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KEY POINTS

� Medical procedures involving needle puncture are ubiquitous in contemporary health
care; they are used to diagnose, treat and monitor medical conditions.

� Cumulatively, infants can be exposed to hundreds of needle procedures over the entire
duration of a hospitalization.

� There is sufficient evidence to support the use of nonpharmacologic interventions, partic-
ularly breastfeeding, sweet tasting solutions, and skin-to skin care, as primary strategies
for pain management during common needle puncture procedures.
INTRODUCTION

Medical procedures involving needle puncture are ubiquitous in contemporary health
care; they are used to diagnose, treat, and monitor medical conditions. Healthy infants
This article is an update of an article that originally appeared in Clinics in Perinatology, Volume
40, Issue 3, March 2013.
a Nursing and Child Health Evaluative Sciences, The Hospital for Sick Children, 555 University
Avenue, Toronto M5G 1X8, Canada; b Department of Pediatrics, IWK Health Centre, School of
Nursing, Faculty of Health Professions, Dalhousie University, Halifax, Nova Scotia, Canada;
c Ingram School of Nursing, McGill University, Montreal, Canada; d IWK Health Centre, 5850/
5980 University Avenue, Halifax B3K 6R8, Canada; e Clinical, Social and Administrative Phar-
macy, Leslie Dan Faculty of Pharmacy, University of Toronto, Child Health Evaluative Sciences,
The Hospital for Sick Children, 144 College Street, Toronto, Ontario M5S 3M2, Canada
* Corresponding author.
E-mail address: anna.taddio@utoronto.ca

Clin Perinatol 46 (2019) 709–730
https://doi.org/10.1016/j.clp.2019.08.006 perinatology.theclinics.com
0095-5108/19/ª 2019 Elsevier Inc. All rights reserved.

ownloaded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

mailto:anna.taddio@utoronto.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clp.2019.08.006&domain=pdf
https://doi.org/10.1016/j.clp.2019.08.006
http://perinatology.theclinics.com


McNair et al710

Downlo
undergo about a dozen punctures in their first year of life alone. These procedures
routinely include (1) intramuscular injection of vitamin K to prevent hemorrhagic
disease, (2) intramuscular and subcutaneous injections of immunizations for
vaccine-preventable diseases, and (3) heel lance and/or venipuncture for screening
of conditions such as phenylketonuria, hyperbilirubinemia, hypoglycemia, and hypo-
thyroidism. In approximately 10% to 15% of infants hospitalized for medical condi-
tions such as prematurity, congenital anomalies, jaundice, and infection, additional
needle puncture procedures are undertaken, such as venous cannulation, to enable
administration of nutrition andmedication. A list of common needle procedures under-
taken in hospitalized infants is displayed in Box 1.
Numerous studies have quantified the burden of pain from needle puncture proced-

ures undertaken in hospitalized infants (Table 1). Although estimates vary from study
to study, research findings continue to demonstrate that sick infants or those delivered
preterm routinely experience dozens of procedures per week.1–3 A recent systematic
review demonstrates infants with lower gestational age, lowest birth weights and need
for ventilation have the highest number of needle procedures.3 Cumulatively, infants
can be exposed to hundreds of needle procedures over the entire duration of
hospitalization.
It is important to treat needle pain in infants, not only to reduce acute distress and

suffering, but to also reduce any potential long-term negative impact on brain devel-
opment and functioning.11,12 Despite evidence that pain experienced in infancy can
have long-standing consequences, pain from needle punctures undertaken in infants
remains undertreated.7,8,13 Nonpharmacologic interventions represent a much more
rational approach to minor needle procedures than pharmacologic approaches for
managing needle pain in infants.
The past 3 decades witnessed a surge of research investigating the effectiveness

of nonpharmacologic methods of pain relief. Recent audits of analgesic practices in
hospitalized infants demonstrate that the use of nonpharmacologic interventions sur-
passes analgesic drugs. In 1 study, the use rate for nonpharmacologic interventions
was 18% compared with 2% for pharmacologic interventions.1 In another study,
procedures were more commonly treated with sucrose (14.3%) or other nonpharma-
cologic interventions (33%) compared with pharmacologic interventions (16%).2

Studies even more recently conducted in developing countries demonstrated that
most infants still underwent painful procedures without any analgesic intervention.7,8
Box 1

Needle puncture procedures undertaken in hospitalized infants

Intramuscular injection

Subcutaneous injection

Heel lance

Venipuncture

Venous cannulation

Central line insertion

Arterial puncture

Arterial cannulation

Lumbar puncture

Suprapubic aspiration
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Table 1
Epidemiology of procedural pain in infants in intensive care

No. of Painful Procedures Period of Time
Total Percentage that
Were Needle Punctures

60.8 per patient Total stay 70% Barker & Rutter,4 1995

2–10 per day First 7 d 90% Johnston et al,5 1997

14 per day First 14 d 15.6% Simons et al,6 2003

12–16 per day First 14 d 25.6% Carbajal et al,2 2008

0.8 per day 7 d 94% Johnston et al,1 2011

4.3 per day Total stay 66% Kyololo et al,7 2014

7.5 per patient per day First 14 d 19.8% Jeong et al,8 2014

11.4 per patient per day First 14 d 14% Roofthooft et al,9 2014

6.6 per patient per day Total stay 52.3% Sposito et al,10 2017
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In a very recent study examining pain management over the entire hospital stay of 242
preterm infants, although improvements in provision of pain treatment from 68% to
84% related to heel lance and intravenous therapy, only 37% of infants undergoing
intramuscular injection received any form of pain relief.14 Audits also demonstrate
that organizations with strong pain guidelines for infants can improve the use of non-
pharmacologic interventions.9,15

This article is an overview of current evidence from systematic reviews for the
effectiveness of nonpharmacologic interventions for the management of pain in infants
undergoing needle procedures, including swaddling or containment, pacifier or non-
nutritive sucking, rocking or holding, breastfeeding and breastmilk, skin-to-skin
care, sweet tasting solutions, music therapy, sensorial saturation, and parental pres-
ence. In addition, implementation considerations and areas for future research are
reviewed.

SWADDLING AND CONTAINMENT

Swaddling and containment are interventions that aim to limit the infant’s boundaries,
promote self-regulation, and attenuate physiologic and behavioral stress caused by
acute pain.16,17 These interventions are normally differentiated in that swaddling in-
volves wrapping of the infant in a sheet or blanket; limbs flexed; head, shoulders,
and hips neutral, without rotation; and hands accessible for exploration18; whereas
containment refers to restricting the infant’s motions by holding or using an arm to
place the infant’s arms and legs near the trunk to maintain a flexed in utero posture,
with limbs placed in body midline.14 Containment can be achieved using accessories
such as rolled blankets or commercially sold neonatal boundaries. Containment pro-
vided by a care provider or parent in which they use their hands to a hold the infant in a
side lying, flexed fetal-type position is referred to as facilitated tucking.19 In nonpain
conditions, facilitated tucking has been associated with improved duration of sleep,
neuromuscular development, and motor organization and reduction in physiologic
distress.20

Evidence Summary

The effects of swaddling and containment have been examined in both preterm and
full-term infants undergoing commonly performed tissue-breaking procedures in the
neonatal intensive care unit (NICU). Collectively, 9 studies including infants born at
ownloaded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



McNair et al712

Downlo
less than 37 weeks and 1 study examining the response of term infants up to 1 month,
were reported in a recent systematic review examining the effect of swaddling or tuck-
ing on pain-related distress pain reactivity and pain regulation.17 Additionally, a small
meta-analysis of 4 studies conducted in Thailand reports a larger effect of swaddling
compared with no intervention on pain scores during heel stick in term infants than in
preterm infants.21 Although swaddling and containment may decrease biobehavioral
pain response when compared with no treatment, its effect when compared with other
interventions is considerably less and as such should be considered an adjuvant treat-
ment used in combination with one of the more optimal treatments to be discussed
elsewhere in this article.22

Implementation Considerations

Both containment and swaddling keep the infant in a flexed position and restrain the
infant’s limbs, decreasing the stress caused by motor disorganization, which is trig-
gered by strong stimuli. It is a simple and feasible intervention that should be provided
to infants as an intervention for puncture-related procedural pain. The most limiting
factors impacting the clinical usefulness of swaddling relate to (1) the inability to
adequately visualize an acutely ill infant, (2) interference with control of body temper-
ature overhead heating units, and (3) possible dislodgment of indwelling catheters or
tubing. Conversely, the use of containment either with positional supports or by touch
is a feasible option in these circumstances. There have been some issues raised
regarding the cost-benefit ratio for the use of facilitated touch provided by neonatal
care providers.23 Swaddling or containment is also generally contraindicated for
infants with conditions associated with poor skin integrity, such as extreme prematu-
rity or epidermolysis bullosa.

Research Considerations

The relative effectiveness of the swaddling and containment in infants of different
gestational ages requires additional investigation given the lack of studies con-
ducted in full-term infants and older infants. There is some evidence that the effect
of swaddling may be very beneficial for infants with a higher gestational age.
Swaddled infants with a postconceptional age 31 to 36 weeks seemed to recover
physiologic parameters, specifically elevation in arterial oxygen saturation and
reduction in heart rate, faster than infants with a postconceptional age of 27 to
31 weeks.24 To date, no studies have examined the effect of this intervention in
older infants up to a year, or the sustained effectiveness of swaddling or contain-
ment over ongoing, or across varied procedures. Future research is recommended
to fill these knowledge gaps.
PACIFIER AND NON-NUTRITIVE SUCKING
Evidence Summary

In the absence of breastmilk or supplemental infant formula, non-nutritive sucking,
generally referred to as the placement of a pacifier or a gloved finger in the infant’s
mouth to stimulate a sucking response, has been well-studied and reviewed in a
recent meta-analysis.17 The systematic review consisted of the combined effect
of 6 studies conducted in preterm infants, 7 in full-term infants, and 1 in infants older
than 1month of age. The authors concluded that there is sufficient evidence that suck-
ing is efficacious when compared with no treatment in reducing pain-related distress
reactivity in preterm infants and improving immediate pain-related regulation in
preterm and term infants up to 1 month of age.17
aded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



Nonpharmacologic Management 713

D

The mechanism underlying the calming effect of the orotactile stimulation of non-
nutritive sucking is unknown. Given the immediate onset of the action and rapid
decrease in effect that seems to be associated solely with the action of sucking, it
is unlikely to be opioid mediated.25,26 It may simply be that sensory stimulation derived
from sucking blocks the perception of pain or provides distraction. The most likely hy-
pothesis is that sucking enhances the infants’ ability to self-regulate their behavioral
pain response.27 Other investigators have found that lower heart rate is associated
with non-nutritive sucking28 and that in nonpain conditions less parasympathetic with-
drawal occurs after nipple feeding.27,29

Implementation Considerations

For the most part, non-nutritive sucking is a feasible strategy best used as an adjuvant
therapy. However, limitations to its use do exist, primarily related to infection risk, most
notably in low- to middle-income countries and concerns regarding potential conflict
with increasing movement in the Baby Friendly30 and Neo Baby Friendly Hospital Ini-
tiatives.31 There has however, been recent inclusion of non-nutritive sucking for pain
relief as a medical indication that has lessened this concern.30 Another consideration
with non-nutritive sucking is the need for additional care provider support to ensure
that the pacifier stays in place in the infant’s mouth. This is of primary concern in
sick and younger infants. However, given the trend toward family-integrated care, par-
ents are the logical choice to provide this support.32,33

Research Considerations

Despite the high quality of studies examining the effectiveness of non-nutritive sucking
and pain relief, many questions regarding its use remain unanswered. Although some
evidence exists to suggest that longer sucking times (ie, >3 minutes), may be more ad-
vantageous, there are insufficient data to confirm or refute this hypothesis.17 Addition-
ally, as with many nonpharmacologic measures, there is a paucity of literature
regarding the effectiveness of non-nutritive sucking in older infants, or the sustained
effect across repeated and various tissue breaking and procedures. Sucking-related
benefits may be particularly beneficial in older infants during routine immunization
injections. Last, very little is known regarding the impact of using non-nutritive sucking
for repeated procedural pain on breastfeeding success or the development of oral
aversion. Further research is recommended to examine these issues.
ROCKING AND HOLDING
Evidence Summary

Rocking is considered a gentle back and forth motion that stimulates a vestibular
response. This movement can be accomplished via simulated means, but in the
case of pain relief effectiveness is greater if provided by another person. Holding is
defined as the holding of a clothed infant by either a parent or care provider. The
research evidence for rocking and holding demonstrates some support for the effec-
tiveness of this intervention as a pain-relieving strategy. In a recent meta-analysis,17 2
studies investigated the effect of holding on the pain-related distress pain reactivity of
infants after a painful procedure.34,35 Although rocking or holding without skin contact
was not pain relieving, there did seem to be sufficient evidence to recommend its use
to enhance pain related regulation when compared with no treatment.35–37 Separately,
in a meta-analysis including infants undergoing immunization, there was some evi-
dence for the effectiveness of holding on decrease injection-related pain and distress,
but the mean difference was small and, as such, similar to the treatments described
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elsewhere in this article, should be considered as adjuvant therapies used in combi-
nation with other more effective treatments rather than in isolation.36

Research and Implementation Considerations

Given the small number of studies evaluating rocking and holding and the high hetero-
geneity among them, further investigation is warranted across all age groups. Future
studies should attempt to determine the mechanisms underlying the effects of this
intervention, specifically with respect to skin contact and familiar presence during
holding, which seem to be the salient pain-relieving factors. Also, the extreme impor-
tance of understanding better ways to enhance parental involvement as active partic-
ipants in pain management for their infants cannot be overstated.
BREASTFEEDING AND BREASTMILK
Evidence Summary

There is clear evidence that breastfeeding, when compared with placebo or a no inter-
vention control, effectively decreased pain associated with common needle puncture
procedures in infants.38–41 Results from a recent systematic review conducted by
Benoit and colleagues41 that included 21 studies; 15 evaluated breastfeeding or
breastmilk in term infants, and 6 studies in preterm infants showed that direct breast-
feeding was more effective than holding, skin-to-skin, and sweet tasting solutions in
full-term infants. Breastmilk alone was not as effective.41 A previous systematic
review that included 20 studies (10 pertaining to breastfeeding and 10 investigating
supplemental breastmilk) demonstrated that pain scores derived from unidimensional
and composite pain assessment tools were generally lower in breastfeeding groups
compared with placebo.38 This review also supported that supplemental breastmilk
alone does not seem to be as beneficial as breastfeeding.38 There seems to be
some benefit on heart rate, cry duration, behavioral facial response, and some vali-
dated pain assessment tool scores when compared with placebo; however, the cumu-
lative pooled results regarding its pain-relieving effect are inconsistent.38 A similar
systematic review evaluated 10 studies that found breastfeeding was also beneficial
in decreasing the pain of vaccinations beyond the neonatal period.40

Although the exact mechanism of its pain-relieving effect is unknown, it is most likely
related to the combined effects of close proximity of the mother,25 full ventral skin con-
tact (which may mediate of the release of beta endorphins and oxytocin),42 sucking,
and the effects of other chemicals in milk. The act of breastfeeding may also divert
the infant’s attention from the painful stimulus.43

Implementation Considerations

If a mother is breastfeeding, breastfeeding offers a feasible intervention for pain
management that also promotes mother infant bonding and interaction. Limitations
to its clinical use include (1) the delayed maturation of the sucking reflex of preterm
infants, (2) impaired sucking ability of very sick or critically ill newborns, (3) accept-
ability of the staff to perform procedures during breastfeeding including, that is, dy-
namic considerations, availability of the mother, and flexibility of neonatal team to
reschedule nonurgent procedures, (4) limitation of use to nursing women, and (5)
possible adverse effects.
Little has been reported regarding adverse effects associated with breastmilk

administration in younger or sick infants. One study demonstrated sucking in combi-
nation with breastmilk in preterm infants was effective in decreasing pain during heel
lance.44 Similarly to sweet tasting agents, the provision of small amounts of breastmilk
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to a sick or very preterm infant can be associated with episodes of desaturation or
choking that are transient and without long-term effect. There are no reports, however,
of choking in infants who were breastfed during painful procedures. Practice uptake
considerations previously described with respect to implementation of skin-to-skin
contact are also applicable to the usefulness of breastfeeding, because there is strong
evidence that breastfeeding is effective for needle pain in term infants and infants.

Research Considerations

There is strong evidence that breastfeeding is effective for decreasing needle pain
in term infants and infants. There is limited knowledge regarding the sustained
effect of breastfeeding across time or in combination with other interventions
but there are currently 5 studies comparing these interventions.41,45 As with paci-
fier use, there are some concerns that infants may learn to anticipate breastfeed-
ing with an impending painful procedure. Given that breastfeeding is so frequent
and painful procedures uncommon or rare, it is unlikely that infants will learn to
associate breastfeeding with pain. Nevertheless, this factor has not been evalu-
ated to date and is worthy of future study. In addition, breastmilk is a naturally
occurring agent and future research should investigate potential ways to optimize
the use of expressed breastmilk for ill or preterm infants unable to breastfeed and
undergoing painful procedures.
SKIN-TO-SKIN CARE
Evidence Summary

Ventral skin-to-skin contact between a baby and its mother is commonly referred to as
Kangaroo Mother Care owing to its similarity to marsupial mother–infant behavior.
Because there may be times in which caregivers other than the mother are holding
the infant, it is simply known as kangaroo care or skin-to-skin care. In this paradigm,
the infant wearing only a diaper and cap is placed on the mother’s bare chest between
her breasts and the two are wrapped together with a small blanket, sheet, or a shawl.
Typically the mother sits at about a 60� angle.
Although this practice of holding the infant skin-to-skin exists in many cultures, it

was specifically used as a facsimile of an incubator in Colombia where there was a
shortage of incubators for preterm infants.46,47 Because it provided warmth from
the mother’s body and nutrition from her breasts, it was successful as an incubator
replacement for some preterm infants. Serendipitously, it was noted that infants in
skin-to-skin care were more stable physiologically,48–50 were in quiet sleep for longer
periods of time, and had improved breastfeeding outcomes.51–53 Since the first study
to test this intervention for pain in 2000,54 altogether 25 studies have been included in
a recent systematic review of skin-to-skin care for heel lance, venipuncture, or intra-
muscular injection in preterm and full-term neonates.55

The systematic review demonstrated a reduction on composite pain scores
including physiologic and behavioral indicators (eg, Premature Infant Pain Profile,
Neonatal Infant Pain Scale). No clear pattern of effects on physiologic (eg, heart
rate) and behavioral (eg, facial action) indicators of pain during painful procedures
were reported. After painful procedures, skin-to-skin care was associated with more
stable regulation.
Given the decrease in pain response, and that skin-to-skin care is a cost-neutral

intervention, and that it also facilitates infant regulation and provides warmth and
comfort via skin-to-skin contact, it has a clear role in neonatal pain management. At
present, skin-to-skin care should be recommended as a nonpharmacologic pain
ownloaded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
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management intervention for common needle procedures in preterm infants and may
be considered for full-term infants if breastfeeding is unavailable.

Implementation Considerations

The implementation of skin-to-skin care for procedural pain includes challenges over
and above the introduction of change of any kind.56,57 Some barriers to its implemen-
tation are pragmatic; for instance, the dynamics of taking blood from the heel while the
infant is in skin-to-skin care and the availability of the mother. The stability of the infant,
how it is determined, and the comfort of the staff with putting infants, especially intu-
bated infants with many lines, into skin-to-skin care, as well as the comfort of the staff
in doing a procedure in the presence of the parent are issues that involve educational
efforts.56,58 Unit guidelines that are clear and unambiguous are required to determine
which infants are eligible for skin-to-skin care during painful procedures and strategies
for educating staff and parents regarding how to carry out skin-to-skin care. There are
a variety of resources available (eg, educational videos, skin-to-skin care equipment)
to facilitate successful skin-to-skin care.59 For example, a low padded stool, such as
an ottoman, can be used for staff to sit on to perform a heel lance. The infant’s foot can
be gently pulled out from under the wrap around the mother. A more expensive stool
with variable height settings will allow for different heights of staff or for different pro-
cedures, for example, starting an intravenous line on the scalp. Staff members can
participate in choice of a seat and test its settings before actually using it.56,59

Regarding issues of feasibility of skin-to-skin care, for nonurgent needle proced-
ures, scheduling can often be done to accommodate the mother’s availability. Other
caregivers or providers may substitute if mothers are unavailable.60–62

Research Considerations

The unanswered questions that remain regarding the use of skin-to-skin care for pro-
cedural pain management are numerous. Thus far, all studies have been performed for
a single painful event. Studies examining the efficacy of skin-to-skin care over time
and over multiple procedures are required to determine if it remains effective or be-
comes more or less effective over time.63 The optimal duration of skin-to-skin care
before the painful procedure also warrants further examination. How little is needed
and if there is a lower and an upper limit to age of effectiveness remain unanswered
questions. Although there was a wide range of durations reported in studies included
in the review, from 1 to 80 minutes, no direct comparisons were made.55 The dose
may depend on age, and there have been no studies directly comparing infants of
different gestational age groups, for example, less than or over 32 weeks.

SWEET TASTING SOLUTION
Evidence Summary

Oral sweet tasting solutions (eg, sucrose in water) are the most widely studied
nonpharmacologic intervention for pain management in infants and have been consis-
tently demonstrated to have analgesic effects in infants. Multiple systematic reviews
demonstrate a decrease in behavioral pain behaviors in infants given sweet solutions
during common needle procedures when compared with placebo water or no inter-
vention,39,64–66 and sweet tasting solutions are recommended in consensus state-
ments and clinical practice guidelines.67,68

Implementation Considerations

Although a variety of sweet tasting chemicals have been evaluated, including natural
and artificial, the most widely studied and used in clinical practice is sucrose.64
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Sucrose is a disaccharide composed of glucose and fructose. Sweet tasting solutions
are administered on the infant’s tongue with a pacifier, syringe, or cup. Administration
with a pacifier stimulates continuous non-nutritive sucking, which may improve effec-
tiveness.64 Although this systematic review evaluated a variety of doses, a recent ran-
domized controlled trial determined that 0.1 mL of sucrose may be the minimally
effective dose across preterm infants.69

Previously, as per the systematic review,64 the usual single dose of sucrose was 0.5
to 2.0 mL of 12% to 24% strength (weight/volume); however, lower doses are typically
used in preterm infants (as little as 0.05 mL of 24%) and larger doses in older infants
(as much as 10 mL of 25%).64–66 The onset of action is quick (within seconds), the
peak effect occurs at 2 minutes, and the duration of action is up to 10minutes.70 Calm-
ing effects may last considerably longer than the analgesic effects, as demonstrated
by a study of reduced behavioral distress responses during a subsequent handling
procedure carried out up to 1 hour afterward.71

The mechanism of action by which sweet tasting solution blunts pain responses in
infants has not been fully elucidated70,72; however, it has been speculated to involve
several pathways. One proposed theory is based on the taste-induced release of
endogenous opioids; however, other investigators include dopamine and acetylcho-
line pathways. In addition, sweet tasting solution may induce calming and analgesic
effects through non-nutritive sucking and distraction. Of note, a study failed to demon-
strate an effect on pain-specific brain activity,73 questioning whether sucrose is a true
analgesic. Behavioral indicators of pain, however, were decreased and, at present, the
clinical significance of that study is not known.
Sweet tasting solution is generally well tolerated by infants; adverse effects are rare

and transient, and include choking, bradycardia, and oxygen desaturation.64,74 Data
are sparse, however, regarding long-term effects. In 2 multiple dose studies that
examined sucrose use over the first 7 and 28 days of life in preterm infants, no differ-
ences were reported in neurologic outcomes during the neonatal period.75,76 Howev-
er, 1 study suggested that increasing sucrose consumption was associated with
worse neurobehavioral development scores.75,77 A secondary analysis revealed that
the cut off of 10 doses over 24 hours differentiated those with decreased neurobeha-
vioral scores.75 That, however, is the only report of cumulative dose effects and the
significance of this result is unknown.
Investigation of the possible adverse effects of repeated exposure to sweet tasting so-

lution in early life is ongoing. Two recent preclinical studies using amousemodel inwhich
they randomly assigned 106mice to receive sterilewater or 24%oral sucrose across 1 of
3 exposures (10 times daily handling, touch, or needle prick) aimed to mimic the NICU
context reported that, irrespective of the type of exposure, mice who received repeated
doses of 24% oral sucrose had smaller brain volumes78 and that mice who received
repeated 24% oral sucrose during handling in the neonatal period had poorer short-
term memory in adulthood compared with mice who received water during handling.79

Key issues to be considered when implementing sweet tasting solution analgesia
include (1) guidelines for use (including dosing regimen and administration tech-
niques), (2) procedures for ordering, dispensing and documentation, and (3) methods
of evaluation. Increased use success may be observed in the presence of the
following: a unit guideline, nurse-led ordering, and inclusion of sucrose as part of
admission orders.80 Some centers use commercially available unit-dose products
(eg, Tootsweet, SweetEase) and others use pharmacy-compounded bulk prepara-
tions. Prepackaged products are more convenient, but individual units need to
consider their storage capacities and frequency of use as considerations to which
product they choose.
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Continual monitoring of clinical response is important to document effectiveness
and safety and to allow for individualization of dosing (ie, dose titration to response).
Finally, ongoing communication, support, and reinforcement of practices with staff are
also critical to ensure continued implementation success. The use of sweet tasting so-
lutions as a soothing technique in nonpain scenarios needs to be discouraged and
staff may need reminders to ensure it is not overused.

Research Considerations

Despite the plethora of research with sweet tasting solution, audits of pain manage-
ment practices demonstrate that sweet tasting solution use varies widely among
different practice settings.64 The variability in use of sweet tasting solution may be
due to important knowledge gaps in its pharmacology, including the exact mecha-
nism(s) of action, the relationship between dose and response for infants of different
ages and for different procedures, and the long-term effects with repeated use,
including potential effects on feeding behaviors. In addition, few trials have evalu-
ated the added benefit of sucrose when coadministered with other nonpharmaco-
logic and pharmacologic analgesics, particularly opioids, as well as contextual
factors (eg, unit culture, staffing levels).81 All of these factors may be contributing
to suboptimal use of sweet tasting solution in the clinical setting. Further study of
these issues is recommended to optimize its use in infants undergoing needle
procedures.
Although there remains little evidence linking sucrose to adverse outcome in human

infants, recent reports, despite some limitations in the model, of possible concern in
preterm mice,64,78 warrants further investigation.

MUSIC THERAPY
Evidence Summary

There is some evidence that music therapy may be beneficial in relieving procedural
pain in both full-term and preterm infant. Results from a recent review that included
9 randomized trials examining the efficacy of music for pain associated with circum-
cision and heel lance indicated that newborns exposed to music therapy seem to
have greater physiologic stability and diminished pain response.82

Research and Implementation Considerations

Owing to the poor quality of some of the studies, a large variation in reported out-
comes, and inconsistent findings across procedures, more rigorous trials are needed
to confirm or refute the benefits of for pain relief associated with needle puncture.
Additionally, although neonatal general recommendations report maintaining a range
of 45 to 60 dB,83 little is known regarding the optimal type or decibel level of the music
or potential differences among various gestational age groups.

SENSORIAL SATURATION
Evidence Summary

Sensorial saturation is defined as a multisensorial stimulation consisting of delicate
tactile, gustative, auditory, and visual stimuli84,85 whereby, during the procedure,
the infant’s attention is attracted by massaging the face, speaking to the infant gently,
and instilling a sweet solution on the infant’s tongue. Results from systematic review of
8 studies examining the effect of sensorial saturation for pain relief during heel lance,
intramuscular injection, and endotracheal suctioning demonstrated that pain scores
were lower in the group receiving this intervention.85
aded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



Nonpharmacologic Management 719

D

Implementation Considerations

Sensorial interventions are straightforward and easy to implement. From a cost-
effectiveness perspective, one may argue whether the known benefits outweigh
added costs of associated with the need for a second care provider. As with many
nonpharmacologic interventions, the most logical solution to this concern would be
to increase parental involvement.
One hypothesis addressing the beneficial effect of sensorial stimulation, is derived

from the Gate Control Theory proposed by Melzack and Wall.86 Stimuli traveling
ascending pathways inhibit the nociceptive signals from painful stimuli through
various endogenous mechanisms located along the spino-thalamic tract.87 The stron-
ger these competing stimuli are, including multiple modalities, the more effective they
are in blocking the perception of pain. This finding is in keeping with evidence support-
ing modalities encompassing multiple stimuli and may help to explain why interven-
tions such as kangaroo care, breastfeeding, or sensorial saturation, which involve
tactile, auditory, and olfactory mechanisms are generally more effective than single
modalities.

Research Considerations

Many unanswered questions remain related to mechanism of action regarding these
interventions and what is the optimal dose—that is, finding the balance between too
much and too little stimulation—and potential differences among various gestational
age groups. Additionally, future research should focus on ways to educate and
enhance parent participation so that parents can lead these interventions.
PARENTAL PRESENCE
Evidence Summary

Researchers began evaluating the impact of parental presence and involvement in
their children’s care during painful medical procedures and resuscitation using mostly
observational studies.88–91 Researchers developed a body of evidence for the pediat-
ric emergency department and recent systemic reviews demonstrated that almost
90% of parents want the option of participating in their child’s procedures and
involving parents has no negative effect on emergency staff performing the proced-
ures.88,90 This work has been extended to the pediatric intensive care unit in a variety
of observational studies where both parents and clinicians reported that parental pres-
ence during invasive procedures helps the child significantly.90,91 In this literature, the
child’s perceptions have not been assessed, although in related studies about immu-
nization pain, children have reported a preference for parents to be present.90–92

Overall, parental participation in their infant’s general care has shown that, even in
the absence of formal parental training about pain, parents can impact the use of pain
treatment strategies given to their infants. In 2 separate audits of pain management
practices in the NICU, investigators observed greater use of pain treatments if parents
were present when procedures were being undertaken.1,2 Johnston and colleagues1

found that the presence of parents was associated with an increased use of physical
pain treatment strategies or sweet tasting solutions. Similarly, Carbajal and col-
leagues2 found parental presence to be one of the factors associated with improved
use of specific procedural analgesia. It should be noted, however, that these were
observational designs and a causal link cannot be assumed.
In addition to parental presence, parental education may lead to increased use of

pain treatment strategies via different mechanisms. Parents may participate in the
provision of care, either by providing comfort measures themselves or by advocating
ownloaded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
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for their use with health care providers, who then administer pain treatment interven-
tions. This has been shown across studies whereby parents led use of skin-to-skin
contact, facilitated tucking, and breastfeeding.19,38,55,93

In 2 subsequent studies,94,95 including a qualitative study and a randomized
controlled trial, parents expressed a desire to be involved in pain management.
Eight-five percent of parents (n5 257) in the qualitative study wished to be involved.94

These studies clearly demonstrate parents’ desire for knowledge about infant pain.
When parents have more information, they are more likely to want to participate in
comforting their infant.32–34 In addition, when parents are educated either verbally
or with demonstrations about specific interventions, they have shown they will effec-
tively use the intervention during subsequent painful procedures in their infants.96,97

This has been demonstrated for facilitated tucking and skin-to-skin care.96–98

Separately, randomized controlled trials of parent education about pain interven-
tions for infant vaccination have shown that parent-directed education using a
video99,100 and other electronic resources59,101 increased the use of strategies to
reduce pain during infant immunizations and needle-related procedures.102–104 Giving
parents options of various strategies allows parents to choose the strategy they are
most comfortable with. Studies that review various parental education strategies sup-
port using a wide variety of educational approaches to enhance parental
learning.105–107

Parents with infants in the NICU have expressed a preference to be present during
invasive medical procedures carried out on their infants.88,94,108–111 In 1 qualitative
study, Smith and colleagues112 showed that parental participation in their infant’s
care was a critical coping strategy for parents in the NICU. In an randomized
controlled trial by Franck and colleagues,95 parents who received pain specific educa-
tion were more satisfied than parents in the control group (P<.01) and parents who
received the booklet expressed interest in being actively involved or present for painful
procedures (90% vs 75%; P<.01).
There are also data available that have shown that how mothers’ respond to their

infants’ pain experience is linked with how their infant responds to pain in the
future.113–115 Racine and colleagues115 recently found that a mother’s emotional avail-
ability can predict an infant’s pain-related distress later in infancy. Their longitudinal
observational study also showed mothers who had more secure attachment with their
infant had infants with lower levels of pain-related distress.115 These data suggest that
engaging parents in the earliest days of their infants’ pain management may create this
sense of secure attachment and give parents skills to impact their infant’s response to
pain in later childhood. Moreover, there is some suggestion that a mother’s memories
of her preterm infant’s pain may be associated with later post-traumatic stress symp-
toms, further emphasizing the importance of optimal pain control to enhance maternal
well-being after hospitalization.116

Implementation Considerations

All of the pain management interventions discussed in this review are simple and easy
to use, yet despite evidence and a variety of practice guidelines,15,117 studies show
that many infants still undergo needle procedures without pain management.3,7,8 Par-
ents could easily be present and provide all of these interventions to ensure their infant
receives appropriate pain management.14

Involving parents in providing various nonpharmacologic pain strategies at any age,
but especially in infancy, is not a difficult task, yet research shows that many health
care providers still do not ask parents to participate or even discuss pain management
options with them.14,92,102,104
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Research Considerations

Further studies evaluating parents’ provision of various nonpharmacologic pain man-
agement strategies can be a focus of future research. The majority of evidence
currently available is with parents using facilitated tucking in NICU, skin-to-skin
care, or breastfeeding. Studies with skin-to-skin care are also mostly in the NICU envi-
ronment, but there are some studies in infants undergoing immunization. Further
research with parents’ presence or providing pain management in a variety of settings
is needed. In addition, ongoing research regarding parental learning is also needed.
COMPARISONS AND COMBINATIONS OF NONPHARMACOLOGIC PAIN
MANAGEMENT INTERVENTIONS

There has been increasing research comparing individual nonpharmacologic pain
management interventions as well as their combined effects. When compared with
a sweet tasting solution (oral sucrose), facilitated tucking alone is not as effective in
relieving pain reactivity after a heel lance in very preterm infants.23,118 However, its
use as an adjuvant therapy, in combination with oral sucrose and non-nutritive suck-
ing, seems to be beneficial.23,119 Similarly, non-nutritive sucking alone when com-
bined with sucrose,64 30% glucose,120 or facilitated tucking119 seems to be
synergistic with respect to lower pain scores, less crying, more stable sleep patterns,
and greater physiologic stability. Breastfeeding significantly decreased heart rate
elevation and diminished the proportion of crying time, duration of first cry, and total
crying time compared with positioning (swaddled and placed in a cot), maternal hold-
ing, placebo, pacifier use, no intervention, or oral sucrose group, or both.38 Pain
scores derived from unidimensional and composite pain assessment tools were
generally lower in breastfeeding groups compared with positioning, placebo, or oral
sucrose group, or both. There is some evidence that, when compared with sweet
taste, breastfeeding is at least as effective, may be synergistic, and is potentially
superior to sweet taste.39

In contrast, although supplemental expressed breastmilk provided in the absence of
the mother seems to be of some benefit on heart rate, cry duration, behavioral facial
response, and some validated pain assessment tool scores when compared with pla-
cebo, this was not the case when compared with sucrose 12.5%, 20%, or 25%.
Increases in the heart rate, percentage of time crying, and pain scores were signifi-
cantly higher in the breastmilk group.38 Skin-to-skin care has also been studied in
combination of other therapies. There were 5 studies that used other treatment con-
trols with skin-to-skin care. One compared enhanced skin-to-skin care that added
rocking, singing, and sucking to skin-to-skin care and found no differences in the Pre-
mature Infant Pain Profile or time for heart rate to recover.121 Two studies compared
sweet taste and holding (clothed) by female research assistant in full-term infants dur-
ing heel lance.35 Duration of crying was decreased by both, with an additive effect in
the combination, but facial actions were only decreased with holding.122
SUMMARY

There is sufficient evidence to support the use of nonpharmacologic interventions,
particularlybreastfeeding, sweet tasting solutions, andskin-to skincareasprimary stra-
tegies for painmanagement duringcommonneedlepunctureprocedures. Theyare rec-
ommended for managing acute pain and distress in infants during common needle
procedures (Table 2). Music therapy, sensorial saturation, rocking and holding, swad-
dling and containment pacifier, and non-nutritive sucking would be considered adjunct
ownloaded for Anonymous User (n/a) at Nova Scotia Health Authority from ClinicalKey.com by Elsevier on November 22, 2019.
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Table 2
Recommended use of non pharmacologic measures for selected needle puncture procedures in infants

Procedure
Sweet Tasting
Solution Breastfeeding

Skin -to-
Skin Care Breastmilk

Swaddling or
Containment

Pacifier and
non-nutritive
sucking Music Therapy

Sensorial
Saturation

Parental
Presence

Rocking and
Holding

Intramuscular
injection

X X X As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct

Subcutaneous
injection

X X X As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct

Heel lance X X X As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct

Venipuncture,
venous
cannulation

X X X As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct As adjunct
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therapies based on current evidence and should be used in combination with breast-
feeding, sweet tasting solutions or kangaroo care to ensure adequate management of
needle pain.Despite our limited understandingof the underlyingmechanismsof actions
of nonpharmacologic interventions, there seem to be few documented short-term
harms from their use. Similar to pediatric pain management, where distraction tech-
niques are effective in managing painful procedures,123 the soothing or calming effects
of other nonpharmacologic interventions may only be beneficial in this manner.
Some nonpharmacologic interventions are easily implemented (pacifier or non-

nutritive sucking, swaddling or containment), whereas others need a collaborative
effort (skin-to-skin care, sweet tasting solution). Parents are an untapped resource
and should be encouraged to be involved in providing these measures for their infant
during painful procedures.93 It is clear parents want to be involved and, with proper
knowledge and support, they can.82,95,108

Support from administration and leadership, both formal and informal, are crucial for
the implementation of any of these strategies for procedures.57 Informal leadership is
part of the complex concept of unit culture. The culture of the unit must be accepting
of any implementation.81,124

In summary, needle-related pain is a common experience for infants and as health
care professionals; it behooves us to use all possible strategies to mitigate or prevent
that pain and its negative consequences. Current research evidence suggests that
nonpharmacologic interventions may be used to reduce needle pain.
Best Practices

What is the current practice for managing needle pain for infants?

Best practice, guideline or care path objective
� Provide effective pain management during common needle procedures in infants
� Improve long-term neurologic outcomes by minimizing pain exposures during a key stage of

brain development

What changes in current practice are likely to improve outcomes?

� Use effective non pharmacologic strategies to manage pain during needle procedures

Major recommendations

� Sweet tasting solutions, skin-to-skin care, or breastfeeding can be used as primary strategies
to manage needle pain in infants

� Swaddling and containment, non-nutritive sucking or pacifier, music therapy, breastmilk,
rocking and holding, and sensorial saturation can be used as adjunct treatments with
primary strategies to further decrease pain, as appropriate

� Parental presence may also have some adjunct benefit, via direct and indirect promotion of
pain mitigation strategy use

Summary

Commonly performed needle procedures in infants (heel lance, immunizations, venous
cannulation, venous sampling) should always be undertaken in conjunction with proven
nonpharmacologic strategies to minimize pain
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