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Abstract: Infants born preterm are at a high risk for repeated pain exposure in early life. Despite
valid tools to assess pain in non-verbal infants and effective interventions to reduce pain associated
with medical procedures required as part of their care, many infants receive little to no pain-reliev-
ing interventions. Moreover, parents remain significantly underutilized in provision of pain-reliev-
ing interventions, despite the known benefit of their involvement. This narrative review provides
an overview of the consequences of early exposure to untreated pain in preterm infants, recommen-
dations for a standardized approach to pain assessment in preterm infants, effectiveness of non-
pharmacologic and pharmacologic pain-relieving interventions, and suggestions for greater active
engagement of parents in the pain care for their preterm infant.
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1. Introduction

Ubiquitous exposure to acute pain is inevitable for all infants, for most within the
initial hour and first day(s) after birth as part of recommended medical care [1]. Infants
will undergo a routine intramuscular injection of vitamin K to prevent bleeding [2,3], a
heel lance to collect blood for metabolic testing [4], and many will have routine total se-
rum bilirubin screening [5], blood glucose, or other blood tests within the first days of age.
Additionally, many infants will receive a preventative vaccine by intramuscular injection
(i.e., hepatitis B) shortly after birth, and most children receive recommended immuniza-
tions; upwards of 20 intramuscular injections between two to 18 months of age [6].

For infants delivered preterm, the majority requiring neonatal intensive care, pain
exposure is even higher. Data from Canadian [7] and European [8-11] studies demon-
strate that infants can undergo anywhere from one to 14 procedures per day when hospi-
talized in the neonatal intensive care unit (NICU). A review including 18 studies examin-
ing pain exposure and analgesic practices across numerous countries conducted by Cruz
and colleagues (2016) found that hospitalized neonates were undergoing 7-17 painful
procedures per day, with the most common procedures being heel lancing, naso- and
endo-tracheal suctioning, venipuncture, and insertion of peripheral venous catheters. Ad-
ditional routinely performed painful procedures include intubation, chest tube place-
ment, lumbar puncture, insertion of arterial and venous umbilical catheters and periph-
eral arterial catheters, intramuscular and subcutaneous injections, tape removal, and ret-
inopathy of prematurity eye examinations. Studies in this review reported that infants
went without any form of analgesia during painful procedures ranging from 42-100% of
the time, with the majority of studies reporting no pain treatment [12]. These findings are
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consistent with a prospective observational study over one week in 14 Canadian NICUs
[7]. Predictors of the use of pharmacologic interventions (e.g., opiates) during tissue
breaking procedures included being less ill at birth and receiving high frequency ventila-
tor support, whereas parental presence significantly predicted the use of sweet taste or
non-pharmacologic interventions (i.e., non-nutritive sucking, swaddling, rocking, posi-
tioning, skin-to-skin contact (55C), breastfeeding) [7].

Poorly treated and/or prolonged pain exposure in preterm neonates has been linked
to lasting consequences during a critical time in brain development. For infants delivered
very preterm, controlling for gestational age, severity of illness and morbidity exposure
to early pain-related distress is associated with both immediate physiologic instability and
pain sensitivity as well as long-lasting deleterious impacts on cognition and behavior
[13,14] and poor executive function and visual abilities [15]. A blunting of behavioural
responses, increases in physiological responses, changes to pain thresholds, and altera-
tions in hypothalamic-pituitary-adrenal axis development have been reported in relation
to untreated pain exposure [14,16-20]. Moreover, reduction of brain growth in relation to
pain exposure in infants 24-32 weeks gestational age (GA) during NICU admission, while
controlling for other important factors such as GA at birth and severity of illness, has been
shown [21]. Further studies have demonstrated that cumulative neonatal pain-related
stress in very preterm neonates was associated with alteration in thalamic development
[22], decreased frontal and parietal brain width, altered diffusion measures and functional
connectivity in the temporal lobes, abnormalities in motor behaviour [23], and reduction
in cerebellar size [24]. Emerging evidence suggests that procedural pain exposure in early
life is also associated with epigenetic changes in infants born preterm [25,26].

This paper provides a narrative review of the current best evidence regarding the assess-
ment and management of pain for infants born preterm requiring neonatal intensive care.

2. Assessing Pain in Preterm Infants

Most national and international guidelines on neonatal pain management declare
pain assessment to be essential to achieve optimal pain and stress management [27-30].
The rationale for this is to identify situations when infants experience pain that should be
treated and to avoid analgesic under- or overtreatment. A study from 243 European neo-
natal units showed that the link between assessment of continuous pain and the use of
analgesic drugs was weak [31], suggesting that there was no assurance that preterm in-
fants received effective pain alleviation.

The subjective and complex nature of pain makes pain assessment challenging. Self-
evaluation of pain is the first choice for persons who can express themselves, verbally or
by indicating the intensity of pain at some linear or pictorial scale, but for preterm infants,
this is not an option. Instead, care providers must learn to recognize indicators of pain in
infants and determine when they need pain alleviation based on these signs.

Signs of neonatal pain are categorized into behavioural, physiological, hormonal, or
neurophysiological domains, which can either be observed individually or, preferably, in
combination for better accuracy [32,33] (See Table 1). Since the pain experience is multi-
dimensional, depending on both the intensity of the painful stimuli and on how it is pro-
cessed and interpreted, a multi-dimensional approach to pain assessment is recom-
mended [32]. In addition, other sources of non-pain related stress or discomfort can cause
similar reactions, and those reactions can be dampened by analgesic or sedative drugs, or
by illness. Thus, a combination of pain-signs should increase the specificity of pain assess-
ment [34]. In the following we will outline several stand-alone pain-indicators and their
combination in pain assessment tools. It should be noted that in many cases, how these
indicators are expressed depends on the gestational age, illness, and alert state of the in-
fant. For example, infants that are full-term, healthy, and awake will react with an up-
regulation of the fight-and-flight system, whereas younger, sicker infants or infants in a
deep sleep might instead react with dampened signs.
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Table 1. Indicators of neonatal pain.

Category

Description

Behavioural signs

Alertness and sleep-wake state

A hyper-alert state is often seen during on-going or
prolonged pain

Younger or sicker infants can need longer time to
comfort themselves and return to rest after a painful
event

Body movements and muscle

tension

Full-term infants withdraw limbs from pain, whereas
in preterm infants these responses are more diffuse
and harder to control

Strong infants can react with increased muscle tension
in arms and legs

Younger or sicker infants can turn flaccid

Crying

Healthy, awake, and full-term newborn infants react
with moaning or crying that gets more intense and
with longer duration with increasing discomfort.

In contrast, infants of lower gestational age, sick, in a
sleeping state, or sedated will have difficulties show-
ing a vocal reaction so the absence of crying must not
be taken for absence of pain; crying can often be noted
as a weaker moaning sound

Facial activity, grimacing

Most used facial expressions that are indicators of pain:

o  Brow bulge

o  Squeezed eyes

o  Distinct furrows from the nose to the ends of the
mouth

o  Tense and stretched mouth and tongue

o Raised cheeks

Physiological signs

Heart rate and heart rate varia-

bility (HRV)

In healthy full-term infants, pain triggers an increased
heart rate which leads to increased blood pressure
and a red skin color

Conversely, younger and sicker infants may react
with an increase or decrease in heart rate, possibly
bradycardia

Pain reduces HRV

HRV is best suited for assessing prolonged pain

Respiration rate

In robust infants respiration rate will increase as a re-
sult of acute pain, whereas the opposite, and even ap-
neas can be seen in preterm infants who do not have
energy to trigger the fight-or-flight system

Pain in the thorax-region can lead to impaired breathing

Oxygen saturation

Changes in oxygen saturation follows pain-associated
changes in respiration and heart rate

Both an increase and decrease of oxygen saturation
can be seen, depending on the context

Cortisol

Increased levels can be seen after surgery [35] and
painful procedures [36]

Measured in plasma, saliva, or urine

High variability, more useful in research than clinically

Neurophysiological signs




Children 2022, 9, 244

4 of 18

Cerebral oxygenation

Pain measured with Near Infrared Spectroscopy
(NIRS) associated with cerebral activation and
changes in oxygenated and deoxygenated haemoglo-
bin concentration in the brain

An increase in oxygenated haemoglobin is assumed to
reflect neuronal activation caused by pain

NIRS is sensitive to movement artefacts [37,38]

EEG, evoked potentials

Multi-channel EEG used as a proxy for neuronal ac-
tivity with the majority of studies reporting on pain-
related event-related potentials during acute painful
procedures [39,40]

Primarily used in research, no standard clinical pain
assessment method/tool

L]
Functional magnetic resonance

imaging (fMRI) .

Has shown which areas in the infant brain are acti-
vated by pain [41,42]

Not relevant as a bedside pain assessment tool

Can help in developing and validating other measures

2.1. Observational Pain Assessment Scales

There are over 40 neonatal pain assessment scales published and even more con-
structed and used in clinical settings [32,43—45]. These are often divided into unidimen-
sional scales that in their turn can be constructed from either single or multiple domains
within the same dimension, or multidimensional scales combining items (see Table 2).

Table 2. Pain Assessment Tools for Term and Preterm Infants.

Acronym/Name

Items

Acute Procedural Pain

ABC [46]

Acuteness, rhythmicity, and continuity of crying

BIIP [47]
Behavioral Indicators of Infant Pain

Behavioral state, brow bulge, eye squeeze, naso-labial
furrow, horizontal mouth stretch, taut tongue, finger
splay, fisting

BPSN [48,49]
Bernese Pain Scale for Neonates

Alertness, duration of crying, time to calm, skin col-
our, eyebrow bulge with eye squeeze, posture,
breathing pattern

DANS [43]
Douleur Aigue Nouveau-ne

Facial expression, limb movements, vocal expression

FANS [50]
Faceless acute neonatal pain scale

HRYV, acute discomfort, limb movements, vocal expres-
sions

FLACC [51]

Face, Legs, Activity,Cry, Consolabil-
ity scale

(validated birth to adolescence)

Face, legs, activity, cry, consolability

NEFCS [52]

Neonatal Facial Coding System
(some validation for post-operative
pain)

Brow bulge, eye squeeze, naso-labial furrow, open
lips, horizontal mouth stretch, vertical mouth stretch,
lip purse, taut tongue, chin quiver

NIPS [53]
Neonatal Infant Pain Scale

Facial expression, cry, breathing patterns, arms, legs,
state of arousal

NIAPAS [54]
Neonatal Infant Acute Pain Assess-
ment Scale

GA, alertness, facial expressions, crying, muscle ten-
sion, breathing, respirator/CPAP, reaction to han-
dling, heart rate, oxygen saturation
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PIPP, PIPP-R [55,56] Premature ~ GA, behavioural state, heart rate, oxygen saturation,
Infant Pain Profile— Revised brow bulge, eye squeeze, naso-labial furrow

Post-operative Pain
N-PASS [57]
Neonatal Pain, Agitation and Sedation Crying/irritability, behavior state, facial expression,
Scale (some validation for acute pro- extremities tone, vital signs
cedural pain)

PAT [58] Posture/tone, sleep pattern, expression, colour, cry,

. respirations, heart rate, oxygen saturation, blood
Pain Assessment Tool p Y8

pressure, nurse’s perception

Prolonged Pain
ALPS-Neo [59]
Astrid Lindgren and Lund Children’s
Hospital’s Pain and Stress Assess-
ment Scale for Preterm and Sick
Newborn Infants

Facial expression, breathing pattern, tone of extremi-
ties, hand/foot activity, level of activity

COMFORT neo [60] Alertness, calmness/agitation, respiratory response,

i t, facial i 1
(Also validated for sedated infants) crying, body movement, facial tension, body muscle

tone

EDIN [61] Facial activity, body movements, quality of sleep,
Echelle Douleur Inconfort Nouveau-né quality of contact with nurses, consolability

MAPS [62]

Multidimensional Assessment of ~ Vital signs, breathing pattern, facial expressions, body
Pain Scale movement, state of arousal

(Validated Birth to 31 months)

2.2. What Are the Most Sensitive and Specific Pain Assessment Tools?

A good pain assessment tool should detect all painful situations (high sensitivity),
discriminate pain from non-painful situations (high specificity), measure a specific type
of pain they are supposed to measure (good validity), give the same results when used
repetitively or by different observers (good reliability), and, establish if a pain-relieving
intervention was effective (good responsiveness) [63]. The choice of what pain assessment
tool to use depends on the purpose, age of the population, and type of pain being assessed. A
review of 352 clinical trials on neonatal pain revealed that 16% of the studies reported using
pain scales that were not validated for the studied specific neonatal population or pain type
[43], raising concerns regarding the validity of the findings. The clinical utility of the tool (ease
of use in clinical settings) is also an essential component of consistent neonatal pain assess-
ment. The most commonly used tool in clinical studies was PIPP/PIPP-R (154 studies), fol-
lowed by NIPS (84 studies), NFCS (33 studies) and DAN (20 studies) [43].

2.3. Automatic Pain Assessment

There have been increasing attempts to use artificial intelligence and machine learn-
ing to analyze signals from preterm infants to evaluate if they indicate pain. An example
is the ABC analyzer, which is an automated computer crying frequency analyzer that has
shown correlation with the DAN-score during heel prick [64]. Despite numerous reports
[65-67] to date, there is no system ready for clinical use.

2.4. Using Pain Assessment to Deliver Adequate Pain Alleviation

Several studies have examined the effects of implementing neonatal pain assessment,
however, even if improved process outcomes have been seen, more research on the out-
comes on patient level (i.e., if neonatal pain is alleviated) is needed [68]. In the clinical
context there is a need for clear guidelines on how and when to assess pain, and above all,
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what to do with the results. Healthcare providers are recommended to follow an algo-
rithm, or pathway, with different actions for different pain scores (e.g., to assess more
often, use comfort measures, or give analgetic drugs) [69,70].

3. Management of Neonatal Pain
3.1. Breastfeeding and Breast Milk Feeding

Breastfeeding (direct latching of the neonate at the breast with active sucking and
swallowing, ideally for at least two minutes prior to a painful procedure) and expressed
breastmilk feeding have been studied for their pain reducing benefit. Direct breastfeeding
may not be a feasible intervention in very preterm infants but should be considered in less
preterm infants able to latch and suck at the breast. In the most recent Cochrane systematic
review and meta-analysis, Shah et al. (2012) reported on findings from 20 studies examin-
ing the pain-reducing benefit of direct breastfeeding (10 studies n = 1075 infants) and ex-
pressed breastmilk feeding (10 studies, n = 996) during routine minor acute painful pro-
cedures in full-term infants [71]. Additionally, a subsequent systematic review reported
on 15 studies (n = 1908) examining breastfeeding and expressed breastmilk feeding in full-
term and preterm infants [72].

Direct breastfeeding has consistently been found to be more effective than compara-
tor interventions, such as swaddling [71,73], maternal holding or SSC [74-78], topical an-
esthetics and cooling sprays [79,80], non-nutritive sucking [81], heel warming [82], music
therapy [83], and placebo or no treatment [71,84,85]. Results are mixed when compared to
sweet tasting solutions, however, direct breastfeeding has been found to be as or more
effective [37,86-90]. Studies on the feeding of expressed breastmilk alone and without ma-
ternal contact report mixed results [72]. In those studies reporting a pain-reducing benefit
of expressed breastmilk, sucking maturity [91] and combination of breast milk with other
known pain-reducing strategies [92,93] were identified as factors that may contribute to
the pain-reducing benefit.

The underlying pain-reducing mechanisms of direct breastfeeding are not fully elu-
cidated. However, given the inconsistent effect of breastmilk provided independent of
maternal contact, it is hypothesized that synergistic benefits of maternal closeness and
SSC[94], maternal odor [95], auditory recognition [96], and sucking [97], contribute to the
effectiveness of breastfeeding as a multi-modality pain-reducing intervention.

3.2. Skin-to-Skin Contact

Skin-to-skin contact (SSC) between an infant and mother (or alternative provider),
first implemented as an alternative to incubator care to support temperature regulation
and neonatal survival after preterm birth [98], was found to help increase time in quiet sleep
state [99] and decreased crying time [100]. Given that quiet sleep state is associated with de-
creased pain response in early pain assessment studies [52,55], researchers began testing the
efficacy of SSC for management of pain during acute procedures in preterm neonates.

In the most recent Cochrane systematic review on SSC for procedural pain in neo-
nates, all studies (25 studies, n =2001) reported favourable findings for SSC [94]. Of the 17
studies (n = 801) that compared SSC to standard care, significant reductions in heart rate
during the painful procedure, crying time, and observational pain scores were found in a
meta-analysis [94]. There is evidence that SSC is as or more effective than sweet tasting solu-
tions [101-103], with SSC providing the same pain-reducing efficacy as sucrose and with sus-
tained effect over repeated heel lance procedures for preterm infants in the NICU [104,105].
Additionally, one study examined neurodevelopmental impacts of providing maternal SSC
compared to sucrose for repeated procedures across NICU hospitalization for preterm infants
and demonstrated no difference between interventions [104]. Studies comparing maternal
SSC with alternative provider (father, alternate female) SSC, have demonstrated that mothers
are marginally more effective than fathers [106] and not significantly different from alternate
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female providers [107]. Based on current evidence [94], SSC should be supported as an effi-
cacious way to reduce preterm infants’ procedural pain.

3.3. Adjuvant Physical Interventions
3.3.1. Facilitated Tucking and Containment Interventions

Facilitated tucking is a physical containment intervention that involves placing
hands on the head and limbs of an infant undergoing a painful procedure to maintain
them in a side-lying flexed fetal position [108]. The most recent Cochrane systematic re-
view and meta-analysis examining the pain-reducing effect of facilitated tucking [97]
demonstrated that term and preterm infants who received facilitated tucking had reduced
pain response immediately following painful procedures (15 studies, n = 445). There ap-
pears to be additional benefit of combining interventions.

Studies have shown that combinations of facilitated tucking and non-nutritive suck-
ing with sucrose [109,110], facilitated tucking with sucrose [111], and facilitated tucking
with non-nutritive sucking [112] were more beneficial compared to any of the interven-
tions alone, in terms of reducing pain behaviours or recovery time after painful procedure.
In this way, there appears to be additional benefit of combining interventions.

3.3.2. Non-Nutritive Sucking

Oral stimulation through sucking on a pacifier has demonstrated pain-reducing
properties in newborns, which is hypothesized to be a result of stimulation of oro-tactile
and mechanoreceptors [113,114]. A Cochrane systematic review and meta-analysis of non-
pharmacologic interventions for newborn procedural pain demonstrated that non-nutri-
tive sucking improved regulation following painful procedures in both full-term and pre-
term neonates, and also improved pain reactivity in full-term neonates [97]. Combination
of non-nutritive sucking with containment interventions [93] and oral sucrose [115] may
improve pain reactivity and regulation following acute needle procedures.

3.3.3. Combined Interventions

One question that has been raised includes whether combining non pharmacologic
interventions could be beneficial. In a recent review, authors reported the findings of 14
studies, on the effectiveness of using sensorial saturation, defined as the combination of
the use of oral sucrose with offered non-nutritive sucking, massage and caregiver voice,
to reduce pain associated with medical procedures in full and preterm infants. Results
indicated that while use of sucrose is likely the most salient component, use of a combined
approach is likely associated with added benefit. The underlying modality of effectiveness
is keeping with evidence supporting modalities encompassing multiple stimuli that in-
volve gustatory, tactile, auditory, and olfactory mechanisms are generally more effective
than single modalities.

3.4. Sweet-Tasting Solutions

Orally administered sucrose is the most extensively studied treatment for the man-
agement of neonatal procedural pain, with 74 randomized controlled trials (1 = 7049) be-
ing included in the most recent Cochrane systematic review and meta-analysis examining
its efficacy [115]. While various concentrations of sucrose have been tested (ranging from
10-50% concentration), the strongest evidence for the pain-reducing effect of 24% sucrose
solution is when combined with non-nutritive sucking. In the three studies [116-118] com-
bined in a meta-analysis (1 = 278), significantly lower Premature Infant Pain Profile (PIPP)
scores were observed for neonates who received 24% sucrose combined with non-nutri-
tive sucking compared to water and non-nutritive sucking at 30-s following heel lance
(WMD =-1.70, 95% CI [-2.13, —-1.26]) and 60-s following heel lance (WMD = -2.14, 95% CI
[-3.34, -0.94]) [115]. Combining sucrose with adjuvant interventions, such as non-nutri-
tive sucking and swaddling, appears to provide added pain-reducing benefit. In their
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multi-center randomized controlled trial, Leng and colleagues (2015) enrolled 615 new-
borns to undergo heel lance in one of four intervention conditions: (1) 24% sucrose, (2)
24% sucrose plus non-nutritive sucking, (3) oral sucrose combined with swaddling, or (4)
oral sucrose combined with both non- nutritive sucking and swaddling. A synergistic ef-
fect of sucrose and adjuvant interventions was found, with the combination of sucrose,
non-nutritive sucking, and swaddling producing the most analgesic effects as measured
by the revised Neonatal Facial Coding Scale, heart rate, and oxygen saturation [119].

Very few studies have examined the long-term effects of repeated sucrose admin-
istration. A systematic review of eight studies examining the efficacy and safety of re-
peated oral sucrose for procedural pain suggests that evidence is supportive of the safety
and efficacy of repeated sucrose administration, however, results were mixed [120]. Pre-
clinical studies using mouse models to mimic preterm neonatal pain and sucrose exposure
in critical care suggests that exposure to repeated doses of 24% oral sucrose is associated
with smaller brain volumes [121] and poorer short-term memory in adulthood compared
to mice who received water [122]. One clinical study including 107 preterm infants born
less than 31 weeks reported that infants who received greater than 10 doses of sucrose per
day were prone to poorer attention and motor development outcomes [123]. Data on ap-
propriate dosing of sucrose is limited, however, there is evidence to suggest that smaller
volumes (0.1 mL, 0.2 mL) provide the same benefit in reducing pain using composite pain
measures when compared to larger (e.g., 0.5-1.0 mL) sucrose volumes [124,125]. It is im-
portant to note that sucrose should be administered to the tip of the tongue 2 min prior to
the procedure, may be repeated throughout the procedure and should not be given via an
oral or naso-gastric tube.

3.5. Pharmacological Interventions for Neonatal Pain

Despite significant progress that has been made over the past three decades address-
ing the prevention, assessment, and management of neonatal pain, many questions re-
main regarding optimal use of pharmacological agents. Lack of efficacy data and uncer-
tainty regarding long-term outcomes are two of the primary research gaps that clinicians
face when attempting to manage neonatal pain [126]. Moreover, the optimal approach to
the management of pain-related distress also remains unclear. Despite these uncertainties,
recognition of the significant adverse effects of untreated pain in early life and some ex-
isting evidence has led to the consistent inclusion of pharmacologic agents in pain pre-
vention and management guidelines for neonates [28,127-129].

The most used non-opioid analgesic to manage pain in children including neonates
is paracetamol (acetaminophen). While commonly used in older children and adult pop-
ulations, non-opioid agents such as NSIADs, gabapentin, and dexmedetomidine are con-
traindicated or less commonly used in neonatal populations. Local topical and regional
agents are also utilized with variable uptake across neonatal units, while the mainstay for
post-operative procedures includes opioids such as morphine and fentanyl. Adjuvant
agents are also used for the management of pain-related distress and refractory pain. An
overview of the use of these agents is included below.

3.5.1. Non-Opioid Analgesics

Paracetamol

Based on current best evidence, paracetamol does not provide effective pain relief for
infants undergoing procedural pain, despite its frequent use [130,131]. In a Cochrane re-
view of eight studies including 614 infants, paracetamol when compared with water,
cherry elixir, or Eutectic Mixture of Local Anesthetics (EMLA) cream did not reduce pain
associated with heel lance nor reduce pain associated with examinations [130]. There is
some evidence that paracetamol has opioid-sparing effects for major pain and post-oper-
ative conditions and is effective in treating minor to moderate pain conditions [126]. A
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recent consensus statement from the Enhanced Recovery After Surgery (ERAS) Society
recommends that unless contraindicated, regular dosing (not on an ““as needed” basis) of
paracetamol following neonatal intestinal surgery during the early postoperative period
(to minimize but not replace opioid use) should be used [132].

Alternative Non-Opioid Agents

Despite the widespread use of non-steroidal anti-inflammatory drugs (NSAIDs) to
treat pain in older pediatric populations, their use for neonatal populations is less com-
mon. Given the risk associated with renal injury and gastrointestinal bleeding, most
NSAIDs such as ketorolac are not approved for use in infants less than six months of age,
with greatest risk reported in infants less than three weeks of age and those delivered
preterm [133].

Given the positive benefits of pain relief and opioid sparing in older children and
adults, there is increasing interest in the use of dexmedetomidine and gabapentin to treat
postoperative pain and pain-related distress in neonates. Their use remains off-label,
given the lack of FDA approval, in neonatal populations. To date, only a few small studies
have been reported. Dexmedetomidine has been associated with less respiratory depres-
sion or gastrointestinal dysmotility when compared to fentanyl [134], and there is some
suggestion that the use of alpha-2 agonists such as dexmedetomidine may be neuropro-
tective [135]. Gabapentin, a g-aminobutyric acid analogue, has been reported to be poten-
tially beneficial in treating irritability and refractory pain-related distress in neonates
[136]. Despite these promising findings, further study regarding their efficacy and safety
are warranted before routine use can be recommended.

3.5.2. Local Anesthetics

Regional

There is increasing interest in the use of spinal and epidural anesthesia for postoper-
ative pain management in neonates. Local agents such as bupivacaine, lidocaine, or ropi-
vacaine can be administered as regional anesthesia in awake patients for minor surgeries
such as inguinal hernia repair and circumcision, or for procedures such as chest tube
placement [137,138]. The use of regional anesthesia has been associated with reduced ap-
nea and bradycardia in the postoperative period but was not associated with a decrease
in postoperative opioid use [138]. Variability in availability of skilled practitioners has
been cited as one of the reasons that this approach is underused [139].

Topicals

Considerable variation in degree of efficacy regarding the use of topical anaesthetics
in neonates has been reported across procedures [140]. There is some evidence that the
use of topical anesthetic eye drops reduces pain associated with routine eye examinations
and screening conducted in the NICU [141], although its use does not provide optimal
pain relief, and as such should be used in combination with sweet tasting solution or an
effective non-pharmacologic intervention [142]. Additionally, topical agents such as
EMLA, a combination of 2.5% prilocaine and 2.5% lidocaine, has been shown to reduce
pain associated with lumbar puncture at the time of needle insertion [143], although cau-
tion regarding the application is required especially in very preterm infants [140]. While
topical anaesthetics have demonstrated some effectiveness for reducing circumcision-re-
lated pain [144-147], a recent review of 29 randomized trials demonstrated that topical
anesthetics used as a single agent provided insufficient pain relief [148]. There is also
strong evidence that topical anesthetics are ineffective in reducing the pain associated
with heel lance [149,150], venipuncture [151], insertion of intravenous or intraarterial lines
[152,153], and frenotomy [154].
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3.5.3. Opioids

Opioids are the mainstay for the effective treatment of moderate to severe pain across
all ages, including neonates. The most commonly used agents for neonatal populations
include morphine and fentanyl. Despite the benefits, safe and effective dosing of systemic
drugs (specifically opioids) for pain relief in neonates is challenging, as their neurodevel-
opmental stage makes them highly sensitive to drug effects [155] and can demonstrate
slow drug clearance [156—159]. Opioid overuse, especially in very preterm infants requir-
ing prolonged ventilation, has been associated with adverse effects. Higher exposure to
morphine has been associated with higher incidence of death, intraventricular hemor-
rhage or periventricular leukomalacia, hypotension, prolonged ventilation, and feeding
intolerance [160-163], as well as reduced cerebellar volume and poorer 18-month motor
and cognitive scores [24], when compared with lower morphine exposure.

It is somewhat reassuring to note that studies examining the longer-term impact of
morphine exposure in ex-preterm infants at age five [164], eight, and nine [165] did not report
adverse neurological effects. Additionally, higher dosages of continuous infusion of fentanyl
has been associated with decreased cerebellar growth [166] and poorer neurodevelopmental
outcome at two years of age [167] in contrast to the use of lower dosing [156].

One significant question which remains unanswered relates to the optimal admin-
istration of opioids or adjuvant therapies, either as a continuous infusion or intermittent
bolus, to achieve effective pain reduction and reduce cumulative opioid exposure and risk
for adverse outcome. In the few studies addressing this question, results are mixed. In
post-operative infants (n = 83), while there were no group differences in oxygen satura-
tions levels, infants receiving intermittent boluses demonstrated greater pain scores indi-
cating distress (32 vs. 13%, p <0.001) compared to infants receiving continuous morphine
infusions of 20 ng/mL. In a randomized trial comparing the pharmacokinetics of fentanyl
across 100 neonates, serum fentanyl concentrations were steady in the infants receiving a
continuous infusion (1 mcg/kg loading dose followed by 1 mcg/kg/hour infusion) in con-
trast to wide fluctuations in serum concentration with high-peak concentrations in infants
receiving bolus administration (1 mcg/kg/dose administered every four hours) [168]. Fen-
tanyl bolus administration (1-2 ug/kg/dose) prior to procedural pain was not found to
significantly affect cerebral oxygenation, cerebral tissue oxygen extraction, or cardiac out-
put in stable preterm infants (n = 28) [169]. Similarly, in a large national cohort study ex-
amining the association of early continuous infusions of opioids and/or midazolam with
survival and sensorimotor outcomes at age two years in very premature infants who were
ventilated, infants either received continuous opioid and/or midazolam infusion in the
first week of life (n = 450) or no treatment (1 = 472). Infants in the treated group had im-
proved survival without any difference in moderate or severe sensorimotor impairments
at age two years [170]. More research is needed to determine the best practices for safe
and effective administration of opioids for pain management in neonates.

3.6. Families and Pain Management

Modern neonatal care is family-centered and supports parental presence in the neo-
natal unit and parental involvement in care procedures, including pain management, with
proper counselling and information [171-174] Historically, the parent’s role in pain care
has been significantly underutilized, and there has been a lack of focus on ensuring fami-
lies have the resources they need to best help manage their infant’s pain. Studies show
that parents can recognize their infant’s pain but tend to underestimate it compared to
healthcare professionals [175,176]. A parent who can be with their newborn infant contin-
uously will be able to learn its signs of comfort and discomfort and should be involved in
pain assessment in collaboration with the staff [177].

There is increasing recognition that parents are aware of their infant’s pain. Although
this awareness is stressful for parents [178,179], they want to be informed and contribute
to preventing and alleviating that pain [180]. The important role parents can play in
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reducing the pain their preterm infant endures also strengthens their parental role [181].
Many non-pharmacological pain-alleviating methods are best or even exclusively per-
formed by parents, such as SSC, facilitated tucking, or breastfeeding [182]. Neonatal
healthcare professionals should guide parents, through provision of knowledge and re-
sources, to empower families to be both advocates and active participants for their pre-
term infant’s pain care [177,183], and fully engaged members of the interprofessional
healthcare team [184,185].

4. Conclusions

Despite an increased awareness that newborn infants experience pain, which can
lead to short- and long-term negative health outcomes, management of this pain remains
varied with mixed results on pain alleviation. Validated and appropriate pain assessment
tools should be implemented as a standardized approach for healthcare providers treating
neonates to guide pain-relieving treatments, including pharmacological and non-pharma-
cological interventions. Finally, it is important to engage families in the pain management
of newborns, as parents are a valuable resource who want to be involved in alleviating
the pain of their infant.

Author Contributions: Conceptualization, M.C.-Y.; writing—original draft preparation, M.C.-Y;
writing—review and editing, M.C.-Y., M.E. and B.B.; significant contributions to intellectual con-
tent, M.E. and B.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: We would like to acknowledge the support of Lynsey Rose Alcock for editorial
and formatting contributions. Marsha Campbell-Yeo is supported through a Canadian Institutes of
Health Research New Investigator Award. Britney Benoit is supported through a Nova Scotia
Health Sciences Research Chair.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  World Health Organization. Newborn Care at Birth. Available online: https://www.who.int/maternal_child_adolescent/new-
borns/care_at_birth/en/ (accessed on 1 December 2021).

2. Puckett, RM.; Offringa, M. Prophylactic Vitamin K for Vitamin K Deficiency Bleeding in Neonates. Cochrane Database Syst. Rev.
2000, 2000, CD002776. https://doi.org/10.1002/14651858.CD002776.

3. Ng, E; Loewy, A.D. Guidelines for Vitamin K Prophylaxis in Newborns. Paediatr. Child Health 2018, 23, 394-397.
https://doi.org/10.1093/pch/pxy082.

4.  Therrell, B.L.; Padilla, C.D.; Loeber, ].G.; Kneisser, I; Saadallah, A.; Borrajo, G.J.C.; Adams, J. Current Status of Newborn Screen-
ing Worldwide: 2015. Semin. Perinatol. 2015, 39, 171-187. https://doi.org/10.1053/j.semperi.2015.03.002.

5. Barrington, K.; Sankaran, K. Guidelines for Detection, Management and Prevention of Hyperbilirubinemia in Term and Late
Preterm n | Canadian Paediatric Society. Paediatr. Child Health 2018, 12, 1B-12B.

6. Centers for Disease Control and Prevention (CDC). Birth-18 Years Immunization Schedule. Available online:
https://www.cdc.gov/vaccines/schedules/hcp/imz/child-adolescent.html (accessed on 11 January 2021).

7. Johnston, C,; Barrington, K.J.; Taddio, A.; Carbajal, R.; Filion, F. Pain in Canadian NICUs: Have We Improved over the Past 12
Years? Clin. ]. Pain 2011, 27, 225-232. https://doi.org/10.1097/AJP.0b013e3181fel4cf.

8.  Barker, D.P,; Rutter, N. Exposure to Invasive Procedures in Neonatal Intensive Care Unit Admissions. Arch. Dis. Child. 1995, 72,
47-48.

9.  Carbajal, R.; Rousset, A.; Danan, C.; Coquery, S.; Nolent, P.; Ducrocq, S.; Saizou, C.; Lapillonne, A.; Granier, M.; Durand, P.; et
al. Epidemiology and Treatment of Painful Procedures in Neonates in Intensive Care Units. JAMA 2008, 300, 60-70.
https://doi.org/10.1001/jama.300.1.60.

10. Roofthooft, D.W.E.; Simons, S.H.P.; Anand, K.]J.S.; Tibboel, D.; Van Dijk, M. Eight Years Later, Are We Still Hurting Newborn
Infants? Neonatology 2014, 105, 218-226. https://doi.org/10.1159/000357207.

11.  Simons, S.H.P.; Van Dijk, M.; Anand, K.S.; Roofthooft, D.; van Lingen, R.A.; Tibboel, D. Do We Still Hurt Newborn Babies?

Arch. Pediatr. Adolesc. Med. 2003, 157, 1058-1064. https://doi.org/10.1001/archpedi.157.11.1058.



Children 2022, 9, 244 12 of 18

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cruz, M.D.; Fernandes, A.M.; Oliveira, C.R. Epidemiology of Painful Procedures Performed in Neonates: A Systematic Review
of Observational Studies. Eur. ]. Pain 2016, 20, 489—498. https://doi.org/10.1002/ejp.757.

Vinall, J.; Grunau, R.E. Impact of Repeated Procedural Pain-Related Stress in Infants Born Very Preterm. Pediatr. Res. 2014, 75,
584-587. https://doi.org/10.1038/pr.2014.16.

Walker, S.M. Long-Term Effects of Neonatal Pain. Semin. Fetal Neonatal Med. 2019, 24, 101005.

Doesburg, S.M.; Chau, C.M.; Cheung, T.P.L.; Moiseev, A.; Ribary, U.; Herdman, A.T.; Miller, S.P.; Cepeda, L.L.; Synnes, A.;
Grunau, R.E.; et al. Neonatal Pain-Related Stress, Functional Cortical Activity and Visual-Perceptual Abilities in School-Age
Children Born at Extremely Low Gestational Age. Pain 2013, 154, 1946-1952. https://doi.org/10.1016/j.pain.2013.04.009.
Grunau, R.E.; Holsti, L.; Haley, D.W.; Oberlander, T.; Weinberg, J.; Solimano, A.; Whitfield, M.F.; Fitzgerald, C.; Yu, W. Neonatal
Procedural Pain Exposure Predicts Lower Cortisol and Behavioral Reactivity in Preterm Infants in the NICU. Pain 2005, 113,
293-300. https://doi.org/10.1016/j.pain.2004.10.020.

Grunau, R.E.; Haley, D.W.; Whitfield, M.F.; Weinberg, J.; Yu, W.; Thiessen, P. Altered Basal Cortisol Levels at 3, 6, 8 and 18 Months in
Infants Born at Extremely Low Gestational Age. J. Pediatr. 2007, 150, 151-156. https://doi.org/10.1016/;.jpeds.2006.10.053.

Fitzgerald, M.; Walker, S.M. Infant Pain Management: A Developmental Neurobiological Approach. Nat. Clin. Pract. Neurol.
2009, 5, 35-50. https://doi.org/10.1038/ncpneuro0984.

Fitzgerald, M.; Millard, C.; McIntosh, N. Cutaneous Hypersensitivity Following Peripheral Tissue Damage in Newborn Infants
and Its Reversal with Topical Anaesthesia. Pain 1989, 39, 31-36. https://doi.org/10.1016/0304-3959(89)90172-3.

Grunau, R.E.; Holsti, L.; Peters, ].W.B. Long-Term Consequences of Pain in Human Neonates. Semin. Fetal Neonatal Med. 2006,
11, 268-275. https://doi.org/10.1016/j.siny.2006.02.007.

Brummelte, S.; Grunau, R.E.; Chau, V.; Poskitt, K.J.; Brant, R.; Vinall, J.; Gover, A.; Synnes, A.R.; Miller, S.P. Procedural Pain
and Brain Development in Premature Newborns. Ann. Neurol. 2012, 71, 385-396. https://doi.org/10.1002/ana.22267.

Duerden, E.G.; Grunau, R.E.; Guo, T.; Foong, J.; Pearson, A.; Au-Young, S.; Lavoie, R.; Chakravarty, M.M.; Chau, V.; Synnes,
A.; et al. Early Procedural Pain Is Associated with Regionally-Specific Alterations in Thalamic Development in Preterm Neo-
nates. |. Neurosci. 2018, 38, 878-886. https://doi.org/10.1523/[NEUROSCI.0867-17.2017.

Smith, G.C.; Gutovich, J.; Smyser, C.; Pineda, R.; Newnham, C.; Tjoeng, T.H.; Vavasseur, C.; Wallendorf, M.; Neil, J.; Inder, T.
Neonatal Intensive Care Unit Stress Is Associated with Brain Development in Preterm Infants. Ann. Neurol. 2011, 70, 541-549.
https://doi.org/10.1002/ana.22545.

Ranger, M.; Zwicker, J.G.; Chau, CM.Y.; Park, M.T.M.; Chakravarthy, M.M.; Poskitt, K.; Miller, S.P.; Bjornson, B.H.; Tam,
E.W.Y,; Chau, V; et al. Neonatal Pain and Infection Relate to Smaller Cerebellum in Very Preterm Children at School Age. J.
Pediatr. 2015, 167, 292-298. https://doi.org/10.1016/j.jpeds.2015.04.055.

Provenzi, L.; Giusti, L.; Fumagalli, M.; Tasca, H.; Ciceri, F.; Menozzi, G.; Mosca, F.; Morandi, F.; Borgatti, R.; Montirosso, R.
Pain-Related Stress in the Neonatal Intensive Care Unit and Salivary Cortisol Reactivity to Socio-Emotional Stress in 3-Month-
Old Very Preterm Infants. Psychoneuroendocrinology 2016, 72, 161-165. https://doi.org/10.1016/j.psyneuen.2016.07.010.

Chau, CM.Y,; Ranger, M.; Sulistyoningrum, D.; Devlin, A.M.; Oberlander, T.F.; Grunau, R.E. Neonatal Pain and COMT
Val158Met Genotype in Relation to Serotonin Transporter (SLC6A4) Promoter Methylation in Very Preterm Children at School
Age. Front. Behav. Neurosci. 2014, 8, 409. https://doi.org/10.3389/fnbeh.2014.00409.

Anand, K.J.; International Evidence-Based Group for Neonatal Consensus Statement for the Prevention and Management of
Pain in the Newborn. Arch. Pediatr. Adolesc. Med. 2001, 155, 173-180.

American Academy of Pediatrics: Committee on Fetus and Newborn and Section on Anesthesiology and Pain Medicine Pre-
vention and Management of Procedural Pain in the Neonate: An Update. Pediatrics 2016, 137, e20154271.
https://doi.org/10.1542/peds.2015-4271.

Howard, R;; Carter, R.; Curry, J.; Jain, A.; Liossi, C.; Morton, N.; Rivett, K.; Rose, M.; Tyrrell, J.; Walker, S.; et al. Good Practice
in Postoperative and Procedural Pain Management. Pediatr. Anesth. 2012, 22, 1-79. https://doi.org/10.1111/j.1460-
9592.2012.03838.x.

Lago, P.; Garetti, E.; Merazzi, D.; Pieragostini, L.; Ancora, G.; Pirelli, A.; Bellieni, C.V. Guidelines for Procedural Pain in the
Newborn. Acta Paediatr. Int. ]. Paediatr. 2009, 98, 932-939. https://doi.org/10.1111/j.1651-2227.2009.01291.x.

Anand, K.J.; Eriksson, M.; Boyle, E.; Avila-Alvarez, A.; Andersen, R.; Sarafidis, K.; Polkki, T.; Matos, C.; Lago, P.; Papadouri, T.;
et al. Assessment of Continuous Pain in Newborns Admitted to NICUs in 18 European Countries. Acta Paediatr. Int. |. Paediatr.
2017, 106, 1248-1259.

Eriksson, M.; Campbell-Yeo, M. Assessment of Pain in Newborn Infants. Semin. Fetal Neonatal Med. 2019, 24, 101003.

Maxwell, L.G.; Fraga, M.V.; Malavolta, C.P. Assessment of Pain in the Newborn: An Update. Clin. Perinatol. 2019, 46, 693-707.
Ranger, M.; Johnston, C.C.; Rennick, J.E.; Limperopoulos, C.; Heldt, T.; du Plessis, A.]. A Multidimensional Approach to Pain Assess-
ment in Critically Il Infants during Painful Procedure. Clin. ]. Pain 2013, 29, 613-620. https://doi.org/10.1097/AJP.0b013e31826dfb13.
Franck, L.S.; Ridout, D.; Howard, R.; Peters, J.; Honour, ] W. A Comparison of Pain Measures in Newborn Infants after Cardiac
Surgery. Pain 2011, 152, 1758-1765. https://doi.org/10.1016/j.pain.2011.03.017.

Morelius, E.; Theodorsson, E.; Nelson, N. Stress at Three-Month Immunization: Parents” and Infants’ Salivary Cortisol Response
in Relation to the Use of Pacifier and Oral Glucose. Eur. |. Pain 2009, 13, 202-208. https://doi.org/10.1016/j.ejpain.2008.03.016.
Bembich, S.; Davanzo, R.; Brovedani, P.; Clarici, A.; Massaccesi, S.; Demarini, S. Functional Neuroimaging of Breastfeeding
Analgesia by Multichannel Near-Infrared Spectroscopy. Neonatology 2013, 104, 255-259. https://doi.org/10.1159/000353386.



Children 2022, 9, 244 13 of 18

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Pettersson, M.; Olsson, E.; Ohlin, A.; Eriksson, M. Neurophysiological and Behavioral Measures of Pain during Neonatal Hip
Examination. Paediatr. Neonatal Pain 2019, 1, 15-20. https://doi.org/10.1002/pne2.12006.

Fabrizi, L.; Worley, A.; Patten, D.; Holdridge, S.; Cornelissen, L.; Meek, J.; Boyd, S.; Slater, R. Electrophysiological Measurements
and Analysis of Nociception in Human Infants. J. Vis. Exp. 2011, 58, 3118. https://doi.org/10.3791/3118.

Jones, L.; Laudiano-Dray, M.P.; Whitehead, K.; Meek, J.; Fitzgerald, M.; Fabrizi, L.; Pillai Riddell, R. The Impact of Parental
Contact upon Cortical Noxious-related Activity in Human Neonates. Eur. ]. Pain 2021, 25, 149-159.
https://doi.org/10.1002/ejp.1656.

Goksan, S.; Hartley, C.; Emery, F.; Cockrill, N.; Poorun, R.; Moultrie, F.; Rogers, R.; Campbell, J.; Sanders, M.; Adams, E.; et al.
FMRI Reveals Neural Activity Overlap between Adult and Infant Pain. eLife 2015, 2015, e06356.
https://doi.org/10.7554/eLife.06356.001.

Hartley, C.; Duff, E.P.; Green, G.; Mellado, G.S.; Worley, A.; Rogers, R.; Slater, R. Nociceptive Brain Activity as a Measure of
Analgesic Efficacy in Infants. Sci. Transl. Med. 2017, 9, eaah6122. https://doi.org/10.1126/scitranslmed.aah6122.

Olsson, E.; Ahl, H.; Bengtsson, K.; Vejayaram, D.N.; Norman, E.; Bruschettini, M.; Eriksson, M. The Use and Reporting of Neo-
natal Pain Scales. Pain 2021, 162, 353-360. https://doi.org/10.1097/j.pain.0000000000002046.

De Melo, G.M.; Lélis, A.L.P.d.A.; de Moura, A.F.; Cardoso, M.V.L.M.L.; da Silva, V.M. Pain Assessment Scales in Newborns:
Integrative Review. Revista Paulista de Pediatria 2014, 32, 395-402. https://doi.org/10.1016/j.rpped.2014.04.007.

Duhn, L.J.; Medves, ]. M. A Systematic Integrative Review of Infant Pain Assessment Tools. Adv. Neonatal Care 2004, 4, 126-140.
Bellieni, C.V.; Bagnoli, F.; Sisto, R.; Neri, L.; Cordelli, D.; Buonocore, G. Development and Validation of the ABC Pain Scale for
Healthy Full-Term Babies. Acta Paediatr. 2007, 94, 1432-1436. https://doi.org/10.1111/j.1651-2227.2005.tb01816.x.

Holsti, L.; Grunau, R.E. Initial Validation of the Behavioral Indicators of Infant Pain (BIIP). Pain 2007, 132, 264-272.
https://doi.org/10.1016/j.pain.2007.01.033.

Schenk, K.; Stoffel, L.; Biirgin, R.; Stevens, B.; Bassler, D.; Schulzke, S.; Nelle, M.; Cignacco, E. Acute Pain Measured with the
Modified Bernese Pain Scale for Neonates Is Influenced by Individual Contextual Factors Eur. ]. Pain 2020, 24, 1107-1118.
Schenk, K; Stoffel, L.; Biirgin, R.; Stevens, B.; Bassler, D.; Schulzke, S.; Nelle, M.; Cignacco, E. The Influence of Gestational Age in the
Psychometric Testing of the Bernese Pain Scale for Neonates. BMC Pediatr. 2019, 19, 20. https://doi.org/10.1186/s12887-018-1380-8.
Milesi, C.; Cambonie, G.; Jacquot, A.; Barbotte, E.; Mesnage, R.; Masson, F.; Pidoux, O.; Ferragu, F.; Thevenot, P.; Mariette, ].-B.;
et al. Validation of a Neonatal Pain Scale Adapted to the New Practices in Caring for Preterm Newborns. Arch. Dis. Child. Fetal
Neonatal Ed. 2010, 95, F263-F266. https://doi.org/10.1136/adc.2008.144758.

Merkel, F.; Voepel, S.I; Lewis, T.; Shayevitz, ].R.; Malviya, S. The FLACC: A Behavioral Scale for Scoring Postoperative Pain in
Young Children. Pediatr. Nurs. 1997, 23, 293-297.

Grunau, R.V.; Craig, K.D. Pain Expression in Neonates: Facial Action and Cry. Pain 1987, 28, 395-410.

Lawrence, J.; Alcock, D.; McGrath, P.; Kay, ].; MacMurray, S.B.; Dulberg, C. The Development of a Tool to Assess Neonatal Pain.
Neonatal Netw. 1993, 12, 59-66.

Polkki, T.; Korhonen, A.; Axelin, A.; Saarela, T.; Laukkala, H. Development and Preliminary Validation of the Neonatal Infant
Acute Pain Assessment Scale (NIAPAS). Int. |. Nurs. Stud. 2014, 51, 1585-1594. https://doi.org/10.1016/j.ijnurstu.2014.04.001.
Stevens, B.; Johnston, C.; Petryshen, P.; Taddio, A. Premature Infant Pain Profile: Development and Initial Validation. Clin. J.
Pain 1996, 12, 13-22. https://doi.org/10.1097/00002508-199603000-00004.

Gibbins, S.; Stevens, B.].B.].; Yamada, ].; Dionne, K.; Campbell-Yeo, M.; Lee, G.; Caddell, K.; Johnston, C.; Taddio, A.; Gibbins,
S.; et al. Validation of the Premature Infant Pain Profile-Revised (PIPP-R). Early Hum. Dev. 2014, 90, 189-193.
https://doi.org/10.1016/j.earlhumdev.2014.01.005.

Hummel, P.; Puchalski, M.; Creech, S.D.; Weiss, M.G. Clinical Reliability and Validity of the N-PASS: Neonatal Pain, Agitation
and Sedation Scale with Prolonged Pain. . Perinatol. 2008, 28, 55-60. https://doi.org/10.1038/sj.jp.7211861.

Hodgkinson, K.; Bear, M.; Thorn, J.; Van Blaricum, S. Measuring Pain in Neonates: Evaluating an Instrument and Developing
a Common Language. Aust. J. Adv. Nurs. 1994, 12, 17-22.

Lundqvist, P.; Kleberg, A.; Edberg, A.-K.; Larsson, B.A; Hellstrom-Westas, L.; Norman, E. Development and Psychometric
Properties of the Swedish ALPS-Neo Pain and Stress Assessment Scale for Newborn Infants. Acta Paediatr. 2014, 103, 833-839.
https://doi.org/10.1111/apa.12672.

Van Dijk, M.; Roofthooft, D.W.E.; Anand, K.].S.; Guldemond, F.; de Graaf, J.; Simons, S. Taking Up the Challenge of Measuring
Prolonged Pain in (Premature) Neonates The COMFORTneo Scale Seems Promising. Clin. |. Pain 2009, 25, 607-616.
https://doi.org/10.1097/AJP.0b013e3181a5b52a.

Debillon, T.; Zupan, V.; Ravault, N.; Magny, ].F.; Dehan, M. Development and Initial Validation of the EDIN Scale, a New Tool
for Assessing Prolonged Pain in Preterm Infants. Arch. Dis. Child. 2001, 85, F36. https://doi.org/10.1136/fn.85.1.£36.

Ramelet, A.S.; Rees, N.; McDonald, S.; Bulsara, M.; Abu-Saad, H.H. Development and Preliminary Psychometric Testing of the
Multidimensional Assessment of Pain Scale: MAPS. Paediatr. Anaesth. 2007, 17, 333-340. https://doi.org/10.1111/j.1460-
9592.2006.02115.x.

Meesters, N.; Dilles, T.; Simons, S.; van Dijk, M. Do Pain Measurement Instruments Detect the Effect of Pain-Reducing Inter-
ventions in Neonates? A Systematic Review on Responsiveness. J. Pain 2019, 20, 760-770.

Sisto, R.; Bellieni, C.V.; Perrone, S.; Buonocore, G. Neonatal Pain Analyzer: Development and Validation. Med. Biol. Eng. Comput.
2006, 44, 841-845. https://doi.org/10.1007/s11517-006-0101-x.



Children 2022, 9, 244 14 of 18

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Brahnam, S.; Chuang, C.F.; Shih, F.Y; Slack, M.R. Machine Recognition and Representation of Neonatal Facial Displays of Acute
Pain. Artif. Intell. Med. 2006, 36, 211-222. https://doi.org/10.1016/j.artmed.2004.12.003.

Gholami, B.; Haddad, W.M.M.; Tannenbaum, A.R.R. Relevance Vector Machine Learning for Neonate Pain Intensity Assess-
ment Using Digital Imaging. IEEE Trans. Bio-Med. Eng. 2010, 57, 1457-1466. https://doi.org/10.1109/TBME.2009.2039214.

Roué, J.M.; Morag, I.; Haddad, W.M.; Gholami, B.; Anand, K.J.S. Using Sensor-Fusion and Machine-Learning Algorithms to
Assess Acute Pain in Non-Verbal Infants: A Study Protocol. BM] Open 2021, 11, e039292.

Andersen, R.D.; Olsson, E.; Eriksson, M. The Evidence Supporting the Association between the Use of Pain Scales and Outcomes
in Hospitalized Children: A Systematic Review. Int. J. Nurs. Stud. 2021, 115, 103840.

Hummel, P.; van Dijk, M. Pain Assessment: Current Status and Challenges. Semin. Fetal Neonatal Med. 2006, 11, 237-245.
https://doi.org/10.1016/j.siny.2006.02.004.

Spence, K; Henderson-Smart, D.; New, K.; Evans, C.; Whitelaw, J.; Woolnough, R. Evidenced-Based Clinical Practice Guideline
for Management of Newborn Pain. J. Paediatr. Child Health 2010, 46, 184-192. https://doi.org/10.1111/.1440-1754.2009.01659.x.
Shah, P.S.; Aliwalas, L.I.; Shah, V. Breastfeeding or Breast Milk for Procedural Pain in Neonates. Cochrane Database Syst. Rev.
2012, 12, CD004950. https://doi.org/10.1002/14651858.CD004950.pub3.

Benoit, B.; Martin-Misener, R.; Latimer, M.; Campbell-Yeo, M. Breast-Feeding Analgesia in Infants: An Update on the Current
State of Evidence. J. Perinat. Neonatal Nurs. 2017, 31, 145-159. https://doi.org/10.1097/JPN.0000000000000253.

Yilmaz, D.; Inal, S. Effects of Three Different Methods Used during Heel Lance Procedures on Pain Level in Term Neonates.
Jpn. J. Nurs. Sci. 2020, 17, €12338. https://doi.org/10.1111/jjns.12338.

Modarres, M.; Jazayeri, A.; Rahnama, P.; Montazeri, A. Breastfeeding and Pain Relief in Full-Term Neonates during Immuniza-
tion Injections: A Clinical Randomized Trial. BMC Anesthesiol. 2013, 13, 22. https://doi.org/10.1186/1471-2253-13-22.

Obeidat, H.M.; Shuriquie, M. a. Effect of Breast-Feeding and Maternal Holding in Relieving Painful Responses in Full-Term
Neonates. |. Perinat. Neonatal Nurs. 2015, 29, 248-254. https://doi.org/10.1097/JPN.0000000000000121.

Thomas, T.; Shetty, A.P.; Bagali, P. V Role of Breastfeeding in Pain Response during Injectable Immunisation among Infants.
Nurs. J. India 2011, 102, 3.

Fallah, R.; Naserzadeh, N.; Ferdosian, F.; Binesh, F. Comparison of Effect of Kangaroo Mother Care, Breastfeeding and Swad-
dling on Bacillus Calmette-Guerin Vaccine Injection Pain Score in Healthy Term Neonates by a Clinical Trial. J. Matern.-Fetal
Neonatal Med. 2016, 30, 1147-1150. https://doi.org/10.1080/14767058.2016.1205030.

Marin Gabriel, M.A.; del Rey Hurtado de Mendoza, B.; Jiménez Figueroa, L.; Medina, V.; Iglesias Fernandez, B.; Vazquez
Rodriguez, M.; Escudero Huedo, V.; Medina Malagon, L. Analgesia with Breastfeeding in Addition to Skin-to-Skin Contact
during Heel Prick. Arch. Dis. Child. Fetal Neonatal Ed. 2013, 98, F499-F503. https://doi.org/10.1136/archdischild-2012-302921.
Boroumandfar, K.; Khodaei, F.; Abdeyazdan, Z.; Maroufi, M. Comparison of Vaccination-Related Pain in Infants Who Receive
Vapocoolant Spray and Breastfeeding during Injection. Iran. J. Nurs. Midwifery Res. 2013, 18, 33-37.

Gupta, N.K,; Upadhyay, A.; Agarwal, A.; Goswami, G.; Kumar, J.; Sreenivas, V. Randomized Controlled Trial of Topical EMLA
and Breastfeeding for Reducing Pain during WDPT Vaccination. Eur. ]. Pediatr. 2013, 172, 1527-1533.
https://doi.org/10.1007/s00431-013-2076-6.

Lima, A.H.; Hermont, A.P.; Friche, A.A.D.L. Analgesia in Newborns: A Case-Control Study of the Efficacy of Nutritive and
Non-Nutritive Sucking Stimuli. CoDAS 2013, 25, 365-368. https://doi.org/10.1590/52317-17822013005000002.

Aydin, D,; Inal, S. Effects of Breastfeeding and Heel Warming on Pain Levels during Heel Stick in Neonates. Int. J. Nurs. Pract.
2019, e12734. https://doi.org/10.1111/ijn.12734.

Zhu, J.; He, H.-G.; Zhou, X.; Wei, H.; Gao, Y.; Ye, B.; Liu, Z.; Chan, S.W.-C. Pain Relief Effect of Breast Feeding and Music
Therapy during Heel Lance for Healthy-Term Neonates in China: A Randomized Controlled Trial. Midwifery 2015, 31, 365-372.
https://doi.org/10.1016/j.midw.2014.11.001.

Dar, J.Y.; Goheer, L.; Shah, S.A. Analgesic Effect of Direct Breastfeeding During BCG Vaccination In Healthy Neonates. |. Ayub
Med. Coll. Abbottabad 2019, 31, 379-382.

Erkul, M.; Efe, E. Efficacy of Breastfeeding on Babies’ Pain During Vaccinations. Breastfeed. Med. 2017, 12, 110-115.
https://doi.org/10.1089/bfm.2016.0141.

Chiabi, A.; Eloundou, E.; Mah, E.; Nguefack, S.; Mekone, I.; Mbonda, E. Evaluation of Breastfeeding and 30% Glucose Solution
as Analgesic Measures in Indigenous African Term Neonates. J. Clin. Neonatol. 2016, 5, 46-50. https://doi.org/10.4103/2249-
4847.173269.

Goswani, G.; Upadhyay, A.; Gupta, N.; Chaudhry, R.; Chawla, D.; Sceenivas, V. Comparison of Analgesic Effect of Direct
Breastfeeding, Oral 25% Dextrose Solution, and Placebo during First DPT Vaccination in Health Term Infants: A Randomized
Placebo Contolled Trial. Indian Pediatr. 2013, 50, 649—653. https://doi.org/10.1007/s13312-013-0196-8.

Roue, J.; Rioualen, S.; Nowak, E.; Roudaut, S.; Sizun, J. PS-195 Sucrose Versus Breastfeeding for Venipuncture in Term Infants.
A Randomised, Prospective, Controlled Study with Analysis of The Specific Cortical Response. Arch. Dis. Child. 2014, 99, A183.
https://doi.org/10.1136/archdischild-2014-307384.492.

Rioualen, S.; Durier, V.; Herve, D.; Misery, L.; Sizun, J.; Roue, J.-M. Cortical Pain Response of Newborn Infants to Venepuncture:
A Randomized Controlled Trial Comparing Analgesic Effects of Sucrose Versus Breastfeeding. Clin. ]. Pain 2018, 34, 650-656.
https://doi.org/10.1097/AJP.0000000000000581.



Children 2022, 9, 244 15 of 18

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

Benoit, B.; Newman, A.; Martin-Misener, R.; Latimer, M.; Campbell-Yeo, M. The Influence of Breastfeeding on Cortical and Bio-
Behavioural Indicators of Procedural Pain in Newborns: Findings of a Randomized Controlled Trial. Early Hum. Dev. 2021, 154,
105308. https://doi.org/10.1016/j.earlhumdev.2021.105308.

Holsti, L.; Oberlander, T.F.; Brant, R. Does Breastfeeding Reduce Acute Procedural Pain in Preterm Infants in the Neonatal
Intensive Care Unit? A Randomized Clinical Trial. Pain 2011, 152, 2575-2581. https://doi.org/10.1016/j.pain.2011.07.022.

Rosali, L.; Nesargi, S.; Mathew, S.; Vasu, U.; Rao, S.P.; Bhat, S. Efficacy of Expressed Breast Milk in Reducing Pain during ROP
Screening — A Randomized Controlled Trial. J. Trop. Pediatr. 2015, 61, 135-138. https://doi.org/10.1093/tropej/fmu073.

Peng, H.F.; Yin, T,; Yang, L.; Wang, C.; Chang, Y.C; Jeng, M.]; Liaw, ].J. Non-Nutritive Sucking, Oral Breast Milk, and Facili-
tated Tucking Relieve Preterm Infant Pain during Heel-Stick Procedures: A Prospective, Randomized Controlled Trial. Int. ].
Nurs. Stud. 2018, 77, 162-170. https://doi.org/10.1016/j.ijnurstu.2017.10.001.

Johnston, C.; Campbell-Yeo, M.; Disher, T.; Benoit, B.; Fernandes, A.; Streiner, D.; Inglis, D.; Zee, R. Skin-to-Skin Care for Pro-
cedural Pain in Neonates. Cochrane Database Syst. Rev. 2017, 2017, CD008435. https://doi.org/10.1002/14651858.CD008435.pub3.
Baudesson de Chanville, A.; Brevaut-Malaty, V.; Garbi, A.; Tosello, B.; Baumstarck, K.; Gire, C. Analgesic Effect of Maternal
Human Milk Odor on Premature Neonates: A Randomized Controlled Trial. J. Hum. Lact. Off. ]. Int. Lact. Consult. Assoc. 2017,
33, 300-308. https://doi.org/10.1177/0890334417693225.

Lee, G.Y,; Kisilevsky, B.S. Fetuses Respond to Father’s Voice but Prefer Mother’s Voice after Birth. Dev. Psychobiol. 2014, 56, 1-
11. https://doi.org/10.1002/dev.21084.

Pillai Riddell, R.R.; Racine, N.M.; Gennis, H.G.; Turcotte, K.; Uman, L.S.; Horton, R.E.; Ahola Kohut, S.; Hillgrove Stuart, J.;
Stevens, B.; Lisi, D.M. Non-Pharmacological Management of Infant and Young Child Procedural Pain. Cochrane Database Syst.
Rev. 2015, 10, CD006275. https://doi.org/10.1002/14651858.CD006275.pub3.

Charpak, N.; Ruiz-Pelaez, J.G.; Charpak, Y. Rey-Martinez Kangaroo Mother Program: An Alternative Way of Caring for Low
Birth Weight Infants? One Year Mortality in a Two Cohort Study [See Comment]. Pediatrics 1994, 94, 804-810.

Ludington-Hoe, S.M.; Johnson, M.W.; Morgan, K.; Lewis, T.; Gutman, J.; Wilson, P.D.; Scher, M.S. Neurophysiologic Assess-
ment of Neonatal Sleep Organization: Preliminary Results of a Randomized, Controlled Trial of Skin Contact with Preterm
Infants. Pediatrics 2006, 117, €909-€923. https://doi.org/10.1542/peds.2004-1422.

Ludington-Hoe, S.M.; Hashemi, M.S.; Argote, L.A.; Medellin, G.; Rey, H. Selected Physiologic Measures and Behavior during
Paternal Skin Contact with Colombian Preterm Infants. J. Dev. Physiol. 1992, 18, 223-232.

Nimbalkar, S.; Shukla, V.V.; Chauhan, V.; Phatak, A.; Patel, D.; Chapla, A.; Nimbalkar, A. Blinded Randomized Crossover Trial: Skin-
to-Skin Care vs. Sucrose for Preterm Neonatal Pain. J. Perinatol. 2020, 40, 896-901. https://doi.org/10.1038/s41372-020-0638-9.

Sen, E.; Manav, G. Effect of Kangaroo Care and Oral Sucrose on Pain in Premature Infants: A Randomized Controlled Trial.
Pain Manag. Nurs. 2020, 21, 556-564. https://doi.org/10.1016/j.pmn.2020.05.003.

Shukla, V.; Chapla, A.; Uperiya, J.; Nimbalkar, A.; Phatak, A.; Nimbalkar, S. Sucrose vs. Skin to Skin Care for Preterm Neonatal
Pain Control — A Randomized Control Trial. J. Perinatol. 2018, 38, 1365-1369. https://doi.org/10.1038/s41372-018-0193-9.
Campbell-Yeo, M.; Johnston, C.C.; Benoit, B.; Disher, T.; Caddell, K.; Vincer, M.; Walker, C.-D.; Latimer, M.; Streiner, D.L.; Inglis,
D. Sustained Efficacy of Kangaroo Care for Repeated Painful Procedures over Neonatal Intensive Care Unit Hospitalization: A
Single-Blind Randomized Controlled Trial. Pain 2019, 160, 2580-2588. https://doi.org/10.1097/j.pain.0000000000001646.

Gao, H,; Xu, G,; Gao, H.; Dong, R; Fu, H.; Wang, D.; Zhang, H.; Zhang, H. Effect of Repeated Kangaroo Mother Care on Re-
peated Procedural Pain in Preterm Infants: A Randomized Controlled Trial. Int. ]. Nurs. Stud. 2015, 52, 1157-1165.
https://doi.org/10.1016/j.ijnurstu.2015.04.006.

Johnston, C.C.; Campbell-Yeo, M.; Filion, F. Paternal vs Maternal Kangaroo Care for Procedural Pain in Preterm Neonates: A
Randomized Crossover Trial. Arch. Pediatr. Adolesc. Med. 2011, 165, 792-796. https://doi.org/10.1001/archpediatrics.2011.130.
Johnston, C.; Byron, J.; Filion, F.; Campbell-Yeo, M.; Gibbins, S.; Ng, E. Alternative Female Kangaroo Care for Procedural Pain
in Preterm Neonates: A Pilot Study. Acta Paediatr. 2012, 101, 1147-1150. https://doi.org/10.1111/j.1651-2227.2012.02813.x.
Axelin, A.; Salantera, S.; Lehtonen, L. “Facilitated Tucking by Parents” in Pain Management of Preterm Infants-a Randomized
Crossover Trial. Early Hum. Dev. 2006, 82, 241-247. https://doi.org/10.1016/j.earlhumdev.2005.09.012.

Liaw, J.J.; Yang, L.; Katherine Wang, K.-W.W.; Chen, C.-M.M.; Chang, Y.-C.C,; Yin, T. Non-Nutritive Sucking and Facilitated
Tucking Relieve Preterm Infant Pain during Heel-Stick Procedures: A Prospective, Randomised Controlled Crossover Trial. Int.
J. Nurs. Stud. 2012, 49, 300-309. https://doi.org/10.1016/j.ijnurstu.2011.09.017.

Liaw, J.J.; Yang, L.; Lee, C.M.; Fan, H.C.; Chang, Y.C.; Cheng, L.P. Effects of Combined Use of Non-Nutritive Sucking, Oral
Sucrose, and Facilitated Tucking on Infant Behavioural States across Heel-Stick Procedures: A Prospective, Randomised Con-
trolled Trial. Int. ]. Nurs. Stud. 2013, 50, 883-894. https://doi.org/10.1016/j.ijnurstu.2012.08.021.

Cignacco, E.L.; Sellam, G,; Stoffel, L.; Gerull, R.; Nelle, M.; Anand, KJ.S.; Engberg, S. Oral Sucrose and “Facilitated Tucking” for Re-
peated Pain Relief in Preterms: A Randomized Controlled Trial. Pediatrics 2012, 129, 299-308. https://doi.org/10.1542/peds.2011-1879.
Perroteau, A.; Nanquette, M.-C.; Rousseau, A.; Renolleau, S.; Berard, L.; Mitanchez, D.; Leblanc, J. Efficacy of Facilitated Tucking
Combined with Non-Nutritive Sucking on Very Preterm Infants” Pain during the Heel-Stick Procedure: A Randomized Con-
trolled Trial. Int. J. Nurs. Stud. 2018, 86, 29-35. https://doi.org/10.1016/j.ijnurstu.2018.06.007.

Anseloni, V.; Ren, K; Dubner, R.; Ennis, M. Ontogeny of Analgesia Elicited by Non-Nutritive Suckling in Acute and Persistent
Neonatal Rat Pain Models. Pain 2004, 109, 507-513. https://doi.org/10.1016/j.pain.2004.02.031.

Carbajal, R.; Gall, O.; Annequin, D. Pain Management in Neonates. Expert Rev. Neurother. 2004, 4, 491-505.
https://doi.org/10.1586/14737175.4.3.491.



Children 2022, 9, 244 16 of 18

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Stevens, B.; Yamada, J.; Gy, L.; Ohlsson, A. Sucrose for Analgesia in Newborn Infants Undergoing Painful Procedures. Cochrane
Database Syst. Rev. 2016, 2017, CD001069. https://doi.org/10.1002/14651858.CD001069.pubb.

Gibbins, S.; Stevens, B.; Hodnett, E.; Pinelli, J.; Ohlsson, A.; Darlington, G. Efficacy and Safety of Sucrose for Procedural Pain
Relief in Pretem and Term Neonates. Nurs. Res. 2002, 51, 375-382. https://doi.org/10.1097/00006199-200211000-00005.

Stevens, B.; Johnston, C.; Franck, L.; Petryshen, P.; Jack, A.; Foster, G. The Efficacy of Developmentally Sensitive Interventions
and Sucrose for Relieving Procedural Pain in Very Low Birth Weight Neonates. Nurs. Res. 1999, 48, 35-43.
https://doi.org/10.1097/00006199-199901000-00006.

Asmerom, Y; Slater, L.; Boskovic, D.S.; Bahjri, K.; Holden, M.S,; Phillips, R.; Deming, D.; Ashwal, S.; Fayard, E.; Angeles, D.M.
Oral Sucrose for Heel Lance Increases Adenosine Triphosphate Use and Oxidative Stress in Preterm Neonates. |. Pediatr. 2013,
163, 29-35. https://doi.org/10.1016/j.jpeds.2012.12.088.

Leng, HY.; Zheng, X.-L.; Zhang, X.-H.; He, H.-Y.; Tu, G.-F.; Fu, Q. Shi, S.-N.; Yan, L. Combined Non-pharmacological Interventions
for Newborn Pain Relief in Two Degrees of Pain Procedures: A Randomized Clinical Trial. Eur. ]. Pain 2016, 20, 989-997.
https://doi.org/10.1002/ejp.824.

Gao, H,; Gao, H; Xu, G.; Li, M,; Du, S; Li, F.; Zhang, H.,; Wang, D. Efficacy and Safety of Repeated Oral Sucrose for Repeated Proce-
dural Pain in Neonates: A Systematic Review. Int. J. Nurs. Stud. 2016, 62, 118-125. https://doi.org/10.1016/j.ijnurstu.2016.07.015.
Tremblay, S.; Ranger, M.; Chau, C.M.Y; Ellegood, J.; Lerch, J.P.; Holsti, L.; Goldowitz, D.; Grunau, R.E. Repeated Exposure to
Sucrose for Procedural Pain in Mouse Pups Leads to Long-Term Widespread Brain Alterations. Pain 2017, 158, 1586-1598.
https://doi.org/10.1097/j.pain.0000000000000961.

Ranger, M.; Tremblay, S.; Chau, CM.Y.; Holsti, L.; Grunau, R.E.; Goldowitz, D. Adverse Behavioral Changes in Adult Mice Following
Neonatal Repeated Exposure to Pain and Sucrose. Front. Psychol. 2019, 9, €2394. https://doi.org/10.3389/fpsyg.2018.02394.

Johnston, C.C.; Filion, F.; Snider, L.; Majnemer, A.; Limperopoulos, C.; Walker, C.-D.D.; Veilleux, A.; Pelausa, E.; Cake, H.; Stone,
S.; et al. Routine Sucrose Analgesia during the First Week of Life in Neonates Younger than 31 Weeks’ Postconceptional Age.
Pediatrics 2002, 110, 523-528. https://doi.org/10.1542/peds.110.3.523.

Tanyeri-Bayraktar, B.; Bayraktar, S.; Hepokur, M.; Giizel Kiran, G. Comparison of Two Different Doses of Sucrose in Pain Relief.
Pediatr. Int. 2019, 61, 797-801. https://doi.org/10.1111/ped.13914.

Stevens, B.; Yamada, J.; Campbell-Yeo, M.; Gibbins, S.; Harrison, D.; Dionne, K.; Taddio, A.; McNair, C.; Willan, A.; Ballantyne,
M.; et al. The Minimally Effective Dose of Sucrose for Procedural Pain Relief in Neonates: A Randomized Controlled Trial. BMC
Pediatr. 2018, 18, 85. https://doi.org/10.1186/s12887-018-1026-x.

McPherson, C.; Ortinau, C.M.; Vesoulis, Z. Practical Approaches to Sedation and Analgesia in the Newborn. J. Perinatol. 2020,
41, 383-395.

Balice-Bourgois, C.; Zumstein-Shaha, M.; Vanoni, F.; Jaques, C.; Newman, C.; Simonetti, G. A Systematic Review of Clinical Practice
Guidelines for Acute Procedural Pain on Neonates. Clin. ]. Pain. 2020, 36, 390-398. https://doi.org/10.1097/AJP.0000000000000808.
Barrington, K,; Batton, D.; Finley, G.; Wallman, C.; Committee on Fetus and Newborn; Section on Surgery, Section of Anesthe-
siology and Pain Medicine; Canadian Paediatric Society Fetus and Newborn Committee. Prevention and Management of Pain
in the Neonate: An Update. Pediatrics 2006, 118, 2231-2241. https://doi.org/10.1542/peds.2006-2277.

Lago, P.; Garetti, E.; Bellieni, C.V.; Merazzi, D.; Savant Levet, P.; Ancora, G.; Pirelli, A. Systematic Review of Nonpharmacolog-
ical Analgesic Interventions for Common Needle-Related Procedure in Newborn Infants and Development of Evidence-Based
Clinical Guidelines. Acta Paediatr. Int. ]. Paediatr. 2017, 106, 864-870. https://doi.org/10.1111/apa.13827.

Ohlsson, A.; Shah, P.S. Paracetamol (Acetaminophen) for Prevention or Treatment of Pain in Newborns. Cochrane Database Syst.
Rev. 2016, 6, 11219. https://doi.org/10.1002/14651858.CD011219.pub2.

Allegaert, K. A Critical Review on the Relevance of Paracetamol for Procedural Pain Management in Neonates. Front. Pediatr.
2020, 8, 89.

Brindle, M.E.; McDiarmid, C.; Short, K.; Miller, K.; MacRobie, A.; Lam, J.Y.K.; Brockel, M.; Raval, M.V.; Howlett, A.; Lee, K.-S.;
et al. Consensus Guidelines for Perioperative Care in Neonatal Intestinal Surgery: Enhanced Recovery After Surgery (ERAS®)
Society Recommendations. World ]. Surg. 2020, 44, 2482-2492. https://doi.org/10.1007/s00268-020-05530-1.

Aldrink, J.H.; Ma, M.; Wang, W.; Caniano, D.A.; Wispe, J.; Puthoff, T. Safety of Ketorolac in Surgical Neonates and Infants 0 to
3 Months Old. |. Pediatr. Surg. 2011, 46, 1081-1085. https://doi.org/10.1016/j.jpedsurg.2011.03.031.

O'Mara, K.; Gal, P.; Wimmer, ].; Ransom, ].L.; Carlos, R.Q.; Dimaguila, M.A.V.T.; Davanzo, C.C.; Smith, M. Dexmedetomidine
Versus Standard Therapy with Fentanyl for Sedation in Mechanically Ventilated Premature Neonates. J. Pediatr. Pharmacol. Ther.
2012, 17, 252-262. https://doi.org/10.5863/1551-6776-17.3.252.

Laudenbach, V.; Mantz, J.; Lagercrantz, H.; Desmonts, ].M.; Evrard, P.; Gressens, P. Effects of A2-Adrenoceptor Agonists on
Perinatal Excitotoxic Brain Injury: Comparison of Clonidine and Dexmedetomidine. Anesthesiology 2002, 96, 134-141.
https://doi.org/10.1097/00000542-200201000-00026.

Sacha, G.L.; Foreman, M.G.; Kyllonen, K.; Rodriguez, R.]. The Use of Gabapentin for Pain and Agitation in Neonates and Infants
in a Neonatal ICU. . Pediatr. Pharmacol. Ther. 2017, 22, 207-211. https://doi.org/10.5863/1551-6776-22.3.207.

Bosenberg, A.; Flick, R. Regional Anesthesia in Neonates and Infants. Clin. Perinatol. 2013, 40, 525-538.
https://doi.org/10.1016/j.clp.2013.05.011.

Jones, L.]J.; Craven, P.D.; Lakkundi, A.; Foster, J.P.; Badawi, N. Regional (Spinal, Epidural, Caudal) versus General Anaesthesia
in Preterm Infants Undergoing Inguinal Herniorrhaphy in Early Infancy. Cochrane Database Syst. Rev. 2015, 2015, CD003669.



Children 2022, 9, 244 17 of 18

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.
156.

157.

158.

159.

160.

161.

162.

163.

Marhofer, P.; Keplinger, M.; Klug, W.; Metzelder, M.L. Awake Caudals and Epidurals Should Be Used More Frequently in
Neonates and Infants. Paediatr. Anaesth. 2015, 25, 93-99.

Foster, ].P.; Taylor, C.; Spence, K. Topical Anaesthesia for Needle-Related Pain in Newborn Infants. Cochrane Database Syst. Rev.
2017, 2017.

Dempsey, E.; McCreery, K. Local Anaesthetic Eye Drops for Prevention of Pain in Preterm Infants Undergoing Screening for
Retinopathy of Prematurity. Cochrane Database Syst. Rev. 2011, 9, CD007645. https://doi.org/10.1002/14651858.cd007645.pub?2.
Disher, T.; Gullickson, C.; Singh, B.; Cameron, C.; Boulos, L.; Beaubien, L.; Campbell-Yeo, M.; Pediatr, J. Pharmacological Treat-
ments for Neonatal Abstinence Syndrome a Systematic Review and Network Meta-Analysis Editorial Supplemental Content.
JAMA Pediatr. 2019, 173, 234-243. https://doi.org/10.1001/jamapediatrics.2018.5044.

Kaur, G.; Gupta, P.; Kumar, A. A Randomized Trial of Eutectic Mixture of Local Anesthetics during Lumbar Puncture in New-
borns. Arch. Pediatr. Adolesc. Med. 2003, 157, 1065-1070. https://doi.org/10.1001/archpedi.157.11.1065.

Brady-Fryer, B.; Wiebe, N.; JA, L. Pain Relief for Neonatal Circumcision. Cochrane Database Syst. Rev. 2004, 2004, CD004217.
https://doi.org/10.1002/14651858.cd004217.pub2.

Lehr, V.T.; Taddio, A. Topical Anesthesia in Neonates: Clinical Practices and Practical Considerations. Semin. Perinatol. 2007,
31, 323-329. https://doi.org/10.1053/j.semperi.2007.07.008.

Yamada, J.; Stinson, J.; Lamba, ].; Dickson, A.; McGrath, P.J.; Stevens, B. A Review of Systematic Reviews on Pain Interventions
in Hospitalized Infants. Pain Res. Manag. 2008, 13, 413—420. https://doi.org/10.1155/2008/232316.

Taddio, A.; Katz, J.; llersich, A.L.; Koren, G. Effect of Neonatal Circumcision on Pain Response during Subsequent Routine
Vaccination. Lancet 1997, 349, 599-603. https://doi.org/10.1016/50140-6736(96)10316-0.

Labban, M.; Menhem, Z.; Bandali, T.; Hneiny, L.; Zaghal, A. Pain Control in Neonatal Male Circumcision: A Best Evidence
Review. J. Pediatr. Urol. 2021, 17, 3-8.

Larsson, B.A.; Norman, M.; Bjerring, P.; Egekvist, H.; Lagercrantz, H.; Olsson, G.L. Regional Variations in Skin Perfusion and
Skin Thickness May Contribute to Varying Efficacy of Topical, Local Anaesthetics in Neonates. Paediatr. Anaesth. 1996, 6, 107—
110. https://doi.org/10.1111/j.1460-9592.1996.tb00370.x.

Stevens, B.; Johnston, C.; Taddio, A.; Jack, A.; Narciso, J.; Stremler, R.; Koren, G.; Aranda, J]. Management of Pain from Heel
Lance with Lidocaine-Prilocaine (EMLA) Cream: Is It Safe and Efficacious in Preterm Infants? J. Dev. Behav. Pediatr. 1999, 20,
216-221. https://doi.org/10.1097/00004703-199908000-00003.

Shah, V.; Taddio, A.; Ohlsson, A. Randomised Controlled Trial of Paracetamol for Heel Prick Pain in Neonates. Arch. Dis. Child.
Fetal Neonatal Ed. 1998, 79, F209-F211. https://doi.org/10.1136/fn.79.3.F209.

Ballantyne, M.; McNair, C.; Ung, E.; Gibbins, S.; Stevens, B. A Randomized Controlled Trial Evaluating the Efficacy of Tetracaine
Gel for Pain Relief from Peripherally Inserted Central Catheters in Infants. Adv. Neonatal Care 2003, 3, 297-307.
https://doi.org/10.1016/j.adnc.2003.09.006.

Yamamoto, L.G.; Boychuk, R.B. A Blinded, Randomized, Paired, Placebo-Controlled Trial of 20-Minute EMLA Cream to Reduce
the Pain of Peripheral IV Cannulation in the ED. Am. ]. Emerg. Med. 1998, 16, 634-636. https://doi.org/10.1016/50735-
6757(98)90163-2.

Shavit, I; Peri-Front, Y.; Rosen-Walther, A.; Grunau, R.E.; Neuman, G.; Nachmani, O.; Koren, G.; Aizenbud, D. A Randomized
Trial to Evaluate the Effect of Two Topical Anesthetics on Pain Response During Frenotomy in Young Infants. Pain Med. 2017,
18, 356-362. https://doi.org/10.1093/pm/pnw(097.

Nandi, R.; Fitzgerald, M. Opioid Analgesia in the Newborn. Eur. ]. Pain 2005, 9, 105-108. https://doi.org/10.1016/j.ejpain.2004.05.005.
Voller, S.; Flint, R.B.; Andriessen, P.; Allegaert, K.; Zimmermann, L.].L; Liem, K.D.; Koch, B.C.P.; Simons, S.H.P.; Knibbe, C.A.].
Rapidly Maturing Fentanyl Clearance in Preterm Neonates. Arch. Dis. Child. Fetal Neonatal Ed. 2019, 104, F598-F603.
https://doi.org/10.1136/archdischild-2018-315920.

Saarenmaa, E.; Neuvonen, P.J.; Fellman, V. Gestational Age and Birth Weight Effects on Plasma Clearance of Fentanyl in New-
born Infants. J. Pediatr. 2000, 136, 767-770.

Allegaert, K.; Simons, S.H.; Vanhole, C.; Tibboel, D. Developmental Pharmacokinetics of Opioids in Neonates. ]. Opioid Manag.
2007, 3, 59-64.

Zuppa, A.F.; Mondick, ].T.; Davis, L.; Cohen, D. Population Pharmacokinetics of Ketorolac in Neonates and Young Infants. Am.
J. Ther. 2009, 16, 143-146. https://doi.org/10.1097/MJT.0b013e31818071d]f.

Anand, K.J.; McIntosh, N.; Lagercrantz, H.; Pelausa, E.; Young, T.E.; Vasa, R. Analgesia and Sedation in Preterm Neonates Who
Require Ventilatory Support: Results from the NOPAIN Trial. Arch. Pediatr. Adolesc. Med. 1999, 153, 331-338.
https://doi.org/10.1001/archpedi.153.4.331.

Anand, K.J.; Hall, RW.; Desai, N.; Shephard, B.; Bergqvist, L.L.; Young, T.E.; Boyle, E.M.; Carbajal, R.; Bhutani, V.K.; Moore,
M.B.; et al. Effects of Morphine Analgesia in Ventilated Preterm Neonates: Primary Outcomes from the NEOPAIN Randomised
Trial. Lancet 2004, 363, 1673-1682. https://doi.org/10.1016/S0140-6736(04)16251-X.

Hall, RW.; Kronsberg, S.S.; Barton, B.A.; Kaiser, ].R.; Anand, K.J.; Group, N.T.I. Morphine, Hypotension, and Adverse Out-
comes among Preterm Neonates: Who's to Blame? Secondary Results from the NEOPAIN Trial. Pediatrics 2005, 115, 1351-1359.
https://doi.org/10.1542/peds.2004-1398.

Bhandari, V.; Bergqvist, L.L.; Kronsberg, S.S.; Barton, B.A.; Anand, K.J.5. Morphine Administration and Short-Term Pulmonary
Outcomes among Ventilated Preterm Infants. Pediatrics 2005, 116, 352-359. https://doi.org/10.1542/peds.2004-2123.



Children 2022, 9, 244 18 of 18

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

De Graaf, J.; Van Lingen, R.A.; Simons, S.H.P.; Anand, K.]J.S.; Duivenvoorden, H.].; Weisglas-kuperus, N.; Roofthooft, D.W.E.;
Groot, L.J.M.; Veenstra, R.R.; Tibboel, D.; et al. Long-Term Effects of Routine Morphine Infusion in Mechanically Ventilated
Neonates on Children’s Functioning: Five-Year Follow-up of a Randomized Controlled Trial. Pain 2011, 152, 1391-1397.
https://doi.org/10.1016/j.pain.2011.02.017.

De Graaf, J.; van Lingen, R.A.; Valkenburg, A.]J.; Weisglas-Kuperus, N.; Groot Jebbink, L.; Wijnberg-Williams, B.; Anand, K.J.S.;
Tibboel, D.; van Dijk, M. Does Neonatal Morphine Use Affect Neuropsychological Outcomes at 8 to 9 Years of Age? Pain 2013,
154, 449-458. https://doi.org/10.1016/j.pain.2012.12.006.

McPherson, C.; Haslam, M.; Pineda, R.; Rogers, C.; Neil, ].J.; Inder, T.E. Brain Injury and Development in Preterm Infants Ex-
posed to Fentanyl. Ann. Pharmacother. 2015, 49, 1291-1297. https://doi.org/10.1177/1060028015606732.

Ancora, G.; Lago, P.; Garetti, E.; Pirelli, A.; Merazzi, D.; Pierantoni, L.; Ferrari, F. Follow-up at the Corrected Age of 24 Months
of Preterm Newborns Receiving Continuous Infusion of Fentanyl for Pain Control during Mechanical Ventilation. Pain 2017,
158, 840-845.

Abiramalatha, T.; Mathew, S.K.; Mathew, B.S.; Shabeer, M.P.; Arulappan, G.; Kumar, M.; Jayaseelan, V.; Kuruvilla, K.A. Con-
tinuous Infusion versus Intermittent Bolus Doses of Fentanyl for Analgesia and Sedation in Neonates: An Open-Label Random-
ised Controlled Trial. Arch. Dis. Child. Fetal Neonatal Ed. 2019, 104, F433-F439. https://doi.org/10.1136/archdischild-2018-315345.
Mitra, S.; Babadagli, M.E.; Hatfield, T.; Depalma, A.; McCord, H.; El-Naggar, W.; Schmélzer, G.M.; McMillan, D.D. Effect of
Fentanyl Boluses on Cerebral Oxygenation and Hemodynamics in Preterm Infants: A Prospective Observational Study. Neona-
tology 2020, 117, 480-487. https://doi.org/10.1159/000508555.

De Tristan, M.A.; Martin-Marchand, L.; Roué, ].M.; Anand, K.J.S.; Pierrat, V.; Tourneux, P.; Kuhn, P.; Milesi, C.; Benhammou,
V.; Ancel, P.Y; et al. Association of Continuous Opioids and/or Midazolam During Early Mechanical Ventilation with Survival
and Sensorimotor Outcomes at Age 2 Years in Premature Infants: Results from the French Prospective National EPIPAGE 2
Cohort. . Pediatr. 2021, 232, 38-47.e8.

Palomaa, A.K.; Korhonen, A.; Polkki, T. Factors Influencing Parental Participation in Neonatal Pain Alleviation. J. Pediatr. Nurs.
2016, 31, 519-527. https://doi.org/10.1016/j.pedn.2016.05.004.

Franck, L.S.; Oulton, K.; Nderitu, S.; Lim, M.; Fang, S.; Kaiser, A. Parent Involvement in Pain Management for NICU Infants: A
Randomized Controlled Trial. Pediatrics 2011, 128, 510-518. https://doi.org/10.1542/peds.2011-0272.

Pierrat, V.; Marchand-Martin, L.; Durrmeyer, X.; Vasante, L.; Burguet, A.; Cambonie, G.; Kuhn, P.; Datin-Dorriere, V.; Durox,
M.; Kaminski, M.; et al. Perceived Maternal Information on Premature Infant’s Pain during Hospitalization: The French
EPIPAGE-2 National Cohort Study. Pediatr. Res. 2020, 87, 153-162. https://doi.org/10.1038/s41390-019-0422-8.

McNair, C.; Chinian, N.; Shah, V.; McAllister, M.; Franck, L.S.; Stevens, B.; Burry, L.; Taddio, A. Metasynthesis of Factors That
Influence Parents’ Participation in Pain Management for Their Infants in the NICU. JOGNN 2020, 49, 263-271.

Tannous Elias, L.S.D.; dos Santos, A.M.N.; Guinsburg, R. Perception of Pain and Distress in Intubated and Mechanically Venti-
lated Newborn Infants by Parents and Health Professionals. BMIC Pediatr. 2014, 14, 44. https://doi.org/10.1186/1471-2431-14-44.
Olsson, E.; Pettersson, M.; Eriksson, M.; Ohlin, A. Oral Sweet Solution to Prevent Pain during Neonatal Hip Examination: A
Randomised Controlled Trial. Acta Paediatr. 2019, 108, 626—629. https://doi.org/10.1111/apa.14588.

Axelin, A.; Anderzén-Carlsson, A.; Eriksson, M.; Polkki, T.; Korhonen, A.; Franck, L.S. Neonatal Intensive Care Nurses’ Percep-
tions of Parental Participation in Infant Pain Management: A Comparative Focus Group Study. J. Perinat. Neonatal Nurs. 2015,
29, 363-374. https://doi.org/10.1097/JPN.0000000000000136.

Franck, L.S.; Scurr, K.; Couture, S. Parent Views of Infant Pain and Pain Management in the Neonatal Intensive Care Unit.
Newborn Infant Nurs. Rev. 2001, 1, 106-113. https://doi.org/10.1053/nbin.2001.24429.

Gallagher, K,; Franck, L. Ten Lessons from 10 Years of Research into Parental Involvement in Infant Pain Management. Infant
2012, 8, 78-80.

Franck, L.S.; Oulton, K.; Bruce, E. Parental Involvement in Neonatal Pain Management: An Empirical and Conceptual Update.
J. Nurs. Sch. 2012, 44, 45-54. https://doi.org/10.1111/j.1547-5069.2011.01434.x.

Skene, C.; Franck, L.; Curtis, P.; Gerrish, K. Parental Involvement in Neonatal Comfort Care. ]. Obstet. Gynecol. Neonatal Nurs.
2012, 41, 786-797. https://doi.org/10.1111/j.1552-6909.2012.01393.x.

Campbell-Yeo, M.; Fernandes, A.; Johnston, C. Procedural Pain Management for Neonates Using Nonpharmacological Strate-
gies: Part 2: Mother-Driven Interventions. Adv. Neonatal Care 2011, 11, 312-320. https://doi.org/10.1097/ANC.0b013e318229aa76.
Gates, A.; Shave, K,; Featherstone, R.; Buckreus, K.; Ali, S.; Scott, S.D.; Hartling, L. Procedural Pain: Systematic Review of Parent
Experiences and Information Needs. Clin. Pediatr. 2018, 57, 672—-688. https://doi.org/10.1177/0009922817733694.

Harrison, D.; Zhou, Y.; McArthur, L. Effectiveness of Parents and Clinicians Working Together to Improve Pain Management
in Newborns. CMA] 2018, 190, S26-S27. https://doi.org/10.1503/cmaj.180338.

Balice-Bourgois, C.; Zumstein-Shaha, M.; Simonetti, G.; Newman, C. Interprofessional Collaboration and Involvement of Par-
ents in the Management of Painful Procedures in Newborns. Front. Pediatr. 2020, 8, 394.



	1. Introduction
	2. Assessing Pain in Preterm Infants
	2.1. Observational Pain Assessment Scales
	2.2. What Are the Most Sensitive and Specific Pain Assessment Tools?
	2.3. Automatic Pain Assessment
	2.4. Using Pain Assessment to Deliver Adequate Pain Alleviation

	3. Management of Neonatal Pain
	3.1. Breastfeeding and Breast Milk Feeding
	3.2. Skin-to-Skin Contact
	3.3. Adjuvant Physical Interventions
	3.3.1. Facilitated Tucking and Containment Interventions
	3.3.2. Non-Nutritive Sucking
	3.3.3. Combined Interventions

	3.4. Sweet-Tasting Solutions
	3.5. Pharmacological Interventions for Neonatal Pain
	3.5.1. Non-Opioid Analgesics
	Paracetamol
	Alternative Non-Opioid Agents

	3.5.2. Local Anesthetics
	Regional
	Topicals

	3.5.3. Opioids

	3.6. Families and Pain Management

	4. Conclusions
	References

