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Abstract

Aim To review our practice of Meckel’s Tc-99m per-

technetate scans over 18 years with regard to indications

for the test, sensitivity and specificity in our particular

referral patients’ population.

Materials and methods This is a retrospective review of

Meckel’s scans performed in two paediatric tertiary care

teaching hospitals from April 1993 to March 2011 and fol-

lowed up till October 2011. The scan was performed

according to published international guidelines. 183 patients

were included in this study. We classified the patients into two

groups: group 1, which included 77 patients (42 %) presenting

with painless per rectum bleeding, and group 2, which inclu-

ded 106 patients (58 %) presenting with other non-specific

symptoms (e.g. abdominal pain, possibly associated with

nausea and/or vomiting, failure to thrive). Data were analysed

using Chi square test, considering P value less than 0.05 as

significant. The age of the patients ranged from 4 days to

16.5 years (median 3 years).

Results 161 of the total 183 children on the study (88 %)

had a negative Meckel’s scan, and 22 children (12 %) had

a positive scan. In the group with a positive Meckel’s scan

(22 children), all patients underwent surgical exploration

and ectopic gastric mucosa was found in 17 cases (77 %,

true positives). In the remaining 5 cases (23 %), there was

no evidence of ectopic gastric mucosa (false positives).

Within the group with a negative scan, 8 children (5 %)

underwent surgery; only 1 child had a ectopic gastric

mucosa detected following surgery (false negative). In

other 52 children (32 %) of the group with a negative

Meckel’s scan, an endoscopy was done, which showed a

normal result in 21 children and was abnormal in 31

children. Of the remaining 101 (63 %) children with a

negative Meckel’s scan, 74 children (46 %) improved

without any further intervention. In 13 cases (8 %), other

pathologies were identified. The sensitivity and specificity

of the Meckel’s scan for ectopic gastric mucosa were 94

and 97 %, respectively. The Meckel’s scan was positive in

26 % of the patients of group 1 and in only 2 % patients of

group 2. The difference between the two groups was highly

significant [P \ 0.0001 (Yates-corrected Chi square); odds

ratio 18 (Woolf-logit method 95 % CI)].

Conclusion The Meckel’s scan retains a high diagnostic

accuracy in children for detecting a Meckel’s diverticulum

with ectopic gastric mucosa within it, when performed

according to the recommended guidelines. The test yields

its highest positive result in children presenting with sig-

nificant per rectum bleeding.
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Introduction

The Meckel’s diverticulum (MD) is the most common

congenital anomaly of the gastrointestinal tract in children,

with an incidence of about 2 % [1–3] in the general pop-

ulation. In the majority of patients, the MD is
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asymptomatic. Ectopic gastric mucosa is present in about

20 % of MD [4, 5]. The lifetime risk of developing compli-

cations from a MD is about 4 % [6]. In 1933, Charles Mayo

wrote: ‘‘The Meckel’s diverticulum is frequently suspected,

often looked for, and seldom found’’ [7]. Eighty years on, the

preoperative diagnosis of MD is still challenging.

The Tc-99m-pertechnetate Meckel’s scan has long been

an important test in the diagnostic work up of patients with

suspected MD. It is a non-invasive test with a low radiation

burden and it is easy to do. Some specialized expertise is

however necessary to acquire and interpret the images, and

appropriate guidelines to help perform a high quality scan

have been published [8]. In recent years, some reports have

questioned the value of Tc-99m pertechnetate in detecting

ectopic gastric mucosa [3]. Therefore, we decided to

undertake this retrospective study to review the indications

and the diagnostic accuracy of the Meckel’s scan in our

patients’ population.

Materials and methods

This is a retrospective study of the Tc-99m pertechnetate

Meckel’s scans performed in two paediatric tertiary care

teaching hospitals between April 1993 and March 2011.

The cases were followed up till October 2011. In prepa-

ration for the scan, every child received pre-medication

with cimetidine or ranitidine for 2 days before the scan and

the morning of the scan. An activity of Tc-99m pertech-

netate scaled from 150 MBq according to body weight was

injected intravenously. A dynamic acquisition (one frame

per minute over 60 min) of the abdomen and pelvis was

obtained immediately after tracer injection with the child

supine on the gamma camera couch. Static images of the

abdomen and pelvis after bladder emptying were subse-

quently acquired. Further delayed imaging after change of

position, and possibly SPECT, was occasionally per-

formed. All the Meckel’s scans were reported by two

experienced nuclear medicine consultants. The scan results

were classified into five categories. The scans considered

negative for ectopic gastric mucosa were classified as 1–3

(1 = negative for ectopic gastric mucosa, 2 = probably

negative for ectopic gastric mucosa, 3 = equivocal for

ectopic gastric mucosa). The scans considered positive for

ectopic gastric mucosa were classified as 4 and 5

(4 = probably positive for ectopic gastric mucosa,

5 = definitely positive for ectopic gastric mucosa). Clini-

cally, the patients were classified into two groups: group 1

included patients whose main complaint was painless per

rectum (PR) bleeding; group 2 included patients who pre-

sented with other non-specific symptoms (e.g. abdominal

pain, possibly associated with nausea and/or vomiting,

failure to thrive, etc.). The results of the Meckel’s scans in

these two groups were compared using the Yates-corrected

Chi square test and the Woolf-logit method. A P value of

less than 0.05 was considered as significant.

Results

Out of the total number of 192 Meckel’s scans performed

during the study period of 18 years, 9 cases were excluded (as

the Meckel’s scan reports were not found in 4 cases, the scan

acquisition was unsatisfactory in 3 cases, and no surgical

follow-up was available in 2 cases). Hence, a total of 183

Meckel’s scans in 183 different patients were included in this

study. The median age was 3 years (4 days–16.5 years) and

the median follow up period (post-scan) was 2 years (0.2-

10 years). Presenting symptoms were painless PR bleeding

(group 1) in 77 out of 183 patients (42 %), and other non-

specific symptoms (group 2) in 106/183 patients (58 %). The

Meckel’s scan was positive for ectopic gastric mucosa in 22

patients (12 %) and negative in 161 patients (88 %).

In the group of patients with a positive Meckel’s scan

(n = 22) (Table 1), all patients underwent surgical explo-

ration and ectopic gastric mucosa was found in 17 patients

(77 %; true positive cases). Examples of positive Meckel’s

scans are shown in Figs. 1 and 2. In 5 patients (23 %),

there was no evidence of ectopic gastric mucosa at surgery

and in them the Meckel’s scan was considered falsely

positive. In these patients, the surgical exploration dem-

onstrated tubular duplication in one case, intussusception in

another case, nothing of note in two cases, a Meckel’s

diverticulum with only small bowel mucosa but no evi-

dence of ectopic gastric mucosa in one case.

In the group of patients with a negative Meckel’s scan

(n = 161) (Table 2), 160 cases were true negatives and 1

case was false negative. An example of a true negative scan

is shown in Fig. 3. Eight patients (5 %) underwent surgery

anyway. The operative findings in them demonstrated a

negative exploration in three cases, mesenteric adenitis in

one case, angiodysplasia requiring right hemicolectomy in

one case, intussusception in one case, a polyp at the splenic

flexure in one case and a MD with ectopic gastric mucosa

in one case (this was a false negative Meckel’s scan). In 52

Table 1 Outcome of positive scan cases

Positive scan (n = 22)

True positive 77 % (17/22)

False positive 23 % (5/22)

Negative surgical exploration 2

Tubular duplication 1

Intussusception 1

Small bowel mucosa in MD 1
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out of these 161 patients (32 %) with a negative Meckel’s

scan, endoscopies were performed, which showed normal

findings in 21 patients and abnormal findings in 31 patients

(details described in Table 2), 13 patients (8 %) were

diagnosed with other pathology (details in Table 2). In 74

patients (46 %) symptoms improved and no further inter-

vention was required. In 14 patients (9 %) with a negative

Meckel’s scan, the final outcome was not available, as they

were finally lost to follow-up.

In summary, we had 17 true positive Meckel’s scans, 5

false positives, 160 true negatives and 1 false negative. The

sensitivity and the specificity of the Meckel’s scan for ectopic

gastric mucosa in our series were 94 and 97 %, respectively

(Table 3). Interestingly, the Meckel’s scan was positive in

26 % (20/77) of the patients presenting with PR bleeding

(group 1) and in only 2 % (2/106) of the patients presenting

with other non-specific symptoms (group 2). The difference

between these two groups was significant [P \ 0.0001

(Yates-corrected Chi square); Odds ratio 18.24 (Woolf-logit

method 95 % CI)].

Discussion

The Meckel’s isotope scan using Tc-99m pertechnetate has

been a well-established technique to diagnose MD for over

three decades [9]. The uptake of Tc-99m-pertechnetate by

ectopic gastric mucosa depends on the presence of an

active Na Iodide symporter system in the parietal as well as

the adjacent mucosal cells [10]. The reported sensitivity of

the Meckel’s scan varies from 60 to 90 % [2, 9, 11–14].

Similarly, the specificity varies from 90 to 98 % [2, 11, 13,

14]. The sensitivity (94 %) and specificity (97 %) of the

Meckel’s scan in our series compare with the best pub-

lished reports in literature. Our series of patients reflects

the referral pattern of two major paediatric tertiary referral

centres. The prevalence of a MD with ectopic gastric

mucosa is probably low in our series and this is clearly a

limitation of our study in testing the diagnostic accuracy of

the Meckel’s scan. Pre-medication with histamine-2

blockers (e.g. ranitidine) has been reported to increase the

diagnostic yield by inhibiting the excretion of isotope into

the bowel lumen, and hence causing its increased con-

centration in the parietal cells [15]. We have consistently

used pre-medication in our patients.

We note that many (161 out of 183) of our Meckel’s

scans were negative. In eight of these patients with a

negative Meckel’s scan, surgery was performed anyway;

in one of these patients a MD with ectopic gastric mucosa

was found, which had been missed on the Meckel’s scan

(false negative case). In the other patients with a negative

Meckel’s scan the presenting clinical symptoms improved

Fig. 1 An 18-month-old boy presenting with PR bleeding (2 episodes

8 months apart). A Meckel’s scan is displayed, with sequential

imaging of the abdomen and pelvis in anterior projection during 1 h.

The scan shows a focal area of abnormally increased tracer uptake in

the right lumbar region. Laparoscopic surgery identified a MD, which

was resected. Histopathology confirmed ectopic gastric mucosa with

acid secreting parietal cells

Pediatr Surg Int (2013) 29:511–517 513

123



without further investigations (in 46 % of the patients)

and no further diagnostic tests for a MD were performed.

Endoscopy was performed in 52 out of 161 cases (32 %),

and this revealed abnormal findings in about 31 out of 52

(children (60 %). We think that in this group of children,

who present with non-specific symptoms, an endoscopy

Fig. 2 10-month-old boy, who presented with PR bleeding. The

initial dynamic acquisition over 1 h. a Focal area of abnormally

increased tracer uptake in the upper abdomen just to the right of the

midline, clearly seen in some frames but lost on others. Delayed

images at 5 h after micturition. b Clearly confirm the abnormal

uptake, in keeping with a MD positive scan. This child underwent

surgery and histopathology confirmed ectopic gastric mucosa within a

MD
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should be the preferred investigation rather than the

Meckel’s scan. Our median follow-up duration was 2

years and none of the patients with a negative Meckel’s

scan re-presented with symptoms suggestive of a MD

after their Tc-99m-pertechnetate scan. Therefore, we

believe that our negative Meckel’s scans reflect reason-

ably accurately (from what is possible to ascertain from

the clinical context) the absence of a MD with a signifi-

cantly large area of ectopic gastric mucosa within it.

Clearly, if the area of ectopic gastric mucosa is very small

this can be missed on the Meckel’s scan (but significant

PR bleeding with a drop in haemoglobin would be unli-

kely to occur). Alternatively, if there is profuse bleeding,

the radioisotope can be washed out and the result of the

scan can be falsely negative [16]. Our false positive rate

was 23 % (5 out 22 scans). False positive results of the

Meckel’s scan are well described in the literature. Various

conditions can give rise to false positive results such as

duodenal and jejunal duplication cysts, intussusception,

volvulus, inflammatory bowel disease and post-operative

patients [17–19].

Interestingly, we found a positive Meckel’s scan in 20

out of 77 patients (26 %), who presented mainly with PR

bleeding. However, only 2 out of 106 children (2 %), who

presented with other non-specific symptoms (group 2) had

a positive Meckel’s scan. The difference between these two

groups was statistically significant. In this patients’ popu-

lation with abdominal pain but without PR bleeding, the

prevalence of MD with ectopic gastric mucosa is very low.

In retrospect, we wonder whether a Meckel’s pertechnetate

scan was clinically useful in all these patients. In our

opinion, a more focussed pattern of referrals, i.e. doing

Meckel’s scan initially only in patients who present with

PR bleeding (even more so if there is an associated drop in

haemoglobin levels) would be more useful. Possibly an

endoscopy in the first instance in patients with other non-

specific symptoms might be beneficial to reach a diagnosis

more rapidly.

Table 2 Outcome of negative

Meckel’s scan cases (n = 161)
Surgery in 5 % (8/161)

Negative surgical exploration 3

Mesenteric adenitis 1

Angiodysplasia (right hemicolectomy) 1

Intussusception 1

Polyp splenic flexure 1

MD (false negative) 1

Endoscopy in 32 % (52/161)

Normal 21

Eosinophilic colitis 11

Oesophagitis/gastritis 10

Duodenal ulcer ? H pylori 1

Eosinophilic colitis, oesophagitis, gastritis 3

Foreign body cell reaction 1

Juvenile polyp 1

Small bowel haemangioma 1

U. colitis 2

Post-chemotherapy colitis 1

Other pathology in 8 % (13/161)

Iron deficiency anaemia 3

Appendicectomy 2

IBS 1

Haemorrhoids 1

Hirschprung’s disease 1

Maple syrup urine disease 1

Hunter disease 1

Sickle cell disease 1

Kasabach merit syndrome 1

Refsum disease 1

No further evaluation in 46 % (74/161) Symptoms improved

In 9 % (14/161) No final outcome follow-up available
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Conclusion

The Meckel’s scan retains a high diagnostic accuracy in

detecting MD with ectopic gastric mucosa when performed

according to the published guidelines. The clinical scenario

where this test yields its highest positive result is in patients

presenting with painless PR bleeding with a significant

drop in haemoglobin. Patients presenting with other non-

specific symptoms (such as abdominal pain, possibly

associated with nausea and/or vomiting) may be better

served with an endoscopy in first instance.
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