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1. Background
Neonatal respiratory distress syndrome (NRDS), also 
known as hyaline membrane disease (HMD), is a life-
threatening pulmonary disorder and a medical emergency. 
It involves approximately 1% of all deliveries worldwide.1 
Based on United States statistics, 60 000 to 80 000 infants 
are born with NRDS each year, of which 6000 to 12 000 
usually die. About 20% of these infants are affected by a 
chronic pulmonary disease called bronchopulmonary 
dysplasia (BPD). The main cause of this disease is a 
shortage or lack of surfactant, which results in decreased 
functional residual volume and an increased tendency of 

the lungs for atelectasis and collapse.1

The building block of respiratory distress syndrome 
(RDS) treatment is the prescription of surfactant therapy 
and respiratory support.2-4 There are a variety of methods 
for helping the respiration of infants with RDS, including 
mechanical ventilation.5,6 Shallow breathing results in 
restlessness and stress in infants, which affect pulmonary 
function; thus, sedative medications are used to preserve 
better pulmonary function.7

Fentanyl, an opioid drug, is used in injection form (0.5 
mcg/kg) during mechanical ventilation to induce sedation.8 
Benzodiazepines such as midazolam (0.1 mg/kg) are also 
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used to induce sedation and sleep by effecting GABA 
receptors.9 There are different opinions about the benefits 
and superiority of these drugs. 

2. Objective
Because of the controversies in opinion, the present study 
aimed to assess and compare the effects of fentanyl and 
midazolam on the required time of mechanical ventilation 
in infants with RDS. 

3. Methods
This randomized clinical trial was conducted between 
July 2016 and March 2017 at the neonatal intensive care 
unit (NICU) of Najmiyeh University Hospital, Tehran, 
Iran. Figure 1 shows a flowchart of the trial. Infants with 
a confirmed diagnosis of RDS based on chest radiography, 
respiratory rate, arterial blood gas (ABG), first and fifth 
minute Apgar scores, grunting, cyanosis, and physical 
examination by a single neonatologist were enrolled in the 
trial. Infants between 2.5 and 4 kg of weight who needed 
intubation and mechanical ventilation were included in 
the study. Patients with weights lower than 2.5 kg or greater 
than 4 kg as well as those with congenital heart disease, 
brain anomalies, or metabolic or chromosomal syndromes 
were excluded from the trial. Demographic as well as 
peri-natal information such as birthweight, gestational 
age, mother’s disease during pregnancy, Apgar scores, 

and method of delivery were recorded in a pre-designed 
checklist.

After the study process was explained and informed 
consent forms were obtained from the parents, the patients 
were randomly allocated to two groups; the first group 
underwent sedation with midazolam (0.1 mg/kg), and 
the second group received 0.5 mcg/kg of fentanyl during 
ventilation. Duration of hospitalization, required time 
of ventilation, drug complications, feeding intolerance, 
pneumothorax incidence, and need for re-intubation were 
recorded and compared between the 2 groups.

Data analyses were performed using the Statistical 
Package for Social Sciences (SPSS) version 21 for 
Windows software (IBM Corp, Armonk, NY). Normal 
distributed variables (approved by 1-sample Kolmogorov-
Smirnov test) were compared using independent sample 
t test between the groups. The chi square test was used to 
compare categorical variables in the two groups. Mean and 
standard deviation (SD) were used to describe categorical 
variables.

4. Results
Eventually, 60 infants (45 male and 15 female) with a mean 
gestational age of 37.13 ± 1.22 weeks in the midazolam 
(30 infants) group and 36.73 ± 1.50 weeks in the fentanyl 
group (30 infants) underwent analysis (P value = 0.449). 
Of all patients, 52 (87%) infants were delivered by natural 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study Flowchart 

Assessed for eligibility (n= 72) 

Excluded (n= 12) 
   Not meeting inclusion criteria (n= 8) 
   Declined to participate (n= 2) 
   Metabolic syndromes (n= 1) 
   Congenital anomalies (n= 1) 
   Chromosomal anomalies (n= 0) 

Analysed (n= 30)  
 Excluded from analysis (n= 0) 

Lost to follow-up (n= 0) 

Discontinued intervention (n= 0) 

Allocated to intervention (fenatnyl 0.5 mcg/kg, 
n= 30) 
 Received allocated intervention (n= 30) 
 Did not receive allocated intervention (n= 0) 

Lost to follow-up (n= 0) 

Discontinued intervention (n= 0) 

Allocated to intervention (midazolam 0.1 
mg/kg, n= 30) 
 Received allocated intervention (n= 30) 
 Did not receive allocated intervention (n= 0) 

Analysed (n= 30) 
 Excluded from analysis (n= 0) 
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Figure 1. Study Flowchart.
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vaginal delivery (NVD) and 8 (13%) patients were 
delivered by cesarean section. Table 1 shows pregnancy-
related complications in the study individuals. There were 
no cases of addiction, chorioamnionitis, or decollement. 
Mean birthweights were 2.94 ± 0.39 kg and 2.85 ± 0.50 
kg in the midazolam and fentanyl groups, respectively. 
During the trial, 52 (86.7%) infants received surfactant 
therapy, 6 (10%) received phenytoin, and 11 (18.3%) 
received phenobarbital (Table 2). N-acetylcysteine was not 
prescribed for any of the infants.

In total, patients were hospitalized for 11.16 ± 3.56 days 
in both groups. Infants in the midazolam group had a 
mean length of stay of 11.96±3.41 days, while infants in the 
fentanyl group had a mean length of stay of 10.36 ± 3.57 
days (P value = 0.039). Mean duration of mechanical 
ventilation was 4.6±2.14 days in the midazolam-group and 
4.06 ± 2.04 days in fentanyl group (P value = 0.252). 

Table 3 summarizes the information on respiratory 
rate, heart rate, need for mechanical ventilation, oxygen 
dependency, mean arterial oxygen pressure, and mean 
arterial CO2 pressure in the study groups. Mean 
respiratory rate was 73.33 ± 10.52 per/minute before and 
56.66 ± 11.84 per/minute after intervention in all infants 
(P value = 0.00). Mean respiratory rate was significantly 
decreased in each group after intervention; however, these 
means were not significantly different between the two 
groups after intervention (P value = 0.313). Mean heart 
rate was 140.16±10.33 per/minute before and 133.3 ± 22.45 
per/minute after intervention in the study individuals 
(P value = 0.011). Infants in the midazolam group had 
a significantly lower heart rate after intervention (P 
value = 0.001). Before intervention 38 (63.3%) infants and 
after intervention 38 (63.3%) infants needed mechanical 
ventilation (P value = 0.001). Of all 60 patients, 45 (75%) 
infants before and 44 (73.3%) infants after intervention 
were oxygen-dependent (P value = 0.768). There was no 
significant difference between the two groups in oxygen 
dependency after intervention. Mean arterial oxygen 
pressure was 55.43 ± 8.79 mm Hg before and 65.5 ± 5.91 
mm Hg after intervention in the study individuals 
(P value = 0.321). There was no significant difference 

Table 1. Pregnancy-Related Complications in Study Individuals

Complication Midazolam (n=30) Fentanyl (n=30) P Value

Gestational diabetes 6 2 0.129

Hypertension 2 2 >0.05

PROM 1 0 0.313

Thick meconium 2 0 0.150

Table 2. Additional Medications Administered During Trial

Complication Midazolam (n=30) Fentanyl (n=30) P Value

Surfactant 25 27 0.448

Phenytoin 5 1 0.085

Phenobarbital 7 4 0.317

Table 3. Information on Respiratory Rate, Heart Rate, Need for 
Mechanical Ventilation, Oxygen Dependency, Mean Arterial 
Oxygen Pressure, and Mean Arterial CO2 Pressure in Study Groups

Variable 
Midazolam  
(n = 30)

Fentanyl  
(n = 30)

P Value

Respiratory rate

Before 73.66±10.98 73±10.22 0.945

After 53.33±12.99 58±10.63 0.313

Heart rate 

Before 138.83±1201 141.5±8.32 0.137

After 125.8±24.47 142±17.4 0.001

Need for MV 

Before 24 (80%) 14 (46.7%) 0.001

After 24 (80%) 13 (43.3%) 0.001

Oxygen dependency 

Before 27 (90%) 18 (40%) 0.007

After 26 (86.7%) 18 (60%) 0.02

Mean Po2 

Before 58.06±8.96 52.8±7.91 0.019

After 66.63±5.49 64.36±6.18 0.139

Mean PCo2 

Before 39.26±4.08 37.4±6.92 0.093

After 40.5±4.15 36.56±2.6 0.001

Table 4. Distribution of Treatment Complications Among Study 
Individuals

Complication
Midazolam 

(n=30)

Fentanyl 

(n=30)
P Value

Respiratory depression 5 0 0.02

Hypotension 1 1 1

Seizure 7 3 0.166

Irritability 1 4 0.161

Apnea 10 0 0.028

Drowsiness 19 0 0.00

PDA 0 0 0.150

Pneumonia 9 8 0.774

Pneumothorax 2 0 0.150

between the 2 groups in mean arterial oxygen pressure 
after intervention (P value = 0.139). Mean arterial CO2 
pressure was 38.33 ± 5.71 mm Hg before and 38.53 ± 3.97 
mm Hg after intervention (P value = 0.702). This value 
was significantly lower in the fentanyl group infants after 
intervention (P value = 0.001). 

Pneumothorax was present only in 2 infants and 
pneumonia in 17 infants (Table 4). The most prevalent 
drug complication was drowsiness with 19 cases followed 
by apnea (13 infants), seizure (10 infants), respiratory 
depression (5 infants), irritability (5 cases), and hypotension 
(2 cases).

5. Discussion
In this study, it was found that the mean length of stay 
was significantly higher in the midazolam group infants 
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compared with the fentanyl group infants. No significant 
difference was observed between the 2 groups in mean 
duration of mechanical ventilation. Mean respiratory 
rate was significantly decreased after intervention in both 
groups, but the difference between the groups was not 
significant. In addition, mean heart rate was significantly 
decreased after intervention in the midazolam group; 
however, it was slightly increased in the fentanyl group 
infants.  The number of infants who needed mechanical 
ventilation was not significantly changed after 
intervention; only one infant in the fentanyl group was off 
the ventilator. Mean arterial oxygen pressure was increased 
in study individuals after intervention, but this rate was 
not statistically significant. Mean arterial CO2 pressure 
was not significantly different after intervention; however, 
it was significantly lower in the fentanyl group infants.

Other similar studies have been conducted to assess the 
effects and complications of midazolam and fentanyl. The 
present study, however, was conducted with more detail by 
evaluating the abovementioned parameters in premature 
infants who were under mechanical ventilation.

Another similar study by Ancora et al evaluated the 
analgesic effect of fentanyl on infants under mechanical 
ventilation in comparison with a placebo group. The 
mean pain score was significantly lower for infants in the 
fentanyl group than those in the placebo group. Also, the 
authors reported that mean duration of ventilation was 
higher for infants in the fentanyl group. In their study, the 
mean length of stay was 10 days for the fentanyl group and 
7 days for the placebo group.10

Zhu et al conducted a systematic review and meta-
analysis in which they evaluated the effect of remifentanil 
on the duration of mechanical ventilation in comparison 
with other opioids such as fentanyl and morphine.  They 
concluded that remifentanil reduces the duration of 
ventilation as well as the ICU length of stay (LOS). However, 
no significant differences were reported regarding hospital 
LOS, mortality, agitation, or costs.11

In their study, Welzing et al compared the need for 
mechanical ventilation of infants under 60 days of age 
in 2 groups, midazolam/fentanyl- and midazolam/
remifentanil-treated infants. They found that infants in 
the midazolam/remifentanil group had a lower duration 
of mechanical ventilation than those in the midazolam/
fentanyl group.12 

Romantsik et al systematically reviewed studies in which 
clonidine was used for sedation and as an analgesia in 
neonates under mechanical ventilation. They reported 
that there is lack of efficient evidence; only one trial with 
122 individuals was included  which did not show any 
superiority in the clonidine prescription.13

6. Conclusion
In conclusion, the findings of the current study suggest that 
midazolam is a more suitable medication for the sedation 
of infants under mechanical ventilation in comparison 

with fentanyl; however, its side effects, such as apnea, 
pneumonia, and seizure, should be considered. 

Future studies with a larger sample volume are 
recommended. Furthermore, measurement of midazolam 
and fentanyl serum levels is suggested in further studies.
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