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ABSTRACT 

Background
First passage of stool after birth, meconium, is delayed in preterm infants compared 
to term infants. The difference in duration of meconium passage until transition to 
normal stools has however never been assessed in preterm and term infants.

Hypothesis
Preterm infants have prolonged duration of passage of meconium (PoM) compared 
to term infants. 

Methods
Between August and November 2006, all infants born in an academic and a non-
academic hospital with gestational age (GA) 25 - 42 weeks and without metabolic, 
congenital diseases or gastrointestinal disorders, were included. Infants were 
divided into four groups: A) GA ≤ 30 wks; B) 31 ≥ GA ≤ 34; C) 35 ≥ GA ≤ 36; D) GA 
≥ 37 (term born). 

Results 
A total of 198 infants (102 males); 32, 62, 33 and 71 infants in group A, B, C and D, 
respectively, were included. With decreasing gestation a trend was found for delayed 
first PoM (p<0.001). Compared to term infants 79% (56/71), less preterm infants 
passed their first stool within 24 hours after birth; group A; 44% (14/32), B; 68% 
(42/62) and C; 73% (24/33). 
With decreasing gestation a trend for prolonged PoM was found (p<0.001). The 
mean PoM duration was prolonged in group A; 7.8 days (±2.5), B; 4.3 days (±2.4) 
and C; 2.9 days (±1.3) compared to term infants. Furthermore, PoM was associated 
with birth weights ≤ 2500 grams (p=0.03) and morphine therapy (p=0.03). Duration 
of PoM was not associated with type of feeding, SGA, LGA or need for respiratory 
support. 

Conclusion
PoM was not only delayed but also prolonged in preterm infants. Duration of PoM was 
associated with gestational age, birth weight and morphine therapy.
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INTRODUCTION

More than 99% of term infants pass their first stool, meconium, within 48 hours after 
birth.1, 2 It is well-known, however that preterm infants have a delayed passage of their 
first stools.1, 2 Most likely, this delay is due to ongoing developmental maturation of 
bowel function which results in intestinal hypomotility.3 We therefore hypothesise that 
the phase of passing meconium stools before its transit to normal stools is prolonged in 
preterm infants. 

METHODS

Between August and November 2006, all infants born in the departments of obstetrics 
of the Emma Children’s Hospital of the Academic Medical Centre of Amsterdam and 
a non-academic hospital (OLVG) in Amsterdam with a gestational age (GA) between 
25 - 42 weeks and without metabolic, congenital diseases or gastrointestinal disorders 
requiring surgery were eligible for this study. Infants who died during their hospital stay 
and infants transferred to other hospitals were excluded. 
Using standardised daily bowel diaries, bowel habits were recorded from the first day 
of life until at least the first 2 weeks after birth. Stools were classified as meconium or 
not-meconium, based on consistency and colour. Meconium is characterised as thick, 
sticky, and greenish-black in colour. Type of feeding, morphine therapy as well as need 
for respiratory support were documented for each infant. 
Infants were divided into 4 groups, based on their GA: A) GA ≤ 30 wks; B) GA between 
31-34 weeks; C) GA between 35-36 weeks; D) GA ≥ 37 weeks (term born). Infants were 
small for gestational age (SGA) if birth weight was lower than 10th percentile and large 
for gestational age (LGA) if their birth weight exceeded the 90th percentile. Birth weights 
between the 10th and 90th percentile were considered normal. Birth weights were 
divided into four categories from the 25th to the 75th percentile of birth weights of this 
study group. Passage of meconium (PoM) stools in days exceeding the 75th percentile in 
term infants was considered as prolonged. 

STATISTICAL ANALYSES

All data were collected in an SPSS file (Inc 14.0.1). Baseline characteristics were given 
in mean values (SD). A chi-square test for trend was used to examine whether a relation 
existed between gestational age (four groups) and the proportion of patients having their 
first meconium passage within 24 and 48 hours respectively. Differences in mean PoM 
time between gestational age groups were analyzed using an ANOVA test for linear trend. 
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In a multivariable linear regression model we examined the independent effect of 
the following factors on duration of PoM: gestational age (continuous), birth weight 
(categorical), SGA, LGA, administration of morphine in the first week of life (yes/no) and 
the need for respiratory support (yes/no). Values of p<0.05 were considered statistically 
significant.

RESULTS

A total of 198 infants (102 males) were included with the following mean gestational age 
distribution: group A (n=32) with mean GA 38.0 (±1.4) weeks; group B (n=62) 32.6 (±1.1) 
weeks; group C (n=33) 35.4 (±0.5) weeks and group D (n=71) 39.3 (±1.5) weeks.

With decreasing gestation a trend was found for delayed first PoM within 24 hours 
(p<0.001) as well as within 48 hours (p=0.003). Passage of meconium within 24 hours 
after birth occurred in 79% (56/71) of the term infants (table 1). First PoM within 48 
hours occurred in 83% (59/71) of term infants. Furthermore, first PoM was delayed in 
LGA infants but not in SGA infants compared to infants with a normal birth weight 
(p=0.03). 
A significant trend (p<0.001) was found between decreasing gestation and prolonged 
PoM (figure 1). A total of 26 infants in group A, 17 in group B, 2 in group C and 2 in group 
D had prolonged PoM. 
A total of 25 infants received morphine, 13, 9, 2 and 1 infant(s) from respectively group 
A, B, C and D. Mean administration of morphine was 1.41 (±2.3) days in group A, 

Table 1: Baseline characteristics and first & duration of passage of meconium (PoM). TPN: total 
parenteral nutrition

Group A Group B Group C Group D *p- value for 
trend

Gestational age ≤ 30 31-34 35-36 ≥ 37
No. of subjects 32 62 33 71
Median Birth weight 
(min.-max.)

1015 
(660-1500)

1863 
(1100-3560)

2552 
(1550-3670)

3474 
(1875-4900)

Type of feeding
- number breastfed 20 33 14 36
- number formula fed 2 7 8 15
- number combination 4 17 8 18
- number TPN 6 5 3 2
First PoM within 24 hrs 44% (14/32) 67% (42/62) 73% (24/33) 78% (56/71) p<0.001
First PoM within 48 hrs 75% (24/32) 84% (52/62) 76% (31/41) 83% (59/71) p=0.003
Mean duration PoM (days, SD) 7.8 (2.5) 4.3 (2.4) 2.9 (1.3) 2.0 (1.3) p<0.001
*p-values for trend between gestational age and first (<24 hours & <48 hours) and duration of PoM. 
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0.52 (±1.50) in group B, 0.15 (±0.61) days in group C and 0.04 (±0.36) days in group D. 
Morphine therapy prolonged duration of PoM by 3.5 days (p<0.001; table 2).

All infants in group A needed respiratory support for 5.7 (±1.7) days in the first week 
of life. Thirty, 10 and 3 infants from respectively group B, C and D needed respiratory 
support for respectively 1.2 (±1.8), 0.5 (±1.0) and 0.1 (±0.4) days. Duration of PoM was 
delayed by 3.0 days for every day of respiratory support (p<0.001; table 2). 

Type of feeding was not different between the groups (table 1). Breastfeeding and formula 
feeding were not associated with duration of PoM (table 2). Total parenteral nutrition, 
however delayed PoM by 2.2 days (p=0.004).

The prescription of enemas was significantly higher in group A and B compared to group 
C (p<0.04) and D (p<0.001). In the period of PoM, 16, 11 and 1 infant(s) from respectively 
group A, B and C and none from group D were prescribed enemas. Infants with longer 
duration of PoM received more enemas (p<0.001).
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Figure 1. Correlation between gestational age in weeks and mean (±SEM) duration of meconium 
passage (PoM) in days.
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We applied a multivariate analysis to describe the effect of factors described above. 
On average, duration of PoM was delayed by 0.35 days for each week of prematurity, 
by 1.2 days when birth weights ≤2500 grams and 1.0 day if having received morphine 
therapy. Furthermore, the duration of PoM was prolonged by 1.36 days in infants small 
for gestational age (table 2).

DISCUSSION

This study shows that prematurity is associated with prolonged passage of meconium 
(PoM) when compared to term infants. Furthermore our data show that duration of 
PoM was influenced not only by GA but also by birth weight, SGA and the number 
of days needing respiratory support.
In accordance with earlier studies, more than 98% of term infants pass their first 
meconium stool within 48 hours.1, 2 Immature motility of the gastrointestinal tract of 
premature infants may play a role in delaying first PoM as well as in prolonging PoM 
stools. Earlier studies in preterm infants showed impaired gastric electrical activity 
and gastric emptying, characterised by more frequent clustered phasic contractions 

Table 2: Uni- and multivariate analysis model of variance of factors influencing passage of meconium 
(PoM). GA: gestational age. SGA: small for gestational age. LGA: large for gestational age. TPN: total 
parenteral nutrition
Factors Change in PoM time 

univariate model 
(95%CI)

p-value Change in PoM time
 multivariate model 

(95%CI) 

p-value

Gestational age (per week) -0.42 (-0.49 to -0.35) <0.001 -0.35 (-0,50 to -0.20) <0.001
Birth weights, 4 categories
- 1: ≤1500 grams reference reference
- 2: 1500-2500 grams -4.19 (-5.10 to -3.27) <0.001 -1.17 (-2.19 to -1.15) 0.03
- 3: 2500-3500 grams -4.52 (-5.36 to -3.67) <0.001 -0.59 ( -2.13 to 0.95) 0.45
- 4: 3>3500 grams -4.19 (-5.10 to -3.27) <0.001 0.93 (-1.15 to 3.00) 0.38
Birth weight adjusted for GA
- Normal for GA reference reference
- SGA 1.26 (0.39 to 2.14) 0.01 0.38 (-0.19 to 1.30) 0.14
- LGA -0.82 (-2.01 to 0.37) 0.18 0.56 (-1.58 to 0.64) 0.40
Type of feeding
- Breastfeeding -0.88 (-1.97 to 0.20) 0.11 -0.32 (-0.99 to 0.36) 0.35
- Formula feeding -0.30(-1.21 to 0.61) 0.51 -0.17 (-1.04 to 0.69) 0.69
- Combination breast & formula 1.91 (0.53 to 3.29) 0.01 0.37 (-0.75 to 1.49) 0.51
- TPN reference reference
Morphine therapy (yes/no ) -3.54 (-2.53 to-4.55) <0.001 -1.01 (0.11 to 1.9) 0.03
Respiratory support (yes/no) -3.01 (-3.66 to -2.37) <0.001 0.70 (-1.46 to 0.52) 0.07
GA, gestational age; LGA, large for gestational age; PoM, passage of meconium; SGA, small for 
gestational age; TPN, total parental nutrition
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but of shorter duration and lower amplitude.4-7 Furthermore, manometric 
investigations of small intestinal motility demonstrated that duodenal clusters 
were less common and antroduodenal coordination was more immature in preterm 
infants compared to term infants.5, 8, 9 Little information is available regarding the 
prenatal development of colonic motility. One study using amniography, showed that 
progression of contrast from mouth to colon took 9 hours at 32 weeks of gestational 
age but only half that time at term.10 Recently, de Lorijn et al showed that preterm 
infants (GA 28-32 weeks) with delayed first PoM all exhibited a normal rectoanal 
inhibitory reflex. Moreover, all other anorectal motility parameters were similar to 
preterm infants of the same age who passed meconium within 48 hours.11, 12 These 
latter studies suggest that either mechanisms of rectal propulsion are impaired, 
leading to failure of normal expulsion of the meconium plug, or that the meconium 
plug itself is too difficult to expel as a result of its consistency. Indeed it is well-known 
that meconium of preterm infants differs in composition (glycoprotein, saccharides, 
calcium, copper, iron and phosphorus) from that of term infants, making it thicker 
in consistency and more difficult to expel.13 
In our study duration of PoM was associated with gestational age, birth weights 
<2500 grams and with SGA. In contrast to other studies in which SGA infants had 
delayed first PoM, we only found prolonged PoM (univariate model) but not delayed 
first PoM in those infants.1, 2 LGA infants, however had delayed first passage of PoM 
compared to infants with normal birth weight, but duration of PoM was not more 
prolonged in these infants. A possible explanation is that 80% of LGA infants born 
from mothers without diabetes suffer from hypoglycaemia 1 hour after birth.14 
This may suggest higher circulating glucose levels during the prenatal period of 
LGA infants with consequences for gastro-intestinal tract motility. For the colon, 
hyperglycaemia blunts mechanoreceptor-mediated gastrocolonic responses and 
ascending contractions of the peristaltic reflex, not caused by hyperinsulinaemia 
or direct muscle actions.15 As we only found delayed first passage but not prolonged 
PoM, the effect of prenatal hyperglycaemia which disappears after birth, could 
be well applied for explaining a delayed but not prolonged PoM in LGA infants. 
Nevertheless, other studies show a rather enhanced or equal colonic motility in 
respectively diabetic rat models or humans.16, 17 
As expected morphine therapy was associated with prolonged duration of PoM. In 
the central nervous system, opiates, such as morphine act at opioid receptors slowing 
intestinal transit and inhibiting secretion of fluids in the intestinal lumen.18-21 This 
may explain prolonged PoM in infants receiving morphine therapy as we found in 
our study. 
Interestingly, more enemas were prescribed for those with longer duration of 
PoM. However, the observational character of this study makes it impossible to 
draw firm conclusions of this finding. A randomised controlled trial is needed 
to evaluate the effect of enemas on PoM. Based on the findings of this study, it 
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remains questionable whether therapeutic intervention is necessary. Moreover, it 
is unclear whether intervention can indeed hasten passage of meconium stools in 
infants with delayed PoM.
In summary, passage of meconium stools was delayed and prolonged in preterm 
infants compared to term infants. Prolonged passage of meconium was associated 
with gestational age, birth weight ≤ 2500 grams and morphine therapy. Type 
of feeding, small for gestational age and the number of days needing respiratory 
support did not delay passage of meconium stools. 
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