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Review

Sum mary
Protein-losing enteropathy is a medical condition which is characterized by loss of protein, vitamin and trace elements into the intestines which can
be complicated by various diseases. The main causes of protein-losing enteropathy in children are primary or secondary intestinal lymphangiectesia,
Menetrier disease, inflammatory and immunological disorders. Hypoalbuminemia, developed due to intestinal protein loss, provides the basis of
clinical findings. Treatment and prognosis of the disease is closely related to the underlying disease. In this paper, the causes of protein-losing
enteropapathy, clinical findings and treatment approaches were reviewed in the light of current information. (Turk Arch Ped 2013; 48: 7-12)
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Introduction 

Protein-losing enteropathy (PLE) is a clinical condition
which is characterized with excessive protein loss from the
gastrointestinal system and involves different diseases in the
background. Protein-losing enteropathy may arise from
gastrointestinal diseases or non-gastrointestinal diseases
(Table 1) (1,2,3). While loss of proteins leads to significant
decreases in the plasma levels of the proteins with long half-life
including albumin, seruloplasmin and immunoglobulins (IgA,
IgG, IgM), no significant change occurs in the plasma levels of
the proteins with a short half-life including IgE, coagulation
factors, prealbumin and transferrin (2). In protein-losing
enteropathy, iron, lipids and trace elements are also lost from
the intestines in addition to proteins (4). 

Hypoalbuminemia which develops as a result of loss of
albumin from the intestines constitutes the basis of the clinical
findings. Plasma albumin level depends on the relation between
the synthesis, destruction and distribution of albumin in tissues.
While hormonal factors and inflammatory processes are
effective on albumin synthesis in the body, the main role is
played by nutrition; essential amino acids (especially
tryptophan) are required for synthesis of albumin (3). Normally,
6-10% of plasma albumin is reduced daily by being destroyed
or lost from the gastrointestinal system.  In patients with protein-

losing enteropathy, this loss from the gastrointestinal system
increases up to 60%. Although the ability of the liver to
synthesize albumin is increased to compensate for this, it is not
enough. This results in hypoalbuminemia in the patients (1,3). 

Pathophysiology

Protein-losing enteropathy is a clinical condition which
develops as a life-threatening complication of some diseases
which are not related with each other including primary
intestinal lymphangiectasia (PIL), inflammatory bowel diseases,
congenital glycolysation disorder and systemic lupus
erythematosus (5). PLE may develop in many diseases which
cause mucosal inflammation in the gastrointestinal system. The
classical examples of these diseases include inflammatory
bowel diseases including Crohn’s disease and ulcerative colitis.
Inflammation which develops in the intestinal mucosa increases
mucosal permeability by changing the cellular integrity.
Superficial epithelial loss leads to protein loss into the intestinal
lumen and protein-rich fluid escapes from the epithelium into
the lumen depending on the degree of mucosal damage (1).
PLE may develop in the absence of mucosal inflammation in
some gastrointestinal diseases. For example, Menetrier
disease frequently develops in relation with cytotomegalovirus
and helicobacter pylori and is characterized with giant folds in



the stomach. It is manifested by nonspecific gastrointestinal
symptoms including nausea, vomiting, loss of appetite, weight
loss and edema. It generally has a good prognosis in children,
limits itself and recurrence or permanent damage are not
observed. In Menetrier disease, parietal cells and acid release
decrease and protein-rich fluid escapes through the wide
intercellular “tight junctions” into the stomach. Studies have
shown that the “epidermal growth factor” receptors are
excessively stimulated by “transforming growth factor β”.
Therefore, epidermal growth factor receptor antagonists
(cetuximab) have been used in some resistant cases and
reported to be efficient (1,3,6). In celiac disease, loss of plasma
proteins from the intercellular space is enhanced because of
loss of superficial epithelium and villus. Intestinal permeability
increases in conditions which are accompanied by eosinophilic
gastroenteritis and mast cell infiltration including milk and soya
protein allergy or eosinophilic gastroenteritis, (1,7). In systemic
lupus erithematosus, intravascular complement activation is
blamed for development of PLE. Decrease in complement (C)3
and C4 levels and complement activation and additionally
increase in INF α, IL 6 and TNF α lead to increase in
permeability of the intestinal mucosa (8).

Intestinal lymphangiectasies constitute the other large class
of protein-losing enteropathies (Table 1). Primary intestinal
lymphangiectasia is a condition defined in 1961 for the first time
characterized with local or diffuse enlargement in enteric
lymphatics which can be associated with lymphatic anomalies in
the other parts of the body (9). Different clinical pictures may
arise depending on the localization of the enlarged lymphatics
namely the mucosa, submucosa or serosa. Studies have found
that VEGFR3 (vascular endothelial growth factor receptor 3),
PROX1 (prospero-related homeobox-transcriptional factor),
FOXC2 (forkhead transcriptional factor) and SOX18 genes are
involved in the development of the lymphatic system. Hokari et
al. (10) showed that there were changes in mRNA expression of
these genes by duedonum biopsy in patients with primary
intestinal lymphangiectasia. Patients with primary intestinal
lymphangiectasia are usually diagnosed before the age of three
and girls and boys are affected equally. Enlargement and stasis
in the lymphatics result in tears in the lymphatic vessels and loss
of protein-rich fluid into the gastrointestinal system. This leads to
hypoalbuminemia, lymphopenia, hypogammaglobulinemia and
loss of the fat soluble vitamins. Clinically, it is manifested by
unilateral or bilateral low extremity edema, diarrhea, nausea,
vomiting and fatty stools (11,12).

Intestinal lymphangiectasia may occur secondary to stasis
in the lymphatics or increase in the lymphatic pressure. While
lymphatic stasis occurs in conditions including Crohn disease,
sarcoidosis and lymphoma, increase in the lymphatic pressure
occurs secondary to congestive heart failure, constrictive
pericarditis and cardiac diseases including Fontan operation.
Stasis or increased pressure in the lymphatics leads to rupture

in the lacteals and loss of the lymphatic fluid by the
gastrointestinal system. Secondary intestinal lymphangiectasis
may occur in relation with some syndromes (Table 1) (1,2,3).  

Fontan operation is performed in patients with functional
single ventricle in whom biventricular repair is not possible and
is based on conduction of the systemic venous blood directly to
the pulmonary circulation (13,14). In 3-15% of the patients in
whom Fontan operation is performed, PLE develops
approximately 2-3 years later (14,15).  In a multicenter study in

Inflammatory and ulcerative gastrointestinal diseases
• Inflammatory bowel diseases

Crohn disese
Ulcerative colitis

• Infections
Parasitic: Giardiya lamblia
Virus: Rotavirus
Bacterial: Salmonella, Shigella, Camplobacter, Clostridium
difficile,  Helicobacter pylori
Pseudomembraneous enterocolitis

• GIS malignencies
Esophagus, stomach and colon adenocarcinomas
Lymphoma
Kaposi sarcoma

• Nonsteroid antiinflammatory drug enteropathy
• Graft versus host disease
• Necrotizing enterocolitis
• Ulcerative ileitis

Non-ulcerative GIS diseases
• Hypertrophic gastropathies (Menetrier disease)
• Celiac disease
• Eosinophilis gastroenteritis
• Allergic gastroenteritis
• Tropical sprue
• Bacterial excessive growht
• Vasculitic diseases: Systemic lupus erythematosus, Henoch
Schönlein purpura 
• Congenital glicolysation disorder
• Congenital enterocyte heparan sulphate deficiency
• Common variable immune deficiency

Loss from the intestinal lymphatics
• Primary intestinal lymphangiectasia
• Secondary intestinal lymphangiectasia

Cardiac diseases: Congesitve heart failure, constrictive
pericarditis, cardiomyopathy, Following Fontan operation
Obstruction in the lymphatics: Malrotation, lymphoma,
tuberculosis, sarcoidosis, retroperitoneal fibrosis, Crohn
disease, radiotherapy, chemotherapy, arsenic intoxication,
portal hypertensive gastropathy, hepatic venous flow
obstruction
Syndromes: Turner, Noonan, Hennekam, Klippel-
Trenaunay, Von Recklinghausen syndrome

Table 1. Causes of protein losing enteropathy
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which more than 3000 patients who had undergone Fontan
operation were evaluated, PLE was found to have developed in
3.7% of the patients (16). The mortality rate of PLE which
develops after Fontan operation is high; 30% of the patients die
in the second year after the diagnosis and 59% die in the 5th
year (14). 

Although the pathophysiology of PLE which develops after
Fontan operation is not clear,  increase in the systemic venous
pressure and right atrial pressure lead to an increase in the
inferior vena cava and portal vein. This causes intestinal
congestion, lymphatic stasis and enteric protein loss (14).
Additionally, low cardiac output and increased mesenteric
vascular resistance cause ischemia. As a result of ischemia the
levels of inflammatory cytokines including TNF α increase. As a
result of these factors the integrity of the intestinal mucosa is
disrupted and protein loss into the lumen occurs. However, it is
not known why PLE develops only in 3-15% of the patients who
have undergone Fontane operation (14,17,18,19).

Intestinal epithelium prevents the pathogenic
microorganisms and products from entering into the body and
inhibits loss of the plasma elements into the lumen.
Proteoglycans (HSPG) including heparan sulphate and
“syndecan-1” which are elements of the enterocyte basal
membrane regulate cellular permeability.  Decrease in HSPG or
lack of HSPG in the basal membrane results in protein loss
from the intestines into the lumen (20,21). Murch et al. (22)
found congenital intestinal heparan sulphate deficinecy in a
patient who presented with diarrhea, nutritional disorder and
excessive albumin loss from the intestines. In tissue culture and
mouse models, it has been shown that increased venous
pressure, increase in inflammatory cytokines including INF α
and TNF α and loss of HSPG in the basal membrane cause
protein loss from the intestines separately. The association of
these three factors increases intestinal protein loss by 20-fold
by synergistic effect. Additionally, disorders of the genes which
are responsible of synthesis, transfer or destruction of HSPG
may cause to a predisposition to PLE. This genetic
predisposition has been shown in patients with congenital
glycolysation defect 1b and 1c. In these patient, genetically
inadequate N-glycolysation leads to HSPG dysfunction  (5,20).
This genetic disorder causes to a predisposition to PLE and
environmental factors including intervening viral infections or
inflammation cause to onset of PLE (5,23).

Clinical Findings  

Although the clinical findings in protein-losing enteropathy
show variance depending on the underlying disease,
hypoalbuminemia due to albumin loss is generally responsible
of the main clinical picture. Decreased plasma oncotic pressure
due to hypoalbuminemia leads to development of edema,
ascites, pleural and pericardial effusion in the patients. Other

ethiological factors should be considered in the differential
diagnosis of hypoalbuminemia (Table 2) (1,2).

In protein-losing enteropathy, other proteins are also lost
from the intestines in addition to albumin. Laboratory tests may
reveal decrease in albumin, gammaglobulins, fibrinogen,
seruloplasmin, iron and trace elements.  In PLE which develops
due to lymphangiectasia, lymphopenia related to lymphocyte
loss develops. This leads to secondary immune deficiency and
frequent infections in the patients. In addition, defect in the
absorption of fat soluble vitamins may be added to the picture.
Although loss of anticoagulant proteins including protein C and
protein S also occurs, thromboembolic events are not observed
frequently (2,4). Conclusively, protein loss, lipid absorption
disorder and vitamin-mineral loss lead to chronic nutritional
disorder and somatic growth failure (14,19). 

Diagnosis   

The diagnosis of protein-losing enteropathy is considered
with history, physical examination findings and clinical findings.
The definite diagnosis is made by showing increased alpha-1
antityripsin (α1-AT) excretion in the stool. Alpha-1 antityripsin is
a protease inhibitor which is synthesized in the liver with a size
similar to albumin (50 kdalton). Since it is not broken down in
the gastrointestinal system and not absorbed from the
intestines, it is a reliable indicator of intestinal protein loss (3). 

Alpha-1 AT clearance is calculated with the following
formula: Alpha-1 AT clearance = stool alpha-1 AT level X  (24-
hour stool volume/serum alpha-1 AT level) (24). A clearance
above 24-27mL/24 h is abnormal (1,2). Alpha-1 AT excretion
increases during diarrhea and GIS hemorrhage, but does not
exceed 56 mL (2).  Increased alpha-1 AT level in the stool
sample is valuable in the diagnosis (3). Normally, excretion of
alpha-1 AT in the stool is lower than 2.6 mg/g stool and this
corresponds to a clearance of 13 mL/day. Therefore, clearance
is more reliable, though it is troublesome. Since alpha-1
antityripsin is broken down at a pH below 3.5, it may not be

Decreased production
Protein malnutrition

Hepatic failure
Primary synthesis defect (congenital analbuminemia)

Increased loss
Protein losing enteropathy
Nephrotic syndrome
Large burns

Other
Redistribution
Vascular inflammation (for example: sepsis)
Hemodilution

Table 2. Causes of hypoalbuminemia
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found to be high in stomach-related PLE. This may be
overcome with acid supression treatment (2). 

The presence of protein loss into the intestines can be
demonstrated by nuclear medicine methods including human
albumin labeled with Tc-99, dextran and metylene diphosphate
(11). After the diagnosis of protein-losing eneteropathy is made,
the ethiological factors are investigated. 

In intestinal lymphangiectasias, a white velvet appearance
due to enlarged lacteals on the intestinal mucosa and point

white areas form place to place are observed on endoscopy
(Picture 1). On biopsy, enlarged and distorted lacteals are
observed. Endoscopic and biopsy findings may be normal in
case of local and segmental involvement. In this case, the
segment with lymphangiectasia may be found using video
capsule endoscopy (25). Enlarged and marked intestinal and
mesenteric lymphatics may be also evaluated using
computerized tomography (CT) and magnetic resonance
imaging (MR) (1,11). The diagnostic algorithm of the disease is
summarized in Figure 1.

Treatment 

The treatment is based on treatment of the underlying
disease and adjustment of the nutritional status of the patients.
High-protein diet (1.5-3 g/kg/day) and fat-soluble and water-
soluble vitamin supplements are given to the patients. For
hypoalbuminemia intravenous human albumin may be needed
(4). Additionally, diets poor in long chain fatty acids and rich in
middle chain fatty acids are recommended. With middle chain
fatty acids which enter the portal system directly without using
the lymphatics the lymphatic flow and pressure are decreased
and the risk of rupture of the enlarged lymphatics is reducedPicture 1. White velvet appearance in the duodenum on endoscopy

Figure 1. Diagnostic steps in protein losing enteropathy 

Hypoalbuminemia

Alpha 1 antityripsin clearance

>24 mL/day

>56 mL/day, if diarrhea is present

Nuclear imaging +

Causes of non-intestinal protein loss

Primary intestinal lymphangiectasia 

Specific disease diagnosis

Specific disease diagnosis 

Intestinal 
lympangiectasia 

Endoscopy/ 
Biopsy  

Secondary intestinal lympangiectasia
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LOSİNG 
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(11,14). In treatment of primary intestinal lymphangiectasis,
octreotide (150-200 microgram, 2 doses a day) can be used
(4,11). Although its mechanism of action is not known clearly, it
is thought to prevent the lymphatic flow by reducing the splenic
blood flow and to inhibit triglyceride absorption (11). 

The patients should be closely monitored in terms of
secondary immune deficiency because of loss of
immunoglobulins and lymphocytes from the intestines and it
should be ensured that all vaccines have been administered.

PLE which develops on the background of autoimmune and
inflammatory diseases (allergic gastroenteritis, eosinophilic
gastroenteritis, sarcoidosis, systemic lupus erythematosus,
inflammatory bowel diseases, graft versus host disease etc.)
benefit from steroid and immunosupressive treatment (1). PLE
which develops after Fontan operation has a poor prognosis;
the mortality rate after the diagnosis has been reported to be
30% for the first 2 years and 50% for the first 5 years in some
studies (14).  In treatment, aldosteron receptor antagonists may
be used in addition to supportive treatment. High dose
spiranolactone treatment decreases intestinal protein loss both
with its intravascular volume and pressure reducing effect and
direct mineralocorticoid receptor inhibitor effect in the renal and
intestinal epithelial cells (14,26). In addition, many patients have
been reported to have entered remission with steroid treatment
(27,28,29). Intestinal lymphangiectasia has been shown to
decrease on biopsies performed after steroid treatment.
Steroids leads to stabilization in the intestinal capillary and
lyphatic cell membranes and inhibit inflammation. Thus, they
reduce protein loss. Steroid treatment is initiated with a dose of
2 mg/kg/day in children. However, it has been reported that
symptoms recur when treatment is discontinued (27,28,29). 

In many case reports, high molecular weight heparin
treatment has been shown to decrease protein loss developing
after Fontan operation (30,31,32).  Protein loss-reducing effect
of heparin is independent of its anticoagulant effect. Studies
showed that heparin compensated the HSPG loss which
constitutes the basis of PLE and in addition inhibited both IFN
gamma and TNF alpha by binding to them. If heparin is given
immediately after PLE starts, it can break the vicious circle
between HSPG and the cytokines. High molecular weight
heparin is  recommended at a dose of 5000 U/m2/day to be
administered subcutaneously (13,32). In a cohort study, heparin
treatment was shown to provide clinical and laboratory
improvement in 13 (76%) of 17 patients, but remission
developed only in 3 (18%) patients (30). Long-term heparin
treatment has severe side effects including bleeding,
thrombocytopenia and osteoporosis. Therefore, an alternative
treatment is needed. In the study performed by Bode et al. (5),
2.3 de-O-sulphated heparin which is a heparin derivative with
no anticoagulant property decreased protein loss especially
caused by cytokines in animal models.

Treatment with surgical resection may be provided in some
selected cases including Menetrier disease, inflammatory

bowel disease, malignencies and lymphangiectasies in certain
regions which has not improved with medical treatment. 

Although little is known about the prognosis of the disease,
the most important indicator is the underlying disease. The
mortality rate is high in the ones developing after Fontan
operation (1,11). 

Conclusively, PLE is a clinical condition which involves
different diseases in the background and which is characterized
by unselective loss of proteins, vitamins and trace elements in
the intestines. Hypoalbuminemia which develops as a result of
loss of albumin constitutes the basis of the clinical findings in
the patients. The diagnosis is made with clinical findings,
increased alpha-1 antityripsin in the stool and nuclear medicine
methods. Treatment and prognosis are closely related with the
underlying disease. Full elucidation of the pathophysiology of
the disease will enlighten new treatments. 
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