, in a logistic regression analysis with death
or liver transplantation after 1 year as outcome, the
coefficients of the candidate variables and the discrim-
inatory ability of the CIRAS model were unchanged.
Similarly, the Fine and Gray regression analysis with
liver transplantation treated as a competing risk to
death did not change our results. This proves the value
of a simple multivariable logistic regression analysis
when complete outcome data are available and justi-
fies its use in this work.

The limitations of the current study are that the in-
clusion in clinical trials usually requires the candidates
to fulfill a list of prespecified criteria, limiting the gen-
eralizability of the findings. For example, candidates
were ineligible if they had a recent variceal bleeding or
spontaneous bacterial peritonitis, ongoing hepatic en-
cephalopathy, an open functioning TIPS, or advanced
hepatocellular carcinoma—all criteria that exclude pa-
tients with an a priori high mortality from the current
work. This equates to a median time from onset of
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FIGURE 3 Upper part: Calibration plot of the CIRAS model
showing the predicted 1-year all-cause mortality risk for each
CIRAS model score versus the observed 1-year CIRAS model
score mortality risks in the development cohort (blue) and
validation cohort (red). Dotted lines represent the composite
endpoint of dead or liver transplantation (TX) after 1 year in the
development cohort (blue) and validation cohort (red). Lower part:
Histogram illustrating the number of patients with each CIRAS
model score for both the development cohort (blue) and validation
cohort (red).

ascites of 13months. However, subgroup analyses in
patients with less than 6 months since ascites debut
revealed similar discrimination ability for the CIRAS
model. As a result, patients with refractory ascites in
the development cohort showed a 1-year all-cause
mortality of 29%, which is lower than reported in pre-
vious studies.®'2"3 Second, renal sodium excretion is
a mainstay in the assessment of patients with ascites,
but baseline urine analyses were unavailable. Finally,
the distribution of cirrhosis etiologies has changed, and
antiviral treatments have improved since the satavaptan
trials were conducted, which may affect the translatabil-
ity of our results to today's spectrum of patients with
cirrhosis.

For validation of the prediction model, we relied on
the patients treated with satavaptan from the same tri-
als whose placebo arms were used for the model devel-
opment. However, the design of the trials dictated more

patients with severe ascites be allocated to the active
arms, so that the validation cohort had higher ascites
severity and 1-year mortality (Table 3).[7] However, the
CIRAS model showed the same performance in the val-
idation cohort, in favor of the robustness of the model.
Likewise, participants treated with TIPS insertion (1.8%)
or liver transplantation (5.2%) during the trials contributed
with 1-year follow-up data. Although patients are sicker in
the validation cohort, we believe that data drift is not a sig-
nificant problem. Because there is still close to a 50/50 dis-
tribution of refractory/diuretic-responsive patients in both
cohorts, the discriminative ability of that information is not
biased in the validation cohort (which it would have been
if nearly all patients in the validation cohort had refractory
ascites). Furthermore, with a small dataset for model de-
velopment, the risk of overfitting was considered but miti-
gated by the small set of candidate variables and a similar
performance in the validation cohort. Nevertheless, future
validation in a truly external cohort is highly desired.

Our concept and goal were to develop an easy-to-use
model that relies solely on simple ascites-related clini-
cal, biochemical, and symptomatic variables, and we did
not include biomarkers of liver or renal dysfunction, nor
age, sex, ethnicity, or etiology of liver disease. Hence,
such general data have already been evaluated in the
development of the SAM (Severe Ascites Mortality)
score, which was neither easy to use nor focused on
ascites-related variables."! The CIRAS model, like the
standard refractory ascites classification, applies ex-
clusively to patients with cirrhotic ascites. However, the
CIRAS model is superior to the refractory ascites term,
as it is both descriptive and predictive. Well-established
predictive scores such as the CP score and the MELD,
MELD-Na, and MELD 3.0"*"1 are useful for all pa-
tients with cirrhosis, and supplementation of them with
the CIRAS model is useful for the management of those
who also have ascites. An AUROC of 0.68 implies that
the CIRAS model alone may not be good enough to
make decisions about, for example, liver transplantation.
Hence, the CIRAS model is not intended as an alterna-
tive to the existing generic scores, but as a supplement
that brings the patient in focus and demands the physi-
cian to evaluate diuretic therapy and quality of life. As
such, the strengths of the CIRAS model are its ability to
describe patients with all ascites severities and to pre-
dict 1-year mortality without clinically meaningful inferi-
ority to MELD and its variants. We therefore advocate
for implementation of the CIRAS model, as the CIRAS
model score may change and motivate treatment op-
timization without changes in the generic scores. This
approach is supported by recent reports of inconsistent
predictive abilities of hyponatremia, the CP score, and
the MELD score in patients with ascites.'"*"® Thus, the
CIRAS model fulfills the unmet need for a model de-
veloped with the core intention of both describing the
whole spectrum of ascites and predicting the prognosis
of patients with cirrhotic ascites.
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FIGURE 4 The cumulative incidence of mortality stratified according to the CIRAS model grades (low score, 0-2; intermediate score,
3—4; and high score, 5-6) in the development cohort (A) and the validation cohort (B).

CONCLUSIONS

We developed the CIRAS model combining P-
sodium, ascites accumulation, diuretic treat-
ment, and patient-reported ascites discomfort to
describe the ascites severity and predict 1-year
all-cause mortality for patients with all grades of
cirrhotic ascites. The CIRAS model had better
prognostic ability than today's labels of “refractory
ascites” and “diuretic-responsive ascites” in both

the development and validation cohort. This model
may be a promising assessment tool to guide cli-
nicians in their management of patients with cir-
rhotic ascites.
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