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A COMPARISON OF MECKEL’S SCINTIGRAPHY IN CHILDREN: 

PREMEDICATION WITH PENTAGASTRIN VERSUS PENTAGASTRIN 

PLUS H,-RECEPTOR BLOCKER (RANITIDINE) 

Supatporn TEPMONGKOL, M.D., Sydney HEYMAN, M.D. 

ABSTRACT 

BACKGROUND: Premedicating with various drugs prior to Tc-99m 

pertechnetate scintigraphy has been proposed for augmenting the detection of Meckel’s 

diverticulum. This study aims to document the actual sensitivity, specificity, accuracy, 

positive, and negative predictive values of premedication with pentagastrin and 

pentagastrin plus ranitidine, which has not been documented before, and to compare the 

efficacy of these two protocols. 

METHODS: Two premedication protocols were followed. 181 Meckel’s scans 

with pentagastrin stimulation were performed in 180 patients. and 49 scans with both 

pentagastrin and ranitidine stimulation in 49 patients. These were retrospectively 

reviewed and analysed for the efficacy of each protocol. and the two groups were 

compared. 

RESULTS: The sensitivity, specificity, accuracy, positive, and negative 

predictive values of the group premedicated with pentagastrin were 71.4%, 99.4%, 96.1%. 

93.8%, 96.4%, respectively, and the group with pentagastrin plus ranitidine were 80%, 

100%, 98%, 100%, 97.8%, respectively. Considering those patients in whom there was 

an identifiable cause for the symptoms, including Meckel’s diverticulum the sensitivity, 

specificity, accuracy, positive, and negative predictive values were 71.4%, 99.1%, 94.8%, 

93.8%, 95.0%, respectively, for the pentagastrin group, and 80%, 100%, 97.4%, 100%, 

97.1%, respectively for the pentagastrin plus ranitidine group. There was no significant 

statistical difference in the sensitivity and specificity between these two groups (p>0.05). 

Conclusion: Meckel’s scans using pentagastrin plus ranitidine slightly, but not signifi- 

cantly improves sensitivity and specificity for the detection of Meckel’s diverticulum 

compare with pentagastrin alone. Positive and negative predictive values of both 

premedication protocols are very high, ranging from 93.8%-100%. 
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INTRODUCTION 

Tc-99m pertechnetate i is known to concen- 

trate in gastric mucosa” and was proposed for 

use in the non-invasive diagnosis of Meckel’s di- 

verticulum with ectopic gastric mucosa by Harden 

et al in 1967. In 1970, the method was intro- 

duced into clinical practice by Duszynski et al. 

This conventional method has become an estab- 

lished routine procedure in children and adults for 

almost 30 years. The sensitivity is reportedly in 

the range of 75- 85% . The specificity was found 

to be 79- 95% 

Although the utility of Meckel’s scanning 

is well documented. false negative rates as high 

as 50% have been reported. Using modern 

equipment and more careful attention to the tech- 

nique, ithe fe false negative rate was reduced to 15- 

20%. ~~ Toovercome the false negative prob- 

lems several pharmacological interventions have 

been proposed including premedicating with 

pentagastrin’ or cimetidine” shown to 

be of value in animal experimental studies. Un- 

fortunately, only isolated case reports have been 

published on the efficacy of pentagastrin, 

cimetidine and the combination of penta- 

gastrin plus ranitidine in humans. _ This study is 

aimed to retrospectively evaluate the efficacy of 

the Meckel’s scan using premedication with penta- 

gastrin or pentagastrin plus an H2-receptor blocker 

which has not been previously reported. Further- 

more, it was done to compare the sensitivity and 

specificity of these 2 premedication protocols. 

MATERIALS AND METHODS 

PATIENT POPULATION 

From August 1980 to June 1998, there 

were 231 patients referred to the Nuclear Medi- 

cine division at the Children’s Hospital of Phila- 

delphia for the diagnosis of Meckel’s diverticu- 

lum. There were 138 males and 93 females, aged 
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1 month to 24 years, with mean age of 5.634 5.2 

years. The patients presented with a history of 

hematochezia, either painless or painful, melena, 

abdominal pain alone, or only heme positive 

stools. 

The patient population was divided into 2 

groups. One group received pentagastrin stimula- 

tion alone and included patients from August 1980 

to November 1991. The rest of the patients were 

studied with pentagastrin plus ranitidine stimula- 

tion. 

SCINTIGRAPHY 

The Meckel’s scan was performed using 

Tc-99m pertechnetate in a dose of 555 MBq/1.73 

m? (15mCi/1.73 m’) , minimum 70 MBg (2 mCi). 

The patients fasted approximately 4 hours prior 

to the study. 

Before starting the study, those in group 2 

received | mg/kg of ranitidine hydrochloride 

(Zantac-H2 receptor blocker) intravenously over 

10 minutes, 30 minutes prior to injecting the ra- 

diopharmaceutical. A subcutaneous injection of 

pentagastrin (6ug/kg) was given 20 minutes be- 

fore injecting the radiopharmaceutical. Those in 

group | were premedicated with pentagastrin only. 

Studies were performed using either a Siemens 

orbiter or Sophy DS7 gamma camera with LEAP 

collimator. The injection of pertechnetate was 

given asa bolus. The earlier studies were acquired 

in analogue mode as 2 second/frame for 1 minute 

and then at 5 minute intervals for 30 minutes, fol- 

lowed by anterior, right lateral and posterior views. 

Later studies were acquired in digital mode. The 

initial flow was recorded at 1 sec/frame for 60 

seconds. Thereafter dynamic images were re- 

corded at 30 second/frame for 60 frames in 

128x128 word mode, and reframed into | min/ 

frame for hardcopy images. Anterior, posterior,
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and right lateral images were obtained after the 

dynamic phase for 500 Kcounts in 256x256 word 

mode. The bladder was emptied if necessary and 

a repeat anterior and right lateral view obtained. 

Potassium perchlorate (6 mg/kg) was given orally 

at the completion of the study. 

STATISTICS 

Sensitivity, specificity, accuracy, positive 

predictive value, and negative predictive value 

were used for evaluating the efficacy of both tests 

Critical ratio is used for comparing the sensitivity 

and specificity of the two premedication proto- 

cols. 

RESULTS 

181 Meckel’s scans with pentagastrin 

stimulation were performed in 180 patients, and 

49 scans with both pentagastrin and ranitidine 

stimulation in 49 patients. Of 180 patients, 2 pa- 

tients were studied twice, one patient with penta- 

gastrin stimulation in both studies and | patient 

with pentagastrin stimulation in the first study and 

pentagastrin plus ranitidine the second time. There 

are 2 patients that were excluded from the study: 

one because of inadequate workup to identifiy the 

bleeding cause, and the other because of a subop- 

timal Meckel’s scan. 

All the cases with positive scans were con- 

firmed by surgery giving a true positive for 

Meckel’s diverticulum in 15/181 scans using 

pentagastrin (Fig. 1) and 4/49 scans with penta- 

gastrin plus ranitidine (Fig. 2). The sensitivity, 

specificity, accuracy, positive, and negative pre- 

dictive values are shown in Table 1. Of those with 

true negative scans, in whom a cause for the symp- 

toms could be identified. there were 113/159 re- 

ceiving pentagastrin only and 33/44 pentagastrin 

plus ranitidine. These etiologies were proven by 

either endoscopy, biopsy, radiologic contrast ex- 

amination, stool exam, or stool culture (Table 2). 
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One of these was shown to be rectal duplication 

with mildly inflammed ectopic gastric mucosa. Of 

the other, 46/159 true negative patients with penta- 

gastrin and 11/44 true negative patients with penta- 

gastrin plus ranitidine were assumed not to have 

Meckel’s diverticulum because of extensive nega- 

tive workups and absence of further bleeding on 

follow up examination. There was | patient with 

pentagastrin stimulation who had a false positive 

result because of very early excretion of Tc-99m 

pertechnetate from the stomach into left upper 

quadrant of abdomen causing misinterpretation. 

There were no false positive studies with penta- 

gastrin plus ranitidine. There were 6 false nega- 

tive scans with pentagastrin. In one of these, the 

resected Meckel’s diverticulum did not have gas- 

tric mucosa but had pancreatic tissue. For two of 

the false negative results, the pathological reports 

were not available. Another false negative scan 

showed early excretion of radiotracer from the 

stomach into small bowel with much activity on 

the left side of abdomen at 20 minutes. At 25 min- 

utes there was a small focus on the right side of 

abdomen which was thought to be progression of 

small bowel activity. A fifth scan was completely 

negative but the pathological report revealed a 

Meckel’s diverticulum with gastric heterotopia and 

ulcer. There was one patient with a false negative 

scan in whom the study was repeated. He received 

pentagastrin the first time with a false negative 

result. Following premedication with pentagastrin 

and ranitidine on the second occasion, the scan 

was strongly true positive for Meckel’s diverticu- 

lum. There was one false negative study with 

pentagastrin plus rantidine (Fig. 3) in which early 

images showed a small focus overlying the blad- 

der, which could not subsequently be separated 

from it. The pathological report showed a Meckel’s 

diverticulum with a large area of pancreatic tis- 

sue, but also containing gastric mucosa. 

If those cases in whom documented con- 

ditions other than Meckel’s were found to explain 

the patients symptoms are considered as true nega- 
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tive results, the sensitivity. specificity, accuracy, 

positive, and negative predictive value are shown 

in Table 3. One patient in this group, was scanned 

twice with pentagastrin stimulation and both stud- 

ies Were negative for Meckel’s diverticulum. This 

patient had multiple gastrointestinal vascular mal- 

formations causing the bleeding. 
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When comparing the sensitivity and speci- 

ficity between the study with pentagastrin and the 

study with pentagastrin and ranitidine, there are 

no significant differences (p>0.05) using critical 

ratio as shown in Table 4. 

  

   e ae 
ECKEL’S 

  

1B 

Fig. 1 This patient was premedicated with 

pentagastrin. The early images (A and 

B) showed activity at left side of abdo- 

men (arrow) which was at first thought 

to be excretion of Tc-99m pertechnetate 

into the left kidney. The lateral view was 

not done until 30 minutes. At 30 minutes 

(C), the activity overlying left kidney 

moves anteriorly inthe midline of abdo- 

men (arrows) and moves to the right side 

after voiding. This was a true positive for 

Meckel’s diverticulum.
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Fig. 2. After premedication with pentagastrin and 

ranitidine, the sequential | minute/frame 

images (A and B) showed focal accumu- 

lation of Tc-99m pertechnetate at right mid 

abdomen (straight arrow). The uptake in 

creased parallel to that of the stomach. On 

the static images (C), the abnormal uptake 

area was on the right side on anterior view 

(straight arrow) and midway between 

anterior and posterior abdominal walls on 

lateral view (curve arrow). The pathologi- 

cal result showed Meckel’s diverticulum 

with ectopic gastric mucosa. This was a 

true positive study.
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3A 3B 

Fig. 3. This patient was premedicated with penta- 

gastrin. The sequential 1 minute/frame 

dynamic images (AandB) showed a 

focal area of activity overlying the blad- 

der area (arrow). This appeared early be- 

fore the appearance of the bladder and 

could not be separated from it by lateral 

views and decubitus position (C). It was 

thought to be ectopic gastric mucosa. At 

surgery, there was a Meckel’s diverticu- 

lum. At terminal ileum. This was a false 

negative study containing pancreatic 

tissue and gastric mucosa. 
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Table 1. Efficacy of Tc-99m pertechnetate Scan to Detect Meckel’s Diverticulum 

  

  

Premedication Patients Percent 

TP TN FP FN Sens. Spec. Acc. PPV NPV 

Pentagastrin 15 159 1 6 714 994 96.1 93.8 96.4 

(N=181) 

Pentagastrin+ 4 440 1 80.0 100 98.0 100 97.8 

Ranitidine 

(N=49) 
  

TP = true positive. TN=true negative, FP=false positive, FN=false negative, Sens.=sensitivity, 

Spec.=specificity, Acc.=accuracy, PP V=positive predictive value, NP V=negative predictive value 

Table 2. Diseases Causing GI Symptoms In True Negative Studies 

  

Studies 

Disease pentagastrin pentagastrin+ranitidine 

(N=113) (N=33) 
  

tw
 

NO
 

wn
 Upper GI inflammation 

/ulcer 

Lower GI inflammation 42 15 

/ulcer 

Intestinal polyp 14 3 

Lymphoid hyperplasia 15 5 

Vascular malformation 1] 0 

Bowel ischemia 2 | 

Clotting defect ] l 

Functional abdominal pain 2 0 

Miscellaneous 4 3 
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Table 3. Efficacy of Tc-99m pertechnetate Scan to Detect Meckel’s Diverticulum (in patients proven 

to have positive disease causing symptoms) 

  

  

Premedication Patients Percent 

TP TN FP FN Sens. Spec. Acc. PPV NPV 

Pentagastrin 15 113 1 6 71.4 99.1 948 93.8 95.0 

(N=135) 

Pentagastrin+ 

Ranitidine 4 33 0 1 80.0 100 974 100 97.1 

(N=38) 

TP = true positive, TN=true negative, FP=false positive, FN=false negative, Sens.=sensitivity, Spec.=specificity. 

PPV=positive predictive value, NPV=negative predictive value 

Table 4. Comparison between sensitivity, specificity, accuracy, positive, and negative predictive 

value of the study with pentagastrin and pentagastrin plus ranitidine. 

  

CRITICAL RATIO 

  

All patients +ve disease patients 

Sensitivity 0.44 (NS) 0.44 (NS) 

Specificity 1.27 (NS) 1.08 (NS) 

  

NS = non significant (p> 0.05) 
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DISCUSSION 

Pentagastrin and cimetidine have 

been used to improve the rate of detection of 

ectopic gastric mucosa by Tc-99m pertechnetate 

scan. Pentagastrin is a synthetic polypeptide that 

contains the active N-terminal 5-amino acid 

residue of gastrin, a natural hormone produced 

from the gastric antrum. Like gastrin, pentagas- 

trin stimulates gastric mucosal blood flow and 

stimulates gastric acid secretion by acting on pa- 

rietal cells. Pepsin and intrinsic factor are increased 

as well. An experimental study in mice done 

by Khettery et al showed that pentagastrin in- 

creased the fractional uptake of Tc-99m 

pertechnetate trom 25% of in jected dose to 65% 

at 30 minutes. Anderson et al also showed that 

pentagastrin produced accelerated uptake and also 

achieved higher uptake levels of the radionuclide 

in both the stomach and ectopic gastric mucosa, 

but resulted in early visualization of the duode- 

num and a washout effect on the radioisotope 

within the Meckel’s diverticulum. In our study 

very early visualization of the small bowel was 

seen in two cases with pentagastrin stimulation 

alone which caused misinterpretation, one as a 

false positive for Meckel’s diverticulum and the 

other as a false negative because the activity ob- 

scured the true ectopic gastric mucosa. Secretion 

from the ectopic gastric mucosa into the ileum, 

along with the potent stimulatory effect on GI 

motility via a direct effect on smooth muscle, and 

dilution in an increased volume of gastric and in- 

testinal juices produced by pentagastrin, decreases 

the peak pertechnetate activity that could be 

achieved in the Meckel’s diverticulum. This may 

be one of the reasons for the false negative results 

in our study with pentagastrin alone. 

Ranitidine is an H2-receptor blocker, like 

cimetidine which decreases gastric basal hydro- 

chloric output by 50%.’ Sagar and Piccone 

showed that pretreatment with cimetidine 

increases pertechnetate uptake 4.4 times in the 
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gastric wall of dogs and concluded that cimetidine 

had no effect on concentration of pertechnetate 

into gastric mucosa, but, similar to its effect on 

hydrochloric acid, blocks secretion of technetium 

into the gastric lumen. It inhibits acid secretion 

stimulated by gastrin and also decreases blood 

flow. Cimetidine is reported to inhibit the stimu- 

latory effect of pentagastrin on pertechnetate up- 
take so that it is suggested that these two drugs 

not be used combination; * however, some 

paper’ ” discovered that this effect may not be as 

potent as initially reported. Heyman reported a 

case of Meckel’s diverticulum which was nega- 

tive on the first study with pentagastrin stimula- 

tion alone and was obviously positive on the sec- 

ond scan with pentagastrin while the patient was 

on oral ranitidine. This is one of our study cases. 

The question is raised whether a false negative 

with pentagastrin may be corrected by adding 

ranitidine using the principle that pentagastrin 

enhances the uptake of pertechnetate into cell, 

while ranitidine promotes its retention. After the 

finding in this case, ranitidine was used in combi- 

nation with pentagastrin in subsequent scans. In 

our study, when comparing the sensitivity and 

specificity between the two groups, it seems that 

the group with pentagastrin plus ranitidine is bet- 

ter, but there was no statistically significant dif- 
ference. Although not proven to be significantly 

better, we are now know that using ranitidine con- 

currently with pentagastrin does not lower the 

detection rate of ectopic gastric mucosa. In con- 

trast, it slightly improves the detection of it. This 

may imply that in humans the additive effect of 

these two drugs are stronger than the inhibitory 

effect. Thus, we suggest that patients who undergo 

Meckel’s scintigraphy with pentagastrin stimula- 

tion, and who are currently on an H2-receptor 

blocker, need not have the medication withdrawn 

before having the scan. 

There was only one false positive scan in
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the pentagastrin group as discussed. This shows 

that there is only a minimal chance of incorrectly 

sending a patient to surgery when using this agent 

and even less so when using ranitidine in combi- 

nation. There are many reasons why the scan may 

miss the lesion (false negative study). In our 

patients there were a total of 7 false negatives. One 

showed early excretion of activity into small bowel 

obscuring the true lesion. In the second case, there 

was no gastric mucosa but pancreatic tissue was 

seen. The third showed focal activity overlying 

and inseparable from the bladder with mainly 

pancreatic tissue and less gastric mucosa histo- 

logically. One patient was scanned twice. The first 

scan was negative with pentagastrin alone, but 

becoming positive when repeated while on oral 

ranitidine. In two of the seven cases pathological 

reports were not available so that the presence of 

gastric mucosa could not be confirmed. In one, 

non-visualization of the lesion could not be 

explained. Reported explanations for false 

negatives including absent or insufficient gastric 

mucosa or lack of mucoid surface cells. was 

thought to concentrate pertechnetate, —_ or there 

may be an effect of pentagastrin causing a 

“washaway” of activity from the Meckel’s as 

mentioned above, or the lesion may be located near 

some organ, such as the bladder, which nor- 

mally accumulates radioactivity and effectively 

obscures it. 

CONCLUSION 

In conclusion, we have shown that com- 

bining an H2-blocker (ranitidine) with pentagas- 

trin for premedication in children undergoing 

Meckel’s scintigraphy does not lower the detec- 

tion rate when compared with pentagastrin alone. 

On the contrary, both the sensitivity and the speci- 

ficity are slightly improved, though the differences 

are not statistically significant. The positive and 

negative predictive values of both premedication 

protocols are very high in the range of 93.8% to 

100%. Thus, we suggest that when Meckel’s scin- 
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tigraphy is performed using pentagastrin for pre- 

medication, it is not necessary to discontinue an 

H2-blocker in those patients who have been pre- 
viously placed on this medication. 
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