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Abstract

Background: The effect of fentanyl and morphine, two most frequently used drugs for premedication in general anesthesia, on
gallbladder of newborns, has not been sufficiently investigated. Intubation and mechanical ventilation in a neonatal respiratory
distress syndrome are stressful procedures, in which these two drugs are used to reduce stress and pain. We studied the effect of
these drugs on neonatal bile system during these procedures
Objectives: The present study aimed at determining the effect of fentanyl and morphine on gallbladder dimensions among new-
borns admitted to the neonatal intensive care unit (NICU).
Methods: Thirty-two newborns with the gestational age between 26 and 38 weeks, undergoing intubation and mechanical ventila-
tion, were selected for this randomized, double-blinded, clinical trial study. They were randomly divided into two groups; group 1
received morphine and group 2 received fentanyl. Gallbladder measurements (width, depth, length and volume) were compared
between the two groups by ultrasound evaluation. The data were collected between Nov 2012 and Oct 2013 at the NICU of the Chil-
dren’s hospital in Bandar Abbas, Iran.
Results: There were no significant differences between the two groups in the evaluated parameters when demographic variables
were compared. We found statistically differences between width, depth and volume of the newborns’ gallbladders. However, there
was no significant differences with regard to gallbladder length (P = 0.19).
Conclusions: Morphine caused gallbladder dilatation more than fentanyl. However, it should be considered that total parenteral
nutrition (TPN) which is common in NICU leads to gallbladder dilatation. Therefore, it seems that fentanyl could be considered as a
preferred short-term analgesic with less adverse effects than morphine. A larger study is needed to confirm these results.
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1. Background

Respiratory distress syndrome (RDS) is the most com-
mon reason for the hospitalization of preterm and term
newborns in the neonatal intensive care units (NICUs) (1).
Neonatal intubation and mechanical ventilation are stress-
ful procedures that require premedication. Premedication
helps to improve biochemical and clinical conditions, and
reduce stress, pain and adverse physiological responses.
Pain and stress, induced during these procedures, may
cause short-term and long-term side effects in newborns
(2-4).

Drugs with maximal analgesic effect and minimal side

effects are recommended as a premedication in the NICU,
during neonatal intubation and mechanical ventilation (5,
6). Strong opioids such as morphine or fentanyl are fre-
quently used in NICUs for reducing pain induced during
these invasive procedures (7, 8). The best chosen opioid
is the one with the strongest analgesic effect and minimal
side effects (9, 10). It has been established that fentanyl is
50 - 100 times more potent than morphine in terms of pain
reduction (11, 12).

There are very few clinical trial studies that have eval-
uated the effects of opioid drugs, such as fentanyl, on gall-
bladder dimensions and biliary tract dynamics, especially
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in newborns. In view of this, we conducted a randomized,
double-blinded clinical trial to study the side effects of the
most popular analgesic drugs (morphine and fentanyl) on
gallbladder dimensions among newborns admitted to the
NICUs for intubation and mechanical ventilation and also
to compare the side effects of these two drugs. As far as we
know, such a study has not been conducted in the NICU be-
fore.

2. Objectives

This study aimed at evaluating some gastrointestinal
(GI) side effects of analgesic drugs (morphine and fen-
tanyl) using ultrasound measurements of gallbladder and
biliary tract dimensions and shape.

3. Methods

In this prospective, randomized, double-blinded clini-
cal trial, 32 newborns with gestational age between 26 and
38 weeks undergoing intubation and mechanical ventila-
tion (for at least 24 hours) were included. Parents of the
participants were interviewed by a pediatrician on the ne-
cessity of using premedication for their newborns to re-
duce pain and stress and parental consent obtained. The
research project was approved by the ethical committee
and conducted under the supervision of Hormozgan Uni-
versity of Medical Sciences.

The participants were randomly divided into two
groups (group 1 received morphine and group 2 received
fentanyl). These two groups were further assigned to < 30
weeks and > 30 weeks subgroups, according to their gesta-
tional age. The data were gathered between Nov 2012 and
Oct 2013 at the NICU of the Children’s hospital in Bandar
Abbas, Iran. This children’s hospital with 130 beds is affili-
ated to Hormozgan University of Medical Sciences for edu-
cation and training, and serves as a referral hospital of the
region.

3.1. Study Population

This study population consisted of 32 newborns aged
26 - 38 weeks with similar demographic variables, who
were admitted to the NICU of the Children’s hospital in
Bandar Abbas for mechanical ventilation, following the
respiratory distress syndrome, bacterial pneumonia, viral
pneumonia, and other respiratory problems for at least 24
hours during a period of 12 months. Forty-six patients were
assessed. Among them, 5 could not meet the inclusion cri-
teria and parents of 9 newborns opted to not participate in
the study.

Patients were assessed for participation in the study
based on the following inclusion and exclusion criteria:

Inclusion Criteria:

Newborns

- With a gestational age of 24 weeks or more,

- Admitted for mechanical ventilation at the NICU,

- Whose parents gave permission to the research team
to get involved in this study (parental consent)

Exclusion Criteria:

Newborns with

- Asphyxia (possible hepatic or renal damage),

- APGAR scores below 5 at 5th minute after birth,

- Direct hyperbilirubinemia,

- Neonatal hepatitis,

- Biliary system anomalies,

- Cardiovascular anomalies,

- Gastrointestinal obstructions.

Newborns that met the inclusion criteria were strati-
fied randomly into two groups using the closed envelope’s
method. One of the NICU nurses who was not involved
in taking the vital signs, physical examination, and regis-
tration of the newborns administered the allocated drugs.
Group 1 received morphine prescribed with a loading dose
of 100 mcg /kg in the first hour, and a maintenance dose
of 12 mcg/kg/hour for the next 24 hours, injected intra-
venously. Group 2 received fentanyl. It was prescribed
with a loading dose of 2 mcg, and with a maintenance dose
of 0.25 mcg/kg/hour, intravenously injected slowly. These
dose adjustments were being administered based on expe-
rience from previous studies and reference book resources
(10, 13).

Ultrasonographic evaluation of the newborns was per-
formed by a radiologist who had no prior information
about the two groups. Ultrasonographic measurements
of gallbladder dimensions (length, width, depth and vol-
ume) as well as the occurrence of hydrops of gall bladder
were evaluated on the third and sixth days after drug ad-
ministration. Our radiologist used a sonogragraphy trans-
ducer at 7.5 MHz for all the measurements. All the new-
borns in this study were under total parenteral nutrition
(TPN) before ultrasound evaluation.

All data were classified based on the newborns’ age
(day), weight (gram), gestational age (week), respiratory
conditions and ultrasound results. We used SPSS 13 for
the evaluation of the data. Because statistical distribution
of the samples in both groups had a normal distribution
pattern, a t test was used to compare the means of both
groups. P value < 0.05 was considered as statistically sig-
nificant.
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3.2. Trial Registerion Code

Register: IRCT, ID: IRCT201105216532N1; URL:
http://www.irct.ir/searchresult.php?id=6532&number=1;
available at: http://apps.who.int/trialsearch/Trial2.aspx?
TrialID=IRCT201105216532N1.

4. Results

Thirty-two newborns undergoing mechanical ventila-
tion at the NICU were randomly divided into two groups
containing 16 newborns each. Morphine was prescribed
and administered to newborns in group 1 and, fentanyl
was prescribed for the newborns in group 2. Each group
was randomly stratified into two subgroups based on ges-
tational age; > 30 weeks or < 30 weeks. Each subgroup con-
tained 8 newborns with gestational age either > 30 weeks
or < 30 weeks (Table 1).

Table 1. Demographic Characteristics and Physiologic Variables of the Patientsa

Fentanyl Group Morphine Group

Sex

Male 10 (62.5) 9 (56.2)

Female 6 (37.5) 7 (43.8)

Gestational age, w 31.6 ± 4.7 31.0 ± 4.2

Birthweight, g 916 ± 1714 790 ± 1661

Study duration, d 1.1 ± 5.8 1.4 ± 5.5

Ventilator Usage Time, d 1.1 ± 5.8 1.8 ± 5.0

Day of sonography 0.9 ± 3.9 1.4 ± 4.6

Sum 16 16

aValues are expressed as mean ± SD or No. (%).

Table 1 shows the results of comparison between the
two groups in terms of their demographic characteris-
tics. There were no significant differences between the two
groups when demographic variables were compared.

We observed no significant differences between the
two groups when we compared their total and direct
serum bilirubin levels. A total serum bilirubin level in new-
borns who received fentanyl was between 2.1 - 12.9 mg/dL
(average: 5.56 mg/dL), whereas that of the morphine- ad-
ministered group was between 2.3 - 8.50 mg/dL (average:
4.27 mg/dL), P = 0.22. Similar results were observed in di-
rect serum bilirubin levels among the newborns.

Preliminary diagnosis for these newborns at the time
of admission to hospital were RDS in 24 (75%), sepsis in 5
(15%), and miscellaneous in 3 newborns.

Ultrasound evaluation of the newborns was performed
by a single radiologist using the same device. It was per-
formed between 3 to 6 days (average: 4.15 days) after the

first opioid administration. Eighty-four percent of the
newborns had ultrasound evaluation up to the 5th day af-
ter opioid administration. Table 2 shows the dimensions
and volume (14) of gallbladder of the newborns in the two
groups.

Table 2. Sonographic Measurements of Gallbladder (Length, Width, Depth and Vol-
ume) in the Fentanyl Group Compared to the Morphine Group

Fentanyl Group Morphine Group P Value

Gallbladder
length,mm

22 ± 5.12 24.3 ± 4.6 0.19

Gallbladderwidth,
mm

7.3 ± 1.7 11.2 ± 2.4 < 0.0001

Gallbladder Depth,
mm

6.1 ± 1.74 9.4 ± 2 < 0.0001

Gallbladder
Volume,mm3

0.65 ± 0.35 2.04 ± 1.08 < 0.0001

The results of gallbladder measurements showed that
all parameters, except for the length of gallbladder, were
higher in morphine-administered newborns than in the
newborns who received fentanyl (Figure 1).
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Figure 1. Gallbladder Volume of Morphine and Fentanyl Groups Showed a Signifi-
cant Difference (t Test).

5. Discussion

Endotracheal intubation for mechanical ventilation
of newborns triggers physiological and clinical responses
against pain, which are followed by certain side effects.
Choosing the best analgesic with maximum analgesic ef-
fect and minimum side effects is very important (6, 7).

Morphine and fentanyl are the two most commonly
used opioids in NICUs. In this study, we tried to evaluate the
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side effects of these drugs using ultrasound measurements
of gallbladder and biliary tract dimensions and shape.

A significant finding, which had not been reported pre-
viously was dilation of gallbladder which happened more
remarkable in newborns who received morphine in com-
parison to newborns who got fentanyl. Some studies have
shown that long-term prescription of fentanyl in adults
may cause a decreased biliary flow, which in turn raises in-
trabiliary pressure in the common biliary duct (CBD) and
sphincter of Oddi (14-16). However, we did not observe such
changes in the CBD diameter by ultrasound evaluation in
the two groups. This difference may be due to the fact that
our study lacked a long-term follow-up. There are few stud-
ies that have investigated the effects of morphine on the
biliary system. In one study, gallbladder stone formation
in mothers addicted to morphine was reported (17). In a
study conducted by Zsigmond et al., the injection of mor-
phine significantly reduced the diameter of the bile duct
(18). However, Viera et al., using ultrasonographic measure-
ments, reported no significant changes in the diameter of
the common bile duct after fentanyl injection (19).

Similar to our study, Schmidt et al. evaluated the effect
of opioids on the biliary system of newborns (20). The re-
sults showed that the administration of fentanyl had no ef-
fects on the length, width and volume of the gallbladder
in newborns. The sample size and fentanyl maintenance
dose in the Schmidt’s study were not significantly different
compared with those in our study, but the average gesta-
tional age and birth weight of the newborns in his study
were higher than ours. Also, in both studies the technique
used in the ultrasound evaluation in both studies was the
same. However, it should be noticed that total parenteral
nutrition (TPN), which is common in the ICU, intensifies
gallbladder dilatation (21). Therefore, we consider fentanyl
a preferred short-term analgesic with less adverse effects
than morphine to be used in NICU.

We compared changes in gallbladder dimensions in
both morphine- and fentanyl-treated groups. To the best of
our knowledge, no similar study has so far been conducted
in this regard. However, some studies have reported that in
adults morphine and fentanyl can raise the pressure inside
the biliary duct and the sphincter of Oddi. Morphine can
also decrease the diameter of the common bile duct but
fentanyl has not been found to have the same effect. Con-
sidering the size and diameter of the common bile duct in
newborns, especially premature neonates, this effect may
cause biliary stasis and dilatation, and in a long-term pe-
riod, may cause hydrops of the gallbladder. There were no
records of direct hyperbilirubinemia in any of the cases
evaluated in this study.

5.1. Limitations

There were some ethical issues regarding the adminis-
tration of analgesics to neonates who underwent mechani-
cal ventilation. These issues prevented us from comparing
the two groups of newborns who received morphine and
fentanyl with a group of newborns who received placebo
as premedication. Other limitations of the study were the
small sample size, which may be attributed to the limited
number of beds in the NICU, and the limited period of
study time. Insufficient ultrasound devices in our NICU
was another difficulty we faced in our study. In certain
cases, we needed multiple or same time sonographic evalu-
ation. Considering the limited period of time in which this
study was conducted (average of 7 days for each patient),
we were not able to monitor the values of gallbladder di-
latation for a longer time in the newborns who received
maintenance doses of morphine. Furthermore, we were
not able to evaluate gallbladder dimension or occurrence
of hydrops after the study period.

5.2. Recommendations

Studies should be conducted on a larger population to
assess other GI signs and side effects and to confirm these
results. Moreover, better evaluation methods should be
used to establish the association between the side effects of
these drugs and gestational age, birth weight, having TPN
versus enteral nutrition and prescription duration. Assess-
ment of other complications including necrotizing ente-
rocolitis (NEC), early and late onset sepsis (EOS and LOS),
and the final outcome in these neonates could also help
to make better decision about the drugs (22). Sonographic
evaluation of gallbladder before the administration of opi-
oids, during their administration and even after discontin-
uation of these drugs will be crucial in defining precisely
their effect on the biliary system.

5.3. Conclusions

As an adverse effect in newborns that receive morphine
or fentanyl as a premedication, morphine causes gallblad-
der dilatation more than fentanyl. However, it should be
noticed that TPN, which is commonly used the ICU, inten-
sifies gallbladder dilatation. Therefore, fentanyl could be
considered as a preferred short-term analgesic drug with
less adverse effects than morphine in NICU. A larger study
is needed to assess other GI signs and side effects and to
confirm these results.
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