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Abstract

Background and Aims Feed intolerance (FI) is common in cirrhosis patients in intensive care units (ICU). Prokinetics are
the first line treatment for FI but their efficacy and safety in critically ill patient with cirrhosis is unknown. We evaluated the
role of prokinetics in reversal of FI and clinical outcomes.

Methods Consecutive patients admitted in ICU developing new-onset FI, were randomized to receive either intravenous
metoclopramide (Gr.A, n=28), erythromycin (Gr.B, n=27) or placebo (Gr.C, n=28). FI was defined with the presence
of 3 of 5 variables- absence of bowel sounds, gastric residual volume >500 ml, vomiting, diarrhoea and bowel distension.
Primary end-point was complete resolution of FI (>3 variables resolved) within 24-h and secondary end-points included
resolution within 72-h and survival at 7-days.

Results Of the 1030 ICU patients, 201 (19.5%) developed FI and 83 patients were randomized. Baseline parameters between
the groups were comparable. Complete resolution at 24-h was higher in Gr.A (7.14%) and B (22.2%) than C (0%, p=0.017).
Overall, 58 (69.9%) patients achieved resolution within 72 h, more with metoclopramide (n =24, 85.7%) and erythromycin
(n=25, 92.6%) than with placebo (n=9, 32.1%, p <0.001). The 7-day survival was better in patients who achieved resolu-
tion within 72-h (65.5 vs. 36%, p=0.011) than non-responders. High lactate (OR-3.32, CI-1.45-7.70, p=0.005), shock at
baseline (OR-6.34, CI-1.67-24.1, p=0.007) and resolution of FI within 72 h (OR-0.11, CI, 0.03-0.51, p=0.04) predicted
7-day mortality.

Conclusions FI is common in critically-ill cirrhosis patients and non-resolution carries high mortality. Early recognition and
treatment with prokinetics is recommended to improve short-term survival.

Keywords Cirrhosis - Shock - Hepatic encephalopathy - Critically ill - Feed intolerance - Paralytic ileus - Prokinetics

Lay Summary

Gastrointestinal dysmotility is common in cirrhosis and higher incidence in critically ill patients. Promotility drugs are the
first line of medication especially in ICU patients. In our study, we found that feed intolerance is present in nearly one in five
critically ill cirrhosis and is associated with higher mortality. Patients who achieve resolution had an improved short-term
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survival. Prokinetic medications are safe in critically ill cirrhosis and help in early resolution of feed intolerance. Feed
intolerance in critically ill cirrhosis should be recognized as an organ dysfunction and approaches for prevention and early
diagnosis of feed intolerance could help in improving the outcomes in critical illness.

Abbreviations

FI Feed intolerance

ACLF  Acute on chronic liver failure
CLD Chronic liver disease

CTP Child-Turcotte-Pugh

MELD Model for end stage liver disease
GRV Gastric residual volume
Introduction

Gastrointestinal symptoms (GI) are common in patients
admitted in intensive care unit (ICU) occurring in around
60% of patients [1]. GI dysmotility may occur in stomach
or, small or large intestine, causing delayed gastric empty-
ing, feed intolerance or ileus [2]. Autonomic dysfunction,
delayed gastric emptying [3], and prolonged small bowel
transit [4] are common in cirrhosis, adding to the increase in
development of gastroparesis and cessation of enteral nutri-
tion. Nutrition is compromised in cirrhotic patients, with
upto 60% of Child C cirrhotic patients having moderate to
severe degree of protein-energy malnutrition (PEM) [5].
Critical illness and sepsis add to the overall energy deficient
state. The incidence of feed intolerance is seen in around
30% in patients admitted to ICU [6] but a clear-cut defin-
ing criterion is lacking for diagnosing feed intolerance (FI)
and is usually defined based on volume of gastric residues
or GI symptoms. A retrospective study compared different
definitions for feed intolerance, based on clinical symptoms,
gastric residual volume (GRV), and/or calorie intake, and
concluded correlation with ICU mortality based on at least 3
out of 5 variables, namely, absence of bowel sounds, vomit-
ing or regurgitations, diarrhea, bowel distension and large
gastric residual volumes of > 500 ml/day [7]. Although, an
important criterion for defining FI, a large open label trial
reported that non-measurement of GRV was not inferior to
routine residual volume monitoring in prevention of other
complications like ventilator associated pneumonia [8].

Enteral feeding is the preferred mode of feeding in ICU
patients. Guidelines recommend against the early adminis-
tration of parenteral nutrition, especially during the first 7
days [9], but also state to hold the enteral feeding in critically
ill patients with uncontrolled shock, severe hypoxemia or
acidosis, uncontrolled upper GI bleed, gastric aspirate of
more than 500 ml, surgical abdomen, abdomen compartment
syndrome, or fistula with high-output [10].

Promotility drugs, metoclopramide, a dopamine receptor
antagonist, and erythromycin, a motilin receptor agonist, are
the first line agents for feed intolerance with intravenous
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erythromycin considered as drug of choice, for feed intol-
erance especially in critically ill patients [10]. Studies in
non-cirrhotic patients has shown response, ranging between
62-85% with promotility drugs, with maximal effect in
initial 24 h and also suggest for combination therapy for
improved response [12, 13]. Meta-analysis has shown a
17.3% absolute reduction in feed intolerance with use of
promotility drugs [14]. Different doses of erythromycin have
been tried with equivalent response reported with 70 and
200 mg doses of intravenous erythromycin compared to pla-
cebo when assessed based on gastric emptying co-efficient
(GEC) using '3C octanoic acid breath test [15]. Although
data is available in usage and efficacy of prokinetics in feed
intolerance in non-cirrhotic patients, similar data is lack-
ing in critically ill cirrhosis. We undertook a prospective
randomized study assessing the burden of feed intolerance
in critically ill patients with cirrhosis and hypothesized that
feed intolerance is a part of organ failure and need early
resolution.

Patients and Methods
Study Design

This was an open label, placebo controlled randomized
trial conducted at the Department of Hepatology, Insti-
tute of Liver and Biliary Sciences (ILBS), New Delhi,
India from August 2015 to August 2017. This single cen-
tre protocol confirmed to the Declaration of Helsinki and
was approved by institutional ethics committee with letter
number- F-25/5/80/ILBS/AC/2015/733 and followed the
CONSORT guidelines for randomized controlled trial. This
study was registered at ClinicalTrials.gov with identifier
number- NCT02528760. All the authors had contributed
and had access to the data.

Methodology

All liver disease patients consecutively admitted in ICU were
screened and those who developed feed intolerance were
enrolled. All patients underwent investigations and treat-
ment as per institutional ICU protocol. They were enrolled
in the study if a new onset of feed intolerance developed
during the course of ICU stay. Correctable factors, includ-
ing electrolyte imbalance, presence of tense ascites were
attended to, and patients were randomized into the treatment
arm if feed intolerance persisted. Antibiotic were upgraded
and cultures sent in cases with suspected infections. Clinical
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findings and symptoms were checked and noted every 6
hourly. Feed intolerance was defined as per study definition
of atleast 3 out of 5 positive variables with one variable of
gastric residual volume necessary for defining FI. The vari-
ables included, absence of bowel sounds defined as no bowel
sound heard during auscultation, vomiting defined as visible
regurgitation of gastric content, diarrhoea defined as passing
loose stools for more than 3 times per day, bowel disten-
sion defined as visible abdominal distension or subjective
feeling and confirmed on x ray with small bowel >3 cm or
large bowel > 5 cm and large gastric residual volume (GRV)
defined as an aspirate of > 500 ml of gastric volume over
24 h. Gastric residual volumes (GRV) was checked at every
4—6 hourly interval. GRV was measured by either gravity
drainage by connecting a gastric tube to a drainage bag for
10 min or by manual aspiration of content using a 50 ml
syringe. Once feed intolerance developed, intra-abdominal
pressure monitoring and abdominal girth measurement was
done every 6 hourly. Intra-abdominal pressure measurement
was done by Foley’s manometer technique. A portable X-ray
abdomen supine was obtained to look for bowel distension,
defined as more than 3 cm for small bowel and more than
5 cm in large bowel. Patients were considered for CT scan
(with or without iv or oral contrast) as per clinical and hemo-
dynamic stability and renal parameter status. Patients were
randomized into three groups; either to receive intravenous
(iv) metoclopromide 10 mg every 8 hourly [14], iv erythro-
mycin 70 mg every 12 hourly [15] or normal saline in 10 ml
syring iv twice daily as placebo. Initial response to therapy
was assessed at 24 h duration after starting of treatment in
each arm. Complete resolution was defined as resolution of
at least 3 out of 5 of the symptom variables with definite
resolution of large GRYV, and re-initiation of enteral nutri-
tion. Therapy was continued for a total duration of 72 h and
patients were followed-up for a maximum of 7 days. Primary
end-point was response at 24 h and secondary end-points
were resolution within 72 h or death within 7 days. Res-
cue treatment in the form of post-pyloric tube placement,
combination of treatment or if required, endoscopic colonic
decompression, was considered after initial 24 h based on
clinical response.

Eligibility Criteria

All patients of chronic liver disease and of age>18
and <70 years who were admitted in ICU were prospec-
tively screened. Patients of cirrhosis and with decompen-
sation as well as those with acute on chronic liver failure
(ACLF), as defined by Asia Pacific association for the study
of the liver (APASL) definition were prospectively enrolled
[16]. Patients who were requiring dual vasopressor, on high
vasopressors (> 0.64 mcg/kg/min), uncontrolled sepsis, DIC,
and patients with GI bleed at the time of development of

feed intolerance were excluded. Current or past history of
surgical abdomen, including mechanical obstruction, mes-
enteric ischemia, perforation or requiring abdominal surgery,
patients receiving nutrition through gastrostomy or feeding
jejunostomy, prior comorbid illnesses like advanced cardio-
pulmonary disease, prior episodes of arrhythmia, structural
heart diseases, traumatic brain injury, cerebrovascular acci-
dents, raised intracranial pressures, history of myasthenia
gravis, endocrinological illnesses like uncontrolled hypothy-
roidism, hypoparathyroidism, previously diagnosed diabetic
gastroparesis, connective tissue disorders including systemic
sclerosis, dermatomyositis or polymyositis, systemic lupus
erythematosus, amyloidosis were excluded. Patients were
excluded if they had received prokinetic medication during
ICU stay or were allergic to the medications (either meto-
clopramide or erythromycin), pregnant females and refusal
to give consent.

Objectives

The primary objective was to determine the role of prokinet-
ics at 24 h of initiation of treatment in critically ill cirrhotic
patients who develop new onset of feed intolerance. Second-
ary objectives included the incidence of FI, mean duration
of ICU stay for development of FI, resolution of FI at 72 h,
safety of prokinetics in CIC, requirement of rescue treatment
in non-responders, risk factors associated with the develop-
ment of FI and survival at 7 days. End point was resolution
of 3 out of 5 criteria of feed intolerance and mortality till
day 7. Patients were followed up till death or discharge from
the ICU.

Sample Size and Randomization

Based on previous studies in non-cirrhotic population with
response rate of reversal of feed intolerance and re-initiation
of enteral feeding at 24 h patients seen in 87% receiving
erythromycin and that of metoclopramide was around 62%
[12], and assuming placebo effect of around 5% affect, with
alpha of 5% and power of study to be 90%, 49 patients were
to be enrolled in each arm. With assumption of around 10%
defaulter rate, it was decided to enrol 54 patients in each
group. Patients were randomized using computer gener-
ated block randomization with a block size of 15 and using
sequentially numbered opaque sealed envelope (SNOSE)
technique.

Statistics

Baseline data expressed as a proportion, either mean + SD
or median (IQR). The statistical technique applied were
one way ANOVA/Kruskal Wallis test as appropriate to
compare between groups followed by Post hoc comparison
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was performed by Bonferroni method. The categorical
data was analysed using »* test or Fisher’s exact test.
Significance was defined as 2-tailed p value of less than
0.05. Univariate and multivariate logistic regression
were used to see the predictors of non-resolution at 72 h.
Kaplan—Meier method was used to plot survival curves.
The data was entered in Microsoft excel format and was
analysed using SPSS version 22 (IBM corp Ltd.; Armonk
NY, USA).

Results

A total of 1030 patients with liver disease were admitted in
our intensive care unit during the study period, who fulfilled
the inclusion criteria, and were prospectively enrolled and
followed up. A total of 201 (19.5%) patients developed new-
onset feed intolerance during ICU stay. The mean duration
of ICU stay for the development of feed intolerance was 6.65
(IQR, 2-29) days. Feeding was restarted within 24 h after
correction of dyselectrolytemia in 14.4% (n=29) patients
and after therapeutic paracentesis, for tense ascites, in
4.97% (n=10) patients. Seventy nine (39.3%) patients were
excluded with uncontrolled sepsis and septic shock (n=38),

dual vasopressor support (n=27), prior CAD (n=23), prior
CVA (n=1), mechanical obstruction (n=23), age > 70 years
(n=2) and failure to give consent for the study (n=35).
Eighty three patients were randomized into three groups to
receive either intravenous (iv) metoclopramide (n =28), (iv)
erythromycin (n=27) or iv Placebo (n=28), respectively.
Baseline parameters were comparable among the groups,
with mostly middle aged males and alcohol (n=42) being
the predominant etiology followed by non-alcoholic fatty
liver disease (n=21) cirrhosis. Ascites was present in 79
(95.1%) patients and grade 3 ascites requiring therapeutic
paracentesis seen in 23 (29.1%) patients (Fig. 1). Compari-
son of other baseline parameters in-between the groups is
given in Table 1.

Incidence and Spectrum of Feed Intolerance

New onset of feed intolerance was seen in 201 (19.5%, 95%
CL 17.1-22.07%) patients admitted in ICU during the study
period. The median FI score was 3 (IQR, 3-4). Clinical
presentation of feed intolerance was predominantly as gas-
troparesis with many patients having concomitant paralytic
ileus (n=36, 43.4%). Fifty-three patients (63.9%) under-
went abdominal computed tomography (CT) scan with oral

Fig.1 CONSORT Chart

All patients with chronic liver disease admitted in ICU
fulfilling inclusion criteria (N=1030)

Excluded (N=79)
Uncontrolled sepsis with
septic shock- 38

High Vasopressor support- 27
Prior CAD-3
v Prior CVA- 1

Correctable factors

Development of Feed intolerance
3 out of 5 criteria fulfilled (N=201)

Mechanical obstruction- 3
Age > 70 years- 2
Failure to obtain consent- 5

(N=39)
Dyselectrolytemia- 29

v

Grade 3 ascites tapping- 10 <

A 4

Persistence of feed intolerance
After correction of all correctable

causes

Randomization (n=83)

I

Allocation
Metoclopramide group Erythromycin group Placebo group (n=28)
(n=28) (n=27)

A 4 y

Lost to follow-up (n=0)
Loss to adverse event

Lost to follow-up (n=0)
Loss to adverse event

Lost to follow-up (n=0)
Loss to adverse event
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Table 1 Comparison of baseline parameters
Variables Metoclopramide Erythromycin group (n=27) Placebo (n=28) p Value
group (n=28)
Age (years) 46.4+11.01 46.3+14.04 45.7+12.3 0.98
Gender distribution (Males:Females) 23:5 23:4 24:4 0.91
DCLD*, n (%) 18 (64.3) 21(77.8) 18 (64.3) 0.46
ACLF*, n (%) 10 (35.7) 6(22.2) 10 (35.7)
Diabetes Mellitus, n (%) 7(25) 10 (37) 4(14) 0.15
CTP* score 12.5+1.29 12.6 +1.18 13.2+1.28 0.11
MELD* score 32.8+4.0 32.1+4.10 33.5+4.15 0.24
SOFA* score 13.2+2.14 13.5+2.40 13.3+1.96 0.86
GRV > 500 ml, n (%) 28 (100%) 27 (100%) 28 (100%)
Absent bowel sounds, n (%) 27 (96.4) 26 (96.3) 28 (100)
Diarrhoea, n (%) 0 1(3.70) 1(3.57)
Vomiting, n (%) 1(3.57) 1(3.70) 3(10.7) 0.44
Abdominal distension, n (%) 28 (100%) 27 (100%) 28 (100%)
Hemoglobin (gm/dl) 8.64+2.02 8.70+1.75 9.07+1.90 0.66
Total Leucocyte Count* (per cmm) 11 (3-36) 10 (3-46) 16.5 (2-43) 0.11
Platelets (per cmm) 75 (26-237) 74 (19-197) 90 (27-426) 0.82
Serum Bilirubin (mg/dl) 10 (1-29) 10 (1-38) 16 (1-48) 0.59
Aspartate transaminases (IU/L) 82.5 (18-277) 70 (17-350) 116 (27-537) 0.09
Alanine transaminases (IU/L) 39 (2-168) 38 (13-123) 44 (17-202) 0.27
Albumin (g/dl) 2.39+0.68 2.44+0.75 2.25+0.52 0.53
Blood Urea (mg/dl) 74 (8-279) 71 (9-254) 107 (12-172) 0.43
Serum creatinine (mg/dl) 2 (0-6) 2 (1-8) 2 (0-5) 0.79
Serum sodium (mEq/L) 129.6+8.96 132.0+7.21 132.7+9.12 0.37
Serum potassium (mEq/L) 4.18+0.98 4.26+0.86 4.50+1.00 0.43
Serum magnesium (mEq/L) 2.00+0.38 2.11+£0.42 2.21+0.41 0.15
INR 2.54+0.88 2.48+0.85 2.29+0.94 0.55
Arterial lactate (mmol/L) 2.68+0.84 2.54+0.81 2.49+0.82 0.67
SBP at baseline, n (%) 8, 28.6% 5,18.5% 7,25% 0.68
Pneumonia, n (%) 14, 50.0% 10, 37% 11, 44.6% 0.58
Shock, n (%) 12 (42.9) 12 (44.4) 14 (50) 0.85
Noradrenaline dose (mcg/kg/min) mean (IQR) 0.117 (0.00-0.48) 0.118 (0.00-0.48) 0.111 (0.00-0.48) 0.98
Renal replacement therapy*, n (%) 16 (57.1) 18 (66.7) 18 (64.1) 0.75
Hepatic encephalopathy 26,92.9% 23,85.2% 26, 92.9% 0.54
Mechanical ventilation parameters
Non-invasive ventilation*, n (%) 4 (14.3%) 5(22.7%) 3(12.0%) 0.71
Mechanical ventilation, n (%) 19 (67.7) 19 (70.4) 22 (78.6) 0.65
PEEP* (cm of H,0) 6 (6-10) 6 (6-10) 6 (6-8) 0.24
P/F ratio 246+35.3 254 +38.63 235+35.6 0.15
FiO2 50 (30-60) 45 (20-60) 50 (30-60) 0.24
Fentanyl, n (%) (N=34) 13 (46.4) 10 (37) 11 (39.3) 0.76
Propofol, n (%) (N=42) 15 (53.6) 13 (48.1) 14 (50) 0.92
ICU stay before FI (days) 5(2-29) 6 (2-28) 5(-27) 0.86

*DCLD Decompensated chronic liver disease, ACLF Acute on chronic liver failure, CTP score Child Turcot Pugh score, MELD model for end
stage liver disease, SOFA sequential organ failure assessment, MAP mean arterial pressure, SBP spontaneous bacterial peritonitis, PEEP positive
end expiratory pressure, FiO, inspired fraction of oxygen, P/F ratio ratio of partial pressure of arterial oxygen and inspired fraction of oxygen,

FI feed intolerance
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Table 2 Proportion of patients achieving complete resolution of feed
intolerance

Variables Metoclopra-
mide group

(n=28)

Erythromycin Placebo
group (n=27) (n=28)

p Value

Primary outcome

Complete 2 (7.14) 6(22.2) 0 0.017
resolution
at24 h, n

(%)*
Secondary outcome

Complete 24 (85.7) 25 (92.6) 9(32.1) <0.001

resolution
at72h, n
(%)

*Between metoclopramide and erythromycin groups, p=0.11

contrast, due to non-resolution of feed intolerance within
24 h. Dilated small bowel loops was seen in 29 (54.8%)
patients and dilated colonic loops were seen in 6 (11.3%)
patients.

Primary Outcome

Complete resolution was better in patients receiving pro-
kinetics as compared to placebo with resolution seen in
8 (9.63%) patients, 2 (7.14%) patients in metoclopra-
mide group and 6 (22.2%) patients in erythromycin group
(p=0.11), respectively. None of the patients receiving pla-
cebo achieved resolution within 24 h (p=0.017).

Secondary Outcomes

Overall, 58 (69.9%) patients achieved complete resolu-
tion of feed intolerance within 72 h with higher resolu-
tion (p<0.001) seen in patients receiving metoclopra-
mide (n=24, 85.7%) and erythromycin (n=25, 92.6%) as
compared to placebo (n=9, 32.1%), (Table 2). Prokinetics
also helped in early re-initiation of feeding (2.86 +0.76,
2.15+0.72,3.43+1.14 days, p= <0.001). Amongst the two
prokinetic groups, feeding was restarted earlier in patients
receiving erythromycin as compared to metoclopramide

(p=0.013). The mean change in GRV (AGRV) from 24 to
48 h was comparable among groups (p =0.16) but higher
reduction in volumes was seen over 72 h in patients receiv-
ing prokinetics (Table 3). Persistent feed intolerance was
seen in 12 (14.5%) patients after 72 h of treatment and
were considered for rescue treatment. Post-pyloric tube
was placed in 9 patients and 3 patients were considered for
endoscopic colonic decompression. Two patients initially on
standard medical therapy were considered for iv metoclopra-
mide after 72 h for persistent high gastric residual volume
along with post pyloric tube placement for feeding.

Adverse Effects

Two patients (7.14%) patients developed headache and one
(3.57%) patient noticed dizziness after the dose of metoclo-
pramide, not requiring drug discontinuation. None of the
patients developed extrapyramidal symptoms. Three (11.1%)
patients had diarrhea and one patient (3.70%) developed
sinus tachycardia on day 3 of treatment with erythromycin
and was attributed to worsening sepsis. None of the patients
had worsening of liver function with significant rise in
transaminases, requiring drug withdrawal.

Predictors of Non-resolution

On univariate analysis, requirement of renal replacement
therapy (RRT) (odds ratio [OR], 5.98; 95% confidence inter-
val [CI], 1.13-32.25; p=0.02), treatment with erythromycin
compared to placebo (OR, 0.32, CI, 0.10-0.96, p=0.04)
and presence of spontaneous bacterial peritonitis (SBP)
at baseline at the time of admission to ICU (OR, 1.14, CI,
1.04-1.26, p=0.09) was associated with non-resolution of
feed intolerance at 24 h. Treatment with metoclopramide
(OR, 0.08, CI, 0.02-0.29, p <0.001) and erythromycin (OR,
0.04, CI, 0.01-0.19, p value <0.001) compared to placebo
were significantly associated resolution at 72 h. On multi-
variate logistic regression analysis, need of RRT (OR, 11.49,
95%Cl, 1.63-83.3, p=0.014) was independently associated
with non-resolution of feed intolerance at 24 h (Table 4).

Table 3 Absolute value of

B . Variables Metoclopramide Erythromycin group  Placebo (n=28) p Value
gastric residual volumes and _ -
group (n=28) (n=27)

percentage changes (AGRV) at

various time-points GRV* (ml), 24 h 975 +308 900+296 898+221 0.51
GRV (ml), 48 h 357 (0-750) 325 (140-1250) 614+200 <0.001
GRV (ml), 72 h 25 (0-800) 50 (0-950) 350 (0-900) <0.001
AGRV (%) 24 — 48 h 64.45+23.39 63.15+22.48 36.06+17.36 0.16
AGRV (%) 24 — 72 h 88.89+14.93 83.41+40.63 60.21+21.03 0.001

*Gastric residual volumes
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Tab|e4. Predictor§ of non- Univariate analysis

resolution of feed intolerance at

24-h and at 72-h Factor Predictors at 24 h Predictors at 72 h

OR CI95% p Value OR CI95% p Value

Sex (F:M) 0.46 0.08-2.61 0.37 1.35 0.33-5.46 0.67
Diabetes 0.53 0.11-2.42 0.40 0.46 0.14-1.54 0.20
Terlipressin 1.09 0.20-5.83 0.91 0.60 0.19-1.87 0.37
SBP at baseline 1.14 1.04-1.26 0.09 1.34 0.46-3.92 0.58
Pneumonia 0.78 0.18-3.38 0.75 1.22 0.47-3.12 0.68
Bacteremia 0.50 0.05-4.90 0.54 0.09
Total leucocyte count (per cmm)  0.95 0.86-1.05 0.33 1.00 0.95-1.05 0.91
Platelets (per cmm) 0.99 0.98-1.01 0.70 0.997  0.99-1.004 0.36
Neutrophil (%) 0.97 0.88-1.06 0.50 0.99 0.93-1.05 0.80
NLR 0.95 0.80-1.12 0.55 1.007  0.91-1.106 0.88
Creatinine (mg/dl) 0.88 0.48-1.61 0.67 1.05 0.73-1.51 0.78
INR 0.92 0.38-2.17 0.84 1.87 0.94-2.68 0.07
Lactate (mmol/L) 1.25 0.49-3.19 0.63 1.12 0.63-1.98 0.70
Opioids (Fentanyl) 2.23 0.42-11.7 0.33 0.94 0.36-2.46 0.91
Propofol 1.80 0.40-8.13 0.44 0.54 0.21-1.40 0.21
Shock 1.46 0.32-6.53 0.62 1.14 0.44-2.91 0.79
Hepatic encephalopathy 1.39 0.15-12.98  0.77 3.29 0.38-28.57 0.25
Mechanical Ventilation (MV) 0.85 0.16-4.58 0.86 0.74 0.26-2.08 0.57
FiO, (%) 1.04 0.95-1.14 0.35 1.08 1.01-1.17 0.02
PF ratio 1.00 0.98-1.021  0.89 0.99 0.97-1.005 0.22
RRT 5.98 1.13-32.25  0.02 1.39 0.52-3.76 0.51
CTP score 0.56 0.32-0.98 0.46 0.81 0.55-1.19 0.28
MELD score 0.82 0.68-0.99 0.41 1.00 0.89-1.12 0.97
SOFA score 0.92 0.65-1.31 0.65 1.05 0.83-1.32 0.65
Group C (Placebo) 1 1
Group A (Metoclopramide) 0.56 0.19-1.62 0.29 0.08 0.02-0.29 <0.001
Group B (Erythromycin) 0.32 0.10-0.96 0.04 0.04 0.01-0.19 <0.001
Multivariate analysis
RRT 1149  1.63-83.3 0.014 - - -

*SBP Spontaneous bacterial peritonitis, NLR neutrophil leucocyte ratio, INR international normalized ratio,
FiO, inspired fraction of oxygen, P/F ratio ratio of partial pressure of arterial oxygen and inspired fraction
of oxygen, RRT renal replacement therapy, CTP score child Turcot Pugh score, MELD model for end stage
liver disease, SOFA sequential organ failure assessment

Predictors of Mortality

On univariate analysis, presence of infection (bactere-
mia) (OR, 7.42, CI, 1.8-66.6, p=0.04), high lactate lev-
els (OR, 3.32, CI, 1.71-6.44, p<0.001), presence of
shock at baseline (OR, 3.77, CI, 1.51-9.43, p=0.004),
requirement of renal replacement therapy (OR, 2.64, CI,
1.02-6.81, p=0.04), mechanical ventilation (OR, 3.84, CI,
1.26-11.71, p=0.014), high FiO2 requirement (OR, 1.04,
CI, 0.98-1.106, p=0.15), and on propofol (OR, 2.61, CI,
1.06-6.38, p=0.03) or fentanyl (OR, 3.66, CI, 1.45-9.19,
p=0.005), treatment with erythromycin compared to pla-
cebo (OR, 0.31, CI, 0.10-0.96, p=0.04) and resolution of
FI within 72 h (OR, 0.29, CI, 0.11-0.79, p=0.015) were

significantly associated for mortality at 7 days. On mul-
tivariate logistic regression, arterial lactate (OR, 3.32,
CI-1.45-7.70, p=0.005), presence of shock at baseline (OR,
6.34, CI-1.67-24.1, p=0.007), resolution of FI within 72 h
(OR-0.11, CI, 0.03-0.51, p=0.04) were independently asso-
ciated with mortality at 7 days (Table 5).

Survival Analysis

Short-term survival of 7-days was comparable between the
treatment groups (p=0.21). Of the 83 patients, 36 (43.4%)
died; 12 (42.9%) in metoclopramide, 8 (29.6%) in eryth-
romycin and 16 (57.1%) in the placebo group (Fig. 2).
However, patients who showed complete resolution of feed

@ Springer



4230 Digestive Diseases and Sciences (2022) 67:4223-4233
1.0 —
lL...........,. - i iy
0.9 by in.numny
0.8 —I """"""" "
Groups i N=27
0.7 b===-- i_ :
=" *Metoclopramide S e g e "";\]""'8"
_ === Erythromycin 1 - N=20
s 0.6 ~"1"Placeho p=0.21 | '
s |
3 05 |
E R e s
-
© a N=28
0.3
0.2
0.1
0.0
0 1 2 3 4 5 6 7
Time (Days)
Metoclopramide At risk 28 27 27 25 20 17 16
group Events 0 1 0 3 5 3 1
. At risk 27 26 25 24 22 19 19
Erythromycin
group Events 0 1 1 1 2 3 0
At risk 28 25 24 24 19 13 12
Placebo group
Events 0 3 1 0 5 6 1

Fig.2 Kaplan—Meier curve comparing day 7 survival in patient with respect to the treatment group. (Metoclopramide group, broken line; Eryth-

romycin group, dashed line; Placebo group, dotted line); p=0.21

intolerance within 72 h had improved survival compared to
non-responders (65.5 vs. 36%, p=0.011) (Fig. 3).

Discussion

The results of this novel randomized controlled trial high-
lights the significance of gut paralysis in critically ill cirrho-
sis and shows early resolution of FI improves short-term sur-
vival. FI was observed in one in five [19.5%] patients, which
resolved with correction of metabolic factors in 14.4% and
persisted in 80.6% of patients, despite of correction of fac-
tors. Moreover, resolution of FI within 72 h independently
showed reduced 7 day mortality (OR-0.11, CI, 0.03-0.51,
p=0.04). Considering resolution of feed intolerance to be an
independent predictor of survival, therefore all efforts should
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be made to hasten its resolution. Amongst the two prokinet-
ics studied, erythromycin was found to be superior to meto-
clopramide in improving FI [22.2 vs. 7.14%, p=0.11) and
early initiation of enteral feeding (p =0.013).

The incidence of FI after admission to the ICU was
19.5%. In a multicentre observational study conducted in
1888 patients in ICU [6], the overall incidence was reported
as 30.5% and the prevalence of feed intolerance has been
reported to vary between 2 and 75%, depending upon the
definition used for feed intolerance which varies both in
terms of GRV and/or inclusion of GI symptoms [18]. The
spectrum of GI manifestations includes abdominal disten-
sion, vomiting, high GRV and subjective sense of discomfort
as the factors for FI and discontinuation of enteral feeding.
Studies on cirrhotic patients have shown that both gastro-
paresis as well as slow small bowel transit, seen in upto
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Fig.3 Kaplan—Meier curve comparing patient survival in patients who achieve resolution of feed intolerance (Responder group, solid line) com-
pared to those who do not achieve resolution (Non-responder, dot-dashed line); p=0.011

40% of patients, led to discontinuation of enteral nutrition
[4]. In our study, although all the patients had high GRV
(> 500 ml/day), many patients (54.7%) had concomitant
bowel distension. It was also important to note that in cirrho-
sis, bowel distension may also be related to factors, includ-
ing intra-abdominal sepsis, hypoalbuminemia, or grade 3
ascites. Various factors influence the development of feed
intolerance in ICU setting with studies showing nearly 51%
patients intolerant to enteral nutrition, especially those who
were on mechanical ventilation [8]. However, higher propor-
tion of patients were labelled to have feed intolerance based
on isolated GRV estimation [8]. In our study, hemodynamic
instability and requirement of vasopressors was seen in 45%
of patients who were randomized and a nearly one-third of
patients were excluded from randomization as they were

on high vasopressor support or on dual vasopressors. Pres-
ence of shock at baseline was also associated with overall
increased 7-day mortality. Previous studies have also shown
increased GI complications [19] in critically ill patients,
especially those with baseline hemodynamic instability [11].

Feed intolerance is defined usually in terms of GRV
and no single cut-off for GRV estimation is defined in ICU
settings, with lack of defining criteria for critically ill cir-
rhotic. Studies have shown a higher GRV (>500 ml) are
not associated with higher GI complications [17] com-
pared to lower GRV (<200 ml). Randomized trials have
shown that absence of GRV measurement is non-inferior
to routine GRV measurement in ICU setting. The defini-
tion for FI need standardization and should be based not
only on the basis of GRV but should include clinical
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1?3557 Predictors of mortality Factors Univariate analysis Multivariate analysis
OR CI95% p Value OR CI95% p Value

Sex (F:M) 1.37 0.40-4.65 0.62

Terlipressin 0.67 0.25-1.84 0.44

SBP* at baseline 1.09 0.39-3.00 0.86

Pneumonia 1.80 0.754.34 0.18

Bacteremia 7.42 1.83-66.61 0.04

Total leucocyte count (per cmm) 0.99 0.95-1.04 0.85

Platelets (per cmm) 1.002 0.99-1.006 0.94

Neutrophils (%) 1.05 0.99-1.12 0.07

NLR* 1.05 0.96-1.15 0.27

Creatinine (mg/dl) 1.00 0.72-1.39 0.97

INR 0.86 0.53-1.41 0.55

Lactate (mmol/L) 332 1.71-6.44 <0.001 3.32 1.45-7.70  0.005

Opioids (Fentanyl) 3.66 1.45-9.19 0.005

Propofol 2.61 1.06-6.38 0.03

Shock 3.77 1.51-9.43 0.004 6.34 1.67-24.1 0.007

HE 0.52 0.42-0.64 0.009

Mechanical ventilation 3.84 1.26-11.71 0.014

FiO2 (%) 1.04 0.98-1.106 0.15

P/F ratio 0.98 0.96-1.106 0.01 097 095-099 0.03

RRT* 2.64 1.02-6.81 0.04

CTP score* 0.93 0.59-1.21 0.36

MELD score* 1.01 0.91-1.13 0.79

Resolution at 24H 0.89 0.214.39 0.95

Resolution at 72H 0.29 0.11-0.79 0.015 0.11 0.03-0.51 0.04

*SBP Spontaneous bacterial peritonitis, NLR neutrophil leucocyte ratio, /NR international normalized ratio,
FiO, inspired fraction of oxygen, P/F ratio ratio of partial pressure of arterial oxygen and inspired fraction
of oxygen, RRT renal replacement therapy, CTP score child Turcot Pugh score, MELD model for end stage
liver disease, SOFA sequential organ failure assessment

symptoms. In our study, we followed the definition given
by Reitnam Blaser et al. [7], taking both the GRV and
clinical factors into consideration (3 out of 5 variables),
which correlated best with ICU mortality in non-cirrhotic
ICU patients. We found a 7-day survival benefit in patients
who showed early resolution of feed intolerance (within
72 h) as compared to non-resolvers or late resolvers (65.5
vs. 36%, p=0.011).

There is paucity of data regarding the role of prokinet-
ics in cirrhosis and data is lacking on comparative efficacy
of metoclopramide in comparison to erythromycin in CIC.
Response to prokinetics is highest during the initial few
days and later develop tachyphylaxis [12]. In our study, the
definition for resolution was based not on a single entity
of GRYV, lower overall response in terms of complete res-
olution was seen during the initial 24 h (9.6%). This was
also evident based on gastric residual volumes estimation
(Table 3), as groups receiving metoclopramide and eryth-
romycin had median GRV volume of <500 ml beyond 24 h
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and cumulative resolution within 72 h, of more than 80% as
compared to placebo.

In our study, we found that patients with early resolution
had a short-term survival benefit with 65.5% achieving reso-
lution of FI with first 72-h. We believe that as patients with
decompensated CLD and those with ACLF have increased
systemic inflammation and deranged intestinal barrier func-
tions [20] and leaky gut leads to increased bacterial product
translocation into the portal circulation, an early resolution
of gut paralysis and restarting enteral feeding prevents the
progression of this cascade into disease progression and
development of multi-organ failure [21]. This also empha-
sise the increased occurrence of development of extra-
hepatic organ failure, need for ICU admissions and mortal-
ity in hospitalized cirrhosis patients with higher dysbiosis
on admission [22]. Similarly, decreased microbial diversity
and richness was seen in ACLF patients compared to control
group resulting in increased mortality [23].

Feed intolerance is a major morbidity in critically ill
cirrhosis patients and accounts for cessation of enteral
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feeding. Our study shows the benefit of prokinetics and
its effect in early re-initiation of enteral feeding. Still there
were few limitation in our study. Although more than 200
patients developed new onset feed intolerance during the
study period, many were excluded and just over 50% of
previously planned patients could be enrolled during the
study period. Prokinetics given act mainly in the upper GI
tract and significantly decreased gastric residual volume.
Thus, the reason for resolution and re-initiation of feeding
possibly could be related to overall clinical improvement
and not just based on prokinetics treatment. We recom-
mend treatment with addition of prokinetics for early reso-
lution and decrease the days of enteral feeding cessation.
Our study findings open frontiers for new challenges and
treatment in critically ill cirrhosis, along with role of bac-
terial dysbiosis, as our findings specifically shows survival
benefit in FI resolvers.
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