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Abstract

Background and Aim : Scintigraphy using Tc-99m or In-111 
 labeled proteins is an important diagnostic modality for diagnosis 
of protein losing enteropathy (PLE). We systematically reviewed 
the available literature regarding the accuracy of scintigraphy 
 using Tc-99m or In-111 labeled proteins for diagnosis of PLE.

Methods : Medline and SCOPUS were searched using ((“protein 
losing”) AND (“scintigraphy” OR “Nuclear Medicine”)) as 
 keywords without any language or date limit. All studies on the 
 accuracy of scintigraphy using Tc-99m or In-111 labeled proteins 
in PLE were included in the systematic review.

Results : Overall 12 studies were included in our study. Pooled 
sensitivity and specificity were 87% [81-92%], and 62% [51-72%], 
respectively. Tc-99m labeled tracers had higher sensitivity but low-
er specificity compared to In-111 labeled ones. Delayed imaging 
could increase the sensitivity of imaging despite the lower specific-
ity compared to the early images. Restriction of the analyses to 
larger studies (more than 10 patients) and to studies with the gold 
standard of fecal alpha1-antitrypsin did not change the pooled 
 indices.

Conclusion : Scintigraphy using Tc-99m or In-111 labeled 
 proteins has high sensitivity for diagnosis and localization of PLE. 
Using Tc-99m labeled tracers and delayed imaging can further 
 increase the sensitivity. Despite the high sensitivity, specificity of 
scintigraphy is suboptimal and false positive abdominal activities 
can limit the usefulness of this imaging method. (Acta gastro enterol. 
belg., 2013, 76, 413-422).

Key words : Protein losing enteropathy ; Scintigraphy ; Systematic 
review ; Meta-analysis ; Tc-99m Dextran ; Tc-99m-HSA ; In-111 
Transferrin.

Introduction

Protein-losing enteropathy (PLE) is the term applied 
to a heterogeneous group of diseases which are associat-
ed with excessive loss of plasma proteins into the gastro-
intestinal tract (1). PLE is associated with more than 85 
common diseases, including exudative conditions like 
gastroenteritis, colitis, gastrointestinal tract (GIT) malig-
nancy, diverticular diseases, and diseases affecting the 
stomach and those resulting from increased intestinal 
hydrostatic  pressure like cardiac disorders with increased 
central venous pressure and intestinal lymphangiecta-
sia (2). Fecal alpha1-antitrypsin (AAT) is the main diag-
nostic marker for PLE ; this protein is a broad spectrum 
protease inhibitor that is synthesized in the liver and is 
resistant to proteolytic degradation within intestinal se-
cretion and feces. However the assessment of this marker 
is cumbersome and needs fecal matter collection and 

manipulation . In addition this test cannot be used for 
diagnosis  of PLE due to gastric pathologies (3,4).

Scintigraphy using Tc-99m or In-111 labeled proteins 
has been another widely used diagnostic tool for PLE 
since its introduction in 1986 (5). Previous studies sug-
gested that this method is simple and sensitive not only to 
diagnose PLE, but also to localize the site of protein loss 
in the gastrointestinal tract (6). Usually Indium-111 
 (In-111) and Technetium-99m (Tc-99m) are used to tag 
the serum proteins (mostly transferrin and albumin). In-
111-transferrin, Tc-99m-human serum albumin (HSA) 
or Tc-99m-dextran are the most widely used radiotracers. 
These radiotracers accumulate in the gastro-intestinal 
tract as protein loss occurs in the digestive system and 
this property can be exploited for imaging.

In the current study, we systematically searched the 
available literature on the accuracy of scintigraphy using 
Tc-99m or In-111 labeled proteins for the diagnosis and 
localization of PLE. We reported the results in a system-
atic review and meta-analysis format.

Materials and methods

Search strategy, selection criteria, data abstraction

Medline and SCOPUS were searched with the follow-
ing search terms : ((“protein losing”) AND (“scintigra-
phy” OR “Nuclear Medicine”)) without any language or 
date limit.

Any study on the accuracy of scintigraphy using 
 Tc-99m or In-111 labeled proteins in PLE was included 
if the following criteria were met :

1. Having at least 5 patients evaluated by radionuclide 
imaging.

2.	Enough	data	to	calculate	sensitivity	and/or	specificity	
of the radionuclide imaging.

Reference lists of the relevant studies were evaluated 
for any possible missed citation. Citing articles of each 
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relevant but 71 were excluded by screening the abstracts 
and titles of the articles (irrelevant studies). The full texts 
of the remaining 72 studies were evaluated in detail and 
60 studies were excluded being review articles, letter to 
editors or case reports. Finally 12 relevant studies were 
included in the meta-analysis (1,2,5,6,15-22). Table 1 
shows characteristics summary of the included study in 
our systematic review.

Figure 2 and 3 show the forest plots of sensitivity and 
specificity	 pooling.	 For	 diagnosis	 of	 PLE	 the	 scinti
graphy had pooled sensitivity of 87% [81-92%], 
	specificity	 of	 62%	 [5172%],	 LR+	 of	 2.662	 [1.304
5.434], LR- of 0.180 [0.075-0.433] and DOR of 25.820 
[7.580-87.949].

Figure 4 and 5 show the funnel plots of sensitivity and 
specificity	pooling.	Egger’s	regression	intercept	for	sen-
sitivity	and	specificity	pooling	was	2.7	(p	=	0.00032)	and	
2.45	(p	=	0.057)	respectively.	Using	Duval	and	Tweed-
ie’s	trim	and	fill	method,	6	studies	for	sensitivity	pooling	
and	3	studies	 for	 specificity	pooling	were	 trimmed	and	
adjusted	pooled	sensitivity	and	specificity	were	14%	and	
17% lower than the observed ones, respectively.

sROC of the meta-analysis is shown in Figure 6 with 
AUC of 0.92 and Q* of 0.86.

Two studies (Simonsen et al. and Bhatnagar et al) re-
ported their results according to the cut-off of positivity 
of the scintigraphy images. The pooled sensitivity and 
specificity	were	100%	[90100]	and	42.3%	[23.463.1]	if	
any	abdominal	activity	is	considered	as	a	positive	find-
ing.	The	 pooled	 sensitivity	 and	 specificity	were	 86.1%	
[70-95.3] and 92.6% [75.7-99.1] if only moderate ab-
dominal	activity	is	considered	as	a	positive	finding.

In seven studies (5,6,18-22) results were reported in 
early and delayed phases of imaging. In-111 was used for 
labeling in four studies (1,6,15,17) and Tc-99m in the re-
mainder of the included studies.

Table 2 shows the subgroup analyses regarding type 
of the radiotracer, imaging time and threshold effect.

Discussion

Several techniques have been developed for the detec-
tion	and	quantification	of	protein	loss	in	the	gastrointesti-
nal tract. Scintigraphy offers several advantages includ-
ing simplicity, non-invasiveness, and low cost.

Another important advantage of scintigraphy in PLE 
is its ability to localize the diseased part of the GI tract 
which is almost impossible in certain cases with other 
imaging modalities. In addition scintigraphy using Tc-
99m or In-111 labeled proteins does not require fecal 
matter handling which can be a limiting factor for fecal 
AAT test (20). It is worth mentioning that, fecal excre-
tion of the radioactive material can also be used to quan-
tify the amount and importance of protein loss. For ex-
ample Dahlqvist et al. and Urita et al.	quantified	the	GI	
protein loss by fecal collection and activity determination 
in the fecal matter using In-111-transferrin (15,23). 

relevant study were also reviewed (by citation tracking 
options of the SCOPUS and Google scholar) for any 
 other possible relevant study. Corresponding authors 
were contacted if necessary.

Retrieved articles were evaluated blindly by two of the 
authors and in case of any disagreement ; the opinion of 
a third author was used. Possible duplicate publications 
were discussed and only the most recent studies were 
 included.

The quality of the included studies was evaluated 
 using the Oxford Center for Evidence Based Medicine 
Checklist of diagnostic studies (7).

Data on authors, publication year, type of the radio-
tracer, complementary diagnostic methods, characteris-
tics of the patients, and information needed for sensitivity 
and/or	 specificity	 calculation	 were	 extracted	 by	 two	
 authors independently.

Statistical analysis

The recommendations of Deville et al. for meta- 
analysis of diagnostic studies were followed (8). Due to 
considerable heterogeneity of the included studies re-
garding methods and patients, the random effects model 
was used for pooling the data (9). For heterogeneity 
	evaluation,	Cochrane	Q	 test	was	 used	 and	 significance	
level	was	set	at	p	=	0.05.	For	quantifying	the	heterogene-
ity, I2 index was used. For threshold effect evaluation, 
correlation	between	sensitivity	and	specificity	of	includ-
ed studies was calculated (10). In addition, sensitivity 
and	specifity	of	the	individual	studies	were	recalculated	
for different thresholds of positivity (any activity in the 
abdomen vs. at least moderate activity in the abdomen) if 
possible. To explore the effect of radiotracer type and im-
aging time, subgroup analyses were used. To explore the 
effect of inclusion of studies with various gold standards 
and low sample size studies, sensitivity analyses were 
done. 

Sensitivity,	 specificity,	 negative	 and	 positive	 likeli-
hood	ratios	(LR,	LR+),	and	diagnostic	odds	ratio	(DOR)	
were calculated for each study and overall results were 
calculated by pooling the data using random effects 
 model (10). Summary receiver operating characteristics 
curve	(sROC	curve)	fitting,	area	under	the	curve	(AUC)	
calculation as well as Q* value were also used for 
 summarizing overall performance of the test (11).

Publication bias was addressed graphically using fun-
nel plots. Funnel plots asymmetry was also statistically 
tested	 using	 Egger’s	 regression	 intercept	 method	(12).	
DuvalTweedie’s	trim	and	fill	method	was	used	for	quan-
tifying possible publication bias effect (13).

Comprehensive Meta-analysis (version 2) and Meta-
Disc (version 1.4) were used for statistical analyses (14).

Results

Figure 1 shows the search strategy of the study (PRIS-
MA	flowchart).	 In	 the	first	 search,	 143	 studies	 seemed	
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On	 the	other	hand,	 the	pooled	 specificity	of	 the	 test	
was sub-optimal (62%). This means that false positive 
results (detection of tracer in the gastrointestinal tract 
 despite no PLE) are the major shortcoming of the scinti-
graphy in the diagnosis of PLE. It is probable that these 
false positive results are due to simple physiological trac-
er activity in the bowel. Concomitant intestinal bleeding 
can be another reason of false positive results especially 
in	patients	with	inflammatory	bowel	disease	(2).

The included studies in the current systematic review 
were not homogenous and I2 indices of sensitivity and 
specificity	 pooling	 were	 71%	 and	 86.3%	 respectively	
which are pretty high. In order to explore this heteroge-
neity, we evaluated the relation of several variables to the 
diagnostic performance of scintigraphy using Tc-99m or 
In-111 labeled proteins as shown in Table 2. 

Type of the radiotracer

Scintigraphy with Tc-99m labeled tracers had higher 
pooled sensitivity as compared with In-111 (90.1% vs. 
81.1%)	 but	 lower	 specificity	 (56.4%	 vs.	 69.2%).	 This	

In this systematic review, we have evaluated the sen-
sitivity	and	specificity	of	the	radiolabeled	scintigraphy	in	
the diagnosis of PLE.

Overall test accuracy

Overall the test works relatively well in the diagnosis 
of	PLE	(pooled	DOR	=	25.82,	AUC	of	0.92	and	Q*	of	
0.86). 

Pooled sensitivity was high (87%). This shows that 
the false negative results (no detection of the tracer in the 
gastrointestinal tract despite PLE) are relatively few. It is 
probable that these false negative results are secondary to 
protein-energy malnutrition or associated with hypertro-
phic gastritis rather than exudative causes (20). We 
should also consider the ability of abdominal scintigra-
phy to localize gastric causes of PLE. Diagnosis of this 
sub-set of PLE can be very hard and almost impossible 
with fecal AAT. In our systematic review, there were 
four	Menetrier’s	 patients	 and	 two	 hypertrophic	 gastro-
pathic patients who were all diagnosed by scintigraphic 
imaging despite negative fecal AAT test (5,6,15-17).

Fig.	1.	—	PRISMA	flowchart	of	the	study	search	strategy
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hand, if only early images are considered positive, pooled 
specificity	increased	to	100%	and	pooled	sensitivity	de-
creased to 63% (Table 2). This can be due to intermittent 
nature of protein loss from the gut in PLE (24). Hence it 
is important to include both early and delayed phases in 
the study especially when the clinical indication for scin-
tigraphic imaging is localization of an otherwise proven 
PLE as delayed images increase the sensitivity up to 
24%. However, abdominal activities on the delayed im-
ages may be due to the transit of the tracer along the 
bowel lumen which gives false positive results (17). This 
is	the	reason	of	38%	lower	pooled	specificity	of	the	de-
layed images compared to the early ones.

Two studies showed concordance between presence 
of	 significant	 symptoms	 of	 PLE	 or	 high	 level	 of	AAT	
(> 20 mg/day) and positive results at early scintigraphic 
images (5,6). In other words mild symptomatic PLE or 
low AAT levels can be associated with false negative 

lower	specificity	may	be	due	to	the	appreciable	activities	
in the kidneys and urinary bladder which are visible us-
ing Tc-99m HSA but not using In-111-transferrin (6). 
Another	reason	of	lower	pooled	specificity	with	Tc99m	
labeled tracer is in vivo breakdown of the labeled tracer 
yielding free pertechnetate (24). Some of the studies rec-
ommended Tc-99m as the tracer of choice for scanning 
patients with PLE because of availability and lower cost 
of this radioisotope (20, 21). On other hand, In-111 has 
prolonged physiologic half-life (2.8 days) and stable 
binding	to	transferrin,	which	makes	it	especially	benefi-
cial	for	delayed	imaging	and	fecal	quantification	(1).

Time of imaging (early vs. delayed imaging)

If uptake at any time (either early or delayed images) 
is considered positive, the pooled sensitivity is relatively 
high	 (87%)	 and	 specificity	 is	 low	 (62%).	On	 the	 other	

Table 2. — Subgroup analyses of the studies regarding type of radiotracer, time of first activity and threshold effect

Sensitivity (%) Specificity (%) LR+ LR- DOR

Type of radiotracer
  Indium-111 
  Technetium-99m

81.1 [68-90.6]
90.1 [82.5-95.1]

69.2 [52.4-83]
56.4 [42.3-69.7]

5.18 [0.40-66.68]
2.45 [0.93-6.46]

0.30 [0.12-0.73]
0.11 [0.038-0.31]

24.14 [5.44-107.11]
26.02 [3.28-206.01]

Time of first activity
  Early
  Early or delayed

63.2 [51.3-73.9]
87 [81-92]

100 [87.7-100]
62 [51-72]

9.60 [2.47-37.18]
2.66 [1.30-5.43]

0.36 [0.24-0.54]
0.18 [0.075-0.43]

29.82 [6.11-145.43]
25.82 [7.58-87.94]

Threshold effect
  Moderate to severe activity
  Any activity

86.1 [70.5-95.3]
87 [81-92] 92.6 [75.7-99.1]

62 [51-72]
11.68 [3.06-44.54]
2.66 [1.30-5.43]

0.16 [0.07-0.37]
0.18 [0.075-0.43]

82.67 [13.62-501.70]
25.82 [7.58-87.94]

Fig. 2. — Forest plot of sensitivity pooling. The black squares are sensitivity of individual studies, and their sizes correspond to the 
sample size. Lines on each side of the squares represent 95% CI. The black diamond is the pooled sensitivity of the included studies, 
and the lines on each side represent 95% CI. I2 index represents the proportion of between-study variance, which cannot be attributed 
to sampling error and is truly due to variations between studies.
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thresholds of scan positivity) showed considerable 
threshold effect. If any activity in the abdomen is consid-
ered positive, the pooled sensitivity would be 100% 
	despite	 42.3%	 pooled	 specificity.	 By	 increasing	 the	
threshold of positivity to moderate abdominal activity the 
pooled	 sensitivity	 decreased	 to	 86.1%	 but	 specificity	
 increased to 92.6%. It seems that if localizing the site of 
PLE in previously diagnosed patients is the purpose of 
the scintigraphy, lower thresholds are more desirable 
considering the higher sensitivity.

early scintigraphic images. Delayed scintigraphic 
 imaging can be of utmost importance in these patients 
considering its higher sensitivity.

Threshold effect

We evaluated the threshold effect on the sensitivity 
and	 specificity	 of	 the	 scintigraphic	 imaging.	 Although	
SROC showed minimal threshold effect, recalculation of 
the study results according to different thresholds (any 
abdominal activity or moderate abdominal activity as the 

Fig.	3.	—	Forest	plot	of	specificity	pooling.	Please	refer	to	Figure	2	legend	for	description	of	the	figure	details

Fig. 4. — Funnel plot of sensitivity pooling. The black diamond is detection rate after adjustment for possible publication bias using 
trim	and	fill	method.	This	is	the	plot	of	logit	sensitivity	against	standard	errors.	Any	asymmetry	in	the	plot	can	be	due	to	publication	
bias.	The	black	diamond	show	trimmed	pooled	effect	size	after	application	of	Tweedie’s	trim	and	fill	method.	This	method	represents	
the adjusted value of sensitivity after correction of possible publication bias. If the adjusted values show high deviation from the 
original ones, important publication bias can be implied.
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Fig.	5.	—	Funnel	plot	of	specificity	pooling.	The	black	diamond	is	detection	rate	after	adjustment	for	possible	publication	bias	using	
trim	and	fill	method.	For	more	information	regarding	this	method	please	refer	to	Figure	4	legend.	

Fig.	6.	—	SROC	of	the	metaanalysis.	This	is	the	plot	of	sensitivity	against	1specificity	of	each	study	for	evaluating	possible	threshold	
effect in the included studies. The curves represent the SROC curve (middle) and 95% CI. The SROC curve represents overall perfor-
mance of the test. AUC is the area under the SROC curve, and the higher values of AUC (closer to 1) mean better performance of the 
test.	Q*	is	the	point	on	the	SROC	curve	at	which	the	sensitivity	and	specificity	are	equal	to	each	other.	Again	higher	values	of	Q*	
(closer to 1) show better performance of the test.
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Conclusion

Scintigraphy using Tc-99m or In-111 labeled proteins 
has high sensitivity for diagnosis and localization of 
PLE. Using Tc-99m labeled tracers and delayed imaging 
can further increase the sensitivity. Despite high sensitiv-
ity,	 specificity	 of	 scintigraphy	 is	 suboptimal	 and	 false	
positive abdominal activities can limit the usefulness of 
this imaging method. 
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