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SYNOPSIS

Neonates may experience more than 300 painful procedures and surgeries throughout their 

hospitalization. Prior to 1980, there was a longstanding misconception that neonates do not 

experience pain. Current studies demonstrate that not only do neonate’s experience pain, but due 

to their immature nervous systems, they are hypersensitive to painful stimuli. Poorly treated pain 

during the neonatal period may lead to negative long-term consequences. Proper assessment of a 

neonate’s pain is vital. Standardized pain scales allow for consistency between providers and 

individualized treatment plans for neonates. The use of non-pharmacological treatments such as, 

nonnutritive sucking, facilitated tucking, kangaroo care, swaddling and heel warming may all be 

beneficial in alleviating a neonate’s pain. Pharmacological treatments in the neonate have been 
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well established and may include, but are not limited to opioids and non-opioid analgesics. 

Pharmacological and non-pharmacological interventions can be used in conjunction with each 

other to increase the efficacy of analgesia.
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Introduction

The knowledge of pain in neonates has increased dramatically in the past three decades. It 

has been well established that newborns can detect, process, and respond to painful stimuli.1 

Preterm infants are even more hypersensitive to pain and at greater risk for pain due to 

immature pain inhibition mechanisms at birth.2 Excessive, prolonged painful events in the 

neonate causes adverse physiological effects in all major organ systems, which can be life 

threatening and have long-term effects.3 However, interventions to alleviate neonatal pain 

remain inadequate and inconsistently applied. Only half of the painful procedures performed 

in neonates were treated, with a wide variation of pain management practice among facilities 

and areas.4 Gaps exist in knowledge, evidence, and practice in neonatal pain assessment and 

management, which may lead to challenges in managing the pain. The purpose of this article 

is to address gaps and provide a review of clinical recommendations of pain management 

from an historical and developmental perspective of neonatal pain.

Mysteries about Neonatal Pain

While the field has seen many innovations, research on neonatal pain has been lacking. In 

2015, an Oxford research team found evidence that babies experience pain similarly to 

adults.5 The MRI scans of ten infants and adults provided a painful stimulus were compared. 

Results revealed that 18 of 20 brain regions active in adults experiencing pain were also 

active in newborns. Moreover, infant’s brains showed the same level of response as adults’ 

when exposed to a stimulus one-fourth as strong.5 These results directly contradict the 

popular belief that neonates are incapable of perceiving pain.8 Several underlying 

hypotheses can explain this misunderstanding. Neonates were thought to be incapable of 

interpreting pain due to their inability to create memories.1 Combined with fears of the side 

effects of anesthesia, neonatal physicians performed surgeries such as circumcision without 

analgesia until the 1990s.6 As the Oxford research results suggest, infants do feel pain and 

experience it more intensely than adults. The implications of this on neonatal development is 

staggering, considering the logistics of the neonatal intensive care unit (NICU). Annually, 15 

million premature babies are born worldwide and each may experience 300 painful surgeries 

during their hospitalization.7,8 Thus, it is vital that repeated stress and insults be addressed.4

Developmental Aspect of Neonatal Pain

Whether or not full-term and preterm newborns have the required anatomy and physiology 

to sense pain contributed to the mystery. A neonate’s ability to sense pain occurs with key 

neurodevelopment. The first step of pain sensation involves nociceptors, the nerve endings 
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that signal pain. Cells surrounding nociceptors release pain-signaling chemicals that respond 

to painful stimuli.9 In the presence of painful stimuli, a nociceptor transforms the painful 

signal into an impulse, propagating along an aggregation of neurons to the dorsal horn, 

where sensory information is received.10 At this point, the impulse separates: one returns to 

the initial site of pain to set off a reflexive reaction, the other reaches the thalamus. The 

thalamus localizes the pain of the stimuli. The brain is now equipped with information on 

the pain and how it can be prevented.11

Each stage of the nociceptive pain pathway develops at different times. At seven weeks 

gestation, nociceptive nerve endings begin to develop circumorally. Nociceptive 

development is complete at twenty weeks around body linings and the extremities.12 

However, without any link to the spinal column, the nociceptor signals are not functional 

and of limited use. The pathway between the nociceptive nerve endings and dorsal horn 

begins in week thirteen and is functional by week thirty.13 With this pathway, the fetus is 

able to reflexively withdraw from painful stimuli but does not possess the cognitive capacity 

to process information regarding the pain or its source. Cortical pain perception develops 

after week twenty-four of gestation, when the thalamic track completes its connection to the 

dorsal horn. In short, a neonate will be able to localize the pain and make reflexive 

movements to try and avoid it after week twenty-four, thus completing the nociceptive pain 

pathway.

Another important component of the pain pathway is the myelin sheath and its role in pain 

modulation. The myelin sheath works as an electrical insulator, increasing the speed of a 

signal from the peripheral to central nervous system. Myelination develops after twenty-five 

weeks of gestation and is complete by week thirty-seven.14 It was previously thought that 

unmyelinated axons were unable or too slow to transfer electrical impulses. Recent 

consensus is that unmyelinated neurons are fully capable of transferring a signal, although at 

a slower rate.15 Pain modulation is also critical in the management of pain. Descending 

signal pathways protrude into the dorsal horn where pain transmission is thought to be 

halted by the release of endogenous opioids or the activation of the inhibitory pathways. 

Both of these mechanisms are much more prevalent in the adult than the neonate.16 Thus, 

preterm infants may actually have a 30-50% lower pain threshold than adults and a lower 

pain tolerance than older children.17 Therefore, unrelieved and repetitive painful events can 

result in adverse physiological effects in all major organ systems including brain structure. 

These can be life threatening and have long-term cumulative effects including altered 

neurobehavioral development.8,17

Neonatal Pain Assessment

Pain assessment in neonates is notoriously difficult because of their physical, cognitive, and 

behavioral development. The use of pain assessment scales provides consistency between 

nurses and other clinicians, and provides an accurate measure for the presence of pain, 

stress, or discomfort. These scales not only quantify pain, but can provide an accurate 

depiction of the effect of non-pharmacological and pharmacological management 

interventions on a neonate’s pain.
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It is crucial to identity any potential source of pain to facilitate pain assessment.18 Nurses 

should be aware that even simple procedures and daily care, such as routine heel sticks or 

tape removal can be painful and stressful and can result in altered pain perception and 

development in the future.4 Recent evidence have supported that prolonged exposure to 

painful/stressful events are detrimental to the immature nervous system, and influence the 

early programming of neuro-immune system in this vulnerable population.8,19 The majority 

of existing instruments focused on measuring the short-term acute pain based on 

physiological and behavioral cues. However, few instruments are available to measure 

persistent pain/stress in preterm infants. A recently developed tool, Accumulated Pain/

Stressor Scale (APSS)20 could serve as an assessment scale to measure severity and acuity 

levels of painful/stressful procedures that hospitalized neonates undergo during a certain 

period of time.

Cong et al.18 summarized the characteristics of many of these scales. Table 1 summarizes 

several commonly used neonatal pain assessment scales. Based on their psychometric 

properties and purpose of usage, the NFCS,21 Neonatal Pain, Agitation, and Sedation Scale 

(N-PASS),22 COMFORTneo scale,23 Neonatal Infant Pain Scale (NIPS),24 and FLACC 

scale25 are recommended for daily pain assessment. The PIPP-R (for neonates)26 is 

recommended for pain measurement in research studies (Table 1). Pain assessment should 

take place routinely, while the frequency of assessment is consistent with the goal of 

treatment.27

Biopsychometric approaches to pain assessment include heart rate variability,27 skin 

conductance measurements,28 and brain-oriented techniques including 

electroencephagrahpy, near-infrared spectroscopy, and magnetic resonance imaging.29 These 

technologies make it possible to improve the accuracy of pain measurement in neonates to 

provide clinicians with more variety of interventions and better decision making of pain 

management. Further research is needed to integrate these technologies into routine pain 

assessment in neonates.

Neonatal Pain Management: Prevention and Non-pharmacological 

Interventions

Painful/stressful procedures, the total amount and duration of noxious stimuli to which the 

infant is exposed must be limited to those absolutely necessary in diagnostic or therapeutic 

management.30 Non-pharmacological interventions are valuable strategies that can reduce 

neonatal pain directly by blocking nociceptive transduction/transmission or by activation of 

descending inhibitory pathways. Noninvasive techniques such as sweet-tasting substances, 

kangaroo care (KC), breast milk and breastfeeding, non-nutritive sucking (NNS), swaddling, 

and facilitated tucking have been shown to be effective in soothing infants undergoing 

painful/stressful procedures (Table 2).

The administration of sucrose to neonates has been a well-researched area. A single dose of 

sucrose, was found to be effective and safe for alleviating procedural pain in neonates.30,31 

The exact analgesic mechanism of sucrose on infant pain is not entirely understood.31,32 

Several animal studies have been conducted, though a main supporting hypothesis for 
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sucrose efficacy is through activation of endogenous opioids. In activating endogenous 

opioids, an anti-nociceptive response ensues thus attenuating nociceptive signals at the 

dorsal horn level.33 However, evidence is still limited regarding the efficacy and safety (e.g., 

long-term neurobehavioral outcomes) of repeated use of sucrose across repeated procedural 

pain for neonates. Daily repeated use of sucrose (e.g., > 10 doses/day) in young preterm 

infants (e.g., <31 weeks gestational age) may lead to poor neurologic development.31

KC is skin-to-skin contact between an infant and parent. KC has been shown to alleviate 

both physiologic and behavioral responses in neonates during painful procedures.34,35 KC 

works as an analgesic intervention through multi-sensory stimulations including emotional, 

tactile, proprioceptive, vestibular, olfactory, auditory, visual, and thermal stimulations in a 

unique interactive style. Various durations of KC have been found to be effective on 

reducing pain in neonates when KC is provided for 10-15 minutes,36 30 and 80 minutes,34,37 

or 3 hours38 before and through the procedural pain. In addition to reducing behavioral and 

physiological pain responses, studies have also shown that hormonal markers including 

cortisol, β-endorphin and oxytocin levels being changed in infants when receive KC,34,39 

which may explain the endogenous analgesic effect of KC in neonates.

NNS is the introduction of an oral stimulant, such as pacifier or nipple, without providing 

nutrition. In neonates, NNS can be used with or without the addition of sucrose, both of 

which have individual benefits. In the absence of sucrose, NNS remains a beneficial non-

pharmacological method of analgesia in neonates. It has been proven to significantly reduce 

crying and pain response during procedures that cause mild to moderate pain, such as heel 

sticks and circumcision.40,41 Though beneficial, the efficacy ends as soon as the pacifier is 

removed from the infant’s mouth, which can in turn lead to a rebound distress response.33

Formula, expressed breast milk, and breastfeeding have been used for reducing infant pain. 

Both formula and breast milk could significantly reduce procedural pain in neonates, even 

though to a lesser extent as compared to sucrose.42-44 Infants receiving breastfeeding during 

a painful procedure have been found to demonstrate a significantly lower increase in heart 

rate, reduced crying, and lower pain scores compared to other non-pharmacological 

interventions, such as swaddling, holding, and NNS.45

Facilitated tucking (FT) is a specific way of gently holding an infant in a flexed position. It 

requires minimal physical adjustment and is even safe to use in mechanically ventilated 

neonates.46 FT also reduces pain in neonates during painful procedures. Though beneficial, 

some studies indicate that it is not as efficacious as NNS.41 Therefore, the combination of 

NNS and FT may be more beneficial than using FT alone.46

Swaddling neonates involves wrapping the neonate firmly in a blanket or other restrictive 

devise. Studies investigating the analgesic properties have shown that it is effective after a 

painful procedure, in regard to autonomic stability and recovery. Prior research indicates that 

swaddling may not be effective for neonates younger than 31 weeks gestational age, though 

research performed by Huang et al,47 has provided contradictory results.48 Within the study, 

the efficacy of swaddling was seen across all age groups pertaining to oxygen saturation 

recovery.
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Heel warming is often utilized during the preparatory phase prior to a heel stick. By 

warming the neonate’s heel, there may be a reduced pain response related to the decreased 

need for squeezing related to increased blood flow to the area. An early study did not find a 

difference in infant pain perception or an improvement in analgesic effect using heel 

warming.49 Conversely, a recent study found heel warming to decrease pain response during 

heel sticks and improve recovery time in oxygen saturation.50 More randomized clinical 

trials must be performed to make a definitive conclusion as to whether or not heel warming 

is beneficial in providing analgesic relief.

Combining several methods of non-pharmacological therapies via multisensory stimulation 

have proven to be most effective in providing analgesic effects.51 The combination of oral 

sucrose-FT, sucking-oral sucrose, and NNS-oral sucrose-FT have been most effective in 

reducing neonate crying and fussiness during routine care.52 Use of a combination of non-

pharmacological interventions can achieve greater effectiveness of pain reduction, therefore 

is highly recommended in neonatal pain management.30

Neonatal Pain Management: Pharmacological Interventions

Careful consideration must be taken in administering analgesics to neonates and infants in 

the NICU. This is due in part to the difficulty of pain assessment, variability in individual 

metabolisms, neurodevelopment and drug clearance rates; all of which can lead to adverse 

events and side effects.53 Pharmacological therapy should be administered in a stepwise 

approach. The type of pain that the neonate is experiencing (i.e., procedural vs. disease 

process) will determine the type of analgesia best suited. Below defines the different types of 

pharmacological analgesic therapies, which may be frequently used within the NICU.

Opioids must be carefully administered and monitored in the neonate due to underdeveloped 

renal function, which results in decreased clearance due to the glomerular filtration rate 

(GFR). Decreased GFR, decreased protein binding, immature hepatic function and a blood 

brain barrier, in combination with prematurity and subsequent illness may lead to altered 

opioid pharmacokinetics and possible respiratory depression in neonates.54 Morphine is 

often used as the first choice of opioid analgesia in critically ill neonates, despite its known 

tolerance in the neonate.55 It is broken down and metabolized within the liver, though due to 

its water solubility it has the potential to cross the neonate’s blood brain barrier leading to 

respiratory depression.54,56 Due to these potentially life-threatening side effects, reduced 

morphine doses are necessary. There is significant evidence of opioid tolerance in neonate’s, 

which increases the need for vigilance and individualized care plans for neonates on 

morphine therapy. Several other opioids may be used in neonates such as fentanyl and 

ketamine. Administration of opioids may be done via intermittent and/or continuous 

intravenous injections, oral, or rectal preparations.

Non-opioid analgesics include multiple analgesic modalities, such as acetaminophen, non-

steroidal inflammatory drugs (NSAIDs), benzodiazepines, local and regional anesthetics. 

Benzodiazepines, such as midazolam and lorazepam, are often used in neonates to induce 

sedation and muscle relaxation. They have a limited analgesic effect, though in conjunction 
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with other analgesic modalities, such as morphine, sedation is oftentimes improved, but due 

to adverse side effects caution must be taken in administering to neonates.53

Regional anesthetics (i.e., lidocaine) are often the analgesic of choice among neonates 

undergoing circumcision, as a dorsal penile block. Epidural anesthesia may also be helpful 

in surgical pain experienced by neonates. The use of epidural anesthesia may significantly 

decrease a neonate’s surgical stress response as well as decrease the reduce the need for 

mechanical ventilation during the postoperative period.57

Local topical anesthetics are helpful in alleviating pain, specific to pain that is induced by 

breaking of the skin barrier (i.e. lumbar puncture). Though this is true, topical anesthetics 

such as EMLA (eutectic mixture of local anesthetic) has been least effective in circumcision 

and heel sticks. In addition, the time of onset for topical anesthetics is often much longer 

than those which are regional in nature, 60-90 minutes.58 EMLA may be helpful in 

producing an analgesic response during intravenous catheter insertion (peripheral and/or 

arterial), as well as lumbar puncture and screening for retinopathy of prematurity.51

Barriers and Perceptions about Neonatal Pain

Neonatal pain management has been an enigma since 1980 when neonatal pain was first 

acknowledged.59 Managing neonatal pain is a primary responsibility of neonatal nurses. 

Among NICU nurses, there was consensus that nurses were responsible for preventing 

neonate’s pain. However, they also expressed that their physician counterparts did not value 

pain management as much as NICU nurses.60 The commonly held paradigms about pain in 

the neonatal population by nurses directly influences critical decisions during neonatal care. 

Understanding these perceptions has only recently become a focus of nursing research and 

has taken on several common themes.

Neonatal nurses in the United States, the United Kingdom and China were surveyed about 

their current knowledge of and beliefs about neonatal pain, assessment, intervention, and 

protocol, as well as barriers to and strategies for improvement. It was found that nurses were 

generally knowledgeable about pain in neonates.61,62 Chinese nurses held a belief that there 

was no difference between neonate, older child and adult pain, indicating a knowledge gap.
63 Traditionally, Western nurses felt more comfortable using pharmacologic interventions, 

while Chinese nurses believe that non-pharmacologic interventions are efficacious for pain 

treatment.62,63 Nurses in the UK reported that they were more concerned with under-

medication for pain than over-medication.62 Less than half of the Chinese nurses knew of 

the pain management protocols in their unit and the majority of American, UK and Chinese 

nurses felt that the protocols were unclear and not based on the evidence of neonatal pain 

research.61-63 . This leads to the conclusion that there is an important gap in the way in 

which nurses evaluate and manage neonatal pain.

Narrative data collected from American, UK, and Chinese nurses revealed the barriers to 

pain management were lack of time, knowledge, and trust in the tools used, the latter two 

likely contributing to reported fear and reluctance to change current practice.62,63 It was 
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suggested that education and utilization of research along with improved communication 

would improve pain management.

Summary

Neonatal infants, especially preterm infants are most likely to experience a great number of 

repeated and prolonged painful events in the NICU that can lead to deleterious 

consequences, including neurodevelopmental impairment as a result. Appropriate steps have 

been taken to ensure a paradigm shift regarding neonatal pain, its processing and 

management. A deeper understanding of the pain sensory mechanism and its ramifications is 

necessary for a more accommodating neonatal healthcare practice. Non-pharmacologic 

interventions, especially those incorporating parental involvement (e.g., KC) are highly 

recommended. To discover new and creative approaches to address the challenge of infant 

pain is a primary nursing focus. According to the clinical, ethical,64 and policy statements,
4,65,66 developing optimal assessment and treatment techniques to reduce neonatal pain is an 

important topic and challenge for neonatal caregivers. Even though there are gaps in 

knowledge, practice, attitudes, and policy regarding infant pain, health care providers should 

implement pain management programs to assess, prevent and relieve pain in neonates using 

non-pharmacological and pharmacological strategies.
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KEY POINTS

• Neonates are more hypersensitive to painful stimuli, due to their immature 

nervous system and decreased inhibition of nociceptive pain.

• Poorly treated pain in neonates may lead to lifelong consequences, including 

altered neurobehavioral development.

• There are more than 40 pain assessment scales in the neonate population, 

which may standardize assessment of pain, though also provide confusion 

among providers.

• Both non-pharmacological and pharmacological interventions should be used 

in conjunction with each other to provide a synergistic effect of pain 

analgesia.

• Barriers to properly managing neonate’s pain include lack of time, 

knowledge, influx or distrust of assessment tools and disagreement between 

providers.
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Table 1

Summary of Recommended Pain Assessment Scales for Neonates

Instrument Items/Score Range Clinical Utility Reliability/Validity

NFCS - Neonatal Facial 
Coding System
(Grunau et al., 1987)

9 items: Brow bulge, eye squeeze, naso-
labial furrow, open lips, stretch mouth 
(vertical), stretch mouth (horizontal), lip 
purse, taut tongue, chin quiver
Score: 0 – 9 (full-term); 0-10 (preterm)

Procedural pain; Preterm, 
Full-term

InterRR: 0.88
IntraRR: 0.83
Face, content, & construct 
validity: Yes

FLACC - Face, Legs, 
Activity, Cry, Consolability
(Merkel, et al., 1997)

5 items: Face, legs, activity, cry, 
consolability
Score: 0 – 10

Postoperative pain; 
Preverbal/nonverbal 
children < 7 years old

InterRR: 0.94
Content & construct vadility: 
Yes

COMFORTneo – modified 
from the COMFORT behavior 
scale
(Van Dijk, et al., 2009)

7 items: Alertness, calmness/agitation, 
respiratory response (in mechanically 
ventilated children), crying (in 
spontaneously breathing children), body 
movement, facial tension, (body) muscle 
tone.
Score: 6 - 30

Prolonged pain Sedation 
level; Preterm, Full-term 
24 - 42 wks GA

InterRR: 0.79
Internal consistency: 
0.84-0.88
Concurrent validity : Yes

NIPS - Neonatal Infant Pain 
Scale
(Lawrence et al., 1993)

6 items: 5 behavioral items (facial 
expression, cry, arms, legs, and state of 
arousal) and 1 physiological item (breathing 
pattern)
Score: 0 - 7

Procedural pain, 
Postoperative pain; 
Preterm, Full-term 26 - 47 
wks GA

InterRR: 0.92 - 0.97
Internal consistency: 0.87 - 
0.95
Concurrent validity: 0.53 - 
0.84

N - PASS - Neonatal Pain, 
Agitation, and Sedation Scale
(Hummel, et al., 2008)

5 items: 4 behavioral items (Crying/
irritability, behavior/state, facial expression, 
extremities/tone, and 1 physiological item 
(vital signs: heart rate, RR, BP, SaO 2)
Score: 0 – 10

Ongoing pain (ventilation 
Sedation level), Procedural 
pain, Postoperative pain, 
Preterm, Full-term 23 - 40 
wks GA

Internal consistency: 0.85–
0.95
InterRR: 0.88–0.93
Test –retest reliability: 0.87

PIPP - Premature Infant Pain 
Profile(Stevens et al., 1996);
PIPP-R - Premature Infant 
Pain Profile – revised 
(Stevens, et al., 2014)

7 items: 3 behavioral items (brow bulge, eye 
squeeze, nasolabial furrow), 2 physiological 
items (heart rate, oxygen saturation), and 2 
Contextual items (gestational age, 
behavioral state)
Score: 0 – 18 (full-term); 21 (preterm)

Procedural pain, 
postoperative pain; 
Preterm, Full-term 28 - 42 
wks GA
The most commonly used 
tools in research studies.

InterRR: 0.93-0.96
IntraRR: 0.94-0.98
Content & construct validity: 
Yes

Note. wks = weeks; GA = gestational age; InterRR = inter-rater reliability; IntraRR = intra-rater reliability.
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Table 2

Non-pharmacologic Pain Interventions and Major Effects

Interventions Major Effects: Research Evidence Use in Painful Procedures

Sweet-tasting solutions: 
Sucrose and Glucose 
Administration

• Decrease changes of heart rate.

• Reduce crying time and facial 
grimacing.

• Lower pain scores (PIPP, NFCS 
scores)

• Physiological mechanism not 
entirely understood; may activate 
endogenous opioid and nonopioid 
pathways through orotactile and 
orogustatory stimulation.

• Effective and safe for single does given to 
full-term and preterm infants.

• Use in heel stick, intramuscular injection, 
venipuncture, subcutaneous injections, 
bladder catheterization, arterial puncture, 
insertion of nasogastric/orogastric tubes, 
eye examinations, and echocardiography.

• Manage short term (5-8 min) pain and 
usually given 2 minutes before the 
procedure. Administer on the infant’s 
tongue with a pacifier, syringe, or cup.

• No clear recommendation of optimal dose 
(a 20-fold variation in the doses used)

• Recommended by IASP: 24% sucrose can 
be given:

24–26 wks GA: 0.1 mL

27–31 wks GA: 0.25 mL

32–36 wks GA: 0.5 mL

>37 wks GA: 1 mL

• Concerns: potential adverse effects for 
repeated, multiple dose regimens in 
preterm infants.

Skin-to-skin contact - 
Kangaroo

• Decrease changes of heart rate, 
respiratory rate, and oxygenation 
saturation.

• Effective and safe in full-term and 
preterm infants.

Care (KC) • Decrease crying time and facial 
grimacing.

• Improve behavioral states and 
sleep-wake patterns.

• Lower pain scores (e.g., PIPP, 
NFCS scores)

• Reduce recovery time.

• Decrease cortisol concentrations

• Promote autonomic maturation 
(e.g., heart rate variability).

• Reduce parental stress, anxiety 
and increase competence.

• Provide multi-sensory stimulation; 
activate β-endorphin release 
(endogenous opioid response) and 
oxytocin mechanism.

• Use in heel stick, intramuscular injection, 
venipuncture, and subcutaneous 
injections, and pre and post operation,

• Use pre, during and post procedures, 
10-15 min, 30 – 80 min, or 2-3 hours.

• Effects last as the infant placed in the KC 
position and may also last after KC 
session.

Nonnutritive Sucking (NNS) • Decrease changes of heart rate, 
respiratory rate, and oxygenation 
saturation.

• Decrease crying time.

• Decrease cortisol concentrations

• Lower pain scores (e.g., PIPP, 
NFCS scores)

• Effective and safe in full-term and 
preterm infants.

• Use in heel stick, circumcision, 
intramuscular injection, venipuncture, and 
subcutaneous injections, and pre and post 
operation,

• Administer NNS at least 3 min before the 
procedure
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Interventions Major Effects: Research Evidence Use in Painful Procedures

• Mechanism of NNS on pain is 
unclear; may stimulate orotactile 
and mechanoreceptors in the 
mouth and regulate behavioral 
states.

• Effective when pacifier is in the infant’s 
mouth; removal can lead to rebound 
distress.

• Best used in procedures with mild to 
moderate pain.

• Concerns: influence on initiation and 
sustainability of breastfeeding practice.

Formula, Breast milk, and 
Breastfeeding

• Decrease changes in heart rate

• Reduce crying time

• Lower pain scores (e.g., PIPP, 
NIPS, NFCS, DAN scores)

• Safe and effective for repeated 
administration in full-term and preterm 
infants.

• Use in heel stick, intramuscular injection, 
and venipuncture.

• May provide similar effectiveness to oral 
sucrose or glucose solutions

Facilitated Tucking (FT) • Decrease changes in heart rate

• Reduce crying time

• Lower pain scores (e.g., PIPP, 
NIPS scores)

• Reduce parental stress and 
increase competence when parents 
participate in.

• Safe and effective in full-term and 
preterm infants.

• Use in heel stick, endotracheal suctioning, 
and venipuncture.

• Use FT before, during, and after 
procedures.

• Contraindication: infants with poor skin 
integrity (e.g., extreme prematurity or 
epidermolysis bullosa).

Swaddling • Decrease changes of heart rate and 
oxygenation saturation.

• Reduce crying time.

• Lower pain scores (e.g., NIPS 
scores).

• Shorten pain recovery time.

• Reduce parental stress and 
increase competence when parents 
participate in.

• Safe and effective in preterm infants.

• Use in heel stick.

• Use swaddling before, during, and after 
procedures.

• Contraindication: infants with poor skin 
integrity (e.g., extreme prematurity or 
epidermolysis bullosa).

Heel Warming • Decrease changes of heart rate and 
oxygenation saturation.

• Reduce crying time.

• Lower pain scores (e.g., NIPS 
scores).

• Shorten pain recovery time.

• Safe and effective in preterm infants.

• Use in heel stick.

• Use before heel stick.

Note: PIPP= Premature Infant Pain Profile; NFCS = Neonatal Facial Coding System; NIPS = Neonatal Infant Pain Scale; DAN = Douleur Aigue 
Nouveau-né score Scale; wks GA = weeks gestational age.
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