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SUMMARY: Zvizdic Z, Milisic E, Jonuzi A, Terzic S, Zvizdic D. The contribution 
of morphine sulfate to the development of necrotizing enterocolitis in preterm 
infants: a matched case-control study. Turk J Pediatr 2019; 61: 513-519.

The aim of the study was to determine whether morphine sulfate administration 
is associated with an increased risk of necrotizing enterocolitis (NEC) in 
preterm infants supported by mechanical ventilation due to respiratory failure. 
The matched case-control retrospective study was carried out at the Neonatal 
Intensive Care Unit (NICU) of the University Clinical Center Sarajevo, on 122 
preterm infants classified into total NEC group and control group. The total 
NEC group was further divided into medical NEC and surgical NEC subgroups. 
The association between the use and duration of morphine sulfate infusion 
and the development of NEC was evaluated in both unadjusted and adjusted 
analysis. Preterm infants who developed NEC were on mechanical ventilation 
more frequently compared to premature infants without signs of NEC (Mann-
Whitney U test; p=0.0031). A positive correlation between the frequency of 
receiving morphine sulfate and the development of NEC was observed (Chi 
square test of independence; p=0.0001). The risk of NEC in preterm infants 
was increased by the use of morphine sulfate. Validation of this observation in 
other populations is warranted.

Key words: morphine sulfate, opioids, mechanical ventilation, necrotizing enterocolitis, 
preterm infants.

It is well recognized that the etiology 
of necrotizing enterocolitis (NEC) is 
multifactorial1-3 but exact pathophysiological 
mechanisms remain unclear.4 Many low birth 
weight preterm newborns and sick full-term 
newborns, including those with NEC, require 
respiratory support using endotracheal 
intubation and mechanical ventilation.5 
The reduction of pain in newborns on 
mechanical ventilation is a crucial part of 
the supportive treatment due to the well-
known fact that this mode of treatment is 
accompanied by a physiological, biochemical 
and clinical responses to pain and stress. Pain 
and stress may have a negative interaction 
with mechanical ventilation, leading to 
unsynchronized breathing and suboptimal 

ventilation with possible clinical instability, 
changes in heart and respiratory rates and 
changes in intracranial pressure, blood pressure 
and oxygen saturation.6,7 However, there are 
still no harmonized clinical guides for the 
use of analgesics and sedatives in critically ill 
infants,8 and most recommendations are based 
on experiences with adult patients.7-9 Morphine 
sulfate is one of the opioid analgesic used for 
sedation and analgesia in newborns,12 but there 
is insufficient evidence to recommend routine 
use of opioids in newborns on mechanical 
ventilation.7 In this study, we hypothesized 
that the frequency of NEC in preterm infants 
who require mechanical ventilation would be 
increased with an increase in the number of 
days of receiving morphine sulfate.
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Material and Methods

This matched case-control retrospective study 
was carried out at the Neonatal Intensive Care 
Unit (NICU) of University Clinical Center 
Sarajevo (UCCS), on 122 preterm infants 
classified into total NEC group and control 
group. NEC group included 51 consecutive 
preterm infants admitted to the NICU of 
UCCS and treated for NEC during a period of 
5 years, from January 2008 to December 2012. 
The control group included 71 apparently 
healthy preterm infants. Gestational age was 
determined by early ultrasound and recorded 
as completed weeks. This study examined 
whether morphine sulfate administration 
was associated with an increased risk of NEC 
in preterm infants supported by mechanical 
ventilation due to respiratory failure. For the 
purposes of this analysis, a diagnosis of NEC 
was made based on the presence of clinical, 
radiological and/or histopathological evidence 
that fulfilled the criteria of Bell’s13 as well 
as Walsh’s modification of these criteria.14 

Medical NEC was defined as the presence of 
radiological signs of pneumatosis intestinalis 
and when the disease is treated with 
antibiotics for more than two days. Surgical 
NEC was defined as any surgical treatment. 
Fifty-one preterm infants met the criteria for 
NEC in this analysis. The infants’ medical 
records were reviewed daily for medical course 
information until hospital discharge or death 
of infant. A standardized format was used 
for data collection. In accordance with the 
Helsinki declaration, the Institutional Review 
Board (IRB), and the Independent Ethics 
Committee of UCCS approved all aspects of 
this study. All medical record data included in 
this study were used after obtaining written 
informed consent from the patient's parents.

The study was approved by the Institutional 
Review Board of University Clinical Center 
Sarajevo (Number: 0305-11118 from 14th 
April 2010). 

Statistical analysis

To compare the frequency of mechanical 
ventilation and administration of morphine 
sulfate in premature infants who did and 
did not develop NEC, we used the Mann-
Whitney U test for continuous variables and 

chi-square test of independence for categorical 
variables. Statistical level of 95% (p<0.05) 
was considered significant for all performed 
tests. Statistical analysis was performed using 
SPSS 16.0 (SPSS Inc, Chicago, IL, USA). 

Results

Among infants with NEC, medical NEC was 
diagnosed in 30 patients (58.8%), while 21 
patients were classified in the group of surgical 
NEC (41.2%). 

Table I provides demographic and clinical 
information for the 122 preterm infants in the 
study.

Postnatal age at time of appearance of NEC 
was 18.2 days (SD 12.8) (2-57 days); 49% of 
infants were older than 2 weeks. All subjects 
were breast fed in majority of cases (40/51). 
We always used freshly expressed breast 
milk. No baby was fed by donor breast milk. 
Therefore, we did not notice any differences 
between study groups related to the type of 
enteral feed. In one patient, NEC developed 
before starting enteral feeding.

The most common gastrointestinal symptoms 
in total NEC group were: Abdominal distension 
in 89%, macroscopic or microscopic blood 
in the stool in 56.9% and increasing gastric 
residuum in 46% of cases. 

During mechanical ventilation of our patients 
we used morphine sulfate as an analgesic 
agent at the infusion dosage of 20 μg/kg/h. 
In selected cases, where morphine was 
insufficient, we used midazolam as a sedation 
at the dosage of 1-2 μg/kg//min. This was a 
case in 5 (9.8%) of the ventilated infants.

The average mechanical ventilator days in all 
preterm infants with NEC (both medical and 
surgical NEC) (n=51), in the medical NEC 
group (n=30), in the surgical NEC group 
(n=21), and in the healthy control group 
(n=71) are presented. Our results indicate 
that the mean number of days of mechanical 
ventilation in the NEC group of preterm infants 
was 8.0 days (0.5 to 44), in the medical NEC 
group 8.0 days (5-31), and in the surgical NEC 
group 11.0 days (1-44). The mean number of 
days of mechanical ventilation in the control 
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group of preterm infants was 3.0 days (1-14).

A significant difference in the number of 
days of mechanical ventilation in infants in 
the NEC group (Md=8, n=43) compared 
to the control group was found (Mann-
Whitney U test, (Md=3, n=22), U=262.00, 
z=2.955, p=0.0031. In addition, a statistically 
significant difference in the mean number of 
days of mechanical ventilation in the medical 
NEC group (Md=8, n=25) compared with the 
control group was observed (Md=3, n=22), 
U=150.50, z=2.681, p=0.0073. There was also 
a statistically significant difference between 
the surgical NEC group (Md=11, n=19) and 
control group (Md=3, n=22), U=111.50, z 
=2.604, p=0.0092. In contrast, no significant 
difference was found in the number of days of 
mechanical ventilation between the medical 
and surgical NEC groups (p=0.4126).

Our data indicate that 72.5% (37/51) of 
premature infants with NEC received morphine 
sulfate. Further analysis showed that 63.3% 
(19/30) premature infants with medical NEC 
and 85.7% (18/21) infants with surgical NEC 
received morphine sulfate. In the control 
group of premature infants, morphine sulfate 
was received by 19.7% patients (14/71). 

Chi square test of independence (with Yates’ 
correction for continuity) showed a significant 
correlation between the frequency of received 
of morphine sulfate and the development 
of NEC in patients with NEC compared to 
the control group χ2 (1, n=122)=31.914, 
p=0.0001. A statistically significant difference 
was observed between the medical NEC group 
compared to the control group χ2 (1, n=101) 
=16.308, p=0.0001, and between the surgical 
NEC group compared with the control group 
χ2 (1, n=92)=30.795, p=0.0001. In contrast, 
no significant difference was found between 
two NEC groups regarding the frequency of 
receiving morphine sulfate (p=0.1106).

The analysis of the frequency of received 
inotropes revealed a statistically significant 
association between administrations of 
inotropes in infants with NEC compared with 
control group. In the total NEC group, 64.7% 
(33/51) NEC patients received inotropes 
compared with only 12.7% (9/71) in the 
control group (p=0.001). Preterm infants 

with medical NEC received inotropes in 56.7% 
(17/30) while infants in surgical group received 
inotropes in 76.2% (16/21) (p=0.2550). 

Discussion

It is well known that extremely low (ELBW) 
and very low birth weight infants (VLBW) 
have an increased incidence of respiratory 
distress syndrome (RDS) requiring mechanical 
ventilation.15 Also, for many premature 
infants, especially those with ELBW and 
VLBW, the deterioration of the respiratory 
system, in the form of an increase in required 
respiratory support and decreased PO2 and 
O2 saturation, may be the early clinical sign 
of the development of NEC,15 although the 
cause of this finding has not been sufficiently 
explained. Dolgin et al.15 found that exposure 
to extended periods of mechanical ventilation 
can lead to an increased number of nosocomial 
infections thereby increasing the risk of NEC. 
The results of our study have shown that 
premature infants with NEC required a longer 
period of mechanical ventilation compared 
to the control group. This statistically larger 
number of days of mechanical ventilation was 
observed both in the medical NEC group and 
the surgical NEC group.

Since previous studies, performed at the end 
of 1990s, demonstrated that intravenous 
administration of morphine sulfate improves 
synchronization of spontaneous and 
mechanical ventilation derived breathing in 
premature infants, as well as that continuous 
infusions of morphine sulfate reduces the 
incidence of poor neurodevelopmental outcome 
in premature infants who require respiratory 
support through mechanical ventilation, 
administering morphine sulfate has become 
a common practice in neonatal intensive care 
units.16,17 With time, it was recognized that 
the use of morphine sulfate has no effect on 
reducing the frequency of intraventricular 
hemorrhage nor its clinical outcome.18 
Furthermore, the observation of the side and 
adverse effects of morphine sulfate in the form 
of hypertension, bradycardia, convulsions, 
intestinal obstruction, delaying the start 
time of enteral feeding and particularly the 
reduction of gastrointestinal motility,19 has 
lead to questioning the routine administration 
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of morphine sulfate in premature infants 
undergoing mechanical respiratory support.20 

Hallstrom et al.21 studied the risk factors of 
NEC and noted that the length of the duration 
of administration of morphine sulfate has 
a significant impact on the development 
of NEC. To the best of our knowledge, the 
study mentioned above was the only study 
to evaluate the influence of morphine sulfate 
on the development of NEC. The effect of 
morphine sulfate on NEC development can 
be explained by the knowledge that morphine 
sulfate reduces gastrointestinal motility, 
which is already disturbed in premature 
infants, allowing a prolonged contact of the 
bacterial strains from food substrates with 
the intestine wall, thereby allowing bacterial 
translocation and development of this 
devastating disease. The results of our research 
on the effect of administration of morphine 
sulfate in developing NEC have shown that 
preterm infants with NEC (both medical 
and surgical NEC groups) had a significantly 
higher number of days receiving morphine 
sulfate before demonstrating symptoms of 
the disease, compared to the control group. 
We also recorded a significantly greater 
number of days of administration of morphine 
sulfate in the surgical NEC group compared 
with medical NEC group. These results are 
consistent with research by Hällström et 
al.21 who also found a significant correlation 
between the length of administering morphine 
sulfate with the development of NEC. Our 
research has identified the link between the 
length of administration of morphine sulfate 
and the severity of NEC, through the observed 
fact that the preterm infants with the most 
severe stage of NEC (surgical NEC) received 
morphine sulfate longer compared with 
premature infants in the medical NEC group. 
Since the current available literature contains 
no studies that have thoroughly analyzed 
the effect of duration of receiving morphine 
sulfate to develop of NEC and its seriousness, 
we were not able to compare our results with 
the results of other studies. Validation of this 
observation in larger populations is warranted. 

It is well known that some preterm infants 
with advanced NEC or sepsis have evidence 
of circulatory failure and microvascular 
dysfunction, often presenting with low 

blood pressure and high cardiac output with 
the need for using inotropes to maintain 
cardiorespiratory function.22-24 Although 
inotropes (dopamine or dobutamine) widely 
used in circulatory failure secondary to sepsis 
or NEC, combined with adequate ventilatory 
support, there is still disagreement about 
their influence on intestinal perfusion or their 
relationship with NEC. Hentschel et al.25 
found that the administration of inotropes had 
no negative influence on superior mesenteric 
artery blood flow during continuous infusion, 
but other data in the literature are limited 
and mostly derived from animal rather than 
human studies. However, there is evidence 
that the circulatory physiology in the 
preterm infants is distinct from that seen at 
any other time with the reported cases that 
some premature infants may have decreased 
cardiac adrenergic receptors and innervation, 
meaning that these infants may have an 
impaired response to inotropic intervention.26 
The results of our study showed a statistically 
significant association between administration 
of inotropes in subjects with NEC compared 
to the control group. These results can be 
observed in the context of pathophysiological 
events and endpoints in advanced cases of 
NEC in preterm infants.

All of the above findings must be observed 
through the prism of prematurity with the 
mutual synergy of various immature organic 
systems. Preterm infants born at less than 28 
to 30 weeks of gestation have very fragile lung 
tissue with a great tendency to lung injury and 
the consequent tendency to trap air, collapse, or 
fill with mucus and other fluids, which further 
compromise lung growth and development.27 

This condition known as bronchopulmonary 
dysplasia (BPD) has a significant influence 
on the increased frequency of use of 
mechanical ventilation and administration of 
morphine sulfate in premature infants with 
NEC. Preterm infants with BPD also have 
nutritional and fluid problems because of fluid 
sensitivity and increased metabolic needs and 
show vulnerability to infections, especially 
respiratory infections.28 Therefore, it is 
justified that these clinical variables should be 
considered in the same context.

This study has some limitations, such as 
the inherent errors and bias of retrospective 
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nature of the study, relatively small patient 
population and restriction to a single pediatric 
surgical center in a relatively small geographic 
area in Bosnia and Herzegovina as well as 
inability to calculate population-based rates. 

Even with the above-mentioned limitations, 
we can conclude that knowledge of the risk 
factors associated with the development 
of NEC can contribute to more efficient 
prevention of this devastating acquired 
disease. Recognizing the potential impact 
of common treatment given to premature 
infants in the NICU's and modifications of its 
application, including selective use of opioids 
based on clinical judgment and evaluation 
of pain indicators as well as replacement of 
intubation and mechanical ventilation with 
non-invasive positive-pressure ventilation 
techniques, especially continuous positive 
airway pressure, can reduce the complications 
associated with long-term invasive ventilation 
and longer administration of morphine sulfate.
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