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Background: Optimising nutrition support in critically ill patients with an open abdomen is challenging.
Objectives: The aims of this study were to (i) quantify the amount and adequacy of nutrition support
administered and (ii) determine any relationships that exist between mode of nutrition support delivery
and clinical outcomes in critically ill patients with an open abdomen.
Methods: A retrospective review of critically ill patients mechanically ventilated for at least 48 h with an
open abdomen in a mixed quaternary referral intensive care unit. Enteral and parenteral nutrition (ml)
administered daily to patients was recorded for up to 21 days. Length of stay in the intensive care unit
and hospital and duration of mechanical ventilation (days) were reported.
Results: Thirty patients were studied [14 male, 68 y (15e90 y), body mass index 25 kg/m2 (11e51 kg/m2),
Acute Physiology and Chronic Health Evaluation II score 20 (7e41), energy goal 1860 kcal/d (1250
e2712 kcal/d)]. Patients received 55% (0e117%) of energy goal and 56% (0e105%) protein goal from either
enteral or parenteral nutrition. When enteral nutrition was delivered alone or in combination with
parenteral nutrition, patients received 48% (0e146%) of their energy and 59% (19e105%) of their protein
goal. Patients fed parenteral nutrition, either alone or as supplementary to enteral nutrition (n ¼ 18),
received more energy when compared with those who only received enteral nutrition (n ¼ 9) [65 (27
e117) vs 49 (15e89) % energy goal, P ¼ 0.025]. Parenteral nutrition was associated with an increased
length of stay in hospital [63 (45e156) vs 45 (17e93) d, P ¼ 0.037].
Conclusion: Patients with an open abdomen receive about half of their nutrition requirements when fed
exclusively via the enteral route. Providing combination enteral and parenteral nutrition to reach
nutritional goals may not result in better clinical outcomes for patients with an open abdomen.
Crown Copyright © 2018 Published by Elsevier Ltd on behalf of Australian College of Critical Care Nurses

Ltd. All rights reserved.
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1. Introduction

Caring for critically ill patients with an open abdomen including
how best to optimise their nutrition support is challenging.1,2 Gut
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dysfunction is likely to be disordered in these patients,3 and
frequent fasting for return to surgery limits the hours of the day
available to provide enteral nutrition. Limited data exist on how to
feed the gut enterally when it is discontinuous, and few centres
have extensive experience and confidence with the delivery of
enteral nutrition distal to the site of a stoma.

Enteral nutrition is preferred over parenteral nutrition in criti-
cally ill patients partly because of the protective effect of trophic
feeds on gastrointestinal tract immunity.4e6 Early administration
(within 24e48 h of admission) of some enteral nutrition support to
critically ill patients is widely advocated owing to improvements in
immune responses and reductions in oxidative stress and infection
rates.7e9 Early enteral nutrition in patients with an open abdomen
may lower enterocutaneous fistulae formation and hospital costs
and facilitate earlier primary fascial and skin closure,10 although the
latter is not seen in all studies. Many strategies have been suggested
to facilitate the delivery of early enteral nutrition,8 for example
enteral nutrition delivery is improved by nurse-led implementation
of feeding protocols.11 Prokinetic administration and small bowel
feeding may be advocated sooner and more widely when driven by
the bedside nurse.

Several studies have reported delivering enteral nutrition to pa-
tients with an open abdomen.10,12e15 The potential for intolerance of
enteralnutrition isgreater inpatientswithanopenabdomenbecause
of their preceding abdominal surgery16 and the acute impact of
enteral nutrition on the gastrointestinal tract in a pathological state.
Bowel necrosis is considered more likely if enteral nutrient is
administered during periods of bowel under perfusion,15,17 and if gut
motility is disordered, enteral feeding may cause bowel distention
which reduces the ability to obtain fascial closure.15,17 Consequently,
enterally fed critically ill patientswith an open abdomen are likely to
fail inmeeting recommended nutritional goals. However, the clinical
impact of not meeting feeding goals is unknown.18

Parenteral nutrition can be administered and/or enteral nutri-
tion can be delayed until the fascia is closed.14 Dual feeding mo-
dalities (i.e. enteral and parenteral concurrently) may be employed
to optimise the delivery of nutrients; however, this is not always
supported by benefits in clinical outcomes for patients.4,19 Indeed,
early supplemental parenteral nutrition is potentially harmful in
trauma patients as it confers a greater infection risk.20 Optimising
enteral nutrition support for patients with an open abdomen is
therefore important.

The objectives of this study were to (i) quantify the amount and
adequacy (defined by predetermined goals) of nutrition support
(delivered as enteral and parenteral nutrition) administered and (ii)
determine any relationships that exist between mode (enteral and
parenteral) of nutrition delivery and clinical outcomes in critically
ill patients with an open abdomen.

2. Methods and materials

This is a retrospective descriptive study. The medical records of
patients admitted to the Royal Adelaide Hospital Intensive Care
Unit (ICU), a closed mixed quaternary referral unit, were reviewed
after approval by the Royal Adelaide Hospital Research Ethics
Committee in 2009. The study included patients admitted to the
Royal Adelaide Hospital ICU between January 2004 and December
2008 inclusive. The start date for this inclusion period coincided
with the formal collection of details on a database of patients
treated at our hospital with an open abdomen.

2.1. Participants

The Royal Adelaide Hospital Trauma Service database (main-
tained by a dedicated trauma nurse on all patients admitted to the
Royal Adelaide Hospital under the trauma service) was queried to
obtain a list of patients who underwent a laparotomy and were
returned to the ICU with an open abdomen. An “open abdomen”
was defined as the lack of skin and fascial approximation upon
completion of a laparotomy. Participants were aged 18 years or
older.

2.2. Data collection

A retrospective review of enteral and parenteral nutrition sup-
port for the first 21 days of their ICU admission (or until ICU
discharge) was conducted. Information on demographics, hospital
course, and injuries was documented. The type (enteral or paren-
teral) and timing (commencement in relation to ICU admission and
hours per day) were noted. The medical records were evaluated to
determine intolerance of enteral nutrition [defined in our unit as a
gastric residual volume (GRV) of >250 ml or documented evidence
of vomiting], recording administration of prokinetic drugs (meto-
clopramide and erythromycin) and postpyloric feeding (yes or no).
The volume of enteral and parenteral nutrition (including intrave-
nous propofol) administered daily (ml) was calculated. Bowel
discontinuity at any stage during the study period was recorded
(yes or no).

2.3. Feeding protocol

Patients were fed according to the feeding protocol that was
used in the ICU at that time. In brief, once the medical order was
documented, nursing staff commenced enteral nutrition (1 kcal/ml
polymeric nutrient liquid administered at 40ml/h for the first 24 h).
GRVs were assessed 6 hourly as part of nursing care. Feed intoler-
ance was managed by halving the rate of nutrient delivery and
using prokinetics (metoclopramide 10 mg four times a day and
erythromycin 200 mg twice a day) and postpyloric feeding,
sequentially. Parenteral nutrition was administered if there was
persistent intolerance to enteral nutrition (defined in our unit as
two GRV > 250 ml in a 24-h period despite prokinetic treatment
and postpyloric feeding); if the bowel was discontinuous or
obstructed; or if deemed appropriate as per the clinical judgement
of the treating intensivist. A dietitian calculated the feeding goal
within 24 h of a patients' admission to the ICU using the Schofield
equation for basal requirements multiplied by a stress factor21,22

and collected the study data. Nursing staff increased feeding rates
to goal by 20 ml/h every 6 h for feed-tolerant patients.

2.4. Study group definitions

Patients were divided into one of four groups on the basis of
type of nutrition support provided during the first 21 days of their
stay in the ICU: enteral only (E; i.e. no other source of nutrition
including propofol was provided during the first 21 days of their
ICU stay), both enteral and parenteral (B; i.e. enteral and parenteral
nutrition was provided at some point in their ICU stay), parenteral
only (P; i.e. no enteral source of nutrition was provided for the
duration of their ICU stay), or nil nutrition ( N; patients did not
receive any nutrition for the duration of their ICU stay). Any
parenteral (in the Results section and subsequently) refers to groups
B and P combined.

2.5. Nutrition sources

Enteral nutrition was a macronutrient 1e2 kcal/ml of either
polymeric or semi-elemental liquid formula (Abbott Nutrition,
Australia). Parenteral nutrition consisted of a commercially avail-
able macronutrient (with or without lipid), multi-chamber bag



Table 1
Patient demographics.

Number of patients 30

Age (y) 68 (15e90)
Male 14 (47%)
Body mass index (kg/m2) 25 (11e51)
Reason for open abdomen traumatic 13 (43%)
APACHE II score 20 (7e41)
Major reasons for admission
Bowel perforation 4 (13%)
Duodenal ulcer perforation 4 (13%)
Sepsis 2 (7%)

Patients with multiple injuries 10 (33%)
Length of stay (days)
Hospital (n ¼ 21)a 54 (17e156)
ICU (n ¼ 25)a 15 (2e41)

Mortality
Hospital 9 (30%)
ICU 5 (17%)

Time to definitive abdomen closure
<3 days 4 (13%)
3e7 days 19 (65%)
>7 days 7 (22%)

Definitive abdomen closure whilst in ICU 23 (77%)

ICU ¼ intensive care unit.
Data are number (%) or median (range).

a Sample size adjusted as length of stay was only calculated for survivors.
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(Baxter Healthcare Pty Ltd, Australia). Separate daily trace element
and multivitamin infusions were given during the provision of
parenteral nutrition. Intravenous propofol which provides 1.1 kcal/
ml was counted as a source of parenteral nutrition.

2.6. Data analysis

Descriptive statistics were used to report demographic vari-
ables. The groups were compared regarding the type and amount of
nutrition provided, and their outcomes including length of stay
(LOS) in ICU and hospital, duration of mechanical ventilation, and
ICU and hospital mortality. The amount of nutrition was defined as
net energy (kcal) and protein (g) delivered as a percentage of goal
energy prescribed. Day 1 in the ICU was defined as the first day
(after 13:00 h) of the ICU admission and was not necessarily 24 h.
Data for subsequent days were recorded from 13:00 h to the
following 13:00 h. Categorical data were evaluated using Chi-
squared tests, and continuous data were analysed using
ManneWhitney and KruskaleWallis tests for unadjusted compar-
isons between groups and analysis of covariance adjusting for
Acute Physiology and Chronic Health Evaluation (APACHE) II score
and age. Post-hoc analyses were done by Bonferroni-adjusted
pairwise comparisons between groups. Data are presented as me-
dian (range) unless otherwise indicated. Confounding factors
considered were APACHE II score and age. Statistical analysis was
carried out using SPSS V18.0 software (IBM Inc, 2010).

3. Results

3.1. Patient demographics

Forty-three patients with an open abdomen met the initial in-
clusion criteria with 30 patients meeting the criteria to be studied
in the final cohort (Fig. 1). Patient demographics for the study
cohort are detailed in Table 1.

3.2. Feeding outcomes for the entire study cohort

The median energy goal was 1860 kcal/d (1250e2712 kcal/d),
and protein goal was 86 g/d (59e115 g/d). Nutrition started on Day
3 (2e8) of the patients' ICU admission, and enteral nutrition started
Critically-ill patients with an 
open abdomen admitted to 

the RAH ICU Jan 2004 -
Dec 2008 

(n=43)

Final study cohort (n=30)

ICU length of stay < 48 
hours (n=5)

Incomplete nutrition data 
(n=8)

Figure 1. Study cohort for final analysis. RAH ¼ Royal Adelaide Hospital;
ICU ¼ intensive care unit.
on Day 5 (2e14) of the patients' ICU admission. Themean volume of
daily enteral nutrition delivered was 683 ml (0e1647 ml). Patients
received 55% (0e117%) of their energy goal and 59% (19e105%) of
their protein goal from any feeding modality. Most patients toler-
ated enteral nutrition [23/30 (77%)]. When only enteral nutrition
was delivered (i.e 225/418 total study days), 48% (0e146%) of daily
energy goal and 41% (10e103%) of daily protein goal were achieved.
About three quarters of patients who tolerated at least some enteral
nutrition (16/23 (70%)) achieved 80% of their energy goal from
enteral means. Three patients (10%) received no nutrition support
Fig. 2.

3.3. Modes of nutrition support

Twenty-three patients were enterally fed. Of them, 17/23 (74%)
received prokinetic drugs, and 4/23 (17%) were administered
postpyloric feeds at some time during the study period. Four pa-
tients (13%) were fed exclusively via the parenteral route. Paren-
teral nutrition was used twice as frequently when the bowel was
discontinuous (45% vs 21% of discontinuous bowel study days),
although this was not statistically different [odds ratio ¼ 0.33,
P ¼ 0.077, 95% confidence interval (0.1, 1.1)]. Parenteral nutrition
(either alone or in combination with enteral) delivered a greater
proportion of the patients' energy goal than enteral feeding [65
(27e117) vs 49 (15e89) %; P ¼ 0.019 after adjusting for APACHE II
score].

3.4. Clinical outcomes

LOS in ICU (r ¼ 0.33, P ¼ 0.111) and hospital (r ¼ �0.19,
P ¼ 0.403) was not related to total energy delivery nor was ICU
(P¼ 0.742) and hospital (P¼ 0.32) survival. Hospital LOS (r¼�0.01,
P¼ 0.956), ICU LOS (r¼ 0.32, P¼ 0.118), and duration of mechanical
ventilation (r¼ 0.28, P¼ 0.159) were not related to protein delivery.
Parenteral nutrition use was associated with prolonged hospital
LOS compared to when enteral nutrition was the sole nutrition
source [63 (45e156) vs 45 (17e93) d, P ¼ 0.037]; however, this was
not significant after adjusting for APACHE II score and age
(P ¼ 0.141). Patients who received prokinetics had a LOS in the ICU



Figure 2. The amount of energy provided during the first 21 days of their ICU admission to patients with an open abdomen from enteral sources and from all artificial nutrition
sources (enteral, parenteral, and propofol). ICU ¼ intensive care unit; EN ¼ enteral nutrition; PN ¼ parenteral nutrition; TPN ¼ total parenteral nutrition; SE ¼ standard
error (n ¼ number of patients).
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three times that of patients who did not receive prokinetics [22
(4e41) vs 8 (3e18 ) d; P < 0.001 adj]. Prokinetic use was not
associated with survival in ICU (P ¼ 0.783 adj) and hospital
(P¼ 0.833 adj). Patientswho received postpyloric feeding tended to
have a longer LOS in the ICU than the patients who did not [21
(9e39) vs 14 (3e41) d];however, neither this difference (P ¼ 0.693
adj) nor hospital LOS was statistically significant (P ¼ 0.763 adj).

4. Discussion

Our study describes energy and protein delivery in relation to
feeding goals and clinical outcomes in patients with an open
abdomen. We have confirmed that enteral nutrition can be deliv-
ered to patients with an open abdomen, and in patients in whom
the gastrointestinal tract is continuous, a significant proportion of
their energy requirements can be delivered via the enteral route.
Half of nutritional goals were delivered to the patients in this
cohort. It is unclear however whether the delivery of more nutri-
tion to this group via the use of parenteral nutrition will improve
clinical outcomes.

Adequately nourishing a patient with an open abdomen is
important due to the catabolic nature of the underlying disease
and/or injuries and the estimated losses of an additional 2g per day
nitrogen per litre abdominal fluid loss.13 Reservation around
feeding patients with an open abdomen enterally is levelled at
safety concerns related to oedema, intra-abdominal hypertension,
and haemodynamic instability.23 Providing even trophic enteral
nutrition to patients with an open abdomen10,12,14,15,24 may be
beneficial. Patients with an open abdomen fed enterally early were
more likely, than those in whom enteral feeds were started later, to
have earlier primary closure, lower fistulae formation, and an
almost 30% reduction in hospital costs.10 Early enteral feeding was
associated with a reduction in rates of ventilator-associated pneu-
monia.15 Most patients with an open abdomenwere able to tolerate
“goal” rates of tube feeds12 when enteral nutrition was initiated
within four days of the initial laparotomy. In almost 600 patients
with an open abdomen, administration of enteral nutrition was
associated with increased fascial closure rates, decreased compli-
cation rates, and decreased mortality.25 Over two-thirds of our
cohort was able to tolerate enteral nutrition, and over 70% of them
achieved at least 80% of their estimated energy goal. In patients
with an open abdomen but without a bowel injury, enteral nutri-
tion is feasible and potentially even beneficial.

When intragastric feeding fails in critically ill patients, usually as
a result of delayed gastric emptying, the sequential use of proki-
netics and postpyloric feeding is recommended.26 Patients pre-
senting to the ICUwith sepsis andmultitrauma are at greater risk of
slow gastric emptying when compared with a general cohort of
critically ill patients.27 Nursing-led feeding protocols can benefit
the nutrition support of patients; nurses are uniquely placed to act
promptly to indicators of poor gastric tolerance to feeding and
make timely recommendations to commence prokinetics or feed
more distally. Byrnes et al.12 fed 75% of their open abdomen pa-
tients distal to the pylorus and showed that two-thirds of their
cohort tolerated goal feeds. We used prokinetics in 17/23 (74%) of
our enterally fed patients and fed almost one-fifth via nasojejunal
tubes. Both strategies were without adverse effects and enabled us
to achieve tolerance of enteral nutrition in most patients. Even
when nutrient is delivered directly into the small intestine, the
amount of nutrient absorbed is markedly reduced in patients with
large GRVs when compared to those with smaller GRVs.28 Byrnes
et al.12 started feeds slowly at a rate of 10 ml/h and gradually
advanced to goal but did not indicate what parameters were
monitored in order to advance to goal. It is useful for GRV to be
determined while patients are being fed postpylorically (two
separate tubes or a double-lumen tube are needed to facilitate this).
There are data demonstrating that gastric emptying and the orga-
nisation of antroepylorodudenal waves are disordered in critically
ill patients.29 Specifically, there are more retrograde waves present
in this patient population and that there is a close correlation be-
tween gastric emptying and waves that are retrograde. While
“significant” gastric output should make one cautious to trial
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enteral nutrition, increased gastrostomy output alone should not
prompt cessation of enteral nutrition via jejunal access.14 The safety
and efficacy of using nasojejunal tubes studied in a prospective
manner in this patient groupwarrants further investigation, and its
implementation would be largely dependent on the confidence of
the clinicians in individual ICU in question in utilising such a
strategy.

There was a delay (5e14 days) in commencing enteral nutrition
and thus our patients received about 50% of their energy goal when
only enteral nutrition was delivered. Administering both enteral
and parenteral nutrition enabled patients to receive almost 70% of
their energy goal. Byrnes et al.12 found that only 66% of their pa-
tients were able to tolerate goal feeds (despite the fact that 75% of
their cohort was fed distal to the pylorus). In another study, only
about 70% of patients were nourished enterally.14 When the bowel
is discontinuous, parenteral nutrition may be indicated early; a
finding that we too have reported here. Nevertheless, in patients
with a continuous bowel, controversy still exists as to whether to
delay feeding until enteral nutrition can be commenced and
established at goal or to supplement with parenteral nutri-
tion.4,19,30 Not providing adequate early nutrition support results in
the development of an energy deficit with possible associated
morbidity/mortality30; whereas the limitations in providing early
supplementary parenteral nutrition include an increased risk of
nosocomial and bloodstream infections.20 In a multicentre obser-
vational study in the general ICU population, energy delivery from
total nutrition was 31% higher in a group of patients who received
early parenteral nutrition compared to patients who received late
enteral nutrition.19 Our study was not sufficiently powered to
detect an effect of feeding modality on ICU or hospital survival;
however, it is likely that providing early parenteral nutrition will
maximise the amount of nutrition support. However, recent studies
suggest that achieving nutritional goals using supplemental PN or
with enteral feeding alone does not improve clinical outcomes for
critically ill patients.18,31 Functional outcome improvements are
less likely too. Late rather than early provision of supplemental
parenteral nutrition assists in recovery of muscle weakness in the
critically ill.32 Further, early supplemental parenteral nutrition
compared with later supplemental parenteral nutrition resulted in
poorer femoral muscle quality.33 It remains to be determined
whether early parenteral nutrition results in better clinical and
functional outcomes for patients treated with an open abdomen.

Strength in our study designwas the investigation of nutritional
support beyond the first week of the ICU stay (in fact for up to the
first 21 days). A recent review lends support for this methodology
suggesting that while few nutritional intervention studies in criti-
cally ill patients continue for longer than aweek, they ought to so as
not to risk bias of shorter duration of the trial.34 Extending the data
collection for a longer duration likely captures both the acute and
sub-acute phases after injury/insult. Our study was retrospective in
design and therefore limited by potential bias in the data collection.
Five patients had a LOS less than 48 h and were therefore not
included; however, it is acknowledged that this short-stay patient
cohort is generally not represented by guidelines on enteral feeding
in the ICU. We were unable to retrieve complete data for a further 8
(19%) of our 43 patient cohort. Secondly, we do not have details on
the medical conditions of these patients, so we cannot comment on
whether their omission from our final data set has biased our re-
sults. Thirdly, there are many confounding factors that are associ-
ated with feeding outcomes in the ICU. We have analysed our data
with the most relevant of these considered, including discontin-
uous bowel, APACHE II score, and age. We had a small sample size,
limiting the generalisability of our results more broadly. Owing to
small patient numbers, we have not analysed for differences in
feeding outcomes between patients left with an open abdomen for
traumatic and non-traumatic reasons. These two groups of patients
may tolerate enteral feeds differently owing to trauma in the
abdominal region impacting upon blood supply and consequently
haemodynamic instability, and hence recommendations for spe-
cific strategies would be required to optimise the nutrition support
for these patients. Finally, we note the age of our data. Nutrition
practices are still very much of interest to clinicians, and gross
practices around the provision of nutrition largely are unchanged.
There is greater interest in protein provision now than before, and
although the optimum amount of protein to feed is still unknown,
providing more protein to critically ill patients may be associated
with small improvements in anatomical and functional out-
comes.35 Arguably more patients with an open abdomen are being
fed enterally as recognition for the benefits of such a practice are
reported.1 The data presented here are as relevant if not more so to
current as much as historical practices around feeding critically ill
patients with an open abdomen.

An open abdomen is not a contraindication to enteral feeding.
The majority of patients with an open abdomen tolerate a sub-
stantial proportion of their nutrition requirements via the enteral
route. In patients who tolerate at least some enteral nutrition,
prokinetic administration and postpyloric delivery of nutrition can
be utilised. It may be possible to avoid delays in optimising enteral
feeding by delivering nutrients directly into the small bowel in the
first instance rather than attempts at intragastric feeding. Whether
this strategy would benefit patients with an open abdomen should
be addressed by prospective studies.
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