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ABSTRACT
Objective: To identify factors associated with Premature Infant Pain Profile-Revised (PIPP-R) scores in late preterm 
and term infants undergoing routine skin-puncture procedures.
Materials and Methods: A secondary analysis of a prospective cohort study was conducted in hemodynamically 
stable late preterm and term infants (gestational age [GA] 34–41 weeks) undergoing routine procedures. PIPP-R 
scores were evaluated through video recordings by a blinded assessor.
Results: Among 59 infants, 31 (52.5%) underwent venipuncture, 15 (25.4%) received intramuscular (IM) injections, 
and 13 (22%) underwent heelsticks. The median PIPP-R score was 11.0 [7.0, 14.0]. IM injections and heelsticks 
resulted in significantly higher pain scores compared to venipunctures (regression coefficient: 4.6, 95% CI: 2.3–6.8, 
and 2.8, 95% CI: 0.6–5.0, respectively). No correlation was observed between procedure duration and pain scores  
(r = -0.06, p = 0.68), but GA showed a weak positive correlation (r = 0.32, p = 0.01). After adjustment, low birthweight 
(<2500 g) was independently associated with lower PIPP-R scores (-2.9, 95% CI: -4.8, -1.1), while postnatal age <48 
hours was linked to higher scores (5.8, 95% CI: 3.3–8.4). Oral sucrose solution significantly reduced pain scores 
(-6.4, 95% CI: -9.4, -3.3).
Conclusion: IM injections were associated with the highest pain scores, while procedure duration did not affect 
pain intensity. LBW infants and those >48 hours old exhibited lower pain scores, suggesting developmental factors. 
The demonstrated efficacy of oral sucrose underscores its importance in neonatal pain management, emphasizing 
the need for routine implementation of analgesic strategies.
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INTRODUCTION
	 Newborn infants are routinely subjected to painful 
procedures, including essential newborn screenings 
and vaccination injections. Higher-risk infants may 
require additional procedures. Research suggests that 
early pain exposure can influence both short-term and 
long-term nervous system development. Studies indicate  a 
correlation between pain and abnormal brain development, 
as evidenced by dysmaturation in the brains of newborns.1 

Autopsy findings in infants with abnormal brain tissues 
reveal impaired preoligodendrocyte development, which 
is critical for myelin production and may result from 
brain injury repair processes during infancy.2 Studies 
tracking early brain changes using MRI have shown 
an association between white matter abnormalities, 
altered diffusivity, and abnormal brain metabolites.3 

Additionally, research indicates that the number of 
painful procedures during  infancy is linked to reduced 
intelligence and altered white matter development.4,5 

Furthermore, early pain experiences have been shown to 
influence  pain perception later in life.6-8 Consequently, 
caregivers should prioritize  minimizing infant pain by 
reducing procedural interventions, mitigating factors that 
exacerbate  pain, and assessing pain severity to determine 
the appropriate use of analgesic medications. Nevertheless, 
most studies focus on very preterm infants, a high-risk 
group undergoing multiple painful procedures due to 
severe illness.3,9 While the impact of painful procedures 

in late preterm and term infants is acknowledged, it is 
less emphasized compared to very preterm infants. This 
discrepancy arises because procedures in late preterm 
and term infants are brief and less invasive, leading 
caregivers to underestimate the importance of pain 
assessment and management. 
	 Due to infants’ inability to  directly communicate pain, 
assessments primarily rely on  behavioral observations, 
such as changes in facial expressions, using tools like 
the neonatal facial coding system and the facial action 
coding system.10 However, preterm infants may exhibit 
reduced facial pain expressions of pain.11 Therefore, 
additional psychometric factors are incorporated, including 
the Premature Infant Pain Profile – revised (PIPP-R), 
Cry, Requires oxygen, Increased vital signs, Expression, 
Sleeplessness (CRIES), Neonatal Infant Pain Scale (NIPS), 
COMFORT, and COMFORTneo, as well as the Neonatal 
Pain, Agitation, and Sedation Scale (N-PASS).12 Among 
these, NIPS and PIPP-R scores are widely used.13 In 
our previous study, we found no significant changes in 
cerebral oxygenation in late preterm and term infants 
during painful procedures.14 Consequently, pain score 
assessment remains the primary method for evaluating 
pain in this population. Since newborn infants may 
exhibit varying pain responses depending on gestational 
age, postnatal age, or other factors, as well as differing 
levels of pain depending on procedure type15, this study 
hypothesizes that both infant characteristics and procedure 
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type influence pain scores. Therefore, the aim of this 
study was to identify factors associated with PIPP-R 
scores, one of the most widely used pain assessment 
tools, in late preterm and term infants undergoing blood 
sampling procedures.

MATERIALS AND METHODS
	 A secondary analysis was conducted using data from 
a previous prospective cohort study on pain response in 
late preterm and term infants.14 The study protocol was 
approved by Siriraj Institutional Review Board (COA no. 
Si 435/2022), and written parental consent was obtained  
prior to infant recruitment. The study was carried out 
at the high-risk nursery at Siriraj Hospital, Mahidol 
University in Bangkok, Thailand. In accordance with 
institutional protocol, hemodynamically stable preterm 
infants (<37 weeks of gestation) who did not require 
positive-pressure ventilation for respiratory compromise 
were admitted to the high-risk nursery. Infants with very 
low birthweight, respiratory compromise or hemodynamic 
instability were admitted to either intermediate care or 
the neonatal intensive care unit. Gestational age (GA) 
was determined using maternal ultrasonographic data 
from the first trimester, or when available, through 
postnatal clinical examination.
	 The enrolled infants satisfied the following inclusion 
criteria: 1) born within the GA range of 34 to 41 weeks, 2) 
postnatal age less than 14 days, 3) exhibited respiratory 
stability without requiring positive-pressure ventilation, 
maintained hemodynamic stability without requiring 
vasoactive agents, and 4) had a physician’s order for skin 
puncture procedures. The exclusion criteria included 
infants exhibiting signs of neonatal encephalopathy, 
such as abnormal movements, hypotonia, or apnea, as 
well as those with severe congenital anomalies. To ensure 
biological diversity and reduce potential biases, each 
infant was enrolled only once, and in cases of multiple 
pregnancies, only one twin was included to minimize 
the influence of genetic factors.
	 The care of neonates, including the choice of 
blood sampling, either heelstick or venipuncture, was 
determined at the clinical discretion of the attending 
physician. For procedures, a 25G needle was used for 
IM injections at the anterolateral thigh, a 24G needle 
for venipunctures or IV procedures, and a 28G needle 
for heelsticks. The institutional protocol for procedural 
pain control includes oral sucrose solution and non-
pharmacologic measures such as swaddling and non-
nutritive sucking. However, to allow for unobstructed 
assessment of facial expressions required for accurate pain 
scoring, non-nutritive sucking was not provided in this 

cohort. The infant was placed supine on a radiant warmer 
during the procedure. Cerebral oxygenation (CrSO2) was 
monitored using the INVOS 5100C device as part of the 
primary study, while oxygen saturation (SpO2) and heart 
rate were concurrently evaluated using the Nellcor™ 
Bedside SpO2 Patient Monitoring System with a MAXN 
sensor affixed to the infant’s right hand. The procedure 
adhered to standard protocols and included simultaneous 
video documentation for subsequent pain evaluation. 
The video recordings focused on capturing the infant’s 
facial expressions and monitoring heart rate and SpO2, 
providing a comprehensive evaluation of responses to 
the procedures. Pain assessment was conducted using 
the Premature Infant Pain Profile-Revised (PIPP-R) 
score.16 A single assessor (PT), blinded to the type and 
duration of each procedure, analyzed the recordings to 
ensure unbiased evaluation. The intraclass correlation 
coefficients for PIPP-R scores was 1.00. Another co-
author (SR) independently extracted procedure-related 
variables from the same set of video recordings to minimize 
ascertainment bias. 

Statistical analysis
	 This secondary analysis included all eligible 
infants from the parent cohort (n = 59) who underwent 
skin‑puncture procedures including heelstick, venipuncture, 
or intramuscular injection during the study period.14 

Demographic characteristics were reported as numbers 
(percentages), mean ± standard deviation (SD), or median 
[25th, 75th percentile], depending on variable type and 
distribution. Correlations between gestational age or 
procedure duration and pain scores were assessed using 
Pearson correlation coefficients (r). Differences in PIPP-R 
scores across groups exposed to specific variables were 
analyzed using the Mann-Whitney U or Kruskal-Wallis 
tests. Potential factors associated with pain scores were 
identified through univariate linear regression, with 
variables showing p <0.2 further evaluated via backward 
multiple linear regression analysis. Results were reported 
as regression coefficients with 95% confidence intervals 
(CI). Statistical analyses were performed using SPSS version 
29.0, with p <0.05 considered statistically significant.

RESULTS
	 This secondary analysis included 59 procedures from 
59 infants, of whom 29 (49.2%) were born at a gestational 
age (GA) ≥ 37 weeks, and 22 (37.3%) were classified as 
low birthweight (LBW; birthweight <2,500 g). Maternal 
and infant demographic characteristics are detailed in 
Table 1. The median postnatal age at the time of the 
procedures was 5 [2, 18] hours. Among the procedures, 
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TABLE 1. Maternal and infant demographic characteristics.

Mothers (n = 59)	

	 Age (year)	 30.9 ± 5.7

	 Gestational age (week)	 36 [35,38]

	 Twin pregnancy	 3 (5.1)

	 Hypertension related condition	 6 (10.2)

	 Diabetes	 18 (30.5)

	 Antenatal magnesium sulphate	 3 (5.1)

	 Antenatal dexamethasone	 24 (40.7)

	 Systemic intrapartum pain control	 13 (22)

	 Cesarean section	 30 (50.8)

Infants (n = 59)	

	 Birth weight (g)	 2,690 ± 520

	 Male sex 	 34 (57.6)

	 1-minute Apgar score	 8 [8,9]

	 5-minute Apgar score	 10 [9,10]

	 Birth resuscitation	 8 (13.6)

	 Small-for-gestational age 	 9 (15.3)

	 Large-for-gestational age	 4 (6.8)

	 Postnatal age (hour)	 5 [2,18]

Data are presented as mean ± SD, number (%), or median [P25, P75]. * p <0.05 indicates statistical significance.

31 (52.5%) were venipunctures for intravenous (IV) fluid 
administration, 15 (25.4%) were intramuscular (IM) 
injections, and 13 (22%) were heelsticks. Five infants 
(8.5%) received oral glucose solution for pain relief. The 
median procedure durations were 34 [5, 51] seconds for 
venipunctures, 11 [6, 12] seconds for IM injections, and 
1 [1, 1] second for heelsticks. The median PIPP-R score 
across all procedures was 11.0 [7.0, 14.0]. A weak positive 
correlation was observed between GA and PIPP-R scores 
(r= 0.32, p= 0.01) but no significant correlation was 
found between procedure duration and PIPP-R scores 
(r= -0.06, p= 0.68).
	 Table 2 summarizes the associations between 
maternal and infant factors and PIPP-R scores, using 
both univariate and multiple regression analyses. Infants 
who received oral sucrose solution had significantly 
lower PIPP-R scores compared to those who did not, 
with an unadjusted regression coefficient of -6.8 (95% 
CI: -10.9, -2.7; p = 0.002). This association remained 

robust after adjustment, with an adjusted coefficient of 
-6.4 (95% CI: -9.4, -3.3; p < 0.001). LBW was associated 
with lower PIPP-R scores. In the univariate analysis, 
the regression coefficient was -5.3 (95% CI: -7.5, -3.2;  
p < 0.001), and this association persisted in the adjusted 
analysis, with a coefficient of -2.9 (95% CI: -4.8, -1.1; p = 
0.002). Postnatal age <48 hours was significantly associated 
with higher PIPP-R scores. The univariate regression 
coefficient was 3.2 (95% CI: 0.0, 6.5; p = 0.05), and this 
association strengthened in the adjusted analysis, with 
a coefficient of 5.8 (95% CI: 3.3, 8.4; p < 0.001).
	 The type of procedure also significantly influenced 
pain scores. IM injections were associated with the highest 
PIPP-R scores compared to venipunctures, with an 
adjusted regression coefficient of 4.6 (95% CI: 2.3, 6.8;  
p < 0.001). Heelstick procedures had higher PIPP-R 
scores compared to venipunctures, with an adjusted 
coefficient of 2.8 (95% CI: 0.6, 5.0; p = 0.02).
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TABLE 2. Factors associated with PIPP-R scores.

						      Univariate linear		 Multiple linear 
Factors	 n	 PIPP-R	 p*	 regression analysis	 regression analysis
	 	 	 	 scores	 	 Coefficient	 	 Coefficient
						      (95% CI)	 p†	 (95% CI)	 p*

Mothers (n = 59)							     

	 Systemic intrapartum pain control			   0.50	 -1.3 (-4.3,1.6)	 0.37		
		  No	 46	 11.5 [7.0,14.0]					   
		  Yes	 13	 10.0 [3.0,14.5]					   

	 Antenatal magnesium sulphate			   0.01*	 -5.1 (-10.6,0.4)	 0.07†	 -2.7 (-6.5,1.1)	 0.17
		  No	 56	 12.0 [7.0,14.0]					   
		  Yes	 3	 5.0 [4.0,-]					   

	 Antenatal dexamethasone			   0.19	 -1.5 (-4.0,1.0)	 0.25		
		  No	 35	 12.0 [7.0,15.0]					   
		  Yes	 24	 10.5 [4.3,13.0]					   

	 Cesarean section			   0.86	 -0.3 (-2.8,2.2)	 0.82		
		  No	 29	 12.0 [7.0,14.0]					   
		  Yes	 30	 11.0 [4.8,14.0]					   

Infants (n = 59)							     

	 Birthweight <2,500 g			   <0.001*	 -5.3 (-7.5,-3.2)	 <0.001†	 -2.9 (-4.8,-1.1)	 0.002*
		  No	 37	 13.0 [11.0,15.0]					   
		  Yes	 22	 5.0 [3.0,10.3]					   

	 Gestational age <37 weeks			   0.06	 -2.1 (-4.5,0.3)	 0.09†		
		  No	 29	 12.0 [7.5,15.0]					   
		  Yes	 30	 10.5 [4.0,13.0]					   

	 Postnatal age <48h 			   0.03*	 3.2 (0.0,6.5)	 0.05†	 5.8 (3.3,8.4)	 <0.001*
		  No	 49	 11.0 [5.0,13.0]					   
		  Yes	 10	 14.5 [9.5,15.3]					   

	 Female sex 			   0.87	 -0.1 (-2.6,2.4)	 0.95		
		  No	 34	 12.0 [6.3,14.0]					   
		  Yes	 25	 11.0 [6.0,14.5]					   

	 Resuscitation			   0.38	 1.8 (-1.8,5.4)	 0.33		
		  No	 51	 11.0 [5.0,14.0]					   
		  Yes	 8	 13.0 [10.3,14.0]					   

	 Size-for-gestational age			   0.21				  
		  Appropriate-for-gestational age 	 46	 11.0 [6.5,15.0]		  Reference			 
		  Small-for-gestational age 	 9	 7.0 [3.5,12.5]		  -2.4 (-5.8,1.0)	 0.17†		
		  Large-for-gestational age	 4	 13.5 [12.3,14.0]		  2.9 (-2.0,7.8)	 0.24		

	 Glucose oral solution			   0.004*	 -6.8 (-10.9,-2.7)	 0.002†	 -6.4 (-9.4,-3.3)	 <0.001*
		  No	 54	 12.0 [7.0,14.3]					   
		  Yes	 5	 4.0 [2.0,6.0]					   

	 Procedure duration <1 minute			   0.54	 -1.0 (-4.3,2.4)	 0.56		
		  No	 10	 12.5 [8.5,15.0]					   
		  Yes	 49	 11.0 [6.0,14.0]					   

	 Procedure type 			   0.007*				  
		  Intravenous	 31	 9.0 [6.5,12.8]		  Reference			 
		  Intramuscular	 15	 14.0 [12.0,15.0]		  4.4 (1.6,7.2)	 0.002†	 4.6 (2.3,6.8)	 <0.001*
		  Heelstick	 13	 9.5 [6.5,12.8]		  0.5 (-2.4,3.4)	 0.74	 2.8 (0.6,5.0)	 0.02*
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DISCUSSION
	 This study investigated factors influencing pain 
scores in late preterm and term infants undergoing 
routine procedures. By focusing on hemodynamically 
stable infants, the findings are broadly applicable to a low-
risk neonatal population. Using the PIPP-R, a validated 
pain assessment tool that incorporates gestational age, 
behavioral, and physiological indicators, we observed that 
even brief procedures resulted in PIPP-R scores within 
the moderate to severe range (interquartile range: 7–14). 
These findings highlight the importance of implementing 
pain mitigation strategies during routine neonatal care, 
regardless of procedure duration.17 
	 Interestingly, LBW infants were associated with 
lower PIPP-R scores, with a regression coefficient of -2.9 
(95% CI: -4.8, -1.1). LBW infants are often preterm or 
experience fetal growth restriction, which can result in 
developmental immaturity that impacts their behavioral 
and physiological pain responses.17 These infants may 
exhibit less pronounced facial expressions or movements, 
partly due to underdeveloped motor control and limited 
energy reserves.8 Additionally, postnatal illnesses such 
as hypoglycemia, commonly seen in LBW infants, may 
further blunt their responses to painful stimuli.  
	 Although not statistically significant, our findings 
showed lower pain scores in infants whose mothers 
received MgSO4. This may reflect a potential dampening 
effect of MgSO4 on the infant’s ability to respond to 
painful stimuli or a direct neuromodulatory action. 
Given the small number of exposed infants in our study, 
this observation should be interpreted with caution and 
warrants further investigation. 
	 While this study included infants with GA starting 
at 34 weeks, where late preterm infants receive an 
additional point on the PIPP-R score due to their GA 
indicator, our findings revealed that term infants had 
higher PIPP-R scores compared to late preterm infants. 
Despite this adjustment, term infants exhibited higher 
PIPP-R scores, and a weak positive correlation between 
GA and PIPP-R scores was observed. This correlation 
suggests that advancing GA might contribute to slightly 
heightened pain perception or expression. However, 
these findings indicate that the additional scoring point 
for late preterm infants did not significantly impact 
the overall pain score. This aligns with our previous 
findings showing no significant differences in cerebral 
oxygenation responses between late preterm and term 
infants,14 emphasizing that factors other than GA likely 
play a more critical role in shaping pain perception in this 
population. Unexpectedly, postnatal age <48 hours was 
associated with higher PIPP-R scores, with a regression 

coefficient of 5.8 (95% CI: 3.3, 8.4). The selection of 48 
hours as a cutoff assumed that neonates beyond this age 
would have transitioned through the critical phase of 
postnatal adaptation. This finding may be explained by 
the reduced exposure to medical interventions in neonates 
under 48 hours old, as the intensity of acute postnatal care 
typically decreases after this period. The lower procedural 
frequency may result in reduced cumulative stress and 
less sensitization to painful stimuli, potentially explaining 
the lower pain scores. Additionally, neonates older than 
48 hours may exhibit better behavioral regulation, further 
attenuating their pain responses. 
	 The duration of the procedure did not significantly 
correlate with pain scores (r = -0.06, p = 0.68). However, 
the procedural route significantly influenced pain intensity, 
with IM punctures resulting in higher PIPP-R scores 
compared to IV and heelstick procedures. Factors such 
as the depth of needle insertion, muscle contractions, and 
localized tissue drug accumulation during IM injections 
likely contribute to more intense nociceptor activation 
compared to the more superficial nature of IV or heelstick 
procedures. In this study, the needle sizes used were 25G 
for IM injections, 24G for IV procedures, and 28G for 
heelsticks. Although the IM needle was slightly larger 
than the heelstick needle, it was not the primary factor 
contributing to the increased pain scores. Previous research 
in adults has shown no significant association between 
needle gauge and pain response.18 Instead, the deeper 
tissue penetration and mechanical irritation of muscle 
fibers during IM injections may trigger stronger muscle 
contractions and nociceptor activation.19 Additionally, 
the localized accumulation of injected substances in 
muscle tissue likely amplifies discomfort compared to the 
smaller, more superficial punctures of  IV and heelstick 
procedures. Our findings indicate that PIPP-R scores 
for heelstick procedures were higher than those for IV 
procedures [regression coefficients 2.8 (95% CI: 0.6, 5.0), 
p = 0.02]. This trend aligns with findings from a meta-
analysis conducted in term infants20, which suggests that 
IV routes should be prioritized when feasible to reduce 
pain intensity.  Given the necessity of IM injections for 
routine neonatal care, such as vitamin K administration 
and vaccinations, it is crucial to implement effective 
analgesic measures to minimize discomfort, even for 
brief procedures. Strategies such as oral sucrose solution, 
swaddling, or facilitated tucking should be considered 
to improve procedural comfort and reduce pain.5,17 
	 Oral sucrose solution demonstrated significant 
efficacy in reducing pain, with neonates receiving sucrose 
exhibiting lower PIPP-R scores compared to those who 
did not [regression coefficients: -6.4 (95% CI: -9.4, -3.3);  
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p < 0.001]. Its analgesic effect, mediated through activation 
of endogenous opioid pathways, aligns with previous 
studies documenting reduced pain and distress during 
procedures such as heelsticks, venipunctures, and IM 
injections.21,22 However, only 8.5% of neonates in this 
study received sucrose, highlighting gaps in protocol 
adherence. To address this, a quality improvement project 
has been initiated to promote consistent and efficient 
use of oral sucrose for procedural pain management. 
	 This study has several strengths, including its 
focus on routine neonatal procedures and the use of 
PIPP-R, a widely accepted pain assessment tool. Blinding 
assessors to procedure type and duration minimized 
bias, enhancing validity. Nevertheless, certain limitations 
exist. The analyzed procedures were brief and may not 
fully reflect pain responses to longer or more invasive 
interventions. Additionally, all included late preterm and 
term infants were hemodynamically stable, which likely 
reduced variability in physiological responses. Critically 
ill neonates, such as very preterm infants or those with 
hemodynamic instability, may exhibit more pronounced 
differences in pain responses,23 highlighting the need 
for further investigation. PIPP-R scores may partially 
capture anxiety rather than pain alone, suggesting the 
need for exploring complementary non-pharmacological 
interventions such as swaddling or facilitated tucking. 
Finally, our findings must be considered in light of 
the relatively small sample inherent to this secondary 
analysis. Because our cohort size was determined by the 
parent study, no pre-specified sample size calculation 
was possible, and we may have been underpowered to 
detect associations for less common variables or modest 
effect sizes. Although this limitation cannot be remedied 
retrospectively, the trends and confidence intervals we 
observed offer valuable insights and generate hypotheses 
for further investigation. Larger, prospectively powered 
studies in more diverse neonatal populations will be 
essential to validate and extend these results and to 
deepen our understanding of how infant characteristics 
and procedural factors influence pain responses.

CONCLUSION
	 IM injections were associated with higher pain scores 
compared to IV procedures or heelsticks. Gestational age 
demonstrated a weak correlation with pain scores, while 
procedure duration did not influence pain levels. Lower 
pain scores were observed in LBW infants, whereas higher 
scores were observed in those <48 hours postnatal. Oral 
sucrose solution was effective in reducing pain. These 
findings underscore the critical need for consistent pain 
mitigation strategies to enhance procedural comfort in 
neonates.
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