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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 alphal-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 gastroenterol.
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 alphal-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 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 er 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, I* 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 re-calculated
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 (sSROC 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).
Duval-Tweedie’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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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% [51-72%], 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% [90-100] and 42.3% [23.4-63.1] 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).
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Fig. 1. — PRISMA flowchart of the study search strategy

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 092 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).

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 I* 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
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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]
2.451[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 632 [51.3-73.9]

100 [87.7-100]

9.60 [2.47-37.18]

0.36 [0.24-0.54]

29.82 [6.11-145.43]

Early or delayed 87 [81-92] 62 [51-72] 2.66 [1.30-5.43] 0.18 [0.075-0.43] | 25.82[7.58-87.94]
Threshold effect 86.1 [70.5-95.3]
Moderate to severe activity 87 [81-92] 92.6 [75.7-99.1] 11.68 [3.06-44.54] | 0.16[0.07-0.37] |82.67 [13.62-501.70]
Any activity 62 [51-72] 2.66 [1.30-5.43] 0.18 [0.075-0.43] | 25.82[7.58-87.94]
Takeda et al 1.00 (0.29-1.00)
—1 Kashiwagi et al 1.00 (0.54-1.00)
&= Okahara et al 0.88 (0.47 -1.00)
j Aburano et al 1.00 (0.72-1.00)
' Simonsen et al 1.00 (0.77 - 1.00)
= . Halaby et al 0.67 (0.41-0.87)
—8 Chiuetal 0.96 (0.80-1.00)
———————F] Chau et al 1.00 (0.69-1.00)
———+ ] Bhatnagar et al 1.00 (0.85-1.00)
= de Kaski et al 0.75 (0.48-0.93)
= Kapoor et al 0.75 (0.35-0.97)
B Urita et al 0.50 (0.21-0.79)
¢ Pooled Sensitivity = 0.87 (0.81 to 0.92)
Chi-square = 37.88; df = 11 (p = 0.0001)
0 0.2 04 0.6 0.8 Inconsistency (l-square) = 71.0 %
Sensitivity

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. I’ index represents the proportion of between-study variance, which cannot be attributed

to sampling error and is truly due to variations between studies.

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 Tc-99m
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

Acta Gastro-Enterologica Belgica, Vol. LXXVI, October-December 2013

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
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Specificity (95% Cl)

Takeda et al 1.00 (0.16 - 1.00)
Kashiwagi et al 1.00 (0.29 - 1.00)
] Okahara et al 0.00 (0.00-0.41)
Aburano et al 1.00 (0.54 - 1.00)
H Simonsen et al 0.21 (0.05-0.51)
Chiu et al 1.00 (0.74 - 1.00)
= Chau et al 0.32 (0.13-0.57)
= Bhatnagar et al 0.67 (0.35-0.90)
=) de Kaski et al 0.86 (0.42-1.00)
— 1 Urita et al 1.00 (0.74 - 1.00)
¢ Pooled Specificity = 0.62 (0.51 to 0.72)
Chi-square = 65.85; df = 9 (p = 0.0000)
0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 86.3 %
Specificity

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

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

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.
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Funnel Plot of Standard Error by Logit event rate
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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.
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Fig. 6. — SROC of the meta-analysis. This is the plot of sensitivity against 1-specificity 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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Other important issues

Added value of SPECT imaging

The advantage of SPECT over planar imaging in nu-
clear medicine need not be underscored (25,26). Several
case reports suggested that SPECT or SPECT/CT could
improve the disease localization compared to the planar
imaging (27,28). However, none of the included studies
in the current systematic review evaluated the added
value of SPECT or SPECT/CT. Future studies are needed
in this regard.

Publication bias

We evaluated publication bias using funnel plots, and
several statistical methods. Funnel plots of sensitivity
and specificity pooling showed considerable asymmetry
confirmed by statistically significant Egger’s regression
intercept method. This means that publication bias could
affect the results of our meta-analysis.

To quantify possible publication bias, we used Duval
and Tweedie’s trim and fill method which showed 14%
and 17% decrease in sensitivity and specificity after ad-
justing the observed results for possible publication bias.

Overall, publication bias ; if present, can be of con-
cern in sensitivity and specificity pooling and this can be
considered as a limitation of our study.

Quality of the included studies

Not all the included studies in the current meta-analy-
sis had the same quality. As shown in Table 1, many of
the included studies had non-consecutive recruitment or
narrow spectrum of studied patients.

The included patients were also very heterogeneous as
elucidated in Table 1. This can introduced a major bias
into our systematic review.

The sample size of the included studies was also small
(overall 246 patients were included in the current system-
atic review). To explore the effect of small studies, we
performed a sensitivity analysis by limiting the meta-
analysis on large studies (more than 10 patients). The re-
sults were not different from the original ones (sensitivity
87% [80-92], specificity 60% [49-70]). This shows that
the results of our systematic review was robust to inclu-
sion of small sample size studies.

However the most important limitation is the different
gold standard test used in the included studies for diagno-
sis of PLE. Some studies even did not use AAT test as the
gold standard and used a predefined clinical criteria in-
stead (hypoalbuminemia, edema, ruling out of non-gas-
trointestinal causes of protein loss). We performed a sen-
sitivity analysis by including only studies with AAT test
as a part of the gold standard. Pooled diagnostic indices
were not different from original ones (sensitivity 86%
[77-92], specificity 61% [47-73]). Although the results of
our study were robust to the variation in the gold stan-
dards, this variation can be considered as the major limi-
tation of the current meta-analysis.

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.

Conflict of interest

The authors have no conflict of interest to declare.
Acknowledgements

This study was supported financially by the vice chan-
cellery of research of Mashhad University of Medical
Sciences. The sponsor had no involvement in the study
design, in the collection, analysis and interpretation of

data ; in the writing of the manuscript ; or in the decision
to submit the manuscript for publication.

References

—

. DE KASKI M.C., PETERS AM., BRADLEY D., HODGSON H.J. Detec-
tion and quantification of protein-losing enteropathy with indium-111 trans-
ferrin. Eur. J. Nucl. Med., 1996, 23 : 530-533.

2. BHATNAGAR A, SINGH A K., LAHOTI D., SINGH T., KHANNA C.M.
Technetium-99m dextran : a promising new protein-losing enteropathy imag-
ing agent. Eur. J. Nucl. Med., 1996, 23 : 575-578.

3. CAMARERO SALCES C., ENES ROMERO P., REDONDO C., RIZO
PASCUAL J.M., ROY ARINO G. Collagenous colitis and collagenous gas-
tritis in a 9 year old girl : a case report and review of the literature. Acta
Gastroenterol. Belg.,2011,74 : 468-474.

4. SETAKHR V., MULLER G., HOANG P., LAMBERT A.S., GEUBEL A.
Cytomegalovirus-associated protein losing gastropathy in an immunocompe-
tent adult : a case report. Acta Gastroenterol. Belg., 2007, 70 : 296-299.

5. CHAU TN, MOK M.Y.,CHAN E.Y.,LUK WH.,LAIKB.,LIF.T. et al.
Evaluation of performance of measurement of faecal alpha(l)-antitrypsin
clearance and technetium-99m human serum albumin scintigraphy in protein-
losing enteropathy. Digestion, 2011, 84 : 199-206.

6. ABURANO T., YOKOYAMA K., KINUYA S., TAKAYAMA T.,
TONAMI N., HISADA K. et al. Indium-111 transferrin imaging for the diag-
nosis of protein-losing enteropathy. Clin. Nucl. Med., 1989, 14 : 681-685.

7. http://www .cebm.net/index.aspx?0 = 1025. Oxford Centre for Evidence
Based Medicine Website.

8. DEVILLE W.L., BUNTINX F., BOUTER LM., MONTORI V.M., DE
VET H.C., VAN DER WINDT D.A. et al. Conducting systematic reviews of
diagnostic studies : didactic guidelines. BMC Med. Res. Methodol., 2002, 2 :
9.

9. DERSIMONIAN R.,LAIRD N. Meta-analysis in clinical trials. Control Clin.

Trials., 1986,7 : 177-188.

MOSES LE., SHAPIRO D., LITTENBERG B. Combining independent

studies of a diagnostic test into a summary ROC curve : data-analytic

approaches and some additional considerations. Stat. Med., 1993, 12 : 1293-

1316.

11. WALTER S.D. Properties of the summary receiver operating characteristic

(SROC) curve for diagnostic test data. Star. Med., 2002, 21 : 1237-1256.
12. EGGER M., DAVEY SMITH G., SCHNEIDER M., MINDER C. Bias in
meta-analysis detected by a simple, graphical test. BMJ, 1997, 315 : 629-634.
13. DUVAL S., TWEEDIE R. Trim and fill : A simple funnel-plot-based method
of testing and adjusting for publication bias in meta-analysis. Biometrics,
2000, 56 : 455-463.

14. ZAMORA J., ABRAIRA V., MURIEL A.,KHAN K., COOMARASAMY A.

Meta-DiSc : a software for meta-analysis of test accuracy data. BMC Med.

Res. Methodol., 2006, 6 : 31.

10.

Acta Gastro-Enterologica Belgica, Vol. LXXVI, October-December 2013



422

15.

20.

21.

Acta Gastro-Enterologica Belgica, Vol. LXXVI, October-December 2013

URITA Y. [Diagnosis of protein-losing gastroenteropathy by 111In-transfer-
rin scanning and fecal excretion test]. Nihon Shokakibyo Gakkai Zasshi,
1991, 88 : 2644-2652.

. TAKEDA H., TAKAHASHI T., AJITSU S., UKAI K., SAITOH H.,

TOGASHI H. et al. Protein-losing gastroenteropathy detected by techne-
tium-99m-labeled human serum albumin. Am. J. Gastroenterol., 1991, 86 :
450-453.

. SIMONSEN J.A., BRAAD PE., VEJE A., GERKE O., SCHAFFALITZKY

DE MUCKADELL O.B., HOILUND-CARLSEN P.F. (111)Indium-transfer-
rin for localization and quantification of gastrointestinal protein loss. Scand.
J. Gastroenterol.,2009,44 : 1191-1197.

. OKAHARA M., KIYOSUE H., MIYAKE H., TAKEOKA H., HORI Y.,

TANAKA R. et al. [Evaluation of 9mTc-DTPA-HSA abdominal imaging of
protein-losing gastroenteropathy]. Nihon Igaku Hoshasen Gakkai Zasshi,
1998, 58 : 277-280.

. KASHIWAGI T., FUKUI H., JYOKOU T., KOZUKA T., KIMURA K.,

KASAHARA A. et al. [Imaging diagnosis of protein-losing enteropathy by
99mTec-labeled serum albumin]. Kaku Igaku, 1990, 27 : 1361-1368.
KAPOOR S.,RATAN S K., KASHYAPR.,MITTAL S K.,RAJESHWARI K.,
RAWAT H. et al. Detecting protein losing enteropathy by Tc-99m dextran
scintigraphy : a novel experience. Indian J. Pediatr.,2002, 69 : 761-764.
HALABY H.,BAKHEET S.M.,SHABIB S.,POWEJ.E., AL MEHAIDIB A,
NAZER H. 99mTc-human serum albumin scans in children with protein-
losing enteropathy. J. Nucl. Med., 2000, 41 : 215-219.

22.

23.

24.

25.

26.

27

28.

M. Khalesi et al.

CHIU N.T., LEE B.F., HWANG S.J., CHANG J M., LIU G.C,, YU H.S.
Protein-losing enteropathy : diagnosis with (99m)Tc-labeled human serum
albumin scintigraphy. Radiology, 2001, 219 : 86-90.

DAHLQVIST GE.,JAMAR F.,ZECH F., GEUBEL A P. In-111 transferrin
scintigraphy in cirrhosis with hypoalbuminemia : evidence for protein-losing
enteropathy in a small group of selected cases. Scand. J. Gastroenterol.,
2012, 47 : 1247-1252.

HSU YJ., LIN SH. LIN YF. YU FC. JAITEH LE. Pitfalls of
technetium-99m-labeled human serum albumin scintigraphy for protein-
losing enteropathy. Kidney Int.,2009,76 : 911 ; author reply 911-912.
SADEGHI R., NABIEV H., KAKHKI V.R.D., MOMENNEJAD M.,
RANA T.M., ZAKAVI SR. et al. Sensitivity of Gallium scintigraphy for
evaluation of recurrent lymphoma : Comparison of planar and SPECT imag-
ing. Iran J. Nucl. Med.,2010, 18 : 45-51.

KIANIFAR H.R., TEHRANIAN S., SHOJAEI P., ADINEHPOOR Z.,
SADEGHI R., KAKHKI V R. et al. Accuracy of hepatobiliary scintigraphy
for differentiation of neonatal hepatitis from biliary atresia : systematic re-
view and meta-analysis of the literature. Pediatr. Radiol.,2013,43 : 905-919.

.CHEN Y.C.,SU Y.C.,CHIU J.S., WANG Y F. Protein-losing gastropathy in

peritoneal dialysis as a wolf in sheep’s clothing : Tc-99m human serum
albumin SPECT/CT diagnosis. Clin. Nucl. Med.,2012, 37 : e16-18.

CHEN Y.C., HWANG SJ., CHIU J.S., CHUANG M.H., CHUNG M1,
WANG Y F. Chronic edema from protein-losing enteropathy : scintigraphic
diagnosis. Kidney Int.,2009,75 : 1124.





