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Sucrose or glucose compared to breast milk for pain control in
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The aim of this systematic review/meta-analysis of randomized clinical trials (RCTs) was to determine the efficacy of sucrose or
glucose (SG) in preterm infants requiring heel lancing and venipuncture compared to breast milk or expressed breast milk (BM/
EBM) for pain control and crying duration. Six RCTs (525 infants) comparing sucrose (24%) or glucose (30%, 10%, 25%) with BM/EBM
were included. There was no difference between the alternatives in pain reduction at 30 s post-procedure measured with the
Premature Infant Pain Profile (PIPP/PIPP-R) scores (MD -0.95, 95% Cl —2.43; 0.54, Low certainty evidence). SG reduced the crying
duration (MD -6.88, 95%C| —11.42; —2.34, Moderate certainty evidence). There were no differences between SG and BM/EBM in
heart rate change or adverse events. In conclusion, moderate certainty evidence suggests that SG may be superior to BM/EBM for
reducing crying duration during heel lancing and venipuncture procedures, but not for reducing pain intensity measured with PIPP/

PIPP-R.

OBJECTIVE: To determine the efficacy of sucrose or glucose (SG) in preterm infants requiring heel lancing and venipuncture
compared to breast milk or expressed breast milk (BM/EBM) for pain control and crying duration.

STUDY DESIGN: Systematic review and meta-analysis of randomized clinical trials.

RESULTS: Six RCTs (525 infants) comparing sucrose (24%) or glucose (30%, 10%, 25%) with BM/EBM. There was no difference between
the alternatives in pain reduction at 30 s post-procedure measured with the Premature Infant Pain Profile (PIPP/PIPP-R) scores (MD
—0.95, 95% Cl —2.43; 0.54, Low certainty evidence). SG reduced the crying duration (MD -6.88, 95%C| —11.42; —2.34, Moderate
certainty evidence). There were no differences between SG and BM/EBM in heart rate change or adverse events.

CONCLUSIONS: Moderate certainty evidence suggests that SG may be superior to BM/EBM for reducing crying duration during heel
lancing and venipuncture procedures, but not for reducing pain intensity measured with PIPP/PIPP-R.
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INTRODUCTION

Preterm infants are born less than 37 weeks of gestation and are
exposed to noise, light, touch, and repeated painful procedures
such as venipuncture and heel lancing [1, 2]. Heel lancing and
venipuncture are the third and sixth most common painful
procedures performed in the neonatal intensive care unit [3, 4. In
infants, these painful procedures occur during an important period
of neurodevelopment when the nervous system is vulnerable due
to immaturity and neuroplasticity [5]. Preterm infants are more
sensitive to pain stimuli as compared to older infants and children
due to immature pain inhibition mechanisms at birth, which leads
to more distress and delayed recovery from pain in preterm infants
[6]. Responses of repeated exposure to painful procedures in
preterm infants include increased heart rate [7], oxidative stress [8],
and cortisol [9, 10], as well as decreased vagal activity [11], lower
weight and head circumference percentiles at 32 weeks of gestation
[12, 13], thinner gray matter [14] which, in turn, will be associated
with abnormal brain development [13-15]. This may contribute to
motor and cognitive developmental delay and behavioral problems
of preterm infants in later childhood, such as increased anxiety/

stress and attention-deficit disorders, hypervigilance, and exagger-
ated startle responses [14, 16, 17].

Non-pharmacological interventions are considered feasible alter-
natives for pain management in term and preterm infants due to the
low risk of adverse events [18, 19]. The most studied non-
pharmacological interventions to control the pain for these proce-
dures are breast milk, sucrose, or glucose. Although most studies have
reported sucrose/glucose (SG) as a non-pharmacological intervention,
it could be considered a pharmacological intervention for pain
management in neonates (https://www.uptodate.com/contents/
prevention-and-treatment-of-neonatalpain? search=pain%20in%
20neonates&source=search_result&selectedTitle=1~150&usage_ty-
pe=default &display_rank=1). It is believed that SG influences the
endogenous opioid pathways, which are activated by the sweet taste
or analgesic effect through an increase in dopamine and acetylcholine
[20, 21]; moreover, the analgesic/calming effects of SG are more
gradual and last beyond the end of SG administration [22]. The SG
solution is easy to administer and inexpensive, with few side effects,
making it possible to use it in infants [23]. SG has been the most
common pharmacological intervention that has been well-studied in
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term infants for pain management [24, 25]. SG has been shown to
have a calming effect, decrease the crying duration, and reduce the
heart rate compared to a placebo [22, 26-28].

Conversely, breast milk (BM)/expressed breast milk (EBM) is
considered a non-pharmacological intervention (https://www.uptodate.
com/contents/prevention-and-treatment-of-neonatalpain? ~ search=
pain%20in%20neonates&source=search_result&selectedTitle=1~150&
usage_type=default &display_rank=1) and is an effective analgesic
measure in term and preterm infants [29-34]. Evidence supports that
BM/EBM s effective in pain reduction due to painful procedures in
neonates when compared with placebo [35-37]. In the last decade,
EBM, with or without other non-pharmacological interventions, has
been well-studied in preterm infants [34-38].

SG and BM/EBM are effective, safe, and readily available oral
interventions that have been well-studied in neonates. Moreover,
several systematic reviews have summarized the available
evidence of SG and BM/EBM [18, 19, 24, 25, 28, 34-37, 39-43].
As a result, most of the evidence highlights that both interven-
tions are superior to placebo for pain control in neonates. Two
recent reviews have highlighted the importance and the need for
a synthesis of the evidence on the effectiveness of (SG and BM/
EBM) in preterm infants [25, 37], as their comparative efficacy and
safety are still being determined in this population. Therefore, we
aimed to determine the efficacy and safety of SG compared to
BM/EBM in preterm infants requiring heel lancing and venipunc-
ture procedures in terms of pain control and crying duration.

METHODS

Our systematic review and meta-analysis protocol was registered
in PROSPERO (registration number: CRD 42018086917). This report
follows the PRISMA - Preferred Reporting Items for Systematic
Reviews and Meta-Analyses updated guidelines-2020 [44].

Eligibility criteria

We included all types of randomized controlled trials (RCTs)
examining the effectiveness of sucrose, glucose, or dextrose at any
concentration and any dose given orally compared to BM/EBM
before venipuncture/heel lancing. The population of interest was
preterm infants (25-36 weeks of gestational age) of less than
1 month of postnatal age, who required heel lancing, venipunc-
ture for blood drawing, or venous catheter insertion in any setting.

Outcomes

The primary outcomes were pain intensity and crying duration.
The pain was measured after the venipuncture and heel lancing,
and up to 30s post-procedure, measured by either one of the
following pain scales: Premature Infant Pain Profile (PIPP)/PIRR-R
(Premature Infant Pain Profile -Revised) [45] and the Comfortneo
Pain Scale [46], and Neonatal Pain, Agitation and Sedation Scale
(N-PASS) (Neonatal Pain Agitation and Sedation Scale) Scale [47].
We considered both PIPP and PIPP-R scores as scores of both of
these scales were highly correlated in both painful and non-
painful procedures for infants across all gestational ages (GA)
(25-41 weeks) [48, 49]. The total crying duration was defined as
the crying duration measured in seconds from the beginning of
the venipuncture until its cessation. Secondary outcomes included
changes in heart rate (during and after venipuncture), the number
of adverse events, and changes in respiratory rate (RR), oxygen
saturation, and blood pressure (BP).

Data sources

We searched MEDLINE and EMBASE via Ovid, the Cochrane Central
Register of Controlled Trials (CENTRAL), and CINAHL from inception
to April 2024. We did not apply any language restrictions. In
MEDLINE, a subject-specific search strategy was combined with the
sensitivity-maximizing version of the Cochrane highly-sensitive
strategy and modified for other databases (see Appendix). We

SPRINGER NATURE

searched for ongoing trials by searching clinical trials registers,
Clinicaltrials.gov, and the World Health Organization (WHO)
International Clinical Trials Registry Platform (ICTRP). We followed
the standard methods recommended by Cochrane [50].

Study selection

One author (SS) performed the search. The results from all the
databases were merged, and duplicate records were removed
using Endnote X8 software [51]. Two reviewers (SS, JAR)
independently and in duplicate screened the identified titles/
abstracts and full text to assess their eligibility. We included
studies for which both reviewers agreed about the eligibility.
Disagreements were resolved by a third reviewer (IDF).

Data abstraction

For each eligible study, two reviewers (SS, JAR) independently and in
duplicate, extracted the data into a pilot-tested Microsoft Excel
spreadsheet (Microsoft Corporation, 2018). We extracted the follow-
ing data: participants’ characteristics; risk of bias (RoB) assessment; the
number of events and number of patients per arm (dichotomous
outcomes) and mean; SD and number of patients per arm
(continuous outcomes); for all outcomes of interest.

Risk of bias

Two reviewers (SS, JAR) independently assessed RoB using the
Cochrane RoB tool [50]. The following domains were assessed:
sequence generation; allocation concealment; blinding of partici-
pants and personnel (performance bias); blinding of outcome
assessment (detection bias); completeness of follow-up and
selective reporting bias or any other biases, following Cochrane’s
recommendations [50].

Data synthesis and analysis

We conducted pairwise meta-analyses for all the outcomes.
Combined effect estimates were reported as risk ratios (RR) for
dichotomous outcomes and as mean difference (MD) for
continuous outcomes, along with their 95% confidence intervals
(Cl). For the pain intensity, all included studies used the uniform
pain scale PIPP/PIPP-R, except one that used the COMFORTneo as
an additional scale and PIPP for pain assessment. We performed
meta-analyses using the statistical package Review Manager-V5.3
[52] and applied the generic inverse variance method [53]. We
used random-effect models as we assumed heterogeneity among
studies, and random-effects models incorporate the heterogeneity
in the statistical combination to reflect the uncertainty it may
produce around the estimates [50].

We evaluated the statistical heterogeneity with the Q statistic
and the /2. We considered substantial heterogeneity present if the
I* was >50%. A priori, we planned to conduct subgroup analyses
based on the mean gestational age (GA) and the SG concentration
in the studies. We also planned to conduct a sensitivity analysis to
investigate the robustness of our results, excluding the studies
with high RoB, for the primary outcomes. We assessed the
publication bias visually using a funnel plot [54].

Assessment of certainty of the evidence

We assessed the certainty of the evidence for each outcome using
the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) approach [55], using the online Guidelines
Developmental Tool [56] by two reviewers (IDF, JLA) independently
and in duplicate. Disagreements were resolved by consensus.

RESULTS

Studies selection and description

We identified 875 records from databases and five additional
records from other sources. After removing duplicates, 760
records were screened. Twenty-one potentially eligible studies
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Fig. 1 PRISMA Flow chart of study selection. The figure preset the review steps followed to obtain the final included studies.

were reviewed in full text. We excluded fifteen studies, provided
reasons in the appendix, and included six studies. Figure 1 shows
the PRISMA 2020 flow diagram of study selection.

We included 6 RCTs enrolling 525 preterm infants. All studies
compared BM/EBM with glucose at different concentrations (30%,
25%, or 10%), or sucrose at 24%. All studies included infants with
GA, mostly between 30 and 36 weeks. One study had four arms
(glucose 10%, glucose 30%, EBM, and control) [57]. Therefore, for
the outcomes this study reported (change in heart rate and crying
duration), we combined the information by comparisons: glucose
10% vs. EBM (Skogsdal 1997a) and glucose 30% vs. EBM (Skogsdal
1997b), splitting the sample size of the common comparator in half
for each comparison, following the recommendation by Cochrane
[50]. Table 1 shows the characteristics of the included studies.

Risk of bias

Figure 2 shows the RoB assessment for each included study.
Selection bias was judged to have low RoB in all the studies except
Skogsdal [57], which had unclear allocation concealment. One
study had issues with performance and detection bias [58]. One
study had issues with the follow-up of patients [59], and one study
was judged a high risk for reporting bias [60].Velumula had a low
RoB in all the domains [61].

Pain intensity

Five studies reported pain intensity after venipuncture/heel
lancing [38, 58-61]. Two studies used only the PIPP scale
[59, 60], one study used the N-PASS [38], one study used both
the PIPP and ComfortNeo scales [58], and one study used the
PIPP-R scale [61]. Therefore, we prioritized statistical combination
with PIPP/PIPP-R results; therefore, four studies were included in
the analysis. Two studies have provided intensity of pain
measured at 30s after the procedure [60, 61], and one of them
[61] reported pain intensity at 30 and 60 s after the procedure.
Other studies [58, 59] did not report a specific duration of pain
assessment after the procedure. Since there is heterogeneity in
reporting the timing of the pain scores assessment among studies,
we prioritized the time of pain assessment, which is 30s post-

Journal of Perinatology

procedure. The latter was prioritized over 60 s as it might be more
clinically relevant as it is the most immediate time for the pain
assessment post-procedure. The meta-analysis found that there
was no difference in pain scores (when measured 30s post-
procedure) between SG vs BM/EBM groups with substantial
heterogeneity (MD —0.95; 95%Cl —2.43 to 0.54); > =89%; Low
certainty evidence) (Fig. 3). Table 2 shows the summary of findings
—GRADE profile, per outcome.

Two studies have used co-interventions (swaddling+non-
nutritive sucking) along with sucrose and BM/EBM [60, 61],
whereas two other included studies did not use any co-
interventions [58, 59]. In subgroup analysis based on with or
without co-intervention, there was no difference in pain scores
between the groups when no co-interventions (MD —1.68; 95% Cl
—4.44 to 1.08; > = 83%) compared to when the co-interventions
were used (MD —0.27; 95% CI —1.54 to 0.99; I> = 83%) (Fig. 4).

In subgroup analysis based on GA, there was no difference in
pain reduction between the groups in studies in infants with more
than 34 weeks of gestation (MD —1.68; 95% Cl —4.44 to 1.08;
> =83%) when compared with infants less than 34 weeks of
gestation (MD —0.27; 95% Cl —1.54 to 0.09; I* = 83%) (Fig. 5). The
only trial [38] using the N-PASS score did not find differences
between the interventions.

Crying duration

Three studies reported total cry duration after venipuncture and
heel lancing in 362 preterm infants [38, 57, 60]. Out of three studies,
one used 24% sucrose [60], and two used 10%, 25%, and 30%
glucose [38, 57]. The meta-analysis showed a reduction in the crying
duration with SG compared to BM/EBM (MD —6.88; 95% Cl —11.42
to —2.34; > = 0%; moderate certainty evidence) (Fig. 6 and Table 2).

Heart rate

Two studies compared SG with BM/EBM and reported the
outcome of heart rate [38, 61]. The combined estimate found
that there was no difference between the groups in the heart rate
during heel lancing (MD 1.25; 95% Cl —2.28, 4.78, I> = 0%; Low
certainty evidence) (Fig. 7 and Table 2).

SPRINGER NATURE
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Adverse events

Four studies reported adverse events [58-61], but only one found
events [59]. We found no differences between the interventions
(RR 0.79; 95% Cl 0.22-2.78; very-low certainty evidence). Adverse
events described by Bueno et al. included nausea and/or vomiting
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and regurgitation, oxygen saturation <80%, and choking [59]
(Table 2).

Other outcomes and analyses
A priori plan was to compare the changes in RR, oxygen

saturation, and BP between SG and BM/EBM groups. However,
only two of the included studies reported these outcomes [38, 58],
Simonse et al. [58] reported only baseline oxygen saturation in all
three arms but no information was provided about oxygen
saturation during and after the painful procedures. Moreover, this
study did not provide any information about RR and BP. Ou-Yang
et al. [38] was the only study that provided information about
oxygen saturation, RR, and BP baseline, and after the painful
procedure, and thus, we did not conduct a meta-analysis for these.
We did not generate the funnel plot due to the low number of
studies.

Sensitivity analysis

Due to the heterogeneity in the time of pain assessment post-
procedure and the availability of measures at 60 s post-procedure
by one of the studies [61], we conducted a sensitivity analysis
pooling the results for pain measured at 60 s instead of the 30-s
for this study [61]. This analysis found no difference in pain scores
between SG vs. BM/EBM groups (MD —0.75, 95%Cl —2.60, 1.09),
I = 91%; Low certainty evidence) (Appendix—Fig. 51).

The substantial statistical heterogeneity, particularly in pain
outcomes, is likely explained by the high RoB (Fig. 2) in three
studies included in the meta-analysis (Fig. 3). We found high RoB
related to incomplete outcome data [59], selective reporting of
the outcome [60], and lack of blinding of participants/personnel/
outcome assessment [58]. To further evaluate statistical hetero-
geneity. We performed a sensitivity analysis for pain outcome was
also performed based on the RoB, and three studies with high RoB
were excluded [58-60], which left us with one study [61] for pain.
We found no difference between the interventions (MD: 0.30; 95%
Cl —0.11, 0.71) (Appendix—Fig. S2).

Lastly, a sensitivity analysis was performed based on co-

Bueno 2012

@® | @ | other bias

Collados-Gomez 2017

Ou-Yang 2013

-~

. . . . Blinding of outcome assessment (detection bias)

. . . . . . . Incomplete outcome data (attrition bias)

. . ‘ . Blinding of participants and personnel (performance bias)

. . . . Allocation concealment (selection bias)

Simonse 2012

Skogsdal 1997a 2 |2 |2 intervention for the cry duration. Collados-Gomez used co-
intervention [60], as such when this study was removed from
Skogsdal 1997b 2 |2 |2 the analysis, there was a reduction in crying duration with SG

compared to EBM (MD —11.09; 95% ClI - —21.91 to —0.16; I = 0%;
moderate-certainty evidence) (Appendix—Fig. S3). The same
sensitivity analysis for crying duration after excluding one study
with high RoB [60] showed that the effect of SG was still significant
and larger in comparison to BM/EBM (MD —11.03; 95%Cl —21.91
to —0.16, I* 0%) (Appendix—Fig. S3).

. . . . . . . Random sequence generation (selection bias)
. . . . ' ‘ . Selective reporting (reporting bias)

Velumula 2022

Fig.2 Risk of bias assessment. Summary of risk of bias assessments
among the included studies, which includes a review of authors’
judgments on each item for each study.

Sucrose/Glucose Breastfeeding/Breast milk Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI ABCDEFG
Bueno 2012 4.5 3.2 SZ 7.5 3.6 56 24.5% -3.00 [-4.26, -1.74) —

Collados-Gomez 2017 6 3.1 94 7 3.7 99 26.4% -1.00 [-1.96, -0.04) —a—]

Simonse 2012 52 3.12 24 5.38 3.46 23 20.1% -0.18[-2.07,1.71) —r—

Velumula 2022 4.3 0.7 44 4 1.2 44 29.0% 0.30 [-0.11, 0.71) il

Total (95% CI) 219 222 100.0% -0.95 [-2.43, 0.54] <

Heterogeneity: Tau® = 1.93; Chi® = 27.38, df = 3 (P < 0.00001); I* = 89% _=4 _lz ) i "5

Test for overall effect: Z = 1.25 (P = 0.21) Favours [Sucrose] Favours [BM/BF)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Fig. 3 Forest plot for the pain intensity 30 s post-procedure. The forest plot shows the mean difference in the PIPP/PIRR-R scores after the
intervention of SG compared to BM/EBM. Horizontal bars denote 95% confidence intervals (95%Cls). Studies are represented as green squares
centered on the point estimate of the result of each study. The area of the square represents the weight given to the study in the meta-
analysis. The black diamond represents the overall combined estimated effect and its 95%Cl. The solid vertical line is the line with no effect.
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Table 2. Summary of findings table- GRADE Profile.

Sucrose/Glucose compared to Breast Milk/Expressed Breast Milk for Pain Control during Venipuncture or Heel Lance Procedures

Patient or population: Preterm infants undergoing Venipuncture or Heel Lance

Setting: Neonatal Intensive Care Unit

Intervention: Sucrose/Glucose (SG)

Comparison: Breast Milk/Expressed Breast Milk (BM/EBM)

Outcomes: Pain control, crying duration, heart rate, adverse events

Outcome N2 of participant Relative effect (95% Cl) Anticipated absolute effects (95% Cl) Certainty
(studies) (SG in comparison to SG EBM/BM Absolute Difference

EBM/BF) (SG in comparison to

EBM/BF)*

Pain (PIPP/PIPP-R Score) - The mean pain (PIPP Score) - MD 0.95 lower @EB@O
Ne of participants: 441 was 0 (2.43 lower to 0.54 LOW=P<
(4 RCTs) higher)
Crying Duration (seconds) - The mean Crying duration - MD 6.88 lower
Ne of participants: 362 (seconds) was 0 (11.42 lower to 2.34 MODERATE®
(4 RCTs) lower)
Change in Heart Rate - The mean change in Heart - MD 1.25 lower @@QO
Ne of participants: 167 Rate was 0 (2.28 lower to 4.78 LOW®
(2 RCTs) higher)
Adverse events RR 0.79 2.6% 3.3% 7 fewer per 1000 SPOO
Ne of participants: 113 (0.22 to 2.78) (26 fewer to 59 more) LOW®?

(1 RCT)

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimated effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a

possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited; The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of the effect.

Explanations

®Rated down due to risk of bias: one study (Simonse 2012) has high RoB in two criteria (performance and detection biases), and the other two studies had a
high risk of attrition bias (Bueno 2012) and of selective reporting (Collados-Gomez 2017).

PRated down due to inconsistency: High heterogeneity (1 = 89%).

“Rated down to imprecision: a wide 95% Cl that includes both a substantial effect (reduction of 2.43 points) and a very low effect (0.54 points).

9Rated down due to risk of bias: one study providing 82.5% of weight in the meta-analysis (Collados-Gomez 2017) had a selective reporting outcome, and two
studies, providing all together 11.7% of weight had unclear Bias in blinding criteria (Skogdal 1997) and one study (Ou-yang 2013), was considered as unclear
RoB in other biases.

®Rated down to imprecision: the 95%Cl includes both a beneficial effect (reducing heart rate in 11.06 bpm) and harm (increasing heart rate in 1.65 bpm).

fRated down due to risk of bias: only study for this outcome (Skogdal 1997) that had unclear performance and detection bias criteria, and unclear selection

bias.

9Rated down due to risk of bias: only one study (Bueno 2012) for this outcome, and it has a high risk of attrition bias.

Cl confidence interval, MD mean difference, RR risk ratio.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% ClI).

DISCUSSION

In this review, we synthesized all the available evidence on SG and
BM/EBM efficacy for pain control during venipuncture and heel
lancing in preterm infants. We included six studies analyzing 525
preterm infants, and we found that SG might be superior to BM/EBM
for the reduction in crying duration in preterm infants, but maybe
there is no difference between SG and BM/EBM interventions in pain
control in preterm infants when measured with PIPP/PIPP-R.

SG is one of the most frequently studied pharmacological
interventions in preterm infants for pain reduction during heel
lancing, venipuncture, and intramuscular injections [24]. SG has
been recommended by both the American Academy of Pediatrics
and the Canadian Pediatric Society to prevent and treat
procedural pain in term and preterm infants [62, 63]. Literature
on the use of BM/EBM for procedural pain control in preterm
infants has evolved in the last decade. SG and BM/EBM have been
shown to reduce procedural pain in neonates compared to
placebo [18, 24-25, 35-37]. However, as we have described, there
are only a handful of trials comparing SG and BM/EBM head-to-
head for procedural pain in preterm infants.

SPRINGER NATURE

We did not find any difference in pain control when SG was
compared to BM/EBM in preterm infants; however, SG seems
superior to BM/EBM in reducing crying duration in preterm
infants. The possible explanation for the superiority of SG in crying
duration might be the higher amount of sucrose, which is 240 mg
of sucrose per milliliter compared to 66 mg of lactose in one
milliliter of premature BM [64]. Moreover, after the sucrose
ingestion, the effect of sweetness in the sucrose occurs fast, which
is mediated by endogenous opioid release [65]. Additionally,
evidence from other studies suggests that lactose does not have a
calming effect or reduce the duration of crying when compared to
sucrose, fructose, and glucose in human infants [66, 67]. However,
this review highlights that SG may not be effective in pain
reduction in preterm infants when compared to EBM.

Some challenges and questions need to be answered before we
evaluate the effectiveness of sucrose in pain reduction during
painful procedures. First, there is variability in the type of sweet
solutions. Sucrose seems to be the most common sweet
preparation used for pain control in neonates, but dextrose and
glucose have also been studied and used [68]. In this review, three
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Sucrose/glucose Breastmilk Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI ABCDETFG
3.14.2 Without Cointervention
Bueno 2012 45 3.2 57 7.5 3.6 56 24.5% -3.00([-4.26,-1.74) —_— ééeceoce
Simonse 2012 5.2 3.1 24 5.38 3.46 23 20.1% -0.18[-2.06, 1.70) — F+OO+
Subtotal (95% CI) 81 79 44.6% -1.68 [-4.44,1.08] B ——y
Heterogeneity: Tau® = 3.31; Chi* = 5.97, df = 1 (P = 0.01); I = 83%
Test for overall effect: Z = 1.19 (P = 0.23)
3.14.3 With Cointervention
Collados-Gomez 2017 6 3.1 94 7 37 99 26.4% -1.00 [-1.96, -0.04) —
Velumula 2022 4.3 0.7 44 4 1.2 44 29.0% 0.30 [-0.11, 0.71]) T
Subtotal (95% CI) 138 143 55.4% -0.27 [-1.54, 0.99] —
Heterogeneity: Tau® = 0.70; Chi* = 5.94, df = 1 (P = 0.01); I = 83%
Test for overall effect: Z = 0.42 (P = 0.67)
Total (95% CI) 219 222 100.0% -0.95 [-2.43, 0.54] o
Heterogeneity: Tau® = 1.93; Chi* = 27.38, df = 3 (P < 0.00001); I’ = 89% t 1 +

Test for overall effect: Z = 1.25 (P = 0.21)

Test for subgroup differences: Chi* = 0.82, df = 1 (P = 0.36), I’ = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

% 5, ) P 3

Favours [Sucrose/glucose] Favours [Breastmilk]

Fig. 4 Subgroup analysis—forest plot for the pain intensity based on co-intervention. The forest plot shows the mean difference in the
PIPP/PIRR-R scores after the intervention of SG compared to BM/EBM. Horizontal bars denote 95% confidence intervals (95%Cls). Studies are
represented as green squares centered on the point estimate of the result of each study. The area of the square represents the weight given to
the study in the meta-analysis. The black diamond represents the overall combined estimated effect and its 95%Cl. The solid vertical line is the

line of no effect.
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Simonse 2012 5.2 3.1 24 5.38 3.46 23 20.1% -0.18 (-2.06, 1.70) ————

Subtotal (95% CI) 81 79 44.6% -1.68 [-4.44,1.08] ——e——
Heterogeneity: Tau® = 3.31; Chi* = 5.97, df = 1 (P = 0.01); I = 83%

Test for overall effect: Z = 1.19 (P = 0.23)

3.11.3 < 34 weeks
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Test for overall effect: Z = 0.42 (P = 0.67)
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Heterogeneity: Tau® = 1.93; Chi* = 27.38, df = 3 (P < 0.00001); I* = 89% ¥ {

Test for overall effect: Z = 1.25 (P = 0.21)

Test for subgroup differences: Chi* = 0.82, df = 1 (P = 0.36), I = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

4 ) ;) b 3

Favours [Sucrose/glucose] Favours [Breastmilk]

Fig. 5 Subgroup analysis—forest plot for the pain intensity based on gestational age. The forest plot shows the mean difference in the
PIPP/PIRR-R scores after the intervention of SG compared to BM/EBM. Horizontal bars denote 95% confidence intervals (95%Cls). Studies are
represented as green squares centered on the point estimate of the result of each study. The area of the square represents the weight given to
the study in the meta-analysis. The black diamond represents the overall combined estimated effect and its 95%Cl. The solid vertical line is the

line of no effect.

out of six trials have used 24% sucrose as an intervention
[58, 60, 61], one trial used 30% glucose [57], and two trials used
25% glucose [38, 59]. We planned subgroup analysis based on the
concentration, but the low number of studies and variability in
reporting the outcome prevented us from conducting it.

One of the key questions that remains to be answered with the
use of SG is the best dose and timing of the administration. In
literature, most of the studies have reported administering 2 ml of
the sweet solution before the painful procedures in term and
preterm infants [24, 68], whereas in some studies a lower dose
(0.5 ml) of 24% sucrose has been studied for alleviation of pain
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during venipuncture and heel lancing procedures in preterm
infants [69-73]. Moreover, as little as 0.1 ml of 24% sucrose, along
with a pacifier, 2 min before a painful procedure, is efficacious in
reducing procedural pain in preterm infants [74]. In this review,
the volume of sweet solution or BM to be administered was also
variable, and the included studies were heterogeneous. Included
studies in our review used from 0.1 ml to 5ml of the sweet
solutions. We are unsure how much of this variability may impact
the effectiveness. In this review, all the included RCTs had given
SG to preterm infants 2 min before the procedure coinciding with
the release of endogenous opioids [20, 65].
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Sucrose/Glucose Breast milk

Mean Difference

Risk of Bias

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Collados-Gomez 2017 5.7 11.29 94 11.7 22.6 99 82.5% -6.00[-11.00, -1.00]

Ou-Yang 2013 15.67 34.63 39 31.5 50.02 40 5.8% -15.83 [-34.76, 3.10] —_—r

Skogsdal 1997a 17.9 33.8 30 21.6 32.2 15 5.0% -3.70 [-23.99, 16.59] —_—r

Skogsdal 1997b 9.2 183 30 21.6 32.2 15 6.7% -12.40 [-29.96, 5.16) —_—

Total (95% CI) 193 169 100.0% -6.88 [-11.42, -2.34] <>

Heterogeneity: Tau® = 0.00; Chi* = 1.45, df = 3 (P = 0.69); I’ = 0% % 33 ) o5 )

Test for overall effect: Z = 2.97 (P = 0.003)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours [Sucrose/Glucose] Favours [Breast milk]

Fig. 6 Forest plot for crying duration. The forest plot shows the mean difference in crying duration measured in seconds of SG compared to
BM/EBM. Horizontal bars denote 95% confidence intervals (95%Cls). Studies are represented as green squares centered on the point estimate
of the result of each study. The area of the square represents the weight given to the study in the meta-analysis. The black diamond
represents the overall combined estimated effect and its 95%CI. The solid vertical line is the line of no effect.

Sucrose/Glucose Breast milk
Study or Subgroup  Mean SD Total Mean

Mean Difference
SD Total Weight 1V, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Ou-Yang 2013 144.4 14.7 39 1425 15.8 40 27.5%
Velumula 2022 145 10.5 44 144 93 44 72.5%
Total (95% CI) 83 84 100.0%

Heterogeneity: Tau® = 0.00; Chi* = 0.05, df = 1 (P = 0.82); I’ = 0%
Test for overall effect: Z = 0.69 (P = 0.49)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

1.90 [-4.83, 8.63]
1.00 (-3.14, 5.14)

1.25 [-2.28, 4.78]

-20 -1o 0 10 20
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Fig.7 Forest plot for heart rate change. The forest plot shows the mean difference of heart rate change in beats per minute of SG compared
to BM/EBM. Horizontal bars denote 95% confidence intervals (95%Cls). Studies are represented as green squares centered on the point
estimate of the result of each study. The area of the square represents the weight given to the study in the meta-analysis. The black diamond
represents the overall combined estimated effect and its 95%CI. The solid vertical line is the line of no effect.

Crying duration is considered an important patient outcome,
and it remains the most widely used indicator for pain intensity in
infants [24]. Three of the included RCTs have reported this
outcome as total cry duration in seconds [38, 57, 60]. Overall, SG
has been shown to reduce the crying duration in preterm infants
during painful procedures, which concurs with similar observa-
tions in term infants when SG was compared with BM/EBM
[75, 76]; however, it was observed that crying duration was longer
in preterm infants who had heel lancing [38, 57] as compared to
venipuncture [60]. Venipuncture has been reported as less painful
than heel lancing in neonates for blood tests [77]. It has been
previously reported by Steven et al. that, sick preterm infants have
a shorter duration of crying and longer latency to cry during heel
lancing procedures when compared to healthy and mildly ill
preterm infants [78]; however, we would be able to support this
observation where preterm infants who are included in this meta-
analysis were healthy preterm infants and were not compared
with sick/unstable preterm infants.

Two studies in our review reported a change in heart rate
during the heel-lancing procedure and there was no difference in
heart rate when SG was compared to BM/EBM in preterm infants
during a painful procedure [38, 61]. Further trials on pain
treatment in neonates should consider this outcome to be
measured more frequently, as HR is a good reflection of the
physiological response to pain [79]. Nonetheless, preterm infants
do not display physiological indicators as reliably and specifically
as term infants [80], thus this outcome needs to be considered
along with others such as crying duration.
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In the literature, most SG trials have reported adverse events
such as gagging, choking, vomiting, and desaturation [24, 25], and
very few BM/EBM trials have reported adverse events [35-37]. In
this review, four trials reported adverse events but adverse events
were noted only in one trial which found no difference between
these interventions [59]. It might be fair to say that there are fewer
adverse events in both interventions, and these events are
considered minor in preterm infants.

Two important systematic reviews on this topic were published in
2023 [25, 37]. Yamada et al. have evaluated sucrose with other non-
pharmacological interventions including water /placebo/no interven-
tion, non-nutritive sucking, glucose, breastfeeding, BM, music,
acupuncture, facilitated tucking, and skin-to-skin care during heel
lancing procedure in both term and preterm infants [25]. The findings
of this review concur with our results for the pain outcome which was
there was no difference in pain scores when sucrose was compared
with EBM in preterm infants. However, the conclusion of Yamada’s
review is supported by only one trial in preterm infants comparing SG
and BM/EBM [61]. Our review has included more trials in preterm
infants as we have directly compared both sucrose and glucose with
BM/EBM using PIPP/PIPP-R scales. Moreover, we assessed more than
one outcome including duration of crying, heart rate other
physiological parameters, and adverse events. We were able to do
subgroup analyses based on GA and co-interventions.

Shah et al. conducted a systematic review comparing breast-
feeding and EBM with other interventions, including placebo in
neonates, specific to term infants who underwent a variety of
painful procedures [37]. Moreover, the authors of this review have
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reported the intensity of pain outcomes using a variety of pain
scales, which are commonly used in term infants for various
painful procedures. Additionally, Shah’s review only considered
studies using the PIPP-R scale to assess the pain outcome in
preterm infants, and therefore, the authors were able to include
only one trial [61]. Moreover, this review reported the pain
outcome in preterm infants at 60 s post-procedure.

Both systematic reviews are of high quality and were very
comprehensive; however, they could not provide more specific
information on preterm infants and concluded that there was a
need for more research on this population. Our review is the first to
synthesize the comparative between these two common interven-
tions (SG and BM/EBM) for a particular population (preterm infants)
during two common painful procedures using PIPP/PIPP-R scales.
Furthermore, our review used pain scores at 30 s post-procedure
since it was the most commonly measured time point for pain and
considered the most clinically relevant one. Moreover, in our
sensitivity analyses, when we pooled the data using the data from
the 60-s timepoint of the only study that used it, we also did not find
differences between the interventions.

Our systematic review has several strengths. First, we have
performed a meta-analysis on an important topic in the preterm
population where the two most common interventions were
compared, and that has not been studied before. Moreover, this
meta-analysis was performed for important patient outcomes
such as pain, crying duration, physiological variables, and adverse
events. Additionally, we conducted a comprehensive literature
search through four databases, gray literature, and manual
searches, thereby reducing the risk of publication bias. Since all
the included studies have used the PIPP (except one which used
PIPP-R) pain scale the results for pain outcomes are presented as a
MD, making it easier for clinicians to interpret the results and
apply them in their clinical practices. Another important strength
of our review is we have included the trials that have used SG and
EBM for the two most common needle-related procedures that are
performed routinely in these preterm infants. Results of this
review are generalizable as heel lancing and venipuncture are
common painful procedures in preterm and are routinely
performed in both developed and underdeveloped countries.
Lastly, we applied high methodological standards in the searches/
analyses, following the recommendations by Cochrane [50] and
the PRISMA statement 2020 [44] and we used the GRADE
approach [55] to assess the certainty of the evidence.

There are a few potential limitations to describe. We could not
do some of the important subgroup analyses such as comparing
dextrose with BM/EBM due to the low number of RCTs. Our study
results apply to specific patient populations(late preterm infants)
who are less than 1 month of age and have only a single painful
procedure; as such, these results do not apply to sick or extremely
preterm infants or preterm infants who have more than one
painful procedure. This review could not address the repeated use
of SG and BM/EBM in preterm infants and this approach requires
further research. These results are key for neonatal units,
pediatricians, neonatologists, and nursing staff, as they summarize
all the direct evidence from SG vs BM/EBM. Our results will help
update hospital protocols for the prevention of needle/related
pain in preterm infants.

CONCLUSION

In conclusion, in preterm infants undergoing venipuncture and
heel lancing, compared to BM/EBM, the SG may not reduce pain
scores (PIPP/PIPP-R) but very likely reduces the crying duration.
We might not be very confident of the pain score results, but we
are moderately confident of the results regarding crying duration.
Furthermore, we did not find significant adverse effects of the
single use of SG, which may be safe in preterm infants. Future
high-quality, blinded, randomized, and well-powered trials are
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needed to address several essential questions in preterm infants
related to different sweet solution preparations, repeated doses of
SG, and BM for multiple painful procedures. Of particular interest
(especially in extremely preterm and sick preterm infants) is the
combination of non-pharmacological interventions for pain
management in preterm infants; moreover, the long-term effects
of these interventions in this patient population should be closely
followed and documented.
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