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ABSTRACT

Background and Objectives: Neonates frequently experience acute pain from numerous
procedures during routine patient care at the intensive care units. Oral sweet solutions
(sucrose) are used as analgesics during minor procedures. According to the mechanism of
the sucrose effect, this question was raised whether there is a relationship between the way it
is consumed and the amount of pain reduction. This study aims to compare single vs divided
doses of sucrose 24% for prophylaxis of pain before heel stick in neonates.

Copyright© 2020, The Authors.
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Received: 13 Feb 2023 . Methods: In this randomized double-blind controlled clinical trial, hospitalized newborns
. requiring heel lance were enrolled and randomly assigned to receive sucrose 24% as a single

dose at 2 min or three divided doses at 2, 1.5, and 1 min before the procedure. To accurately

record the incident, the video of the babies was recorded during the procedures. The changes

in pain parameters were evaluated to determine sucrose’s analgesic effect using a premature

infant pain profile-revised scale.
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Results: A total of 116 neonates were analyzed. Divided doses of sucrose decreased the pain
score equally in term and preterm neonates (P=0.45). In contrast, the single dose method
meaningfully reduced pain scores only in term neonates compared to preterm neonates
(P=0.01). In the preterm infants’ group, the mean premature infant pain profile-revised scores
were significantly decreased in the divided dose method (P=0.016).

Conclusion: The divided dose of sucrose was more effective than the single dose in both term

Keywords: :  and preterm infants. The single-dose method was more effective in term compared to preterm
Analgesic, Newborn, Pain :  neonates. Administration of sucrose as a divided dose may be a more effective strategy for
prophylaxis, Sucrose 24% :  reducing pain in preterm neonates.
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Introduction

wo-thirds of infants admitted to the hospital

do not receive appropriate analgesic therapy

suffering repeated invasive procedures. Dur-

ing 14 days of neonatal intensive care unit

stay, an infant experiences a median of 75
painful procedures and ten painful procedures per day
during hospitalization. Painful procedures were per-
formed in 79.2% of them without specific preprocedural
sedation [1]. Heel lance is one of the frequent procedures
that neonates experience in intensive care units [2]. In-
creasing evidence of short-term and long-term adverse
neurodevelopmental consequences [3, 4] and ethical
guidelines emphasize that prevention and management
of pain and stress should be considered an important
strategy in neonatal care [5].

International clinical guidelines have introduced oral
sucrose as an analgesic in painful neonatal procedures
[6]. The claim is based on several randomized controlled
clinical trial results that sucrose is an effective and safe
analgesic agent to reduce procedural pain in preterm
and term neonates [7]. To the best of our knowledge,
studies have investigated oral sucrose’s analgesic effect
from 1987 [8] to date [9]. Only one study investigated
the relationship between the administration route and su-
crose’s efficacy in patients [10]. Accordingly, the sense
of taste is necessary to produce sucrose analgesia in in-
fants exposed to mildly painful procedures. In humans,
sucrose’s exact mechanism of action is not well-elucidat-
ed; however, this mechanism is related to the sweet taste
response by opioid, endorphin, and possibly dopamine
or acetylcholine pathways [11, 12]. Nociceptive path-
ways in immature neonates are active and functional at
25 weeks gestation [13]. The best results with sucrose
to reduce pain indicators were obtained approximately 2
min before painful procedures [14, 15].

This study reasoned that a greater analgesic effect
would be produced if the infant is exposed to sucrose
in the oral region longer. To answer the question, “does
sucrose have a better analgesic effect when used multiple
times before the procedure?” This study compares the
analgesic effect of a single vs divided dose of oral su-
crose 24% during 2 min before heel stick in the neonatal
intensive care unit.

Materials and Methods

This prospective, double-blind, randomized, controlled
clinical trial was conducted in the neonatal intensive care
unit and neonatal ward from January 2018 to September
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2018 in a university-affiliated tertiary hospital Bu-Ali
Sina, Sari City, Iran. We obtained informed consent from
all enrolled neonates’ parents or legal guardians.

Study patients

This study included neonates in the age range of 1 to
28 days of both sexes who were admitted to the neo-
natal intensive care units and neonatal ward of Bu-Ali
Sina Teaching Hospital, Sari City, Iran, and required
heel lance. The exclusion criteria were carbohydrate in-
tolerance due to short gut syndrome (unless approved by
physician), metabolic or endocrine disease, inability to
tolerate oral administration of the solution to the tongue,
absent/deficient protective airway reflexes (gag, cough,
swallow), central nervous system dysfunction, use of
sedation/analgesics, neuromuscular blocking agents, or
anesthetic agents, patient with suspected or confirmed
necrotizing enterocolitis, oral surgery (unless approved
by physician), nothing by mouth (unless physician ap-
proval), and neonates with congenital anomalies in their
faces [16].

A random number table was used to assign each eli-
gible neonate to one of the two study groups: Single dose
and divided dose groups. The randomization was per-
formed by an individual not involved in other aspects of
the study. The assignments were contained in secured,
opaque, serially numbered envelopes and opened im-
mediately before receiving the sucrose solution. To
calculate the sample size, we considered the results of
previous studies [17] that assessed pain responses using
methods similar to some indices of the premature infant
pain profile-revised (PIPP-R) scale.

Study interventions

Expert nurses performed all heel stick procedures ac-
cording to standard techniques. All neonates received
oral sucrose 24% solution based on their weight, 0.3 mL/
kg, either in a single dose of 120 s or three divided doses
of 120, 90, and 60 s before heel lance.

All newborns were assessed for pain with the prema-
ture infant pain profile revised [18]. The PIPP-R scale
is based on seven parameters: Gestational age, behav-
ioral state, changes in maximum heart rate, changes in
minimum arterial oxygen saturation, brow bulging, eye
squeezing, and nasolabial furrowing. These indices are
individually scored from 0 to 3, and the sum of these
seven indices obtains the total score.
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For more careful monitoring of the neonates’ faces and
upper bodies, a videotape was taken from the beginning
of the procedure until 30 s after the end. The changes
in facial expression, heart rate, and oxygen saturation
were recorded during the 30-s period immediately after
initiating the procedures. No conversation revealed the
receiving sucrose. Two neonatologists who were blind
to the type of used regimens watched the videos and in-
dependently determined the PIPP-R scores for each pa-
tient. The patient was omitted if the baby’s scores had
more than two units’ difference reported by two evalu-
ators. The behavioral state was measured by observing
the patient for 15 s before the procedure and was scored
according to PIPP-R (active/awake, quiet/awake, active/
asleep, and quiet/asleep). The changes in facial expres-
sions were scored by measuring the time a particular fa-
cial change was present during the first 30 s after initiat-
ing the heel stick. The outcome pointed to the severity of
the experienced pain among two groups of newborns by
the mean PIPP-R score.

Study statistics

Descriptive results are expressed as counts and propor-
tions for categorical variables and as Mean+SD for con-
tinuous variables. The student t-test was used to analyze

Table 1. Baseline characteristics of newborns in two groups
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continuous variables to compare the two groups, and
the * or the Fisher exact test was used for categorical
variables. All analyses were performed using the SPSS
software, version 22 (SPSS Inc), and a P<0.05 was con-
sidered significant.

Results

A total of 120 neonates were recruited and randomly
assigned to receive either single or divided doses of su-
crose 24% solution. Four patients were excluded due to
video recording difficulties (Figure 1).

No significant differences were observed in the base-
line characteristics of neonates enrolling in two groups,
according to their gender, age, gestational age, weight,
birth weight, cause of admission, heart rate, and oxygen
saturation percentage (Table 1).

The behavioral state scores before starting the proce-
dure showed no significant difference between the study
groups (P=0.602). The physiological responses were not
significantly different between the two groups (for heart
rate changes, P=0.909, and for changes in oxygen satura-
tion, P=0.87).

No. (%)/MeanSD

Variables 4
Single Dose Divided Dose
Female 23(38.3) 29(51.8)
Gender 0.14
Male 37(61.7) 27(48.2)
Gestational age (week) 36.8+1.582 37.04+1.662 0.44
Age (day) 8.2+4.4 7.143.524 0.13
Birth weight (g) 3021.8£579.7 2987.5+£519.4 0.74
Weight (g) 2869.5+560.9 2836.31541.6 0.75
Icter 45(75) 49(87.5)
RDS 13(21.7) 5(8.9)
Cause of admission 0.18
TTN 2(3.3) 1(1.8)
Immaturity 0(0) 1(1.8)
Heart rate before heel lance (bpm) 155.5+12.8 153.5+13.8 0.42
Oxygen saturation before heel lance 94.3+5.7 95.3+3.5 0.28

PBR
Abbreviations: RDS: Respiratory distress syndrome; TTN: Transient tachypnea of the newborn; bpm: Beat per minute; SD:
Standard deviation.

PBR
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Enrolment

Assessed for Eligibility (n=120)

Randomized (n=120)

y

Allocation

\4

Allocated to Intervention (Single-Dose Group)
(n=60)

+ Received Allocated IntTrvention (n=60)

Allocated to intervention (Divided dose group) (n=60)

+ Received allocated intervention (n=60)

l Follow-up l

Completed follow-up (n=60)

Completed Follow-up (n=56)

* Excluded (Due to Video Recording Difficulties) (n=4)

l Analysis l

Analyzed (n=60)

+ Excluded From Analysis (n=0)

Figure 1. Screening, randomization, and follow-up of neonates

Contrary to physiologic responses, nasolabial furrow
time was significantly improved in the divided dose group
(P=0.042). Also, eye squeeze time showed better results in
patients receiving divided doses of sucrose (P=0.015).

Although the number of patients who experienced eye-
brow bulge time less than 3 s was fewer in neonates who
received sucrose three-divided dose (12.9% vs 22.4%),
there was no significant difference between the two groups
(P=0.094).

The mean PIPP-R score was 9.03+4.3 for neonates receiv-
ing single-dose oral sucrose, while the score for neonates
receiving oral sucrose in 3-divided doses was 8.13+4.5
(P=0.27). However, a categorized comparison of the total
PIPP-R score between the two groups showed a remarkable
difference trend. Yet, it was not significant (P=0.07).
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Pain assessment in preterm (<37 weeks gestation) and
term neonates (>37 weeks gestation) showed that divided
doses of sucrose could similarly decrease the PIPP-R score
in all neonates (P=0.96; Table 2). The mean PIPP-R score
was 7.743.9 and 8.4+4.4 in preterm and term neonates,
respectively (P=0.45), while the PIPP-R score was mean-
ingfully reduced in term neonates receiving single dose su-
crose in comparison with preterm neonates (P=0.04; Table
3). The mean PIPP-R score was 10.1+£4.0 and 8.2+4.1 in
preterm and term neonates, respectively (P=0.01).

There was a significant difference in mean PIPP-R
scores when only preterm neonates were compared as
sub-groups in single and divided dose groups (10.1+4.1
and 7.7+£3.9; P=0.016). The sucrose administration meth-
od’s effect in reducing pain (categorical PIPP-R score) in
preterm neonates is provided in Tables 4, 5, 6 and 7.
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Table 2. Nasolabial furrow time in neonates between the two study groups

No. (%)
Nasolabial Furrow Time (s) P
Single Dose Divided Dose
<3 16(26.7) 28(50.0)
3-10 19(31.6) 8(14.2)
11-20 13(21.7) 10(17.9) 0.042
>20 12(20.0) 10(17.9)
Total patients 60(100) 56(100)
PBR
Table 3. Eye squeeze time in neonates between the two groups of newborns
No. (%)
Eye Squeeze Time (s) P
Single Dose Divided Dose
<3 14(23.3) 28(50)
3-10 20(33.4) 8(14.3)
11-20 14(23.3) 11(19.6) 0.015
>20 12(20) 9(16.1)
Total patients 60(100) 56(100)
PBR
Table 4. Total scores of pain assessment by PIPP-R scale between the two groups
No. (%)
Total Scores (PIPP-R) P
Single Dose Divided Dose
0-6 17(28.3) 27(48.2)
7-12 30(50) 18(32.1)
0.07
>12 13(21.7) 11(19.7)
Total patients 60(100) 56(100) PBR

PIPP-R: Premature infant pain profile-revised.

Table 5. Total scores of pain assessment by PIPP-R tool between preterm and term neonates receiving divided dose sucrose

No. (%)
Total Scores P
(PIPP-R)
Preterm Neonates Term Neonates
0-6 15(46.9) 11(45.8)
7-12 10(31.2) 7(29.2)
0.96

>12 7(21.9) 6(25.0)

Total patients 32(100) 24(100)

PIPP-R: Premature infant pain profile-revised.

PBR
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Table 6. Total scores of pain assessment by PIPP-R tool between preterm and term neonates receiving single dose sucrose

No. (%)
Total scores p
(PIPP-R)
Preterm Neonates Term Neonates
0-6 7(18.9) 11(47.8)
7-12 18(48.7) 8(34.8)
0.04

>12 12(32.4) 4(17.4)

Total patients 37(100) 23(100)

PIPP-R: Premature infant pain profile-revised. PBR
Table 7. Total scores of PIPP-R between sub-groups of preterm neonates receiving single or divided dose of sucrose
No. (%)
Total Scores p
(PIPP-R) . o
Single Dose Divided Dose
0-6 7(18.9) 15(46.9)
7-12 18(48.7) 10(31.2)
0.045
>12 12(32.4) 7(21.9)
Total patients 37(100) 32(100)
PIPP-R: Premature infant pain profile-revised. PBR

Discussion

This study aimed to investigate whether oral adminis-
tration affects the analgesic properties of sucrose. We
compared PIPP-R scores between two groups of neo-
nates who received oral sucrose 24% solution 0.3 mL/
kg, either a single dose of 120 s or in three-divided doses
of 120, 90, and 60 s before heel lance. Single-dose su-
crose could significantly reduce PIPP-R scores only in
term infants compared to preterm infants, while in the di-
vided dose method, PIPP-R scores decreased equally in
both full-term and pre-term infants. Accordingly, when
the sweet taste lasts longer in the mouth, less pain is ex-
perienced by neonates. To the best of our knowledge,
this is the first study that tests the method of divided-
dose administration of sucrose solution.

Okan et al. monitored heart rate changes for 3 min after
heel lance between neonates receiving sucrose 20%, glu-
cose 20%, and sterile water. The results showed that the
mean heart rate was significantly higher in the placebo
group than in the sucrose and glucose groups during the
first min [19]. Most research did not show a direct rela-
tionship between oral sucrose and a decrease in heart rate
changes [20]. In this study, the changes in heart rate were
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not significantly different during 30 s after heel lance be-
tween the two groups.

Oxygen saturation is another physiologic parameter
that influences the total PIPP-R score. In the present
study, changes in oxygen saturation were not signifi-
cantly different between the two groups (P=0.87). In a
systematic review in 2013, among 44 articles that in-
vestigated the analgesic properties of sucrose, only six
articles appraised the effect of sucrose on oxygen satura-
tion [21]. Five studies reported that sucrose exerts no en-
terprising effect on oxygen saturation. In another study,
oral sucrose may decrease oxygen saturation [22].

Based on a meta-analysis article published in 2017,
oral sweet solutions decrease crying time in neonates
[23]. Despite this meta-analysis, Mundol et al. recently
reported that sucrose did not ameliorate neonates’ cries
during neonatal immunization with bacille Calmette-
Guerin [24]. In the present study, we evaluated brow
bulge, eye squeeze, and nasolabial furrow time. Na-
solabial furrow time was significantly shorter for neo-
nates receiving sucrose in three-divided doses between
two groups (P=0.042). Like nasolabial furrow time, eye
squeeze time was meaningfully improved in neonates
participating in a three-divided dose group (P=0.015).
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Around 46% of babies in the three divided dose group
experienced brow bulge time of less than 3 s compared
to 25% of neonates participating in the single dose
group. However, the difference in brow bulge time was
statistically significant (P=0.094).

Several studies have shown that oral sucrose can exert
a soothing effect among the neonate population during
minor invasive procedures and reduce the total score of
the PIPP scale [9, 25-27]. According to these studies,
we accept the analgesic effect of oral sucrose; therefore,
there was no placebo group in the present study.

Our study showed that sucrose may act differently in
preterm and term neonates. Sucrose administration in di-
vided doses could equally reduce PIPP-R score in both
term and preterm neonates; however, using sucrose as a
single dose could significantly decrease pain scores only
in term neonates. Although the nociceptive pathways
have function as early as 25 weeks gestation, it seems
there are some differences in maturity and development
of this pathway in preterm and term neonates [28]. Be-
cause the peripheral and central nervous system in pre-
term neonates is immature, their response to pain is dif-
ferent [29]. Preterm shows a lower threshold and greater
reflex responses to touch stimulations. In very preterm
neonates, pain modulation in descending endogenous
pathways is not mature [30]; hence, it would be antici-
pated that the response to pain and analgesic effect will
be different in preterm and term neonates.

Conclusion

In contrast to the single dose method that could mean-
ingfully decrease PIPP-R score only in term compared to
preterm neonates, divided doses of sucrose could simi-
larly reduce PIPP-R score after heel stick in both term
and preterm infants. Sucrose administration in divided
doses may be more effective in reducing pain in preterm
infants and could be a better strategy for prophylaxis of
pain in this group of neonates.
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