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Abstract

Background Terlipressin and noradrenaline are effective in the management of hepatorenal syndrome (HRS). There are no
reports on the combination of these vasoconstrictors in type-1 HRS.

Aim To evaluate terlipressin with or without noradrenaline in type-1 HRS not responding to terlipressin at 48 hours.
Methods Sixty patients were randomized to receive either terlipressin (group A; n=30) or a combination of terlipressin and
noradrenaline infusion (group B; n=30). In group A, terlipressin infusion was started at 2 mg/day and increased by 1 mg/
day (maximum 12 mg/day). In group B, terlipressin was given at a constant dose of 2 mg/day. Noradrenaline infusion was
started at 0.5 mg/h at baseline and increased to 3 mg/h in a stepwise manner. The primary outcome was treatment response
at 15 days. Secondary outcomes were 30-day survival, cost—benefit analysis and adverse events.

Results There was no significant difference in the response rate between the groups (50% vs. 76.7%, p=0.06) and 30-day
survival was similar (36.7% vs. 53.3%, p=0.13). Treatment was more expensive in group A (USD 750 vs. 350, p <0.001).
Adverse events were more frequent in group A (36.7% vs. 13.3%, p <0.05).

Conclusions The combination of noradrenaline and terlipressin infusion results in a non-significantly higher rate of HRS
resolution with significantly fewer adverse effects in HRS patients who do not respond to terlipressin within 48 hours.

Trial registration.
Clinicaltrials.gov (NCT03822091).
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Bullet points of the study highlights

What is already known?

syndrome (HRS).

What is new in this study?

e Vasopressors such as terlipressin and noradrenaline are effective individually in the management of hepatorenal

e There are no reports on the combination of these vasoconstrictors in type-1 HRS.

e Response rate was higher in patients on a combination of noradrenaline and terlipressin infusion compared to
terlipressin alone, although the difference was not statistically significant.

e Thirty-day survival was similar between the two groups.

e However, terlipressin monotherapy was associated with more adverse effects than the combination therapy.

What are the future clinical and research implications of the study findings?
e Although not statistically significant, the response rate observed with combination of vasopressors was impres-
sive and needs to be explored in future larger studies.

Introduction

Hepatorenal syndrome (HRS) develops as a result of
splanchnic vasodilation leading to decreased effective arte-
rial blood volume [1]. Terlipressin is the most extensively
studied vasoconstrictor in the treatment of HRS [2-8]. It
mainly acts on V1 receptors. The efficacy of terlipressin plus
albumin to reverse renal failure in patients with type 1 HRS
has been reported to be <45% when used in the bolus form
[2—8]. Intravenous infusion of terlipressin was shown to be
equally effective with fewer adverse effects in a recent trial
[7]. Noradrenaline has also been used in the treatment of
HRS patients and acts by increasing mean arterial pressure
(MAP) by its alpha-1-mediated effect on systemic vascular
resistance and beta-1-mediated inotropic activity [8—11].
Terlipressin and noradrenaline are effective individually
in the management of HRS. Combination of these may be
more effective with possibly decreased side effects by vir-
tue of action at different target receptors. However, there
are no reports on the use of combination of terlipressin and
noradrenaline in type-1 HRS. Therefore, we evaluated terli-
pressin vs. a combination of terlipressin and noradrenaline
infusion in patients with type-1 HRS who did not respond
to terlipressin infusion at 48 hours.

Methods

Total 110 consecutive patients with cirrhosis and HRS type
1, visiting the hepatology department of a tertiary center
between July 2018 and May 2019, were prospectively evalu-
ated for inclusion in the study. Thirty of the 110 screened
patients were excluded due to various reasons (Fig. 1).
Twenty of these 80 patients responded to terlipressin

infusion of 2 mg/24 h for 48 hours (response was defined as
serum creatinine decrease >25% at 48 hours). The remain-
ing 60 non-responders, who met the inclusion criteria, were
entered into the study (Fig. 1). The study was approved by
the Ethics Committee of Postgraduate Institute of Medical
Education and Research, Chandigarh. Written informed
consent was obtained. The randomized clinical trial was
registered at the US National Institutes of Health (clini-
cal trial identifier NCT03822091). All authors had access
to the study data and had reviewed and approved the final
manuscript.

We included patients > 18 years of age with cirrhosis and
a diagnosis of type-1 HRS based on the criteria of Interna-
tional Club of Ascites [12]. Patients with a history of coro-
nary artery disease, peripheral vascular disease, arrhythmias,
hepatocellular carcinoma or contraindications to the use of
terlipressin or noradrenaline were excluded (Supplementary
Text). Patients were randomly assigned to receive terlipres-
sin infusion alone (group A; n=30) or terlipressin plus
noradrenaline infusion (group B; n=30). A computer made
the randomization code with 60 envelopes, half for terlipres-
sin alone (group A) and half for terlipressin plus noradrena-
line (group B). Patients and investigators were not blinded
to the treatment assignments. Additionally, all patients also
received 20 g albumin/day.

As per regular criteria, patients receiving terlipressin are
monitored after 48 hours and dosage is increased accord-
ingly, while patients receiving noradrenaline are monitored
after every four hours and dosage increased according to
response. To ensure a common time frame of action and
comparison, we kept the monitoring time as 24 hours, after
which drug dosage could be increased. More frequent moni-
toring would ensure earlier dose escalation and could poten-
tially lead to a shorter treatment duration and earlier reversal
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Fig. 1 Flow diagram of the
study protocol
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of HRS. Dosage escalation was done in both groups every
24 hours, if the decline in serum creatinine was < 12.5% or
increase in mean arterial pressure (MAP) was < 10 mmHg
or urine output was < 200 mL in four hours.

Patients in group A received terlipressin infusion at a
rate of 2 mg/24 h. The dose of terlipressin was increased
by 1 mg after 24 hours as per the above criteria up to a
maximum of 12 mg/24 h. Patients in group B received a
fixed dose of terlipressin infusion at a rate of 2 mg/24 h
and noradrenaline was given as a continuous infusion start-
ing at a dose of 0.5 mg/h. The dose of noradrenaline was
increased every 24 hours in steps of 0.5 mg/h up to the
maximum dose of 3 mg/h. Vasoconstrictors were continued
until complete response was attained as defined by serum
creatinine < 1.5 mg/dL or for a maximum of 15 days. Albu-
min was also administered in patients of either group at a
dose of 20 g/day. Albumin was withheld if central venous
pressure (CVP) was more than 18 cm of saline. All patients
were admitted to a liver high-dependency unit (HDU) and
followed up for up to 30 days. Clinical and biochemical
parameters were assessed at baseline, everyday up to day
15 and every week thereafter until 30 days.

Outcome measures
The primary end point of the study was response to vasocon-
strictor therapy as defined by a serum creatinine less than

1.5 mg/dL. Secondary end points included 30-day survival,
safety of treatment and cost analysis.
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Statistical analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) version 22.0 for Microsoft Windows
(IBM, Corp, Armonk, NY., USA). The results were expressed
as mean + standard deviation (SD) or median with interquartile
range. Comparisons between groups were performed using Stu-
dent’s 't"-test or the Mann—Whitney U test for normally distrib-
uted and skewed quantitative data, respectively. For categorical
data, the Chi-square test or Fisher’s exact test was applied. Sur-
vival analysis was performed using the Kaplan—-Meier method
and compared using the log-rank test. Patients who were lost to
follow-up or withdrawn from the study were censored. Baseline
predictors of response to therapy were inferred from a multi-
variate logistic regression model incorporating the variables
identified on univariate analysis with p <0.1. Multi-collinearity
was assessed by variable inflation factors. VIF> 5 was taken as
critical. All statistical analyses were performed two-sided with
p<0.05 being considered statistically significant.

Sample size calculation

A previous study using terlipressin infusion in type-1 HRS
documented reversal in approximately 50% of patients [7].
A recent meta-analysis on vasoconstrictors in HRS dem-
onstrated recovery in approximately 35% of patients [13].
Thus, keeping an «a error of 5% and assuming 10% dropouts,
30 patients were allocated to each arm to detect an absolute
increase in the response rate by 35% with a power of 80%.
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Results

The two groups were comparable at baseline with respect to
clinical and laboratory parameters except the 24-hour urinary
volume and 24-hour urinary sodium (Table 1). All patients
had ascites at presentation. None of the patients under-
went liver transplant. Patients in the monotherapy group
received a significantly higher mean daily dose of terlipres-
sin (4.97 +1.37 mg) than patients in the combination group,
all of whom received 2 mg of terlipressin per day (p <0.001).
In the combination arm, the mean rate of noradrenaline infu-
sion was 1.23 +0.53 mg/h. However, there was no differ-
ence in the duration of treatment between the two groups
(9+3.61 days vs. 7.83 +2.57 days, p: 0.15) (Table 2).

Primary outcome

The rate of response was higher in the combination arm
(76.7%) as compared to the terlipressin monotherapy group
(50%), although this difference was not statistically signifi-
cant (p=0.06). Decline in serum creatinine was significantly
lower in the terlipressin monotherapy group (—1.67 +0.8)

compared to that in the combination arm (—2.21+0.94; p:
0.02) (Table 2).

On univariate analysis, baseline serum bilirubin (p:
0.005), creatinine (p <0.001), Child-Turcotte-Pugh (CTP)
score (p: 0.004) and model for end-stage liver disease-
sodium (MELD-Na) score (p <0.001) were significantly
associated with response (Table 3). On multivariate logis-
tic regression analysis, only serum creatinine (OR: 0.31,
95% CI: 0.11 to 0.63, p: 0.005) and combination therapy
(OR: 17.41,95% CI1 3.10 to 168.4, p: 0.004) were signifi-
cantly predictive of response.

Secondary outcomes

No significant difference in the 30-day survival was observed
between patients who received the terlipressin monotherapy
(36.7%) compared to those who received the combination
therapy (53.3%, p: 0.13) (Fig. 2).

Treatment-related severe adverse events were signifi-
cantly more common in the monotherapy group (36.7%
vs. 13.3%, p <0.05) (Table 4). Overall, diarrhea was the
most common adverse event observed in four (13.3%) and

Table 1 Baseline characteristics

; Characteristics Group A (terlipressin Group B (combination  p-value

of study population monotherapy, n=30) therapy, n=30)
Age (years) 51.40 (9.856) 49.57 (8.295) 0.44
Gender (males:females) 29:1 29:1 1.00
Etiology of cirrhosis (n [%]) 0.85
-Hepatitis B 2(6.7%) 3 (10%)
-Hepatitis C 4 (13.3%) 2 (6.7%)
-NAFLD 4 (13.3%) 5(16.7%)
-ALD 18 (60%) 19 (63.3%)
-ALD + hepatitis C 2(6.7%) 1(33%)
Hemoglobin (g/dL) 8.54+1.81 8.96+1.33 0.31
Platelets (x 10%/L) 87.5 (58-103) 91 (76.75-124) 0.09
Total leukocyte count (X 10%/L) 7.8 (4.85-11.65) 6.75 (4.75-9.98) 0.20
Total bilirubin (mg/dL) 6.3 (3.1-10.8) 6.5 (5.1-13.6) 0.87
INR 1.7£0.43 1.9+0.36 0.11
Serum albumin (g/dL) 2.86+0.44 2.85+£0.35 0.95
Serum creatinine (mg/dL) 4.04+1.26 4.18+1.34 0.67
CTP score 10.3+1.62 10.7+£1.48 0.42
MELD-Na score 31+49 33+4.4 0.11
CLIF-C AD score 64 (46-81) 66 (49-83) 0.67
Heart rate (per minute) 101.5+11.2 105.1 v 18.7 0.48
Spot urinary sodium (mEq/L) 9.27+3 9.57+3.2 0.77
24-h urine volume (mL) 700 (600-800) 850 (737.5-1025) 0.008
24-h urinary sodium (mEq) 6.5+2.7 8.4+3.7 0.03
Systolic blood pressure (mm of Hg) 101+11.2 103+11.8 0.49
Diastolic blood pressure (mm of Hg) 64.8+7.5 67.2+8.8 0.27
Mean arterial pressure (mm of Hg) 70.8+8.6 69.6+6.3 0.55

CTP Child-Turcotte-Pugh, MELD model for end-stage liver disease, NAFLD non-alcoholic fatty liver dis-
ease, ALD alcohol associated liver disease
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Table2 End of treatment
comparison between the two
groups

Table 3 Univariate predictors of
response to vasoconstrictors and
albumin

Fig.2 Kaplan—Meier curve
showing the cumulative prob-
ability of survival at 30 days
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Parameter Group A (terlipressin Group B (combination ~ p-value
monotherapy, n=30) therapy, n=30)
Rate of response 15 (50%) 23 (76.5%) 0.06
Length of treatment (days) 9+3.61 7.83+2.57 0.15
Mean daily dose of terlipressin (mg) 497+1.37 2 <0.001
A Serum creatinine (mg/dL) —-1.67+0.8 —-2.21+0.94 0.02
A CTP score —1(-2t0+2) —1(-3t00) 0.04
A MELD Na score —6(—-9.25t03) -8 (—-1225t0-2) 0.07
A MAP (mm of Hg) 19 (1 to 26.5) 18 (11.5-26) 0.37

CTP Child-Turcotte-Pugh, MELD-Na model for end-stage liver disease-sodium, MAP mean arterial pres-

sure

Parameter Non-responders (n=22) Responders (n=38) p-value
Age (years) 48.3+10.5 52+8.8 0.15
Heart rate (per minute) 108.5+21 100.4 +18 0.12
Total bilirubin (mg/dL) 10.8 (6.1-14.1) 5.4 (3.3-8.7) 0.005
Serum albumin (g/dL) 2.8+04 29+04 0.19
PT-INR 1.9+0.5 1.7+0.4 0.06
Serum creatinine (mg/dL) 51+1.3 3.6+0.9 <0.001
Mean arterial pressure (mm of Hg) 68.9+9.1 71+6.4 0.29
CTP score 113+14 10.1+1.5 0.004
MELD-Na score 34.7+4 30.5+4.5 <0.001

CTP Child-Turcotte-Pugh, MELD-Na model for end-stage liver disease, PT-INR prothrombin time-interna-
tional normalized ratio
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Table 4 Severe treatment-related adverse events

Adverse event Group A (terli- Group B (com- p-value
pressin monother-  bination therapy,
apy, n=30) n=30)
Circulatory over-  1(3.33%) - <0.05
load
Angina pectoris 1 (3.33%) -
Arrhythmia 3 (10%) 1 (3.33%)
Arterial hyperten- 2 (6.66%) 1(3.33%)
sion
Persistent diarrhea 4 (13.33%) 2 (6.66%)

two (6.67%) patients in the monotherapy and combination
groups, respectively. The cost of therapy was significantly
cheaper in the combination group (USD355 + 108) in
comparison to that in the terlipressin monotherapy group
(USD755+457, p<0.001).

Discussion

HRS may be described as acute kidney injury occurring in
the setting of arterial vasodilatation and suboptimal car-
diac output with consequent decreased glomerular filtra-
tion occurring in patients with decompensated cirrhosis.
Vasoconstrictors along with albumin are the mainstay of
pharmacologic management of HRS. Multiple studies have
documented the efficacy of terlipressin in reversing HRS and
it is currently recommended as the first-line vasoconstrictor
in international guidelines [14]. However, almost 50% of
patients fail to completely respond to terlipressin as defined
by a serum creatinine of < 1.5 mg/dL after a maximum of
14 days of therapy [2-8, 14]. Increased vasodilatation, which
is fundamental to the pathogenesis of HRS, leads to arte-
rial underfilling that is sensed by baroreceptors, leading to
increased release of vasopressin despite the relatively low
oncotic pressures [15, 16]. It is reasonable to presume that in
HRS, the V1 receptors may be partially occupied by endog-
enous vasopressin, thereby potentially limiting the efficacy
of terlipressin. Those who have sufficient unoccupied V1
receptors are likely to show an early response to terlipres-
sin, while patients who have insufficient free V1 receptors
are likely to benefit from the addition of a second vasocon-
strictor targeting alternate receptors. Additional adrenergic
receptor—mediated vasoconstriction may thus be helpful in
HRS patients who fail to show an early response to terlipres-
sin alone. Noradrenaline monotherapy has previously been
shown to be beneficial in HRS in a few studies and is more
cost-effective than terlipressin [8, 9, 11]. For the first time,
we report a novel approach of combining two vasoconstric-
tors (terlipressin and noradrenaline) in HRS patients who
do not respond to terlipressin monotherapy within 48 hours.

In our study, there was a trend to a higher rate of response
in the combination arm as compared to those who were con-
tinued on terlipressin monotherapy (76.7% vs. 50%, p: 0.06)
with significantly greater reductions in serum creatinine
(—2.21+0.94 vs.—1.67+0.8 vs. p: 0.02). While acknowl-
edging that “trends to significance” should be interpreted
with caution, we would like to emphasize that the response
rate of 76.7% in the combination arm appears to be clinically
meaningful. Moreover, on multivariate analysis, combina-
tion therapy was associated with significantly higher odds
of attaining response (OR: 17.41, 95% CI 3.10 to 168.4, p:
0.004). It should be noted that our sample size calculations
were largely based on assumptions due to the lack of previ-
ous data on the use of combination of vasoconstrictors in
HRS. On post-hoc analysis, the power of our study was only
57%. Thus, a larger sample of patients would be required to
establish statistical significance. Intriguingly, we did not find
any difference in change in MAP between the two groups.
This may have been due to the small sample size and the lack
of invasive monitoring of blood pressure in our patients. We
further acknowledge that some of our patients may have had
acute-on-chronic liver failure at baseline which may have led
to heterogeneity and confounded our findings.

Our patients had extremely avid sodium retention at base-
line as evidenced by the 24-hour sodium of < 10 mEq/L. This
is probably reflective of the underlying state of profound
vasodilatation with consequential intense activation of renin-
angiotensin-aldosterone system (RAAS) and vasopressin
secretion. Dose escalation in our study was based on changes
in serum creatinine, rise in MAP and urine output. Urinary
sodium levels were not used for response assessment. Recently,
urinary sodium—guided “slow albumin-furosemide infusion”
with terlipressin + noradrenaline has been shown to improve
survival and ascites mobilization in patients with acute-on-
chronic liver failure [17]. Whether a similar approach to
response assessment using urinary sodium is therapeutically
beneficial in HRS needs to be evaluated in future studies.

As opposed to most previous studies which have used ter-
lipressin boluses, we used an infusion protocol as it has been
shown to be associated with response at a lower cumula-
tive dose with fewer adverse effects [7]. Complete response
was attained in 50% of patients who received terlipressin
infusion alone which is comparable to the observations
of Cavallin et al. (55.88%) [7]. Treatment-related adverse
events were observed in 36.7% of patients who received
terlipressin monotherapy, which is also comparable to pre-
vious findings in HRS patients receiving terlipressin infu-
sion [7]. More importantly, the combination of terlipressin
and noradrenaline was well tolerated and associated with
a significantly lower rate of adverse events as compared to
terlipressin monotherapy (36.7% vs. 13.3%, p <0.05). This
is possibly because the fixed daily dose of terlipressin in the
combination group (2 mg/day) was significantly lower than
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the mean daily dose of terlipressin in the monotherapy group
(4.97 +1.37 mg/day).

The average cost of treatment in patients who received
terlipressin infusion alone was more than double that of
patients who received the combination therapy (USD
355+ 108 vs. USD 755 +457, p <0.001). It should be noted
that our cost calculations did not take into account the cost of
albumin and other expenses incurred during hospitalization.

Recently, HRS-1 has been rechristened HRS-AKI (acute
kidney injury) and its definitions have been changed to
include patients with a rise in creatinine by > 0.3 mg/dL in
48 hours or > 50% from the baseline. Definitions of response
have also been changed with complete response being now
defined as return of serum creatinine to within 0.3 mg/dL of
the baseline value [18]. Our approach of using a combina-
tion of vasoconstrictors in patients showing lack of early
response to terlipressin monotherapy needs to be further
studied in HRS-AKI patients using these new definitions. It
is possible that the earlier diagnosis of HRS-AKI at lower
levels of serum creatinine will lead to an increase in response
rates. The waiting time before declaring a patient as an early
non-responder and switching to combination therapy also
needs to be further defined. Our results need to be further
explored in larger, multicentric trials. We acknowledge the
limitations of our study including the small sample size, the
open label nature of the study and the lack of invasive moni-
toring of blood pressure and other hemodynamic parameters
including systemic vascular resistance and cardiac output.

In conclusion, in comparison to terlipressin monotherapy,
the combination of noradrenaline and terlipressin infusion
is associated with a trend to a higher rate of HRS resolution
with significantly fewer adverse effects in HRS patients who
do not show an early response to terlipressin within 48 hours.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12664-023-01356-6.
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