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Purpose: To evaluate the usefulness of sonography-guided Gastrografin enema for the
diagnosis and treatment of meconium plug syndrome in premature newborns in a
neonatal intensive care unit (NICU).
Materials and Methods: Fifteen premature newborns underwent 23 sonography-guid-
ed Gastrografin enemas on the 8th day of life on average (range: 3 days-21 days). The
gestational age and birth weight (mean±standard deviation) of the patients were 29±
2 weeks and 999±148 g, respectively. The diagnosis of meconium plug syndrome was
based on relevant clinical and radiological findings. Diluted Gastrografin (1:3, 17-45
ml) was administered through a rectal tube under the guidance of sonography until it
reached to the cecum. Thereafter, immediate post-procedure and delayed portable ab-
dominal radiographs were taken. All the procedures were done within the NICU. We
reviewed the dates of meconium evacuation and the first feeding after the last enema
from the clinical data. Radiologically, the timing of the radiographic improvement after
the last enema was checked. In cases of distended distal ileum with meconium on pre-
enema sonography, follow-up sonography was performed to determine the interval
change after gastrografin enema.
Results: None of the sonography-guided Gastrografin enemas performed within the
NICU caused procedure-related complications. Meconium was evacuated within one
day in all patients. In 14 patients, on average, feeding was started on the 7th day and
radiographic improvement was observed on the 3rd day. Four of the five patients
showing a distended distal ileum with meconium revealed a decrease in ileal disten-
sion on follow-up sonography. On the other hand, the other patient, who did not show
such a decrease on follow-up sonography, was found to have ileal stenosis during sub-
sequent surgery. 
Conclusion: Sonography-guided Gastrografin enema is a safe and effective bedside
procedure, when performed in the NICU for the diagnosis and treatment of meconi-
um plug syndrome.
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Meconium plug syndrome is the mildest and most
common form of meconium obstruction in the newborn
(1-5). In patients with this syndrome, the meconium
fails to pass in the first 24 hours of life and, consequent-
ly, the viscous meconium plug in the colon. However,
the original description may be mostly applicable to the
full-term newborn (1). In premature newborns with
meconium plug syndrome, there appear to be different
manifestations of the disorder. The proximal end of the
meconium plug may extend to the proximal colon or the
ileum and the first passage of meconium can normally
be delayed until the 9th day of life (4, 6-9). Some inves-
tigators have regarded the disorder, when it occurs in
premature newborns, as a separate entity, and have re-
ferred to it as “meconium disease”(10). In contrast, oth-
er investigators have described it as just one element in
the spectrum of meconium disease (11).

Gastrografin enema is a well-established nonsurgical
treatment for the various forms of meconium obstruc-
tion, including meconium plug syndrome (5, 8, 12).
However, it may sometimes be difficult to transport the
neonates to the fluoroscopy room (9). The purpose of
this study was to evaluate the usefulness of sonography-
guided Gastrografin enema for the diagnosis and treat-
ment of meconium plug syndrome in premature new-
borns in the neonatal intensive care unit (NICU).

Materials and Methods

This study was approved by our institutional review
board. Fifteen premature neonates were included in this
study. Their mean gestational age and mean birth
weight were approximately 29±2 weeks and 999±148
g, respectively. Eight of them had a maternal history of
pregnancy-induced hypertension and four of their
mothers were treated with MgSO4. The remaining four
mothers did not know the exact names of the drugs that
they had received. Nine out of the 15 neonates showed
an elevated level of blood magnesium (range: 2.6-5.1
mEq/L) and four of their mothers had a history of treat-
ment with MgSO4. 

The diagnosis of meconium plug syndrome was based
on the relevant clinical and radiological findings. The
clinical findings were abdominal distension and bilious
vomiting or bile in the gastric content, accompanied by
the failure of meconium passage to occur within 48
hours after birth, with this extended time period being
used, because all of the neonates were premature. At
the same time, there should be no clinical presentations

suggesting necrotizing enterocolitis, including bloody
stools or mucous in the stools. The abdominal radi-
ographic findings of meconium plug syndrome were dif-
fuse gaseous distension of bowel loops with no or little
rectal air, although these indications were only repre-
sentative of a nonspecific obstructive bowel gas pattern
(13). It should be noted that we could not evaluate the
air-fluid levels in the dilated bowel loops, because we
usually performed abdominal radiography only in the
supine position. In addition, there should be no radiolog-
ic findings of necrotizing enterocolitis, including intra-
mural air, portal venous gas, a persistent dilated loop
and pneumoperitoneum. 

The ultrasound system used in this study was an HDI
3000 (Advanced Technology Laboratories, Bothell,
Wash). An either 8-5 MHz convex or 12-7 MHz linear
probe was used. Pre-enema sonography was performed
in all patients and focused on the evaluation of the bow-
el, including the appearance, distribution and amount of
intraluminal meconium, any evidence of necrotizing en-
terocolitis such as bowel wall thickening or intramural
air, and the ratio of the diameter of the sigmoid colon to
that of the rectum (Figs. 1A, B). All 15 patients fulfilled
the clinical and radiological findings of meconium plug
syndrome and Gastrografin enema was therefore per-
formed. 

Sonography-guided Gastrografin enema was per-
formed entirely in the NICU. The procedure was done
on the 8th day of life on average (range: the 3rd day - the
21st day). Its timing was determined by a consensus of
opinion among all participating pediatric radiologists
and neonatologists. A neonatologist explained the proce-
dure to the parents and received informed consent from
them. A pediatric radiologist and a neonatologist
worked together as a team in each procedure. Diluted
diatrizoate meglumine (Gastrografin, Schering, Berlin,
Germany), which contained iodine at a concentration of
93 mg/ml and an osmorality of 538 moms/kg,
(Gastrografin : sterile water 1 : 3, 17-45 ml) was admin-
istered through a rectal tube by hand injection via a sy-
ringe, until the Gastrografin reached the cecum under
sonographic guidance (Figs. 1C, D). Anal leakage of
Gastrografin was observed in the first few cases, in
which a relatively small-caliber rectal tube was em-
ployed, and, consequently, a larger rectal tube was used
to maintain tight anal sealing in subsequent cases. An
immediate post-procedure portable abdominal supine
radiograph was taken, and then follow-up portable ab-
dominal supine radiographs were taken every day, start-
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Fig. 1. A 7-day-old female premature newborn with meconium
plug syndrome. 
A, B. Transverse (A) and sagittal (B) abdominal sonographic im-
ages evaluated before Gastrografin enema. Hypoechoic intralu-
minal meconium is seen in the whole large bowel from the rec-
tum (R) to the cecum (C). Echogenic speckles (arrowheads, B) in
meconium is noted at the ascending colon. 
C, D. Transverse (C) and sagittal (D) abdominal sonographic im-
ages during Gastrografin enema. Administered Gastrografin (ar-
rowheads) is seen as anechoic fluid in the large bowel extending
from the rectum (R) to the cecum (C). Gastrografin did not mix
with meconium plug but surrounded it. 
E, F. Immediate (E) and delayed (F) portable abdominal radi-
ographs taken after Gastrografin enema. Immediate post-proce-
dure portable radiograph shows a snake-like filling defect in the
large bowel extending from the rectum to the ascending colon.
This long-segment meconium plug had almost completely dis-

appeared on the delayed portable abdomen radiograph, which was taken 1 hour after enema. Residual Gastrografin in the large
bowel and gaseous distension of bowel loops, which improved later, are still seen. Note - B: urinary bladder.



ing from the day on which the meconium plug was
evacuated until the gaseous distension of bowel loops
was relieved. Gastrografin enema was repeated using
the same technique, in cases showing recurrent symp-
toms and signs of meconium plug syndrome, if and
when all of the participating pediatric radiologists and
neonatologists concurred on the beneficial effect of addi-
tional enema. 

Clinical data, such as the evacuation time of the meco-
nium and the starting day of oral feeding after the last
enema, and the occurrence of procedure-related compli-

cations, including fluid and electrolyte imbalance, bow-
el toxicity and perforation were reviewed. For the evalu-
ation of fluid and electrolyte imbalance, the blood chem-
istry, including the blood sodium and potassium levels,
was checked. To survey the occurrence of direct bowel
toxicity, symptoms and signs such as abdominal tender-
ness, gastrointestinal bleeding or diarrhea, suggesting
mucosal damage of the bowel and secondary necrotiz-
ing enterocolitis were checked. When perforation was
suspected on supine radiography, a cross-table lateral
abdominal radiography and abdominal sonography
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Fig. 2. A 7-day-old male premature newborn with meconium plug syndrome and
distended ileum. 
A, B. Transverse abdominal sonographic images reveal the distended ileum (ar-
rows) filled with meconium and the smaller ascending colon (arrows) filled with
echogenic meconium and echolucent Gastrografin.
C. Transverse abdominal sonography encompassing the right lower quadrant of
the abdomen, which was taken 16 days later, shows resolution of distended ileal
loops.
D. Portable abdominal radiograph taken 1 month later displays near normalization
of bowel gas pattern.



were performed. A pediatric radiologist checked the
timing of the improvement in abdominal distension on
the abdominal radiography performed after the last ene-
ma. The anatomic location of the meconium-filled bow-
el was determined by tracing the large bowel. In the
right lower quadrant of the abdomen, identification of
the ascending colon and cecum was helpful in discrimi-
nating the meconium-filled ileum from the meconium-
filled large bowel, and Gastrografin did not usually en-
ter the meconium-filled ileum during Gastrografin ene-
ma. The definition of a distended distal ileum was rela-
tive, and no absolute size criterion was applied. In cases
of distended distal ileum with meconium on pre-enema
sonography, follow-up sonography was performed to
determine the interval change after gastrografin enema. 

Results

We observed hypoechoic intraluminal material with
scattered echogenic speckles in the large bowel on ab-
dominal sonography. Moreover, sonography enabled us
to exclude other obstructive lesions, such as malrotation
with or without midgut volvulus, duplication cyst and
Meckel’s diverticulum. Meconium in the distal ileum in
addition to the large bowel was detected on pre-enema
sonography in eight patients, and five of these patients
had a distended distal ileum due to the presence of a
large amount of meconium (Fig. 2). In the remaining
seven patients, meconium was present only in the large
bowel, between the rectum and the cecum. The pres-

ence of a distended rectum with meconium was ob-
served in five patients, and two of these patients also
had meconium in the distal ileum. There were no evi-
dence of necrotizing enterocolitis in the sonographic
findings, and the ratio of the diameter of the sigmoid
colon to that of the rectum was within the normal range
in all patients. Immediate post-procedure abdomen radi-
ography depicted a normal-caliber colon in fourteen pa-
tients, whereas a microcolon was detected in one pa-
tient (Figs. 1E, 3B).

Gastrografin enema was repeated in five patients
(Table 1). The frequency of Gastrografin enemas per pa-
tient was once in 10 patients, twice in two, and three-
times in three. Therefore, a total of 23 Gastrografin ene-
mas were performed in 15 premature newborns. There
were no procedure-related complications either during
or after the Gastrografin enema. Five patients under-
went cross-table lateral abdominal radiography after the
enema, but their radiographic findings were all nega-
tive. 

Clinically, meconium was evacuated within one day
after the last enema in all patients (9 patients on the
same day, 6 patients on the next day) though its amount
and frequency were variable, and feeding was started
on the 7th day±5 days after the last enema on average.
Radiographic improvement after the last enema was
seen on the 3rd day±2 days on average. The timing of
oral feeding did not match with the timing of radi-
ographic improvement (Table 1). Distended distal ileum
due to the presence of a large amount of meconium was
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Table 1. Timing of Oral Feeding and Radiographic Improvement after Gastrografin Enema

Case Number     
Age at Gastrografin Enema (Day)

Oral Feeding (Days) Radiographic Improvement (Hours)
1st 2nd 3rd

01* 10 16 21 No No
02* 10 01 165
03* 08 12 118
04* 07 06 067
05* 07 07 09 060
06 04 07 05 067
07 10 06 062
08 10 10 060
09 07 04 048
10 03 05 11 04 046
11 07 03 041
12 03 02 024
13 10 20 022
14 04 07 018
15 03 03 04 09 018

Note.-* Cases showing distended distal ileum with meconium on pre-enema sonography, † Cases showing elevated level of blood mag-
nesium. Case 1, who underwent ileocecal resection and end-to-end anastomosis due to ileal stenosis, did not start oral feeding and did not
show radiographic improvement prior to surgery.



significantly correlated with delay in radiographic im-
provement, but not with delay in oral feeding after the
Gastrografin enema. Four of the five patients having a
distended distal ileum with meconium showed a de-
crease in ileal distension on follow-up sonography (Fig.
2). In contrast, one patient (case 1) in whom a micro-
colon was observed on initial sonography and whose
ileal distension remained on follow-up sonography was
found to have ileal stenosis during subsequent surgery
(Fig. 3).

Discussion

Gastrografin enema is a safe and effective nonsurgical
treatment for meconium plug syndrome (5, 8, 9, 12). In
our study, we were able to perform Gastrografin enema

entirely in the NICU, which is a safer place for prema-
ture newborns than a fluoroscopy room. Furthermore,
we reduced radiation exposure by using sonographic
guidance instead of fluoroscopic guidance. 

In this study, the timing of oral feeding and radi-
ographic improvement after the Gastrografin enema
were not well matched. We believe that this may be due
to a certain number of confounding factors, including
respiratory distress, neurologic impairment, sepsis and
drugs. The distension of the distal ileum due to the pres-
ence of a large amount of meconium seemed to be cor-
related with delay in radiographic improvement, but not
with delay in oral feeding after the Gastrografin enema.
This sonographic finding disappeared or decreased after
the enema in patients in whom clinical and radiological
conditions had improved and oral feeding could start,
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Fig. 3. A 4-day-old female premature newborn with ileal stenosis
and distended ileum.
A. Transverse abdominal sonography shows the distended ileal
loops (*) filled with meconium and a small amount of ascites.
B. Portable abdominal radiograph after Gastrografin enema re-
veals microcolon and remaining meconium plug in the rectosig-
moid portion of the large bowel.
C. Follow-up sagittal abdominal sonography taken 11 days later
demonstrates increased distension of the ileal loops (*).
D. Follow-up portable abdominal radiograph taken at the same
time as C displays severe gaseous distension of bowel loops and
residual Gastrografin in the large bowel.



except for one patient whose condition was complicated
with ileal stenosis. Therefore, the distended distal ileum
with meconium may not be a contraindication to at-
tempting Gastrografin enema in meconium plug syn-
drome. However, the presence of an underlying ob-
structive lesion, such as ileal stenosis, should be consid-
ered when a microcolon is present and the distended
distal ileum does not decrease on follow-up sonography
after the Gastrografin enema, as in the case of one of our
patients. 

Two important conditions should be correctly differ-
entiated from meconium plug syndrome prior to per-
forming Gastrografin enema. The first condition is
necrotizing enterocolitis, which is relatively prevalent in
premature newborns (9, 10). Gastrografin enema is con-
traindicated for this condition, because the bowel toxici-
ty of Gastrografin is apt to aggravate the already com-
promised bowel (14). Sonography has been reported to
improve the diagnostic yield, by identifying bowel wall
thickening, pneumatosis intestinalis, portal venous gas,
pneumoperitoneum and ascites earlier than abdominal
radiography (15). In our study, sonographic surveillance
prior to the enema enabled us to rule out Gastrografin
enema for those patients with necrotizing enterocolitis.

The next condition that should be correctly differenti-
ated from meconium plug syndrome is Hirschsprung’s
disease, because corrective surgery is necessary for its
treatment (4, 13). In typical cases, sonography may re-
veal a transition zone in the rectosigmoid area of the
large bowel and, in this case, the patients involved
should undergo further confirmatory evaluation.
Although these sonographic findings in newborns with
Hirschsprung’s disease have not been evaluated for
their diagnostic accuracy, we have experienced a few
such cases (unpublished data). Additionally, the pre-ene-
ma sonography can detect obstructive lesions necessitat-
ing surgery, such as duplication cyst, Meckel’s divertic-
ulum, and rare intussusception (16).

Meconium ileus was not considered in the differential
diagnosis because cystic fibrosis is virtually absent in
our country. Nevertheless, the diagnosis of meconium
ileus should be considered if there is only meconium in
the terminal ileum, especially in countries where cystic
fibrosis is common.

Maternal history of pregnancy-induced hypertension
and neonatal hypermagnesemia were frequently pre-
sent in our study. However, the presence of these two
factors seemed to have no association with either the
severity of meconium plug syndrome or delay in recov-

ery after Gastrografin enema (Table 1). This may be ex-
plained by the fact that these two factors are known to
depress intestinal peristalsis transiently for no more
than 2 weeks (8, 9, 17). In our study, Gastrografin ene-
ma was performed on the 8th day of life on average,
when the effect of these two factors was diminished or
absent. Moreover, premature neonates may be less in-
fluenced by these two factors than full-term neonates,
because the bowel function of premature neonates is
immature.

The validity of the present study in determining the
safety and effectiveness of sonography-guided
Gastrografin enema in patients with meconium plug
syndrome was limited by the small number of patients
and the absence of a comparative control group.
However, the safety and effectiveness of Gastrografin
enema in the treatment of meconium plug syndrome
have been well established by many previous studies.
Therefore, the present study highlights the technical ap-
plicability of Gastrografin enema in the NICU as a bed-
side procedure under sonographic guidance. However,
it should be mentioned that a gravitational injection may
be safer, because perforation can occur with the hand
injection method used in our study.

In conclusion, sonography-guided Gastrografin enema
is a safe and effective bedside procedure, when per-
formed in the NICU for the diagnosis and treatment of
meconium plug syndrome. We believe that the avail-
ability of this bedside procedure may enable
Gastrografin enema to be used more frequently, particu-
larly for premature newborns.
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미숙아의 태변전 증후군에 대한 초음파 유도하의
가스트로그라핀 관장법: 예비 결과1

1울산의대 서울아산병원 방사선과, 2신생아과

구현우·김기수2·김애란2·피수영2·윤종현

목적: 신생아중환자실에서 태변전 증후군을 가진 미숙아에 대해 초음파 유도하에 시행하는 가스트로그라핀 관장법

의 유용성에 대해 알아보고자 한다. 

대상과 방법: 15명의 미숙아를 대상으로 평균 생후 8일째 (범위: 3일 - 21일) 23건의 초음파 유도하의 가스트로

그라핀 관장법을 시행했다. 재태기간과 출생체중 (평균 ± 표준편차)은 각각 29 ± 2 주와 999 ± 148g이었다. 태

변전 증후군은 타당한 임상적, 방사선학적 소견에 근거하여 진단되었다. 희석한 가스트로그라핀 (1:3, 17 -45 ml)

을 초음파 유도하에 직장관을 통해 맹장에 이를 때 까지 주입한 후, 관장 직후와 지연 이동식 일반복부촬영을 얻었

다. 모든 검사는 신생아중환자실내에서 시행되었으며, 임상 정보로부터 관장 후 태변 배출과 경구 영양을 시작한 날

짜를 알아보았다. 방사선학적으로는 마지막 관장 후 방사선 소견이 개선된 시점을 알아보았고, 관장 전에 시행한 초

음파상 말단회장이 태변으로 늘어난 경우에는, 관장 후 추적 초음파 검사를 시행하여 변화를 알아보았다. 

결과과: 신생아중환자실에서 초음파 유도하에 시행된 모든 가스트로그라핀 관장은 검사와 관련된 합병증을 일으키지

않았다. 모든 환자에서 태변은 관장 후 1일 내에 배출되었다. 14명에서 경구영양을 평균 7일 째 시작했고 방사선

학적 소견의 개선은 평균 3일 째 관찰되었다. 말단회장이 태변으로 늘어난 5명중 4명은 추적 초음파 검사에서 말

단회장의 팽대가 감소된 반면, 변화가 없었던 나머지 1명은 수술을 시행하여 회장 협착증으로 진단되었다.

결론: 초음파 유도하의 가스트로그라핀 관장법은 신생아중환자실에서 시행할 수 있는 태변전 증후군의 진단과 치

료에 있어 안전하고 효과적인 침대 곁 검사법이다.


