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Abstract
Background and Aim: Alterations in nutrient metabolism, nutritional requirements,
and reduced dietary intakes are common in chronic liver disease (CLD). These result
in malnutrition, sarcopenia, and exacerbate progression to decompensation and asci-
tes. We aimed to investigate the effects of continuous tube feeding (TF) on nutritional
status and levels of ascites in malnourished individuals with decompensated cirrhosis.
Methods: Fourteen malnourished patients with decompensated cirrhosis and ascites
who failed to respond to standard oral nutritional interventions received supplemen-
tary continuous nasogastric TF for 7 � 1 weeks. Liver disease severity was assessed
by model for end-stage liver disease (MELD) and Child–Turcotte–Pugh (CTP) scores.
Results: Continuous TF occurred at home for 7 weeks (1.5–12 weeks). Prior to feed-
ing, 12 patients had severe ascites, 10 required paracentesis, and 13 were severely
malnourished. At completion of TF, five patients did not have ascites, four had mild
ascites, four had moderate ascites, and only one had severe ascites and 10 no longer
required paracentesis (P < 0.001). Median patient survival was 26 � 7 months. Five
survived to transplantation and three remained transplant-free at 8, 1.9, and 1.7 years.
Seven patients were moderately malnourished at completion of TF with an overall
improvement in hand grip strength from 51% to 65% of predicted (P = 0.02).
Conclusion: Supplementary continuous TF may help to reduce ascites and paracent-
esis requirements and improve nutritional status. Supplementary continuous TF should
be considered as a treatment for malnourished patients with decompensated cirrhosis
and refractory ascites.

Introduction
Progressive liver disease and disruption of the hepatic architec-
ture are accompanied by a deterioration in the nutritional status
of patients with cirrhosis.1 Malnutrition in patients with decom-
pensated cirrhosis is associated with increasing symptoms of
decompensation such as increasing ascites, the development of
hepatic encephalopathy, and development and progression of
esophageal varices.2,3 Sarcopenia has been identified in 40–70%
of patients with cirrhosis4 and is associated with increased mor-
tality independent of disease severity.5

The development of sarcopenia in patients with cirrhosis
is multifactorial. Liver function deteriorates with increasing
levels of inflammatory mediators, dysbiosis, small bowel bacte-
rial overgrowth, and increased intra-abdominal pressure from
ascites. Inadequate energy and protein intakes have been shown

to be associated with the development of sarcopenia in patients
with cirrhosis.4

Determination of nutritional status in patients with cirrho-
sis can be difficult and is often inaccurate.6 Some of the common
tools used to assess nutritional status such as whole body weight,
unintentional weight loss, body mass index, and serum proteins7

are poor indicators of nutritional status and muscle wasting in
patients with decompensated cirrhosis.8 The degree of malnutri-
tion using these parameters is frequently masked by the presence
of ascites, peripheral edema, and hepatic hydrothorax. Standard
nutritional assessment of the patient with cirrhosis thus includes
subjective global assessment (SGA) of nutritional status9 and
hand grip strength10 in addition to adequacy of oral intake, fre-
quency of meals or snacks, changes in appetite, taste sensation,
early satiety, and nausea.8
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Recognizing the contribution of ascites to the patient’s
overall nutritional requirements remains a topic of debate with
some workers maintaining ascites should be included when cal-
culating requirements.11 Additionally, it is particularly difficult to
determine the presence of muscle wasting in obese patients with
cirrhosis using these methods.12 More reliable indicators of nutri-
tional status and muscle depletion in patients with cirrhosis
include SGA,9 hand grip strength,10 mid-arm circumference
(MAC), triceps skinfold (TSF), mid-arm muscle circumference
(MAMC),13 dual-energy X-ray absorptiometry (DXA),14 and,
more recently, psoas muscle area measured at the L3 vertebral
level.5

Alterations in carbohydrate metabolism, fuel utilization,
and reduced glycogen storage in particular contribute to the
development of malnutrition in patients with chronic liver disease
(CLD).15 It has been established that both the macro- and micro-
nutrient requirements of patients with decompensated cirrhosis
are altered as a result of the disease process.8 In 2006, the
European Society for Enteral and Parenteral Nutrition published
evidence-based guidelines for the nutritional management of
patients with cirrhosis. These guidelines outline the increased
protein and energy requirements for this group and the role of
oral sip supplements or tube feeding (TF) to enable patients to
meet these increased disease specific requirements.16

Improving the nutritional status of patients with decom-
pensated cirrhosis presents a significant challenge to the practi-
tioner, the patient, their carers, and the healthcare system. The
financial burden of liver disease impacts on many aspects of life
including adherence to therapy.17 Any intervention which
reduces the symptoms and frailty of patients with CLD can
improve the quality of life for the patient and reduce the financial
burdens of the patient, caregivers, and the healthcare system.

One of the most common symptoms of hepatic decompen-
sation is ascites, often occurring in association with increasing
portal hypertension but contributed by the presence of malnutri-
tion. Approximately 50–60% of patients with decompensated cir-
rhosis will develop ascites18 and up to 22% of patients with
ascites develop diuretic-resistant or refractory ascites with associ-
ated reduced 12-month survival.19 Standard management of asci-
tes centers around sodium restriction, use of diuretics, and in the
case of refractory ascites, the use of therapeutic paracentesis,
transjugular intrahepatic portosystemic shunts (TIPS), and liver
transplantation.20

The aim of this work was to determine the effect of
aggressive enteral nutrition intervention on levels of ascites and
nutritional status in malnourished patients with decompensated
cirrhosis and refractory ascites.

Methods
This is a retrospective case series of patients with refractory asci-
tes who received TF at the A.W. Morrow Gastroenterology and
Liver Centre between 2008 and 2016. Patients with underlying
liver disease from a variety of etiologies with decompensated cir-
rhosis complicated by refractory ascites who were malnourished
and failed to improve nutritionally with oral nutrition support
received continuous supplementary TF with a standard, fiber-
enriched polymeric feed in addition to oral intake. Oral supple-
mentation involved both oral intake as tolerated with the addition

of two to three oral sip supplements which provided a total of an
additional 38–47 g protein and 500–700 kcal. The composition
of the enteral feed was 1.5 kcal/mL and 63 g protein/L. The pro-
tein component contained a mixture of whey protein isolate, pea
protein isolate, soy protein isolate, and casein. In addition, there
were six soluble fibers in the feed. All feeding was via a fine
bore feeding tube (#8fr).

Standard practice prior to the insertion of a fine bore feed-
ing tube requires the variceal status of the patient to be identified
on endoscopy. If esophageal varices were identified, they were
banded and the insertion of the fine bore feeding tube delayed
for 10–14 days. These patients underwent repeat endoscopy and,
if safe, a fine bore nasogastric (NG) feeding tube was inserted
and used only after correct positioning was confirmed by X-ray.

Feeding was commenced in hospital at a low rate (20 mL/h
over 24 h) to avoid refeeding syndrome and reduce nausea with
an ultimate goal rate of 50–60 mL high protein (HP)/HE feed/h.
Feeding tubes were flushed 4 hourly with 20–30 mL water to pre-
vent blockage. Prior to discharge home, patients were educated in
all aspects of managing home enteral feeding including use of the
feeding pump, water flushes, and bag changes.

In addition to enteral feeding, patients were advised to eat
to tolerance and to continue oral sip supplementation. As the
majority of patients experienced nausea, regular anti-emetics
were prescribed in the first 2–3 weeks of supplementary feeding
but, in all individuals, long-term use was not required.

Patient progress was reviewed weekly by the dietitian.
Nutritional status and disease severity including ascites, fre-
quency of paracenteses, and presence of hepatic encephalopathy
were recorded prior to commencement of feeding, at each review
session and at completion of the enteral feeding period. SGA,9

hand grip strength,10 mid-arm circumference, triceps skinfold,
and mid-arm muscle circumference13,21 were used to determine
nutritional status. Disease severity was assessed using Child–Tur-
cotte–Pugh (CTP) score,22 the model for end-stage liver disease
(MELD),23 and the sodium MELD (MELD-Na).24 Hepatic
encephalopathy was determined by clinical observations and the
requirement for use of lactulose and/or rifaximin. Levels of asci-
tes were assessed as mild, moderate, or severe20 and requirement
for paracentesis recorded.

The ethics protocol was considered to be a low or negligi-
ble risk study and approved by the Sydney Local Health District
Human Research Ethics Committee (RPAH Zone) with a waiver
of consent.

Results
All patients in this cohort had failed to show signs of improve-
ment in nutritional status or a reduction in their level of ascites
following a mean of 5 months of oral intake as tolerated com-
bined with oral nutritional supplementation. Fourteen patients
received 7 � 1 weeks of supplementary TF (1.5–12 weeks). One
patient underwent liver transplantation after 2 weeks of feeding.

Patient demographics are outlined in Table 1. The physical
and biochemical characteristics of the group and the response to
supplementary TF are outlined in Table 2.

Nutritional status improved significantly in all patients
(P < 0.001). Seven patients improved nutritionally from SGA C
(significantly malnourished) to SGA B (moderately malnourished)
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at the end of the feeding period. Additionally, there was a signifi-
cant improvement in hand grip strength (P = 0.02).

The mean albumin concentration prior to feeding was similar
to that at the conclusion of feeding (Table 2). Serum albumin levels
in all patients in the pre-supplementary TF group were supported
by regular intravenous albumin infusion as support for large-
volume paracentesis. Albumin levels in the post-supplementary TF
group were not supported by albumin infusion in 10 patients.

Disease severity measured by MELD, MELD-Na, and
CTP decreased but did not reach statistical significance (Table 2)
with MELD reducing from 17�1 to 16 � 1(ns; P = 0.6),
MELD-Na from 21 � 1 to 18 � 2 (ns; P = 0.09), and CTP from
10 � 1 to 9 � 1 (ns; P = 0.06).

Nine patients were on lactulose or lactulose and rifaximin
during the TF period indicating a level of preexisting hepatic
encephalopathy. TF was not associated with any increase in HE
(Table 2).

There was an overall significant reduction in ascites
(Fig. 1) (P < 0.001), which importantly was reflected in reduced
requirements for abdominal paracentesis (Fig. 2) (P = 0.003).
Ten patients had severe ascites prior to TF and required regular
paracentesis at a mean of once every 2 � 1 weeks. At the com-
pletion of the TF period, only one patient had severe ascites, five
did not have ascites, four had mild ascites, and four had moder-
ate ascites. Only four patients continued to require paracentesis
but with reduced frequency.

The average monthly paracentesis requirements over a 6-
month period before and 5.9 � 0.3 months after TF are outlined
in Figure 2. Paracentesis requirements were reduced in all but
one patient (P < 0.001). This patient initially had a reduction in
severity of ascites with reduced paracentesis requirements but
ultimately did not improve over the 6 months following TF and
did not survive due to poor compliance with feeding regime and
ongoing disease progression.

TF was well tolerated and no patient ceased TF due to
intolerance. Nine patients required anti-emetics only for the ini-
tial 1–2 weeks of TF. All patients required reinsertion of the fine
bore feeding tube at least once during the feeding period due to
accidental dislodgement or tube blockage. One individual who

showed no improvement over the 7-week period did not have a
live-in carer or relative. He required a longer in-hospital training
period during which there was a reduction in ascites with
reduced paracentesis requirements. Following discharge, compli-
ance was variable and the treatment had to be discontinued due
to poor adherence with a subsequent deterioration in clinical
status.

Participants continued oral sip supplementation following
the period of continuous supplementary feeding in order to meet
their increased disease-specific requirements. Median survival
during the follow-up period following continuous supplementary
TF was 26 � 19 months of whom five survived to transplanta-
tion and one died from non-liver-related causes after 16 months.
Three individuals remained transplant free at 8, 1.9, and

Table 1 Patient demographics prior to continuous supplementary
tube feeding

Total number 14

Age (mean + SD) 58 � 6.4
Gender
Male 12
Female 2

Disease etiology
HCV 5
Hepatitis B 1
EtOH 3
HCV + EtOH 1
Post-transplant cirrhosis 2
Non-alcoholic steatohepatitis 1
Primary sclerosing cholangitis 1

EtOH, alcohol; HCV, hepatitis C.

Table 2 Patient characteristics before and after continuous supple-
mentary tube feeding

Prior to feeding At completion of
feeding

Change

Bilirubin (μmol/L) 47 � 8 53 � 10 +6
Creatinine (μmol/L) 87 � 11 81 � 6 −6
Albumin (g/L) 31 � 2

(supported†)
32 (unsupported†)

� 2

0

INR 1.8 � 1 1.7 � 1 −0.1
MELD 17 � 6 16 � 5 −1
MELD-Na 21 � 1 18 � 2 −3
CTP 10 � 1 9 � 1 −1
CTP A (n) 0 2 +2
CTP B (n) 4 5 +1
CTP C (n) 9 6 −3

Hepatic encephalopathy
Yes 9 9 0
No 5 5 0

Ascites
None (n) 0 5 +5**
Mild (n) 2 4 +2**
Moderate (n) 0 4 +4**
Severe (n) 12 1 −11**

Body mass index (kg/m2) 24.7 � 2 23.5 � 1 −1.2
SGA
A (n) 0 0 0
B (n) 1 7 +6*
C (n) 13 7 −6*

Hand grip strength
(% predicted)
Left 51 � 5 65 � 6 +15*
Right 50 � 4 63 � 4 +13*

Mid-arm circumference
(mm)

237 � 10 239 � 10 +2

Triceps skinfold (mm) 8 � 1 8.0 � 1 0
Mid-arm muscle

circumference (mm)
212 � 8 214 � 9 0

*P < 0.05; **P < 0.001.
†IV albumin infusion; (mean � SE).
CTP, Child–Turcotte–Pugh; INR, international normalised ration; MELD,
model for end-stage liver disease; MELD-Na, sodium MELD; SGA, sub-
jective global assessment.
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1.7 years, respectively, with a return to normal liver function
tests. Of those who survived to transplantation, four remained
well after a median of 6.8 � 1.8 years.

Discussion
These results demonstrate that, following continuous supplemen-
tary TF in a group of malnourished patients with features of
decompensated cirrhosis, there was a significant reduction in
levels of ascites and paracentesis requirements. In addition, there
was an improvement in nutritional status indicated by a signifi-
cant improvement in both their SGA score and hand grip
strength.

It is important to note that serum albumin concentration at
the conclusion of the TF period was the same as that prior to
commencement of TF. Prior to commencing TF, 10 patients were
receiving albumin infusions to prevent circulatory dysfunction
associated with large-volume paracentesis.20 In patients with cir-
rhosis, serum albumin concentrations are a marker of hepatic
synthetic function.25 At the conclusion of TF, most patients were
not receiving regular albumin infusion. However, serum albumin
levels before and after TF were not significantly different despite
the influence of albumin support prior to TF, which indicates an
improvement in hepatic synthetic function and suggesting that
this may be a crude marker of clinical improvement.

There was a significant response to supplementary contin-
uous TF that was not apparent in these patients following oral
nutrition intervention over a prior mean of 5 months (range:
2–7 months). An evaluation of nutrition intervention in a group
of hospitalized, malnourished patients found that patients who
did not receive supportive enteral feeding after a month of failed
oral intake had poorer outcomes which included increased rates
of infection, worsening liver function, and reduced survival.26

The mechanisms of the observed improvements may not be as
simple as the provision of additional protein and energy but may
be multifactorial. An improvement in nutritional status has been
reported in children who had previously failed to thrive on oral
nutrition despite meeting their macronutrient requirements only
after they received TF for 18–22 h/day.27

A randomized trial investigated the effects of supportive
enteral feeding versus oral sip supplementation over 2 weeks in
cirrhotic patients.28 This trial found no significant difference in
levels of ascites, paracentesis requirements, nutritional status, and
disease severity between the two groups.28 Results such as this
have led some to believe that enteral nutrition in advanced cir-
rhosis is a case of “missing the boat”.29 However, patients in our
case series received continuous enteral feeding for a longer
period (7 � 1.5 weeks) and there was a trend toward a reduced
CTP score (P = 0.06). This was influenced, in part, by the
unchanged serum albumin levels before and after continuous
feeding, reflecting routine albumin infusions which accompany
large-volume paracentesis.30 Moreover, the post-feeding serum
albumin levels are unsupported by albumin infusion, so are a
likely indication of improved hepatic synthetic function. The cur-
rent scoring systems for disease severity cannot distinguish
between improvements secondary to infusion or to improved
hepatic synthetic function.22,23 Our results clearly demonstrate a
significant improvement in nutritional status with reduced para-
centesis requirements in a selected group of malnourished indi-
viduals with decompensated cirrhosis following continuous
supplementary TF feeding. Importantly, three individuals who
were potential transplant candidates did not require liver trans-
plantation and remain well and transplant-free at the time of this
report.
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Figure 1 Continuous nasogastric tube feeding reduces levels of asci-
tes in malnourished patients with decompensated cirrhosis. Patients
with ascites who failed standard nutrition interventions had significantly
reduced levels of ascites following 7 � 1 weeks of continuous supple-
mentary nasogastric feeding ( , pre-feeding; , post-feeding).
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Figure 2 The median paracenteses requirements per month for each
individual over 6 months before and 6 months after continuous supple-
mentary feeding. Median monthly requirement for paracentesis over a
6-month period prior to tube feeding (TF) versus median monthly
requirement over a mean follow-up period of 5.9 � 0.3 months post
continuous TF. Requirements for therapeutic paracentesis were signifi-
cantly reduced (P = 0.003).
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A number of investigations and clinical guidelines have
indicated that there is a reluctance for the introduction of sup-
portive enteral feeding in patients with decompensated cirrhosis
who are unable to meet 70–80% of their macronutrient require-
ments.27,31,32 However, although it is widely accepted that this
treatment should be adopted,18 the majority of clinicians do not
initiate or promote early enteral feeding.32 This is a small uncon-
trolled series report with a selection bias but adds to previous
indications that continuous nasogastric feeding can lead to
improved patient outcomes in malnourished patients with decom-
pensated cirrhosis.33,34

Continuous TF is not appropriate for all patients and some
have been shown to decline this intervention.28 Patients need to
be well motivated to undertake this treatment. A supportive envi-
ronment at home is critical to the success of this intervention.
This is demonstrated in the case of the individual who deterio-
rated on cessation of TF.

In addition, multidisciplinary team involvement is critical
to support and monitor patient progress. The implications of this
intervention are improved quality of life and reduced symptoms
of decompensated cirrhosis. In addition, there is a potential for
the reduction in medical interventions facilitating reduction in
costs and risks associated with paracentesis, which include hema-
tomas, intraperitoneal bleeding, and bacterial peritonitis,35 and
the possibility of avoiding or delaying liver transplantation.

In conclusion, continuous supplementary TF may reduce
the severity of ascites and the requirement for paracentesis in
selected patients with decompensated liver disease who do not
respond to standard nutrition intervention. Additionally, continu-
ous supplementary TF appears to be beneficial in improving
nutritional status and muscle strength in patients with advanced
CLD. Therefore, this treatment option should be considered in
the management of malnourished patients with portal hyperten-
sion and ascites.
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