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Functional intestinal obstruction of prematurity (FIOP) is characterised by a partial or 

complete failure of meconium evacuation due to hypomotility of the immature bowel and this 

presents with features of intestinal obstruction typically within the first 2 weeks of life. It 

contributes significantly to the morbidity and mortality of extremely and very low birth 

weight preterm infants. This disorder has been described using many terminologies and 

there is controversy amidst clinicians as to the optimal approach to its management.  

This review summarises the characteristic clinical and radiologic findings to aid timely 

diagnosis and initiation of prompt treatment. Available evidence on different treatment 

options and their limitations is reviewed and practical stepwise management is described. In 

most cases, FIOP can be successfully managed conservatively with proactive management 

and monitoring.  

Overall outcomes are favourable and normal long-term gastrointestinal function is 

commonly experienced. Evidence for investigations to exclude cystic fibrosis and 

Hirschsprung’s disease in preterm infants with FIOP is evaluated and a link with focal 

intestinal perforation is highlighted. 

 

INTRODUCTION 

Advances in neonatal intensive care have led to in-

creased survival of very low birth weight (VLBW) and 

extremely low birth weight (ELBW) premature infants. 

There is an associated increase in the incidence of 

gastrointestinal disorders of prematurity. Functional 

intestinal obstruction is being experienced more fre-

quently and it contributes significantly to the mor-

bidity and mortality of ELBW and VLBW preterm in-

fants.[1] 

Several terminologies have been used to describe this 

disease spectrum. Meconium-related ileus, meconium 

ileus of prematurity, meconium disease, meconium 

obstruction of prematurity, premature gut syndrome, 

microcolon of prematurity, functional isolated bowel 

obstruction, and functional intestinal obstruction in 

premature infants are some of the terms used.[1-6] 

These refer to partial or total failure of meconium 

evacuation due to impairment in gut function as a 

result of prematurity, thereby presenting with fea-

tures of intestinal obstruction. The term functional 

intestinal obstruction of prematurity (FIOP) is used in 

this review as it describes the underlying pathophysi-

ologic disorder which is primarily a functional prob-

lem. 

FIOP is commonly clinically confused with or man-

aged as necrotising enterocolitis (NEC). Though there 

are similarities, the clinical presentation, radiological 

features, and intraoperative findings of FIOP are dif-

ferent. Delay in active management could be associat-

ed with difficulty in achieving full enteral feeds and 

severe complications like bowel perforation. Up to 

30% occurrence of intestinal perforation has been 

reported with delay in instituting treatment.[1] There 

is also a wide variability of practice in the approach to 

diagnosing and managing FIOP as well as when 

treatment should be initiated. This review provides a 

summary of available evidence on the diagnosis and 

management strategies of FIOP. A suggested treat-

ment algorithm is described to aid practical and evi-

dence-based proactive management approach. 
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Aetiology and epidemiology 

FIOP is a distinct clinical entity and its pathology has 

been described. Peristaltic function in the immature 

bowel of preterm infants has been shown to be disor-

ganised. The intestinal peristaltic pressure at 25 

weeks gestational age is estimated to be about half of 

what is seen in term neonates.[6] Also, similar to what 

is seen in cystic fibrosis, meconium in preterm infants 

between 28 to 32 weeks gestation has been shown to 

contain less water compared to term neonates.[6] The 

impaired gastrointestinal motility and associated in-

creased viscosity of meconium result in meconium 

impaction at the terminal ileum and sometimes colon 

leading to bowel obstruction.  

Maternal and obstetric factors including hyperten-

sion, magnesium sulphate use, diabetes, smoking, 

placenta abruption, prenatal steroids, preterm pre-

labour rupture of membranes, caesarean section, oli-

gohydramnios, and opioid administration have been 

investigated as possible risk factors contributing to 

FIOP.[5-9] These have not been consistently proven as 

significant risk factors. Bowel hypomotility because of 

prematurity remains the pathophysiologic factor that 

has been consistently demonstrated.[4,5]  

A degree of this disorder of motility is seen in a signif-

icant proportion of premature neonates as up to 25 – 

30% do not pass meconium within the first 48hrs of 

life.[3,10] The VLBW (<1500g) and ELBW (<1000g) 

preterm infants, however, more commonly suffer a 

pathologic form of this disorder and experience severe 

consequences which include clinical bowel obstruc-

tion and perforation. After NEC and focal intestinal 

perforation (FIP), functional intestinal obstruction has 

been shown as the third commonest indication for 

laparotomy in VLBW premature neonates.[8] In a se-

ries, 22% of all ELBW preterm infants developed func-

tional bowel obstruction that needed intervention.[7] 

Diagnosis 

FIOP typically presents within the first 2 weeks of life 

with most series reporting average age at diagnosis 

around day 10.[3,11,12] Paradiso et al. found that 

neonates <1500g tend to present commonly in the 

2nd week of life while those >1500g are often diag-

nosed within the 1st week.[11] Failure of spontaneous 

passage of meconium is seen with only smears passed 

after rectal stimulation. Complete meconium evacua-

tion with evidence of changing stools is not seen.  

Progressive abdominal distension is often the feature 

that prompts investigation. Visible and/or palpable 

bowel loops are common. There is associated feed in-

tolerance evidenced by large and often bilious naso-

gastric aspirates. As opposed to NEC, features of peri-

tonitis like tenderness or erythema are absent and 

they are usually haemodynamically stable with unre-

markable inflammatory markers (Table 1). Features 

are clinically indistinguishable from NEC once perfo-

ration occurs. 

Table 1: Clinical, radiological, and operative features of FIOP 

 Clinical signs 
Radiological 

findings 
Operative findings 

1. 

Abdominal disten-
sion +/- visi-
ble/palpable bowel 
loops  

Symmetric gener-
alised dilated 
bowel loops with-
out air-fluid levels 

Dilated small bowel 
containing meconi-
um pellets 

2. 
Feed intolerance +/- 
bilious nasogastric 
aspirate 

Meconium plugs 
in the colon or 
terminal ileum on 
contrast study 

Change in calibre at 
terminal ileum but 
bowel lumen is in 
continuity 

3. 

Failure to pass me-
conium or passing 
only smears of me-
conium usually with 
rectal stimulation 

Microcolon ex-
tending to distal 
terminal ileum on 
contrast 

Small, collapsed 
colon with palpable 
thick meconium  

4. 

Absence of signs of 
peritonitis like ten-
derness, oedema, 
and erythema 

Absence of char-
acteristic signs of 
NEC like pneu-
matosis, portal 
gas, and fixed 
loop 

Bowel looks healthy 
without inflammatory 
or necrotic changes 

5. 
Haemodynamically 
stable except in 
perforation 

Pneumoperitone-
um in the ad-
vanced stage 

Localised perforation 
usually at the termi-
nal ileum  

Plain radiographs typically show features of lower in-

testinal obstruction with multiple dilated loops. The 

gas pattern is usually generalised and symmetrical 

with no air-fluid levels as opposed to features seen in 

mechanical obstruction (Fig.1). Pneumatosis, fixed 

bowel loop, and portal gas which are characteristic of 

NEC are absent. Clinical findings and plain x-ray are 

often sufficient to make a diagnosis and institute 

management especially in the ELBW cohort that may 

require cardio-respiratory support.[12] 

 
Figure 1: (a) Plain abdominal radiograph of preterm with FIOP 

showing generalised bowel distension. (b) Meconium plugs, 

shown as filling defects (arrows) in the non-distended colon 

and terminal ileum are seen on the contrast enema study. 

Contrast enema is both diagnostic and therapeutic. 

Meconium plugs are demonstrated as filling defects in 

the non-distended colon and terminal ileum if con-

trast refluxes through the ileo-caecal valve (Fig.1). 

Micro/unused colon with associated collapsed distal 

ileum is seen but this may not be well demonstrated if 

rectal washouts have been commenced before con-

trast study. Contrast enema also helps to exclude 
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other causes of bowel obstruction like atresia and 

Hirschsprung’s disease. 

An ultrasound scan (USS) in the diagnosis of FIOP 

has been reported. It shows hypoechoic meconium-

filled bowel loops with proximal distension. Features 

of NEC like intramural gas or complicated ascites are 

not seen.[7,13] USS for diagnostic purposes does not 

seem to add much beyond what is seen on plain radi-

ographs. It could however be used as a guide for bed-

side contrast enema administration in cases where 

transfer to the radiology unit is not feasible. 

Treatment 

Rectal stimulation with glycerine chips is frequently 

used to encourage meconium passage in neonatal 

units and this yields variable results. While it is diffi-

cult to set age cut-off for when failure of meconium 

passage becomes pathological in preterm infants, the 

onset of abdominal distension with large bilious aspi-

rates should prompt investigation and intervention. If 

functional obstruction of prematurity is confirmed or 

strongly suspected, treatment should progress beyond 

rectal stimulation with glycerine chips as this has 

little effect on impacted meconium at the distal ileum 

and proximal colon.   

Up to 75% success rate has been reported with con-

servative treatment involving saline or glycerine rectal 

irrigations, nasogastric or per rectal N-acetylcysteine 

(NAC), and contrast enema in varying combina-

tions.[7,11,13] Preterm infants with higher gestational 

age and weight tend to respond better to conservative 

management.[13] These options should be maximised 

as much as possible.  

Rectal irrigation:  

Rectal washouts with saline could be commenced as a 

first-line treatment once NEC, sepsis, or pneumoperi-

toneum suggesting bowel perforation are excluded. 

String-like mucous plugs may be passed with wash-

outs. About 10mls/kg of warm saline is often used 

and could be repeated up to 2-4 times per day. About 

15 – 20% success rate has been reported with only 

saline washouts.[7] Glycerine enema has been used 

as an alternative.[14] 

Contrast therapy: 

Gastrografin enema plays a key role in the diagnosis 

and treatment of FIOP. Where possible, it is recom-

mended to confirm the diagnosis, rule out mechanical 

obstruction and provide relief of obstruction. It has 

traditionally been used in the management of meco-

nium ileus.[15] Its excipient, polysorbate 80 confers 

high osmolality to the contrast medium which allows 

it to draw fluid into the bowel lumen and soften the 

inspissated meconium.[16] The same principle is ap-

plied in FIOP when used at 1:2 or 1:3 dilutions.  

The procedure should ideally take place under fluoro-

scopic guidance to monitor contrast flow, particularly 

passage through the ileo-caecal valve, and identify 

complications like perforation. Transfer to the radiol-

ogy unit may not be feasible in ELBW or unstable pre-

term infants who require cardiorespiratory support. 

Other conservative treatment options may be consid-

ered before contrast enema in such cases (Fig 2). Al-

ternatively, bedside administration of contrast with 

serial portable abdominal x-rays or under USS guid-

ance has been reported.[7,13,14] Other contrast 

agents have been used successfully including Iopami-

dol, Telebrix, and Omnipaque.[13,17] Cho et al found 

no significant difference between Gastrografin and 

Telebrix at relieving the obstruction.[13] About 70-

80% success rate has been reported with contrast 

enema therapy.[7,11,17] It could be repeated or other 

treatment modalities added if no response is achieved. 

Oral Gastrografin use as an adjunct has also been 

reported.[6,18] 

N-acetylcysteine:  

N-acetylcysteine (NAC) exerts a mucolytic effect by 

breaking disulphide bonds in mucoproteins hence 

reducing viscosity.[19] It could be administered via 

nasogastric tube (NGT), rectally, and into the stoma. 

Kadigolu Simsek et al. demonstrated no significant 

difference in effectiveness between NGT vs enema 

NAC in the management of VLBW preterm neonates 

with FIOP.[9] In their study, NGT or enema NAC indi-

vidually resulted in significantly shorter time to symp-

tom resolution and full enteral feeds compared to sa-

line washouts alone. A combination of NGT and ene-

ma NAC is often used to reach proximal plugs in the 

terminal ileum as well as distal ones in the colon.  

NAC via NGT or enema is a recommended next step 

after no/poor response to saline washouts in preterm 

neonates where transfer for contrast enema is not 

feasible or after failed contrast therapy (Figure 2). 

About 1–4mls of 10% NAC solution administered 

through NGT every 6–8hrs is commonly used; 1%–

10% concentration has been reported for rectal use. 

Monitoring 

Active evaluation of response on a daily basis when 

FIOP is managed conservatively is very important. 

Clear criteria should be used to determine the failure 

or success of a modality and when to escalate. A sug-

gested algorithm of management is provided in Figure 

2. Daily monitoring should involve the following: 

Evaluation of response to a treatment modality: Good 

response to treatment means the passage of a good 

amount of meconium with associated reduction of 

abdominal distension clinically and/or resolution of 

dilated bowel loops radiologically.[13] Successful 
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treatment of FIOP is achieved when there is complete 

meconium evacuation as evidenced by changing 

stools. Decisions regarding good response or failure of 

a treatment option should be made within 48hrs of 

commencing the treatment and management should 

be escalated if no or poor response is achieved. 

 

Figure 2: Flow chart of suggested conservative and surgical treatment 

approach 

Identify and manage complications: Fluid and electro-

lyte abnormalities could occur with Gastrografin and 

NAC use. Gastrografin enema could cause 

hypovolaemia as it draws fluid into the gastrointesti-

nal tract lumen.[16] Hypernatremia and hepatic de-

rangement have been reported with NAC.[19,20] Clin-

ical and biochemical evaluation of fluid and electro-

lyte status is indicated, and correction instituted as 

necessary. 

Bowel perforation could occur as a natural progres-

sion of FIOP (spontaneous) or as a complication of 

treatment (iatrogenic). A 5–10% iatrogenic perforation 

rate has been reported with saline and contrast ene-

ma.[7,12,13] However, the risk of spontaneous perfo-

ration with no or delayed treatment is much higher at 

about 25-50% of cases.[1,11] Plain abdominal radio-

graph should be repeated with clinical deterioration 

and surgery is indicated if perforation is confirmed or 

highly suspected. 

Surgery 

About 25% of premature neonates with FIOP would 

require laparotomy.[2,7,11] This rate is higher in the 

neonates <1500g.[11] Surgery becomes indicated 

when conservative measures have failed or with perfo-

ration. Surgical options could be rationalised depend-

ing on the indication.  

In persistent obstruction with healthy bowel and no 

peritoneal contamination at laparotomy, enterotomy 

with the evacuation of impacted meconium, bowel 

irrigation, and closure has been shown to be suffi-

cient.[1,12,14] Paradiso et al. reported effective use of 

mini-laparotomy with trans-appendiceal bowel irriga-

tion and appendicectomy to relieve the obstruc-

tion.[11] The morbidity associated with a stoma as 

well as the need for later stoma closure could be 

avoided in this group. However, stoma remains a 

common option. 

Bowel resection and the stoma is a common practice 

in cases of perforation as there is often associated 

peritoneal contamination.[1,2] Primary closure or 

bowel resection and anastomosis have been safely 

performed in stable cases with minimal contamina-

tion.[6,12] Initial peritoneal drain with subsequent 

laparotomy in selected cases is an option.[21] 

OTHER CONSIDERATIONS 

Focal intestinal perforation and FIOP 

Focal intestinal perforation (FIP), also referred to as 

spontaneous intestinal perforation, is well recognised 

as a disease entity separate from NEC perforation but 

its underlying pathology is still not clear. Compared 

to NEC, FIP has been shown to affect preterm infants 

with smaller GA at birth and present earlier (within 

the first 2 weeks of life). There is unremarkable de-

rangement of clinical and biochemical inflammatory 

markers and absence of pneumatosis or portal gas on 

x-ray. The focal perforation typically occurs at the 

distal ileum with no necrotic or inflammatory changes 

of the adjacent bowel.[22-24] These are the same find-

ings that have been consistently observed in FIOP and 

perforations described as FIOP-related. 
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Misrez et al. compared the clinical and histologic fea-

tures of VLBW neonates who had laparotomy for 

failed conservative management of FIOP and idio-

pathic FIP.[4] They reported abnormal stooling pat-

terns in both groups with associated bowel distension 

preoperatively. The histology of the small bowel spec-

imens showed similar findings in both groups. Defi-

ciency of the muscularis layer of the intestine with 

normal myenteric plexus and ganglia with no is-

chaemic changes were found. Interestingly, repeat 

biopsy at stoma closure about 3 months later in both 

groups showed no abnormality of muscularis layer 

found earlier. All the cases had a normal gastro-

intestinal function at 2 years follow-up. Other studies 

have reported similar histologic findings either indi-

vidually or when FIP and FIOP were jointly stud-

ied.[5,22,25] 

These results suggest that FIP and FIOP likely share a 

common underlying pathophysiology. Bowel hypomo-

tility experienced in the VLBW and ELBW preterm 

infants predisposes to meconium impaction which 

seems to manifest in a disease spectrum of varying 

severity as obstruction and/or perforation. It is not 

entirely clear if FIP occurs simply as a progression of 

unrecognised/resistant FIOP or as a random manifes-

tation of the same disorder. Prospective comparative 

studies are required to further elaborate on this. 

Excluding Cystic Fibrosis and Hirschsprung’s dis-

ease 

Cystic Fibrosis (CF) and Hirschsprung’s disease (HD) 

are often suspected as underlying pathologies in pre-

term infants presenting with functional intestinal ob-

struction. Specific genetic testing for CF and rectal 

biopsy to exclude HD in these preterm infants are 

common. While the inspissated meconium in FIOP is 

like what is seen in CF-associated meconium ileus, 

the pathology is different. Sweat test for CF was nor-

mal in all the 121 neonates with FIOP included in a 

study.[9] Greenholz et al. similarly found negative 

sweat tests in all the cases in their study on FIOP and 

reported normal long-term bowel function after 2 

years of follow-up.[1] Routine heel prick testing of all 

newborns which includes screening for CF may be 

sufficient.  

Of 113 preterm infants presenting with abnormal 

stooling patterns who had a suction rectal biopsy, 

Sharp et al found 5% positive for HD compared to 

50% positive results in symptomatic term babies.[26] 

They concluded that HD is a much less common 

cause of obstructive symptoms in preterm neonates 

compared to NEC and functional obstruction. In pop-

ulation-based studies evaluating the incidence of HD 

in preterm neonates, the average GA at birth was 33-

35wks [26-28] as opposed to preterm infants with 

functional obstruction who are typically under 32 

weeks.  Significantly higher incidence (30%) of associ-

ated chromosomal/congenital anomalies, especially 

Trisomy 21, was found in preterm infants with HD 

compared to terms.[27,28] In over 70% of preterm 

infants with HD, transition zone suggestive of HD was 

found on contrast enema. Though the presentations 

could be similar, a selective approach could be em-

ployed when evaluating neonates with FIOP for the 

possibility of HD. A rectal biopsy may be considered 

in FIOP cases >32 GA at birth, those who needed sur-

gery due to failed medical management (especially 

before stoma closure), associated congenital anoma-

lies, and suggestive features on contrast enema. 

CONCLUSION 

Functional intestinal obstruction of prematurity con-

tributes significantly to the morbidity and mortality of 

ELBW and VLBW preterm infants. It is not often 

promptly recognised, and its management remains an 

area of controversy among clinicians. This review 

summarises the characteristic clinical and radiologi-

cal features of FIOP as well as evaluates its manage-

ment options and their limitations. In most cases, 

FIOP can be managed successfully conservatively. 

Best results are obtained with proactive management 

and monitoring. A logical and practical treatment al-

gorithm is suggested here. Surgery is reserved for 

failed conservative management or perforation.  

Overall outcomes are favourable with appropriate 

management. Most studies have reported normal 

long-term gastrointestinal function. Specific genetic 

testing for cystic fibrosis is not indicated. Rectal biop-

sy to exclude Hirschsprung’s disease may be consid-

ered in selected cases which represents a small per-

centage of FIOP cases. It appears that FIOP and FIP 

share a common underlying pathophysiology, howev-

er, this link needs to be further elucidated upon. 
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