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Abstract Objective: Few data have
been published regarding protein
losing enteropathy in adult patients
with burns. This study characterised
the presence of protein-losing ente-
ropathy in adults with burns and ex-
amined the relationship between the
magnitude of burn size and the se-
verity of protein loss. Methods:
Twenty adult patients with burns
(BSA 31±25%, range 2–80%) were
studied. Fluid resuscitation was
based on the Parkland’s formula.
Protein loss into the gastrointestinal
tract was measured using faecal a1-
antitrypsin (FA-1-AT) concentra-
tions. Serial measurements of serum
protein and albumin concentrations
were performed. Results: Fourteen
patients demonstrated elevations in
FA-1-AT levels. The mean peak FA-
1-AT level was 3.6±4.2 mg/g dry
weight of stool. Two patients demon-
strated elevated FA-1-AT excretion
1.5 months and 3 months after the
burns. There was a good correlation

between burn size and FA-1-AT ex-
cretion (R2=0.40). Conclusions: Pro-
tein losing enteropathy was demon-
strable in patients with major burns.
The magnitude of this phenomenon
appears to be proportional to the
burns size.
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Introduction

Abnormalities of gastrointestinal function in patients with
major burns include increased mucosal permeability [1],
mucosal oedema [2, 3], gastrointestinal haemorrhage,
ischaemic necrosis [4], stress ulceration, and a malabsorp-
tion syndrome [5]. The cause of these abnormalities 
is multifactorial: post-burn vasoconstriction leading to
splanchnic ischaemia as measured by gastric intramucosal
pH [6, 7], neutrophil injury, endotoxin-induced mucosal
alterations, and mucosal cell death by apoptosis [8].

Whilst considerable work has been carried out on the
consequences of gut barrier failure in burns such as bac-
terial translocation [9], sepsis [10], multiple organ dys-
function syndrome [10] and death, a problem which has
received little attention is barrier failure in the other di-
rection, i.e. the issue of loss of protein across the mucosa
into the gut lumen. This condition is termed protein-
losing enteropathy (PLE). The rationale to consider this
pathological process stems from a number of factors. Pa-
tients with major burns have protracted hypoalbuminae-
mia, and it is likely that gut losses are contributory. Pa-
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tients with splanchnic ischaemia from other causes have
been shown to develop protein loss across the gut [11,
12]. Mucosal oedema from non-burn pathologies has
been found to be associated with protein losing enteropa-
thy [13]. There is evidence of protein loss across other
epithelial sites in burn patients including the burn wound
[14] and the urinary tract [15]. Although a paediatric
study examined this question [16], few published data
exist regarding protein losing enteropathy in adult pa-
tients with burns.

The aims of this study were (a) to characterise the
presence of protein losing enteropathy in adult patients
with burns using faecal excretion of a1-antitrypsin as a
marker and (b) to examine the relationship between the
magnitude of burn size and the severity of protein loss
across the gut mucosa.

Materials and methods

Patients

The prospective observational study was approved by the Re-
search Ethics Committee of Royal Brisbane Hospital, and in-
formed consent was obtained from the patient or the next of kin
depending on the conscious state of the patient. The study enrolled
patients diagnosed with burns in the preceding 72 h. Patients were
excluded if they had pre-existing gastrointestinal disease likely to
cause protein losing enteropathy, or if stool samples could not be
obtained. During the study period 31 patients with burns were 
admitted to the hospital, 11 of whom were excluded (2 refused
consent, 3 spent less than 24 h in the hospital, and 6 presented
more than 1 week after the burns occurred). 

Care of the patients

The Parkland’s formula was used to guide the approximate total
volume of fluids required during the resuscitation phase. The flu-
ids were titrated to achieve a target urine output of 0.5–1 ml/kg
per hour and a mean arterial pressure less than 60 mmHg. Mainte-
nance fluid therapy was administered at 45 ml/kg per day as enter-
al feed supplemented by intravenous dextrose saline as required.
All patients received a proprietary enteral formulation (Perative,
Abbott Australasia, New South Wales, Australia) This is a high-
protein feed designed for catabolic patients. Immune-enhancing
feeds were not used. Prokinetic agents such as metoclopramide
were used only if there was evidence of gastroparesis. No patient
received steroids or any other immunosuppressive therapy. Rou-
tine blood tests included full blood counts, serum electrolytes, 
liver and renal functions and total protein and albumin concentra-
tions.

Faecal a1-antitrypsin (FA-1-AT) determination

Samples of faeces passed post-burn were sent for FA-1-AT level.
Watery stools were excluded from the study because of the poten-
tial for diarrhoea per se to increase faecal clearance of A-1-AT,
which may result in the overdiagnosis of excess gastrointestinal
protein leakage [17]. For analysis of FA-1-AT an aliquot of the
stool sample was diluted with 0.9% saline and centrifuged at
3000 rpm for 15 min. The supernatant was then used in the analy-
sis for the determination of FA-1-AT using immunonephelometry.

The analytical range of the assay was 0.1–36 g/l and the coeffi-
cient of variation ranged from 4.8% to 6.1%. The normal refer-
ence range for FA-1-AT is less than 1.5 mg/g dry weight of stools.
As the presence of blood in the faeces may produce false-positive
elevations in FA-1-AT, a simultaneous faecal occult blood assay
was performed on all samples.

Data analysis

Summary statistics were employed to examine differences in de-
mographic data, burn size, changes in serum biochemistry and 
FA-1-AT levels. Since only 14 patients had multiple measure-
ments of FA-1-AT at various time periods, it was not possible to
perform analysis of repeated measures or examine changes with
time. Hence we chose to examine the peak FA-1-AT excretion,
which was defined as the highest reported value of FA-1-AT on
single or multiple measurements. The relationship between burn
size and the FA-1-AT levels was determined using linear regres-
sion. The proportion of patients with faecal occult blood positivity
in groups with raised and normal FA-1-AT were compared using
Fisher’s exact test. The proportion of patients fulfilling criteria for
systemic inflammatory response syndrome or sepsis manifesting
PLE was also examined using Fisher’s exact test.

Results

The demographic details of the study population were as
follows: 15 men, 5 women; mean age 34 years, range
18–58. They included four patients with inhalational
burns. Eleven were admitted to the intensive care unit
(ICU) and nine to the burns unit. The mean extent of
burns was 31±25% (range 2–80%), and the mean Acute
Physiology and Chronic Health Evaluation II score of
the ICU patients was 16±6. Patients stayed a mean of
30±24 days in hospital. There were no deaths among the
study population during the study.

The baseline total serum protein and albumin concen-
trations were 57±11 g/l (normal 62–83) and 31±7 g/l
(normal 33–47), respectively. A statistically significant
decrease in both total protein and albumin concentrations
were observed reaching nadir values of 47±13 g/l
(p<0.01) and 20±9 g/l (p<0.001), respectively.

The median day of stool collection for the initial 
FA-1-AT assay was day 9 (range 3–22). Fourteen 
patients had more than one stool sample analysed for
FA-1-AT. Fourteen of the 20 patients (70%) demonstrat-
ed elevations in FA-1-AT levels (>1.5 mg/g of dry
weight). The individual FA-1-AT data are summarised 
in Table 1. The mean peak FA-1-AT level was
3.6±4.2 mg/g of dry weight of stool (range 0.2–14.8).
Faecal occult blood (FOB) was positive in 1 of the 14
patients with elevated FA-1-AT, whilst 2 of the 6 patients
with normal FA-1-AT tested positive on FOB (p=0.13).
The presence of faecal occult blood did not impact on
the FA-1-AT concentration. Two patients, one with 70%
burns and the other with 80% burns, were found to have
elevated FA-1-AT excretion on 1.5 and 3 months after
the burns, respectively.
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A good correlation was observed between the surface
area of burn and FA-1-AT excretion (R2=0.40, p<0.01;
Fig. 1). No patients with a burn size less than 12% dem-
onstrated elevated FA-1-AT excretion.

Discussion

The principal finding in this study is the clear demon-
stration of protein loss into the gastrointestinal tract in
adult patients with major burns. This is the first demon-
stration of this phenomenon in a prospective clinical
study in critically ill adult patients. The other major find-
ing is the linear relationship between burn size and mag-
nitude of FA-1-AT excretion. There was evidence of 
protracted protein loss into the gastrointestinal tract in
two patients with major burns.

Possible mechanisms of protein-losing enteropathy

Although a diverse group of gastrointestinal disorders
can result in PLE [18], mucosal damage resulting from a
number of mechanisms such as ischaemia, oedema, neu-
trophil injury, ulceration and apoptosis may be responsi-
ble. Data from our previous study showed a strong corre-
lation between burn size and intramucosal pH [6]. The
present study demonstrates a strong correlation between
burn size and FA-1-AT excretion. However, the presence
of an inhalational injury may increase the burn wound,
which can influence the correlation between the two. Al-
though intramucosal pH was not measured in this study,
it is tempting to speculate that mucosal acidosis is asso-
ciated with PLE. Other possibilities to be considered for
the raised FA-1-AT excretion include diminished enteral
nutrition and gastrointestinal bleeding. Mucosal atrophy

Fig. 1 Relationship between
burn size and maximal 
FA-1-AT excretion. Diamonds
individual patient values of 
FA-1-AT excretion plotted
against their burn size;
continuous line trend line;
BSA burn surface area;
broken horizontal line upper
limit of excretion of FA-1-AT
(as 2 patients had identical burn
size and FA-1-AT excretion,
there are only 19 visible data
points because of 2 overlapping
ones; however, there are 20 
data sets); larger diamonds
data points from four patients
who also suffered from inhala-
tional burns

Table 1 FA-1-AT excretion
(mg/g dry weight of stool): 
individual data (parentheses
day of stool collection)

Patient no. % Burn Sample 1 Sample 2 Sample 3 Sample 4

1 2 0.3 (5) - - -
2 10 0.2 (9) 0.2 (10) 0.1 (13) -
3 14 4.1 (7) 0.7 (13) 1.2 (16) -
4a 14 0.7 (4) 1.2 (6) 2 (17) -
5 40 3.5 (12) 1.2 (17) 1.5 (27) -
6a,b 70 4 (11) 5.6 (11) 5.2 (13) 5.4 (14)
7 43 1.7 (6) 0.9 (20) - -
8 2 1.5 (4) - - -
9 80 14.8 (16) 2c 2.6c -

10a 28 2.4 (8) 0.2 (11) - -
11 25 1 (10) 0.3 (18) - -
12a 79 1.7 (22) 0.2 (30) 0.2 (63) -
13 10 0.2 (9) - - -
14 60 7.4 (19) - - -
15 11 0.2 (7) - - -
16 40 12.2 (16) 13.7 (17) 5.9 (23) 0.8 (40)
17 40 3.2 (12) 2.7 (24) - -
18 12 2.7 (4) 0.5 (8) - -
19 14 1.2 (2) - - -
20 30 1.2 (14) 2.3 (17) - -

a Patients with inhalational
burns
b Patient had 13 stool analyses,
and FA-1-AT peaked at
7.6 mg/g dry weight of stool on
day 23
c Stool collection >90 days
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from lack of enteral nutrition can lead to altered epithe-
lial permeability. In this study enteral nutrition was 
established within 24 h of admission to the hospital, and
all patients tolerated enteric feeds. Blood in the gastroin-
testinal tract can confound FA-1-AT interpretation. How-
ever, in our study only one of the three patients who test-
ed positive for FOB had raised FA-1-AT levels, and there
was no significant difference in the proportion of pa-
tients who tested positive for FOB between those with
raised and normal FA-1-AT.

Clinical implications

There are a number of clinical implications. Firstly, does
the protein loss contribute to hypoalbuminaemia? Sup-
port for this concept is present in some of the published
data which report an elevation in plasma a1-antitrypsin
clearance of more than five times associated with albu-
min concentrations less than 30 g/l. In our study some
patients demonstrated excretion of FA-1-AT that was
more than eight times the normal level. This is likely to
have contributed to the hypoalbuminaemia. However, it
is important to recognise that burns patients have diverse
causes of hypoalbuminaemia, including protein loss
through the burn wound [14], urinary albumin losses
[15] and decrease in hepatic albumin synthesis [19]. In
the presence of an inhalational burn the lung capillary
leak of protein may accentuate the hypoalbuminaemia
[20]. Determining the precise contribution of faecal pro-
tein losses to hypoalbuminaemia amongst a plethora of
causes is possible only with simultaneous measurements
of plasma a1-antitrypsin clearance, losses through other
sites and estimation of hepatic synthetic capacity. An-

other important issue arising from the results of this
study is that the presence of ongoing protein loss should
raise the possibility of ongoing mucosal insults, and
there should be a heightened vigilance for covert
splanchnic ischaemia or mucosal injury.

Critique of the study

Although this study is limited by the small sample size
and the limited frequency of stool collection, our find-
ings demonstrate the presence of PLE with statistical
significance. The marked variability in the timing of
stool sample availability for FA-1-AT assay in our study
limits more detailed analysis of data. While some inves-
tigators recommend the use of plasma clearance of a1-
antitrypsin as an index of PLE, FA-1-AT has been shown
to be closely correlated with 51Cr-labelled plasma protein
clearance [21].

In conclusion, PLE is a real phenomenon in patients
with burns occurring in up to 70% of patients. The mag-
nitude of this phenomenon appears to be proportional to
burn size. The documentation of PLE in critical illness
adds one more piece to the puzzle of the complex role of
the gut in the development of multiple organ dysfunction
syndrome. Future large-scale studies examining this phe-
nomenon in various ICU populations must fully delin-
eate the incidence and severity of this process.
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