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INTRODUCTION

Protein-losing enteropathy (PLE), sometimes 
referred to as protein-losing gastroenteropathy, 
is an unusual cause of hypoproteinemia and is 

characterized by the shedding of large quantities of 
protein from the gastrointestinal (GI) mucosa.  PLE may 
result from a wide variety of etiologies and can be both 
a diagnostic and therapeutic challenge to the practicing 
gastroenterologist. The clinical presentation of PLE 
may also be complicated by micronutrient deficiencies 
related to the underlying etiology of the PLE. In some 
cases, we have noted significant vitamin deficiencies 
and deficiency of essential fatty acids complicating 

the care of these patients. Through the use of a case 
illustration, we will explore a practical approach to the 
evaluation and management of PLE.

In early 2016, a 51 year-old woman presented to the 
GI clinic upon referral by a hematologist because of the 
development of progressive hypoalbuminemia (albumin 
2.6 g/dL) which had been identified approximately 1 
year earlier.  She described one normal appearing stool 
per day, denied any GI complaints, and her physical 
examination was entirely normal.

PLE is generally considered to be a rare condition; 
however, given a lack of systematic screening and a wide 
variety of causes of hypoalbuminemia, its prevalence is 
poorly understood. There are robust data describing an 
incidence of up to 18% among survivors of the Fontan 
procedure, used as treatment of the univentricular 
congenital heart; however, data are much more limited 

Protein losing enteropathy (PLE) is an uncommon etiology of hypoproteinemia. It is caused by protein 
loss from compromised gastrointestinal (GI) mucosa as a result of GI mucosal diseases, GI tract 
infections, as well as from disruptions of venous and lymphatic outflow. The prevalence of PLE is 
poorly understood given the wide variety of causes of both hypoalbuminemia and PLE, and due to a 
lack of systematic screening. The evaluation of a potential PLE patient includes a careful assessment 
for alternative causes of hypoalbuminemia and a measurement of GI tract protein loss. This review 
provides the clinician with diagnostic criteria, as well as management and nutrition support options.
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for other causes of PLE.1 A 2-3% prevalence of PLE 
has been reported among Asian patients with systemic 
lupus erythematosus (SLE).2 In a study of 24 patients 
with ileal Crohn’s disease in clinical remission, all 
had laboratory evidence of PLE (although none had 
clinical signs), suggesting that the prevalence of PLE 
may be significantly underrecognized.3  Similarly, in 
a study from 1975, 22% of 55 patients with primary 
lymphedema who were screened for PLE were found 
to have evidence of protein wasting from the GI tract.4

Despite the poor understanding of its prevalence, 
PLE should be a consideration in the evaluation of patients 
who present with moderate to severe hypoalbuminemia 
(serum albumin <3.0 g/dL), particularly those who 
present with edema. Although some patients with PLE 
present with severe GI symptoms such as diarrhea, 
which can take on a secretory character, it is important 
to recognize that not all patients suffering from PLE 
will exhibit overt GI symptoms. In fact, the key clinical 
characteristic of PLE is symptomatic hypoalbuminemia 
which manifests most commonly as edema. Other 
clinical manifestations generally reflect the underlying 
disease responsible for PLE.

Pathophysiology
The protein loss in the bowel typically results in serum 
albumin levels <3.0 g/dL, and frequently <2.0 g/dL. In 
the normal GI tract, only 1-2% of total daily protein is 
lost through active intestinal secretions and mucosal 
turnover.5 This is significantly different from the 
dramatic protein losses from the GI tract seen in PLE, 
which can result in daily loss of as much as 60% of 
the total serum protein. 6 Because albumin contributes 
about 80% of the total colloidal osmotic effect of human 
serum due to its oncotic effect and affinity for sodium 
ions, loss of serum albumin results in third-spacing of 
fluid and generally manifests clinically as peripheral 
edema, ascites, and pleural effusions.7 In addition to 
symptomatic hypoalbuminemia, patients presenting 
with PLE may be at increased risk of infection and 
thrombosis due to concomitant stool loss of serum 
immunoglobulins and key anticoagulant proteins 
respectively, although neither occurs commonly.

In the context of increased serum protein loss, the 
body will attempt to compensate by increasing protein 
synthesis. As such, serum levels of rapid turnover 
proteins including prealbumin, immunoglobulin E 
(IgE), and insulin may remain normal.8 In contrast, 

(continued from page 22)

insufficient compensatory protein production and low 
serum level is more often seen with slower turnover 
proteins such as albumin, ceruloplasmin, fibrinogen, 
transferrin, and immunoglobulins (other than IgE), as 
the body has a less robust capacity to increase daily 
production.5 Albumin in particular is a slow turnover 
protein with a half-life of about 25 days; there is also 
evidence that the liver is unable to fully compensate 
for sustained albumin losses.7 Decreased serum levels 
of lipids and trace elements have also been reported in 
PLE, as has the presence of lymphopenia, particularly 
in the setting of lymphatic obstruction or malnutrition. 
The reduction of serum proteins other than albumin 
seldom causes clinically significant problems.

Her past medical history was notable for remote 
peptic ulcer disease, hyperlipidemia, seasonal allergies 
and persistent unexplained peripheral eosinophilia first 
discovered in 2010. In 1989, she underwent a vagotomy 
and pyloroplasty for gastric outlet obstruction due 
to peptic ulcer disease. Extensive evaluations of the 
eosinophilia by specialists in infectious diseases, 
hematology, allergy, immunology, and rheumatology 
were unsuccessful in identifying an etiology.

Alternative causes of hypoalbuminemia
Other causes of hypoalbuminemia are diverse 
and warrant careful thought when evaluating the 
hypoalbuminemic patient. In particular, fluid overload 
(e.g., congestive heart failure), reduced protein synthesis 
(e.g., chronic liver disease), and other sources of serum 
protein losses (e.g., nephrotic syndrome) are important 

Table 1. Causes of Hypoalbuminemia Other Than PLE

¨	 Impaired Synthesis
o Chronic liver disease

¨	 Increased Loss
o Nephrotic syndrome

¨	 Dilution
o Volume overload in context of heart 

failure

¨	 Inflammation
o Acute inflammatory response (nega-

tive phase reactant)
o Chronic inflammatory response
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has demonstrated superior sensitivity and negative 
predictive value compared to A1AT clearance for the 
diagnosis of PLE and has the added benefit of not 
requiring a prolonged stool collection.12 These tests 
may also be used to monitor response to treatment.

Upper endoscopy was subsequently performed 
and was notable for patchy gastric erythema with an 
atrophic appearance to the stomach. Biopsies from the 
second portion of the duodenum demonstrated patchy 
eosinophilia while biopsies from the duodenal bulb were 
normal. Random biopsies from the stomach showed 
marked eosinophilia without other abnormalities 
(Figure 1). Based on the peripheral eosinophilia and 
presence of eosinophils on the biopsy, the patient 
was suspected to have eosinophilic gastroenteritis.  
Interestingly, in 2010, she had undergone upper 
endoscopy and colonoscopy to evaluate iron deficiency 
anemia. While both examinations were grossly 
normal, random biopsies from the stomach revealed 
a similar intense eosinophilic inflammatory infiltrate 
throughout the mucosa and submucosa. Biopsies from 
the duodenum, terminal ileum and colon were normal.  

Evaluating Confirmed PLE
When a diagnosis of PLE has been determined, 
additional testing is necessary in order to identify the 
underlying cause and help direct treatment. PLE is 
associated with a diverse set of diseases often affecting 
multiple organ systems and can be divided into GI and 
non-GI causes (Table 3). GI sources can be further 
divided into erosive and nonerosive diseases of the 
bowel that result in protein loss across the mucosal 
membrane of the intestine and are detailed in Table 3. 

to consider. This evaluation should include a careful 
history and physical examination, as well as standard 
evaluations of other causes of hypoalbuminemia noted 
in Table 1.

A diagnostic evaluation revealed no evidence of 
chronic liver disease, nephrotic syndrome or congestive 
heart failure. Alpha-1-antritrypsin clearance was 
found to be 341 mL/24 hours (normal, < 27 mL/24 
hr), consistent with PLE.

Testing to Confirm a Diagnosis of PLE 
The primary diagnostic test for PLE is stool testing 
for the presence of alpha-1-antritrypsin (A1AT) (Table 
2). A1AT is a protein that suffers minimal degradation 
or active secretion in the GI tract and is of similar 
molecular weight as albumin.  By measuring A1AT 
levels in both serum and a 24-hour stool collection, 
A1AT clearance can be calculated as follows:

A1AT clearance = [(mL Stool) x (stool A1AT mg/
dL)] / [serum A1AT mg/dL]

An elevated A1AT clearance >27 mL/day reflects 
a general state of GI protein loss and has a sensitivity 
of approximately 80%.7 Diarrhea from any cause, 
however, results in some obligate A1AT loss and, thus, 
a higher threshold (>56 mL/day) may be required for 
the diagnosis of PLE in this situation.9,10 A1AT is also 
sensitive to degradation by acid so, in the setting of a 
hypersecretory state, this test is optimally performed 
while the patient is receiving acid suppression.11 
Finally, A1AT testing of a spot stool specimen may 
also show elevated levels in PLE, but this is a less 
sensitive approach and is not recommended in the 
initial diagnosis.10 Use of a random stool A1AT level 
coupled with serum A1AT level, however, may serve 
as a convenient surveillance method for patients with 
known PLE undergoing treatment or in remission.

There are a number of other methods to search 
for protein loss in the GI tract, albeit none as widely 
available or as safe as the A1AT clearance. Historically, 
the gold standard test for PLE has been the fecal 
excretion of 51Cr labelled albumin, which requires 
collection of stool for a minimum of 4 days.7 It is not 
only challenging for patients to complete a 4-day stool 
collection but it exposes them to radiation and it is not 
widely available. The 51Cr-albumin clearance may be 
useful when there is a high clinical suspicion in the 
context of a negative A1AT clearance given its higher 
sensitivity. An alternative is technetium 99m-labelled 
human serum albumin (HSA) scintigraphy. This test (continued on page 28)

Figure 1. 
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Circulatory dysfunction from cardiac pathology 
such as congestive heart failure (CHF), constrictive 
pericarditis, and congenital heart disease can lead to 
PLE. The most common cardiac cause of PLE occurs in 
adults with congenital heart disease, a functional single 
ventricle, treated as a child with a palliative Fontan 
operation.1 Post-Fontan patients make up the largest 
cohort of patients with PLE described in the literature.

PLE is associated with a significant morbidity and 
mortality depending upon the underlying cause. The 
five-year mortality after diagnosis of PLE in the setting 
of a Fontan procedure approaches 50%; however, recent 
data suggest that advances in our understanding of the 
disease may have improved this rather dismal outlook.13 
While data on morbidity and mortality associated 
with PLE related to other causes are more limited, 
malnutrition, volume overload, thrombophilia, and 
secondary immunodeficiency, likely have a significant 
impact on long-term outcomes.

Because the management of PLE is closely 
tied to treating the underlying disease, when PLE is 
identified, a thorough evaluation should be undertaken 
to better characterize the state of the GI tract mucosa, 
lymphatic system, and cardiovascular system. This 
is best approached through upper and lower GI 
endoscopy with mucosal biopsies as well as infectious 
studies (focusing on chronic intestinal infections). If 
conventional endoscopy does not yield a diagnosis, 
video capsule endoscopy or small bowel enteroscopy 
have been shown to be useful in patients with known 
PLE.14  Cross-sectional imaging of the abdomen and 
pelvis, echocardiogram, lymphatic/hematologic tests 
and, sometimes, diagnostic laparoscopy may also be 
useful depending on the clinical presentation.  

Mechanisms Causing PLE
As our understanding of PLE has improved, it has 
become increasingly clear that a common link between 
the various etiologies of the disease involves injury to, 
or breakdown of, the GI epithelium causing increased 
permeability. Conceptually, this pathology is clear 
when considering PLE caused by mucosal diseases 
such as inflammatory bowel disease, eosinophilic 
gastroenteritis, and microscopic colitis, for example. 
Poor lymphatic drainage from congenital defects or 
from significant lymphatic obstruction may cause 
loss of lymphatic fluid into the GI tract through 
direct hydrostatic forces.15 Although the mechanism 

responsible for PLE in systemic autoimmune disease 
is unclear, it has been hypothesized that it results from 
mucosal or capillary inflammation caused by: 

1.  local vascular injury mediated by complement 
or vasculitis 

2.  lymphatic damage through mesenteric 
inflammation, or 

3.  increased endothelial permeability through 
the effect of inflammatory cytokines.16

The cause of PLE associated with cardiovascular 
diseases such as CHF and the Fontan procedure is 
generally considered to be increased hydrostatic 
pressure from venous hypertension which, at least 
in part, results in loss of protein into the GI tract.1 
Interestingly, these patients do not have significantly 
elevated venous hypertension relative to similar patients 
without PLE making the exact pathophysiologic process 
less clear.1 Some of these patients seem to respond to 
treatments based at the level of the mucosal membrane, 
implying that perhaps mucosal injury is again a primary 
root cause. Some hypothesize that hemodynamic 
changes associated with the Fontan procedure result 
in increased mesenteric vascular resistance as a 
compensatory mechanism to poor cardiac output.17 This 
may in turn damage the mucosal epithelium, increase 
permeability and engorge intestinal lymphatics with 
an appearance histologically similar to congenital 
intestinal lymphangiectasia. There are also data to 
suggest that patients with univentricular-type congenital 
heart disease may have increased protein loss in the 
GI tract prior to the Fontan procedure; this may reflect 
either a response to the initial circulatory dysfunction 
of the congenital heart disease or concurrent congenital 
malformation of some component of the GI tract itself.18 
Others have attempted to strengthen the argument for 
mucosal injury by demonstrating that patients who have 
undergone a Fontan procedure typically have elevated 
inflammatory markers.19

The patient was placed on prednisone for suspected 
eosinophilic gastroenteritis with rapid normalization of 
her serum albumin and eosinophils and more gradual 
normalization of the A1AT clearance. With weaning of 
the prednisone, an increase in peripheral eosinophils 
and decrease in albumin occurred prompting initiation 
of oral cromolyn and budesonide. Thereafter, she 
was able to eliminate prednisone use. Repeat upper 

(continued on page 30)

(continued from page 25)
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a measurable response. Nutritional strategies focusing 
on protein deficiency are important. A high protein 
diet is recommended in patients with PLE and may 
require significantly greater protein intake (2.0-3.0 g/
kg/day) than normal (0.6-0.8 g/kg/day) to remain in a 
positive nitrogen balance.6 In patients with associated 
fat malabsorption, primary or secondary intestinal 
lymphangiectasia or other lymphatic disorders causing 
PLE, a lowering of fat intake may decrease pressure on 
the lymphatics and limit protein leakage.15 To replace 
these lost fats, medium-chain triglycerides can be tried 
as these provide a source of energy rich fats and are 
absorbed largely via the portal vein rather than the 
lymphatics.15 However if a very low fat diet is used > 3 
weeks, a source of essential fatty acids will be necessary 
and fat soluble vitamins may need to be monitored.21 
If oral intake is inadequate, enteral feedings should be 
considered.  If fat malabsorption has been demonstrated 
based on a quantitative fecal fat collection with fat 
ingested or infused enterally, then a semi-elemental or 
elemental product should be used. If the patient fails 
enteral, then parenteral will be necessary.

Although dietary modification may not produce 
obvious benefit in terms of symptoms or degree of 
protein wasting, the optimization of the PLE patient’s 
nutritional status is important to the success of other 
therapies and the patient’s overall outcome.

endoscopy approximately one year later was normal 
including duodenal and gastric biopsies. Interestingly, 
biopsies from the upper esophagus demonstrated 
marked eosinophilia consistent with eosinophilic 
esophagitis. Notably, she denied dysphagia or any other 
esophageal symptoms.

Management of PLE
Because PLE is a rare disease with a variety of 
seemingly disparate causes, there are limited data on 
its optimal treatment. As such, no single treatment 
reliably improves PLE in all patients. A core principle 
is to treat the underlying disease which, if successful, 
should generally result in improvement in the PLE.  
Fortunately, most causes of PLE can be readily diagnosed 
and treated. Examples might include optimization of 
the management of eosinophilic gastroenteritis as 
demonstrated in our case illustration, or fenestration 
of the Fontan heart to improve cardiac output.20

A number of PLE-specific strategies have been 
described and include dietary, pharmacological or 
surgical interventions. No controlled studies, however, 
have been performed to demonstrate the utility of these 
approaches. It is also important to recognize that there 
is often a substantial delay in clinical response to 
treatment of PLE, which may take months to display 

(continued from page 28)

Table 2. Testing in PLE 

¨	 Test of Choice:  A1AT clearance 
o >27 mL/day reflects a general state of GI protein loss ~ 80% sensitive
o Diarrhea results in obligate A1AT loss, use a higher threshold (>56 mL/day)
o A1AT is sensitive to acid degradation; use acid suppression in hypersecretory state 
o Spot A1AT testing of stool specimen is less sensitive and not recommended for diagnosis 
o A random stool A1AT level with serum A1AT level may be a convenient surveillance 

method for known PLE patients under treatment or in remission

¨	 Alternatives to A1AT clearance:
o May be useful when there is a high clinical suspicion in the context of a negative A1AT 

clearance given its higher sensitivity 
o Technetium 99m-labelled human serum albumin (HSA) scintigraphy

§	Involves radiation 
No prolonged stool collection

o  51Cr-albumin clearance
§	Involves radiation 

Requires collection of stool for a minimum of 4 days
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Table 3. Etiologies of PLE

Erosive Gastrointestinal Disease

·	 Inflammatory bowel disease – primarily Crohn’s 23

·	 NSAID enteropathy 14

·	 Gut malignancies
·	 Graft vs Host disease
·	 Sarcoidosis 24

·	 Ulcerative jejunoileitis

Nonerosive Gastrointestinal Disease

·	 Collagenous Colitis 25

·	 Amyloidosis 26

·	 Menetrier’s 27

·	 Gastric Polyposis 28

·	 Celiac sprue
·	 Tropical Sprue
·	 Eosinophilic gastroenteritis 29

·	 Lymphocytic gastritis
·	 Bacterial infections (small bowel bacterial overgrowth, strongyloides,14 tuberculosis, 

Helicobacter pylori, 30 Whipple’s disease 31)
·	 CMV with hypertrophic gastropathy 32

·	 Lupus & ANCA (+) vasculitis 16

·	 Connective tissue disorders (e.g., Sjogren’s syndrome)
·	 Congenital metabolic abnormalities (e.g., Gaucher’s 33)

Lymphatic Congestion/Obstruction

·	 Primary lymphangiectasia 34

·	 Secondary lymphangiectasia (heart failure, mesenteric panniculitis, retroperitoneal fibrosis, 
tuberculous infiltration, lymphoma, neoplastic lymphoid invasion) 15,35,36

·	 Thoracic duct obstruction
·	 Portal hypertension
·	 Congenital malformation of the lymphatics

Cardiac isease

·	 Congenital heart disease
·	 Fontan operation for univentricular heart
·	 Congestive heart failure (particularly right heart failure)
·	 Constrictive pericarditis
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Direct replacement of serum albumin by infusion 
is not a useful long-term strategy as it provides only 
short-term benefit, is expensive, and does not reverse 
the underlying pathophysiology. In the acute setting, 
albumin infusion may help patients suffering from severe 
third-spacing of fluid due to marked hypoalbuminemia 
as a bridge to more durable therapies.22

Supportive measures to avoid complications 
resulting from fluid retention contribute meaningfully 
to PLE patients’ quality of life. Use of compression 
stockings may help decrease edema and improve 
functional status. Careful skin care along with edema 
management is important to avoid pressure ulcerations 
and other complications of skin breakdown. 

Although there are a number of anecdotal case 
reports and small case series of medical therapies for 
patients with specific causes of PLE, there are no high 
quality randomized controlled trials of any therapy in 
PLE (see Table 4). In some cases, a surgical approach 
to the primary underlying GI pathology is necessary. 
In inflammatory bowel disease, for example, this 
might result in resection of active bowel affected.  
Gastrectomy may prove curative for patients with 
Ménétrier’s disease.

Practical approach to PLE
Given the rarity of the PLE and the lack of rigorous 

Table 4. Reported Treatments for PLE

Therapy

Diuretics ·	 Considered unhelpful with managing the anasarca
·	 May be considered in those with cardiac causes

High-dose 
Spironolactone

·	 Hypothesized to have an effect on the physiology of PLE beyond 
simply acting as a diuretic, perhaps through similar pleiotropic 
mechanisms that bring about its benefit in CHF and cirrhosis

37

Heparin ·	 May stabilize capillary or mucosal endothelium
·	 Retrospective review of 17 patients suggesting improved 

symptoms but not objective outcomes

38,39

Corticosteroids ·	 Case reported data in Fontan-associated PLE suggesting benefit 40

Budesonide ·	 4 small cases series (total 31 patients w/ PLE after Fontan) 
suggesting clinical and biochemical improvement with 
9mg/day dosing

19,41-43

Octreotide ·	 Case reported in treatment for PLE from a variety of causes
·	 May favorably modify intestinal blood or lymphatic flow and 

decrease vascular permeability through modulation of 
vasoactive peptides

13,26,44,45

Cetuximab* ·	 Case reported in treatment for PLE associated with Ménétrier’s 46

Everolimus** ·	 Case reported in treatment for PLE associated with primary 
intestinal lymphangiectasia

47

* Epidermal growth factor receptor monoclonal antibody
**mTOR kinase Inhibitor

(continued on page 34)
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supportive data, the treatment of PLE can be a puzzle 
to the clinician. The initial step in the evaluation of 
hypoalbuminemia is to exclude other, more common, 
causes such as liver and renal diseases. When 
concern over PLE remains, the A1AT clearance 
test is recommended as the test of choice given its 
reliability, relative inexpense, and wide availability.  
After a diagnosis of PLE has been made, the following 
approach is suggested:

1. Aggressive pursuit to identify the underlying 
disease responsible for PLE and treat accordingly 
while encouraging a high protein diet and 
supportive measures for fluid retention when 
present. A low-fat diet and supplementation with 
medium chain triglyceride supplementation 
should be considered on an individual basis. 
Monitoring and treatment of any associated 
malnutrition and/or micronutrient deficiencies, 
when present, is also important. In certain 
conditions where severe symptoms prevent 
adequate oral intake, occasionally use of either 
enteral or parenteral support may be needed.

2. If cardiac disease is an underlying etiology, 
addition of diuretic regimen including 
spironolactone should be considered. The 
chronic use of diuretics in other settings, 
while commonly attempted, is otherwise 
generally discouraged as is the long-term use 
of intermittent albumin infusions. The use of 
other “heart failure” medications in order to 
optimize cardiac output in those with cardiac 
etiologies of PLE may also be pursued.

3. A trial of pharmacological agents such as 
corticosteroids, heparin, and octreotide 
may be considered in patients who have not 
responded to other measures, but should not 
be considered primary therapeutic agents for 
PLE. The use of cetuximab and everolimus 
should be considered based upon its reported 
use in relevant underlying diseases. If a trial 
of budesonide 9mg daily results in clinical 
improvement, a gradual taper over several 
months is recommended, recognizing that 
recurrence is common after discontinuation. 
Subcutaneous heparin or octreotide may be 
used in combination with oral or intravenous 
corticosteroids.  

4. Periodic monitoring of the degree of PLE 
is advised, for example, by using A1AT 
clearance, after treatment is initiated. Similarly, 
periodically monitoring the serum albumin 
level is recommended with the assessment of 
other serum chemistries and micronutrients on 
a case-by-case basis.

CONCLUSION
The patient described in our case illustration represents 
a typical case of PLE with a GI etiology with the 
exception of an absence of edema. It highlights the 
need to recognize PLE as a cause of unexplained 
hypoalbuminemia even in the absence of GI symptoms 
or evidence of fluid retention. PLE can occur in the 
context of a myriad of diseases ranging from primary 
GI mucosal disorders, to malignancies, to lymphatic 
disorders, to congenital heart disease. Diagnosis is most 
commonly confirmed by the A1AT clearance test.  The 
care of the patient with PLE can be challenging and 
often requires a multidisciplinary approach. While the 
evidence regarding the management of PLE is limited, 
treatment primarily focuses of the underlying disease 
with the addition of supportive measures to manage 
complications such as edema. 
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