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BACKGROUND: Hospitalized infants undergo multiple, repeated
painful procedures. Despite continued efforts to prevent procedural
pain and improve pain management, clinical guidelines and stan-
dards frequently do not reflect the highest quality evidence from sys-
tematic reviews. 
OBJECTIVE: To critically appraise all systematic reviews on the
effectiveness of procedural pain interventions in hospitalized infants.  
METHODS: A structured review was conducted on published sys-
tematic reviews and meta-analyses of pharmacological and nonphar-
macological interventions of acute procedural pain in hospitalized
infants. Searches were completed in the Cochrane Database of
Systematic Reviews, MEDLINE, EMBASE, CINAHL and
PsycINFO. Two reviewers independently selected articles for review
and rated the methodological quality of the included reviews using a
validated seven-point quality assessment measure. Any discrepancies
were resolved by a third reviewer.
RESULTS: Of 1469 potential systematic reviews on interventions
for painful procedures in hospitalized infants, 11 high-quality reviews
were included in the analysis. Pharmacological interventions sup-
ported by research evidence included premedication for intubation,
dorsal penile nerve block and EMLA (AstraZeneca Canada, Inc) for
circumcision, and sucrose for single painful procedures. Non-nutritive
sucking, swaddling, holding, touching, positioning, facilitative tuck-
ing, breast feeding and supplemental breast milk were nonpharmaco-
logical interventions supported for procedural pain.  
CONCLUSION: There is a growing number of high-quality reviews
supporting procedural pain management in infants. Ongoing research
of single, repeated and combined pharmacological and nonpharma-
cological interventions is required to provide the highest quality evi-
dence to clinicians for decision-making on optimal pain
management. 
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Analyse des revues systématiques sur les
interventions contre la douleur chez des nour-
rissons hospitalisés

HISTORIQUE : Les nourrissons hospitalisés subissent de nombreuses
interventions douloureuses à répétition. Malgré les efforts constants pour
prévenir la douleur associée à ces interventions et améliorer le traitement
de la douleur, souvent, les directives cliniques et les normes ne reflètent
pas les preuves de la plus haute qualité provenant des analyses systéma-
tiques.
OBJECTIF : Évaluer de façon critique toutes les revues systématiques
ayant porté sur l’efficacité des interventions pour soulager les douleurs
associées aux traitements chez les nourrissons hospitalisés. 
MÉTHODE : Les auteurs ont procédé à une analyse structurée des revues
systématiques et des méta-analyses publiées sur les interventions pharma-
cologiques et non pharmacologiques pour soulager la douleur aiguë asso-
ciée aux traitements chez les nourrissons hospitalisés. La base de données
Cochrane des revues systématiques, et les bases de données MEDLINE,
EMBASE, CINAHL et PsycINFO ont été interogées. Deux examinateurs
ont sélectionné les articles séparément en vue de l’analyse et ont coté la
qualité méthodologique des revues recensées à l’aide d’un barème validé
d’évaluation de la qualité en sept points. Le cas échéant, les discordances
étaient tranchées par un troisième examinateur.
RÉSULTATS : Parmi les 1 469 revues systématiques potentielles sur des
interventions analgésiques lors de traitements douloureux chez des nour-
rissons hospitalisés, 11 revues de grande qualité ont été incluses dans
l’analyse. Parmi les interventions pharmacologiques appuyées par des
résultats de recherches, mentionnons la prémédication avant l’intuba-
tion, le bloc nerveux pénien dorsal et l’application d’EMLA (AstraZeneca
Canada, Inc.) pour la circoncision et le sucrose pour les interventions
douloureuses simples. Parmi les interventions non pharmacologiques uti-
lisées pour contribuer à soulager les douleurs liées aux traitements, men-
tionnons : leur donner une suce, les bercer, les tenir, les toucher, les
positionner, les envelopper, les allaiter ou leur administrer un supplément
de lait maternel.
CONCLUSION : Un nombre croissant d’analyses de grande qualité
appuie le traitement de la douleur en cours d’intervention chez les nour-
rissons. Il faut poursuivre la recherche sur des interventions pharma-
cologiques et non pharmacologiques simples et répétées ou concomitantes
pour fournir des preuves de la meilleure qualité possible aux médecins qui
ont à prendre des décisions pour la prise en charge optimale de la douleur.

Hospitalized neonates undergo an average of 10 to
14 painful procedures per day (1,2), with as many as

53 procedures being reported during the first two weeks of
life (1). Early exposure to repeated painful events can alter
pain processing and perception at the spinal and supraspinal

levels (3). Most recently, response to pain at the cortical level
in the neonate’s developing pain system has been described
(4,5). Stress during this critical period in development has
immediate and long-term consequences that can influence
physiological, social and cognitive outcomes (6). Furthermore,
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infants exposed to repeated heel lances early in life may become
conditioned to pain, experience higher pain intensities during
future painful events (7), and be predisposed to persistent or
chronic pain states (8,9). 

Pediatric pain guidelines, accreditation standards and policy
statements have been developed for assessing and managing
acute pain in infants (10-12). The Joint Commission on
Accreditation of Healthcare Organizations (13) and
Accreditation Canada (14) developed organizational standards
for infant pain assessment and management. Consensus state-
ments by the American Academy of Pediatrics and the
Canadian Paediatric Society on prevention and management of
infant pain (15,16) highlight the importance of assessing pain
and providing the appropriate pharmacological, physical, behav-
ioural and environmental interventions to manage pain in
infants (17). Most recently, recommendations from the
Neonatal Pain Control Group, led by Anand et al (18), have
called for improvements in the education of health care profes-
sionals to enable the use of the latest evidence on pain manage-
ment interventions to improve clinical and health outcomes.
Pain guidelines and position statements continue to be devel-
oped nationally and internationally, and across health disci-
plines; some examples are the National Association of Neonatal
Nurses position statement on pain management in infants (19)
and the Royal Australasian College of Physicians guideline
statement (20) on managing procedural pain in neonates.
Despite these efforts, there has been no significant global
improvement in pain management in infants (1,9,12,21); it
remains suboptimal. 

Results from systematic reviews have been incorporated into
infant pain guidelines and policies (eg, sucrose for procedural
pain [22]). However, the frequency of effective use of this prac-
tice remains unknown. Although comprehensive literature
reviews and summaries on infant pain management strategies
(23), and systematic reviews of the literature (22) exist, there
are no rigorous evaluations of systematic reviews using validated
quality assessment measures. Therefore, the purpose of the pres-
ent review is to critically appraise high-quality systematic
reviews on acute pain management in hospitalized infants, using
a validated quality assessment evaluation measure. This
appraisal will provide a structured and comprehensive synthesis
of the nature and scope of published scientific evidence. The
ultimate goal is to provide practitioners with ready access to
high-quality evidence for clinical decision-making in the pre-
vention or minimization of acute pain in infants.

METHODS
Data sources 
Electronic searches were conducted by Librarian Information
Specialists (EU, TAW) in The Cochrane Database of
Systematic Reviews, MEDLINE (1966 to May 2006),
EMBASE (1980 to May 2006), CINAHL (1982 to May 2006)
and PsycINFO (1985 to 2006). Subject headings and MeSH
terms included ‘pain’, ‘pain measurement’ and ‘pain assessment’.
Key words and abbreviations used included ‘infant:’, ‘bab’,
‘baby’, ‘babies’, ‘neonat:’, ‘newborn:’, ‘premature:’, ‘preemie:’,
‘pediatric’, ‘paediatric’ and ‘child:’. Other keywords, such as
‘meta analysis’, ‘systematic review:’ and ‘system review’, were
also used to search for the ideal publication type. Reference
lists from retrieved reviews were screened for additional sys-
tematic reviews. All search titles and abstracts were independ-
ently rated for relevance by two trained research assistants (JL,

AD). To establish inter-rater reliability of accurate eligibility
selection, each reviewer pilot-tested 10 review articles using
the selection criteria. There was 97% agreement on the
selected review articles. 

Study selection
Multiple systematic reviews exist on pain in hospitalized chil-
dren from birth to 18 years of age. For the present review, the
selection criteria were narrowed to infants from birth to
12 months of age who were undergoing acute procedural pain.
Only published systematic reviews in English were included.
Study designs within the relevant systematic reviews included
randomized controlled trials (RCTs) and quasi-RCTs.

Data extraction 
Although measures have been developed to enhance the qual-
ity of reporting meta-analyses for both observational studies
(24) and RCTs (25), these measures are not designed or vali-
dated for rating the methodological quality of systematic
reviews. A validated rating tool developed by Oxman and
Guyatt (26) was selected to evaluate the methodological and
scientific quality of the systematic reviews included in the
present overview. The tool rates systematic reviews on a seven-
point scale, where a score of 1 (lowest) signifies extensive
methodological flaws and a score of 7 (highest) is indicative of
minimal flaws (26,27). The overall scientific quality of the sys-
tematic reviews is based on the scoring of 10 items – two items
related to the quality of the search methods, one item on inclu-
sion criteria of the studies included in the review, one item
assessing the avoidance of bias, two items on the methodolog-
ical validity of the included studies, two items addressing the
methods used to combine studies, one item on the conclusions
stated in the reviews and an overall item evaluating the rating
of the scientific quality of the reviews (26-28). Before rating
the reviews, the quality assessment measure was pilot tested on
10 systematic reviews independently rated by two authors (JY,
JS) using the quality assessment measure. There was a 92%
agreement between the two reviewers. Any disagreements in
ratings were resolved by a third reviewer for both relevance
and quality testing (BS). Two raters (JY and JL) independently
extracted information from the papers on year of publication,
study design, participants, study focus (ie, type of pain inter-
vention) and main results of the reviews, which included
results from a meta-analysis when possible, or qualitative
reports of results.

Data synthesis
When available, effects were reported in terms of mean effect
size, weighted effect size, mean difference (MD), standardized
MD and weighted MD. If a meta-analysis had been performed,
the effect’s significance or nonsignificance was recorded. If
quantitative summary measures of effectiveness were not used,
the range of effects across studies was reported. If this informa-
tion was not available, the author’s main conclusions were
reported.

RESULTS
Description of studies
A total of 1469 articles were retrieved from the electronic
searches. Of these, 166 articles were selected for further con-
sideration. Thirty articles were removed after accounting for
duplicates and languages other than English. After retrieving
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and reviewing the full text of the remaining 136 articles,
82 articles involving children older than one year of age were
excluded from the present review. One additional article that
was accepted for publication was recommended by a key
informant. From the 55 remaining articles, a further 41 reviews
were not systematic and were therefore excluded, leaving
14 articles for evaluation. Results of one review (29) were sub-
sumed within a larger review (30) of the same topic; both arti-
cles were counted as one review. A review that compared
venipuncture with heel lance, and another review that
assessed the use of midazolam for sedation were excluded
because their focus was not on pain-relieving strategies.
Therefore, a total of 11 unique systematic reviews were
included in the present overview of reviews (Figure 1) (22,29-
39). Five of these articles, plus the article subsumed into the
larger study (29), were Cochrane Systematic Reviews (22,31-
33,37), while the remaining six (30,34-36,38,39) were pub-
lished in a variety of peer-reviewed journals. A summary of the
11 reviews describing the number of studies included in each
review, the total quality scores using the validated quality
assessment tool, the interventions and the main results is pro-
vided in Tables 1 and 2. Quantitative meta-analyses were used
in seven of the reviews (22,29-32,36,37,39). The remaining
four reviews (33-35,38) were qualitative systematic reviews, in
which the results of primary studies were not statistically
pooled. Where possible, effect sizes and weighted MDs are
reported.

Methodological quality of relevant systematic reviews
Using a previously outlined scoring method (26-28), the mean
score for the 11 reviews was 6.36/7.0 (SD 0.67). The minimum
score was 5/7, and the maximum score was 7/7 (Table 1); the six
Cochrane reviews scored 7/7. All 11 reviews were rated as hav-
ing either minimal or minor flaws. Five of these 11 highly rated
reviews evaluated pharmacological pain interventions (Table 1)
and six evaluated nonpharmacological interventions (Table 2).

Pharmacological pain interventions
Bellù et al (31) assessed whether opioid analgesics were effec-
tive in reducing pain intensity for ventilated preterm and term
infants in 13 RCTs. Although pain scores were significantly
reduced in four studies using the validated Premature Infant
Pain Profile (PIPP) scale (40), the authors did not consider the
results to be clinically significant. Heterogeneity in the type
and doses of opioids used, as well as in the outcomes and
reporting of results prevented the authors from recommending
opioids to reduce pain in mechanically ventilated newborns.

In 35 RCTs of preterm and term infants, Brady-Fryer et al
(32) compared dorsal penile nerve block (DPNB) with
placebo, EMLA (AstraZeneca Canada, Inc) and sucrose for
pain during circumcision. DPNB demonstrated statistically
and clinically significant reductions in heart rate compared
with placebo, EMLA and sucrose. In addition, DPNB signifi-
cantly decreased crying time compared with placebo and
sucrose. Limitations of the studies included differences in the
characteristics of the study participants, lack of double-
blinding in almost one-half of the studies, variable wait times
after the DPNB was administered, heterogeneity in pain inter-
ventions and differences in the reporting of outcomes across
studies, limited use of validated pain scales and incomplete
data reported in the studies. The authors concluded that
DPNB and EMLA can be recommended over no treatment for

attenuation of circumcision pain, with DPNB demonstrating
greater effectiveness than EMLA. Although both DPNB and
EMLA are considered safe to use in newborn infants, based
on the limitations of the studies included in the review, the
authors recommended that the results of the meta-analysis be
interpreted with caution. 

In their review of seven RCTs and two cohort studies of pre-
medication for endotracheal intubation in preterm and term
infants who were mechanically ventilated, Shah and Ohlsson
(38) found that premedication of infants using anticholiner-
gics, analgesics, anesthetics, muscle relaxants, sedatives and
amnesic medications reduced individual physiological pain
indicators and intubation times in some studies. The most
common medications used in combination were atropine,
fentanyl and succinylcholine. None of the studies used vali-
dated composite measures to assess pain. Further research was
recommended to examine the safety and effectiveness of drugs
as premedication for endotracheal intubation, and to evaluate
pain using validated pain measures. The authors suggested pre-
medication for intubation, because intubation while awake is
not appropriate in infants. 

Stevens et al (22) assessed whether sucrose was efficacious
and effective in reducing procedural pain in hospitalized and
preterm and term infants in a review of 21 RCTs. In three stud-
ies, there was a statistically and clinically significant reduction
in physiological and behavioural indicators of pain and com-
posite PIPP (40) pain scores. However, heterogeneity in study
interventions and outcomes, and the lack of reported results in
the primary studies prevented meta-analysis. The authors
advised that sucrose may be used safely in doses ranging from
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0.012 g to 0.12 g for single heel lances and venipunctures. The
repeated use of sucrose was not included in the review and,
consistent with current clinical practice, is a major question
that requires investigation in future systematic reviews.

Taddio et al (29,30) evaluated the use of lidocaine-
prilocaine cream (EMLA) in treating pain from circumcision,
heel lance, venipuncture, arterial puncture, lumbar puncture
and percutaneous venous catheter placement in preterm and
term infants. A total of nine RCTs, three of which were double-
blinded, and two non-RCTs indicated that EMLA was more
effective than placebo for treating circumcision, as indicated
by changes in physiological and behavioural pain indicators.
Some evidence was provided for the use of EMLA in reliev-
ing pain during venipuncture, arterial puncture and place-
ment of percutaneous venous catheters; however, results

remain inconclusive. Limitations of the studies included small
sample sizes, heterogeneity in the EMLA dosages and pain out-
comes precluding meta-analyses on all outcomes. The authors
concluded that EMLA was safe and efficacious for neonatal
circumcision pain, but not heel lance, and recommended fur-
ther evaluations on the effectiveness of other forms of analge-
sia for circumcision, such as DPNB. 

Nonpharmacological pain interventions
Cepeda et al (33) evaluated the efficacy of music on acute,
chronic or cancer pain using measures of pain intensity, pain
relief and requirements for analgesics in 51 studies, of which
eight studies focused on children. Of the eight pediatric
RCTs, four addressed reducing pain in infants for circumci-
sion or heel lance pain. Because benefits of this intervention
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TABLE 1
Systematic reviews of pharmacological interventions

Reference, 
number of Quality
studies score Focus Main results

Bellù et al (31), 7 Opioids for mechanical ventilation Opioids resulted in reduced PIPP scores compared with the control group (WMD = –1.71, 95% CI 

2005, n=13 –3.18 to –0.24) but the reduction was not deemed to be clinically significant; morphine in very 

preterm infants delayed time to reach full enteral feedings compared with control group (WMD =

2.10 days, 95% CI 0.35 to 3.85); opioid group showed no statistically significant differences in 

mortality, duration of mechanical ventilation, and long- and short-term neurodevelopmental 

outcomes compared with control groups

Brady-Fryer 7 Dorsal penile nerve block (DPNB), DPNB resulted in significantly lower HR (WMD = 35 beats/min; 95% CI –41 to –30), decreased 

et al (32), EMLA* and sucrose for reducing crying time (WMD = 54%; 95% CI –64 to –44) and increased SpO2 (WMD = 3.7%; 

2004, n=35 pain in neonatal circumcision 95% CI 2.7 to 3.7) compared with placebo; DPNB resulted in significantly lower HR (WMD = 

–17 beats/min, 95% CI –23 to –11) and lower pain scores compared with EMLA*; DPNB resulted

in a significantly decreased crying time (MD = –166 s, 95% CI –211 to –121) and lower HR 

(WMD = –27 beats/min, 95% CI –33 to –20) compared with sucrose; EMLA* resulted in lower

facial action scores (WMD = –46.5, 95% CI –80.4 to –12.6), decreased time crying (WMD =

–15.2%, 95% CI –21 to –9.3) and a lower HR (WMD = –15 beats/min; 95% CI –19 to –10) 

compared with placebo; minor bleeding, swelling and hematoma with DPNB; erythema and mild 

skin pallor with EMLA*; reported methemoglobin levels were within normal limits for the EMLA*

group

Shah and 6 Premedication for endotracheal 4/9 studies had evidence that premedication reduced physiological indicators of pain/distress;

Ohlsson (38), intubation 4/9 studies reported significant adverse effects associated with premedication; 2/9 studies 

2002, n=9 reported that premedication reduced the duration of the intubation; adverse event of chest wall 

rigidity was associated with fentanyl

Stevens et al 7 Sucrose for pain from heel lance Sucrose significantly reduced PIPP scores compared with control group at 30 s (WMD = –1.64, 

(22), 2004, 95% CI –2.47 to –0.81) and 60 s (WMD = –2.05, CI –3.08 to –1.02) after heel lance; 6 studies 

n=21 reported adverse events. One of these studies reported that both the placebo and sucrose; 

groups had decreased SpO2 compared with the control group; saturation levels recovered 

spontaneously

Taddio et al 6 Lidocaine-prilocaine cream EMLA* group had reduced crying times, reduced facial grimacing and a lower HR (WMD = 

(30), 1998, (EMLA*) for acute procedural –12 to –27 beats/min) for circumcision compared with placebo; inconclusive evidence for EMLA* 

n=11 (proced- pain for venipuncture, arterial puncture and percutaneous venous catheter placement

ural pain, 

including 3 

circumcision 

papers below)

Taddio et al (29), EMLA* (single dose) ineffective for heel lance pain and lumbar puncture (no significant difference 

2000, n=3 between control and EMLA* groups); methemoglobin levels not different between EMLA* 

(circumcision) and placebo-treated infants (WMD = –0.11%; 95% CI –0.31 to 0.10) 

*AstraZeneca Canada, Inc. HR Heart rate; MD Mean difference; PIPP Premature Infant Pain Profile; SpO2 Oxygen saturation; WMD Weighted mean difference

11243_Yamada.qxd  10/10/2008  11:33 AM  Page 416



were statistically small, clinical significance was considered
inconclusive.

Cignacco et al (34) comprehensively reviewed nonpharma-
cological pain interventions (non-nutritive sucking [NNS],
music, swaddling, positioning, olfactory and multisensorial stim-
ulation, kangaroo care, maternal touch) to relieve procedural
pain in infants in 13 RCTs and two meta-analyses (36,39) for
preterm and term infants. Based on methodologically sound

studies, the authors reported that NNS, swaddling and facili-
tative tucking interventions were effective, to some extent,
in reducing pain in infants undergoing single painful proce-
dures. Although Cignacco et al (34) cited the review by
Prasopkittikun and Tilokskulchai (36), they did not include
the use of positioning, maternal holding or touching in their
summary of recommended strategies. Two additional studies
did not support the use of positioning for procedural pain
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TABLE 2
Systematic reviews of nonpharmacological interventions

Reference, 
number of Quality 
studies score Focus Main results

Cepeda et al (33), 7 Music for pain relief for  Music reduced pain scores compared with control in 2 studies; music had no effect on pain scores 

2006, n=4 circumcision and heel compared with control in 2 studies; none of the papers reported adverse effects of music for infants

lance pain

Cignacco et al 6 Nonpharmacological NNS, swaddling and facilitated tucking have positive effects on behavioural and/or physiological 

(34), 2007, interventions indicators of pain; inconclusive evidence of the effects of music, positioning, olfactory and multisensorial 

n=15 for procedural pain stimulation, kangaroo care, and maternal touch on pain; none of the papers reported adverse effects 

of the nonpharmacological interventions reviewed

Pinelli et al (35), 5 NNS in high-risk Inconclusive evidence of the effectiveness of NNS for procedural pain (heel lance and intravenous 

2002, n=4 infants for insertion) compared with control in 3 studies; pacifiers with sucrose or water significantly reduced

procedural pain PIPP scores for heel lance compared with control in one study; inconclusive evidence on the adverse 

effects of NNS

Prasopkittikun 6 Nonpharmacological Inconsistent patterns of effect sizes for changes in SpO2 and HR for all interventions (maternal holding

and Tilokskulchai interventions and touching, swaddling, and positioning); holding and touching (MES = 0.73, 95% CI 0.41 to 1.04), and 

(36), 2003, n=4 for heel lance swaddling (MES = 0.79, 95% CI 0.53 to 1.05) reduced pain scores compared with control in full-term

infants; swaddling (MES = 0.53, 95% CI 0.27 to 0.80) and positioning (MES = 0.64, 95% CI 0.51 to 

0.77) reduced pain scores compared with control in preterm infants; the beneficial effect of positioning in 

preterm newborns persisted after the heel lance, while the beneficial effects of the other interventions 

decreased after the heel lance; none of the papers reported adverse effects of the nonpharmacological 

interventions reviewed

Shah et al (37), 7 Breastfeeding or Breastfed group had a lower increase in HR compared with pacifier group and positioned group (for 

2006, n=11 supplemental breast both comparisons, MD = –23 beats/min, 95% CI –34.55 to –11.45); breastfed group had a significantly 

milk to reduce reduced percentage of time crying compared with pacifier group (MD = –32.6, 95% CI –49.83 to –15.37) 

procedural pain and positioned group (MD = –39, 95% CI –55.03 to –22.97); breastfed group had significantly reduced cry 

duration compared with positioned group (MD = –63.30, 95% CI –74.54 to –52.06) and compared with 

fasting group (MD = –50.43, 95% CI –78.97 to –21.89); breastfed group had significantly lower PIPP

scores compared with placebo group (MD = –5.95, 95% CI –7.42 to –4.48) and positioning in mother’s 

arms group (MD = –7, 95% CI –8.95 to –6.03), but breastfed group had a significantly higher PIPP score

than the glucose group (WMD = 1.30, 95% CI 0.05 to 2.56); breastfed group had significantly lower 

DAN scores compared with placebo group (MD = –6.24, 95% CI –7.38 to –5.10) and group positioned in

mother’s arms (MD = –6.77, 95% CI –7.78 to –5.76); DAN scores between breastfeeding and glucose 

groups were not significant; supplemental breast milk did not result in a significant change in HR, SpO2

or cry duration when compared with placebo; supplemental breast milk significantly increased duration 

of crying time (MD = 33.17, 95% CI 12.08 to 54.26) and HR (MD = 13.80, 95% CI 4.23 to 23.37) 

compared with 25% sucrose; inconclusive evidence for supplemental breast milk in reducing NFCS

scores compared with placebo (2 studies had nonsignificant differences and 1 study reported that breast 

milk significantly reduced NFCS scores); none of the papers reported adverse effects of breastfeeding

Shaio et al (39), 6 NNS for needle NNS significantly reduced HR during painful stimuli (χ2=69.075, P=0.0001, WES = 1.05, 95% CI 0.60 to 

1997, n=9 insertions or heel 1.50) and increased TcPaO2 (χ2=35.301, P=0.0001, WES = 0.69, 95% CI 0.27 to 1.12); longer 

lances duration of NNS resulted in greater effect sizes on reducing HR (2 min WES = 0.46, 95% CI –0.15 

to 1.0; 5 min WES = 2.0, 95% CI 1.27 to 2.74) and increasing TcPaO2 (5 min WES =0.44, 95% CI –0.07 

to 0.88; 8 min WES = 2.11, 95% CI 1.07 to 3.15); NNS had greater effects on increasing TcPaO2 in 

preterm infants (WES = 1.45, 95% CI 0.67 to 2.22) compared with term infants (WES = 0.39, 95% CI 

–0.13 to 0.91); none of the papers reported adverse effects of NNS

DAN Douleur Aiguë Nouveau-né score; HR Heart rate; MD Mean difference; MES Mean effect size; NFCS Neonatal Facial Coding System; NNS Non-nutritive suck-
ing; PIPP Premature Infant Pain Profile; SpO2 Oxygen saturation; TcPaO2 Transcutaneous arterial oxygen level; WES Weighted effect size; WMD Weighted mean
difference
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(41,42). Maternal touching and holding were effective in term
infants only and the effects of this intervention dropped off
rapidly (36). Limitations of the studies included the lack of
blinding of assessors, small sample sizes in the studies, lack of
standardization of interventions and the use of unidimensional
indicators of pain, rather than validated multidimensional or
composite measures of pain. The authors emphasized the
importance of not relying solely on nonpharmacological inter-
ventions when acute pain is more severe. Furthermore, they
recommended that future researchers evaluate the efficacy of
nonpharmacological interventions used alone and in combina-
tion with pharmacological interventions, taking contextual
factors, such as gestational age, and varying levels of severity of
illness and chronic pain states into consideration.

Pinelli et al (35) also evaluated the role of NNS in reducing
pain in preterm and term high-risk infants using validated pain
indicators in four randomized crossover trials. In one study
(42), NNS was effective in reducing pain assessed by the PIPP
(40). Two studies reported statistically significant, but not clini-
cally significant, effects of NNS for painful procedures.
Limitations included randomization and outcome assessors that
were not blinded. The authors recommended NNS for pain
management in high-risk infants. 

Prasopkittikun and Tilokskulchai (36) reported that swad-
dling, maternal holding, touching and positioning were effec-
tive nonpharmacological interventions that reduced pain
using validated pain assessment measures in preterm and term
infants undergoing a heel lance. The authors advised the use of
a combination of these interventions because their effective-
ness may vary across infants.

Shah et al (37) evaluated the effectiveness of breastfeeding
or supplemental administration of breast milk in reducing pro-
cedural pain in preterm and term infants in 11 RCTs or quasi-
RCTs. Breastfeeding significantly reduced physiological pain
indicators (ie, heart rate, crying) and PIPP scores compared
with placebo or positioning. Evidence in one study suggested
that supplemental administration of breast milk resulted in
fewer changes in facial expression compared with infants who
received no intervention; however, results from studies in the
review varied. Supplemental breast milk resulted in higher
increases in changes in heart rate and duration of crying com-
pared with sucrose groups; however, these results were based on
single studies. Limitations included heterogeneity across stud-
ies on previous exposure to breastfeeding or administration of
supplemental breast milk, methods used to assess pain, and the
use of different control interventions. Breastfeeding or the
administration of supplemental breast milk was recommended
as an effective pain-relieving intervention for infants undergo-
ing single painful events.

Shiao et al (39) reported, in nine experimental or quasi-
experimental designs, that NNS was effective in influencing
physiological pain indicators (ie, heart rate and transcutaneous
oxygen levels). The authors reported that only two of the stud-
ies used independent treatment and control groups in the
analysis, and the remaining studies were within-subjects
designs. Only unidimensional measures of pain were used to
assess pain. Despite these limitations, NNS was recommended
during procedural pain.

DISCUSSION
Because little quality assessment has been conducted on system-
atic reviews in acute pain in infants, our goal was to identify

methodologically sound systematic reviews that would provide
clinicians with the best evidence of effective strategies for min-
imizing acute procedural pain and the development of immedi-
ate and long-term consequences. A validated rating tool
(26-28) employed in other studies (27,43) was used to rate the
scientific quality of systematic reviews.

Given that recommendations are abundant in hospital pain
procedures and clinical guidelines, it was most striking that
only a few pharmacological interventions were supported by
high-quality evidence for acute pain management. Effective
pharmacological interventions were limited to DPNB and
EMLA cream for circumcision (29,30,32), and sucrose for sin-
gle painful procedures (22). Nonpharmacological pain inter-
ventions, including the use of pacifiers or NNS (34,35,39),
swaddling (34,36), facilitated tucking (34), and breast milk or
breastfeeding (37) had higher levels of support for reducing
pain during single painful events. However, the crucial issue of
whether these interventions could be used repeatedly was not
addressed in existing reviews.

Systematic reviews and meta-analyses focus on reducing
sources of bias by ensuring that the search strategies are thor-
ough, threats to internal validity of the individual studies are
addressed and results of the studies in the review are appro-
priately combined (27). All Cochrane reviews included in
the present appraisal were rated as having minimal flaws and
received the highest quality ratings. Cochrane reviews gener-
ally report higher levels of methodological quality because
they follow specific guidelines to minimize bias (44).
Although the methodological quality of the reviews were
considered to have minimal flaws, there were common
methodological limitations noted across studies in all of the
reviews (including the Cochrane reviews). These limitations
included small sample sizes, and the heterogeneity of study
participants, interventions and outcomes, including the lack
of validated pain measures to assess pain. Results from pri-
mary studies often did not include sufficient details of the
outcomes measured or did not use common metrics to report
results. These reporting inadequacies precluded meta-analyses
from being conducted on all studies. 

Because few pain-relieving strategies for infants have been
rigorously evaluated, and methodological limitations of these
reviews persist, clinicians are left to ponder the evidence
needed to support their practice. Ongoing reviews on the use
of individual infant pain interventions (both for single and
repeated use) and combined pharmacological and nonphar-
macological interventions (both for single and repeated use)
are required to minimize acute pain as a result of repeated
exposure to painful procedures (9). A small number of sys-
tematic reviews on infant pain management were identified
in the literature. Furthermore, methodological limitations
that exist within the primary studies included in these
reviews highlight the need for more high-quality studies that
evaluate individual and combined pharmacological and non-
pharmacological infant pain interventions using validated
measures of pain.

Research is only one source of evidence that can influence
practice changes; other sources that should be considered when
planning practice changes include the clinical experience of
health professionals, patient preferences and experiences, and
the use of local data and information to inform practice changes
(45). Furthermore, the existence of high-quality evidence is
only the preliminary step in a chain of events for improving
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clinical management of procedural pain in infants. Translating
recommendations from high-quality systematic reviews into
practice requires a complex interactive process.

CONCLUSIONS
Selected pharmacological and nonpharmacological inter-
ventions to treat pain were identified based on high-quality
systematic reviews. Recommendations for these selected
interventions were limited due to the heterogeneity of the
methods of the primary studies included in the reviews.
Despite high-quality systematic reviews of pain interventions
in infants, there is a lack of good-quality evidence that sup-
ports many of the interventions currently described in clini-
cal practice guidelines. Future studies that use validated pain
measures can contribute to the generation of high-quality
systematic reviews. Furthermore, the application of standard
methods of reporting randomized trials (using the
Consolidated Standards of Reporting Trials [CONSORT;
46]) and systematic reviews (using the Quality of Reporting
of Meta-analyses [QUOROM; 25]) will contribute to the

quality of systematic reviews on pain interventions in infants.
Recommendations from these systematic reviews will be inte-
gral to both clinicians and policy makers in planning practice
changes that could ultimately contribute to improved
patient- and system-related outcomes.
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