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ABSTRACT
Background  To evaluate the procedural pain 
experienced by neonates in a neonatal intensive care 
unit (NICU) setting and determine the corresponding pain 
grades.
Methods  Two experienced nurses independently 
used the Neonatal Infant Pain Scale (NIPS) to evaluate 
the neonatal pain during procedures taking place in the 
tertiary NICU and two level-two neonatal care units in 
the Children’s Hospital of Zhejiang University School of 
Medicine. The mean and distribution of NIPS pain scores 
and the corresponding pain grades of participants when 
experiencing clinical painful procedures were analysed.
Results  A total of 957 neonates exposed to 15 common 
clinical painful procedures were included in the study. The 
clinical painful procedures experienced by 957 participants 
could be divided into three groups: severe pain (NIPS 
score 5–7: peripheral intravenous cannulation, arterial 
catheterisation, arterial blood sampling, peripherally 
inserted central catheter placement and nasopharyngeal 
suctioning), mild to moderate pain (NIPS score 3–4: 
finger prick, intramuscular injection, adhesive removal, 
endotracheal intubation suctioning, heel prick, lumbar 
puncture and subcutaneous injection) and no pain to mild 
pain (NIPS score 0–2: gastric tube insertion, enema and 
intravenous injection).
Conclusions  The neonatal pain response to clinical 
procedures in NICU had certain pattern and preintervention 
drug analgesia could be taken for painful procedures 
with clustered high NIPS pain scores. Meanwhile, full 
coverage non-drug pain relief measures could be taken 
for procedures that are with scattered pain scores, and 
real-time pain evaluation should be provided to determine 
whether further drug analgesia is required.

INTRODUCTION
International Association for the Study of 
Pain has revised its definition of pain1 to 
include the fact that inability to communicate 
does not negate the possibility that a human 
experiences pain. Studies2 3 have shown that 
the pain threshold of newborns is 30%–50% 
lower than that of adults, and the pain toler-
ance is lower than that of children of other 
ages, making the pain perception more 
intense, lasting and profound for neonates.

Neonatal pain can cause haemodynamic 
and behaviour changes, interruption of eating 
and sleeping, increased energy consumption, 
and changes in short-term hormone secretion, 
leading to related complications, unstable 
condition and prolonged hospitalisation 
time.4 5 It can also cause long-term changes 
in pain sensitivity, nervous system remod-
elling, endocrine system changes, immune 
response imbalance, emotional cognition 
and behaviour disorders.6 7 Unfortunately, 
newborns, especially premature infants, often 
experience pain due to required medical 
treatment and nursing for premature birth or 
disease in the early stage of life.8–10 Clinical 
painful procedures, such as heel prick, arte-
rial and venous puncture, and various injec-
tions, are the main sources of neonatal pain, 
and daily nursing procedures for premature 
infants, such as nappy changing and tempera-
ture measurement, are common painful 
stimuli as well.11

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Neonates can experience pain, and that effective 
pain management is important for their short-term 
and long-term health. However, there are challenges 
in assessing and managing neonatal pain in clinical 
settings, and pain scales and neurophysiological in-
dicators have limitations in their application.

WHAT THIS STUDY ADDS
	⇒ Pain assessment in the neonatal intensive care unit 
can be effectively performed using the Neonatal 
Infant Pain Scale. Our study highlights the wide vari-
ation in pain experienced by neonates undergoing 
different procedures.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study encourages the regular assessment 
of pain in neonates in the intensive care setting. 
Additionally, it advocates for the use of appropri-
ate analgesia to minimise the occurrence of painful 
procedures.
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At present, there are two main categories of methods 
for neonatal pain assessment (NPA). The first type of 
methods are based on the monitoring of neurohormonal 
and neurophysiological indicators, such as skin conduc-
tance,12 13 salivary cortisol,14 15 heart rate variability,16 
neonatal parasympathetic nerve assessment,17 near 
infrared spectroscopy18 and electroencephalogram.19 
While these indicators have been proved to be mean-
ingful in the evaluation of neonatal pain, they are mainly 
used in research situations rather than complex clinical 
environments, limiting their applications in neonatal 
pain evaluation.

Other methods are based on pain scales, for example, 
the Neonatal Infant Pain Scale (NIPS), which are most 
commonly adopted in medical institutions.20 However, 
there are quite a few problems in the application of pain 
scales, such as differences in the evaluation dimensions 
and scopes of application among the scales, the limited 
technical level and willingness of medical staff to assess 
and interpret pain, significant differences in pain evalu-
ation based on scales,21–23 the standardisation and conti-
nuity in scale usage24 25 and strong subjectivity.26 In recent 
years, scholars27 have also attempted to use artificial intel-
ligence technology to address the issue of clinical manual 
scoring with promising results.

This study intends to provide a basis for the manage-
ment of expected procedural pain by quantifying and 
grading pain experience of commonly performed 
painful procedures according to the NIPS pain score and 
pain grade, so that medical staff could adopt early inter-
ventions conveniently and precisely when performing 
specific necessary procedures on newborns.

METHODS
Study design and setting
This is a single-centre cross-sectional study of the extent of 
pain in neonates caused by routine clinical painful proce-
dures. The study was conducted at a tertiary neonatal 
intensive care unit (NICU) and two level-two neonatal 
care units in the Children’s Hospital of Zhejiang Univer-
sity School of Medicine from 1 July 2018 to 30 June 2019.

Eligibility criteria
Figure  1 shows the flow of participants in our study. A 
total of 957 neonates admitted to the neonatal ward of 
our hospital were enrolled in the collection of clinical 
data after obtaining informed consent from the guard-
ians of the neonatal patients. The detailed information 
of the subjects is presented in table 1. All procedures in 
this study were conducted in accordance with the rele-
vant guidelines and regulations.

Exclusion criteria: Neonates with severe birth trauma, 
severe asphyxia, shock, metabolic encephalopathy, 
moderate severe hypoxic-ischaemic encephalopathy and 
severe cardiopulmonary disease were excluded from 
the study. Additionally, neonates with major congenital 
malformations, facial dysmorphisms, facial nerve injuries, 

facial surgery and other conditions affecting facial pain 
evaluation.

Neonates who had received medications were excluded 
to ensure that the study focused on the natural pain 
responses and to avoid confounding effects of prior 
analgesia or sedation. Analgesic medications included 
opioids (such as morphine and fentanyl) and non-opioid 
medications (such as acetaminophen and ibuprofen). 
Meanwhile, sedative medications included benzodiaz-
epines (such as midazolam) and other sedative agents 
(such as propofol and dexmedetomidine). Furthermore, 
endotracheal intubation, retinopathy of prematurity 
fundus examination, thoracentesis and wound treatment 
were not included as painful procedures due to the use of 
premedication before elective endotracheal intubation. 

Figure 1  Flow chart of participant screening.

Table 1  Demographic information

Types of clinical painful procedures No

Gender

 � Male 594 (62.07%)

 � Female 363 (37.93%)

Delivery mode

 � Vaginal delivery 431 (45.04%)

 � Caesarean section 526 (54.96%)

Gestational age 34.75±4.53 weeks

Weight 2.37±1.01 kg

Types of procedures

 � Blood sampling 565 (59.04%)

 � Injection 65 (6.79%)

 � Catheterisation 146 (15.26%)

 � Other 181 (18.91%)
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Parents were allowed to request withdrawal from the 
study at any time.

Clinical painful procedures
The research conducted a classification of 15 types of 
painful procedures28 into 4 distinct categories: blood 
sampling, injection, catheterisation and others. Table 2 
provides a comprehensive overview of the procedure 
types and their composition.

Neonatal pain evaluation
This study used the NIPS to quantify neonatal pain. NIPS, 
which takes facial expression, crying, limb activity, arousal 
state and respiratory physiological indicators into account 
(as shown in table 3), is suitable for assessing newborns 
with gestational age between 28 and 38 weeks, and is 
particularly useful for acute pain evaluation such as veni-
puncture, heel prick and postoperative pain.29 The score 
range of NIPS is 0–7 points, with 0–2 points indicating no 
pain or mild pain, 3–4 points indicating mild to moderate 
pain and 5–7 points indicating severe pain. One painful 
procedure was selected per patient to avoid duplicate 
calculations and ensure the accuracy of the data. Each 
patient contributed data for only one painful procedure, 
and multiple procedures from the same patient were not 
included in the analysis. This approach allowed us to 
maintain consistency in the number of procedures and 
participants throughout the study.

The pain scores were assessed independently by two 
experienced nurses for each painful procedure. The 
nurses evaluated the neonate’s pain using the NIPS at 
the same time, but independently of each other. This 
was done to ensure consistency and accuracy in the pain 
assessment. After each nurse assessed the neonate’s pain, 
they recorded their scores separately on a standardised 
data collection form. The two scores were then compared, 
and in cases where there was a discrepancy of more than 
two points, the nurses discussed the pain assessment and 
reached a consensus score.

Non-pharmacological pain relief measures, such as 
kangaroo care, swaddling and sucrose administration, 
are commonly employed in NICUs to alleviate pain and 
enhance comfort during painful procedures.30 Although 
our study did not specifically assess or include data on 
these measures, we acknowledge their potential use in 
NICU settings.

At the same time, since parental presence during proce-
dures is encouraged and supported in many NICUs due 
to positive effects on both the infants and the parents,31 
we acknowledge the possibility of parental presence 
during the procedures in NICUs and its potential impact 
on the outcomes.

Table 2  Clinical painful procedures in this study

Types of clinical painful 
procedures No

Proportion 
(%)

Blood sampling 565 59.04

 � Arterial blood sampling 252 26.33

 � Heel prick 208 21.74

 � Finger prick 105 10.97

Injection 65 6.79

 � Intramuscular injection 24 2.51

 � Subcutaneous injection 21 2.19

 � Intravenous injection 20 2.09

Catheterisation 146 15.26

 � Peripheral intravenous 
cannulation

63 6.58

 � Peripherally inserted central 
catheter placement

29 3.03

 � Arterial catheterisation 23 2.41

 � Gastric tube insertion 31 3.24

Other 181 18.91

 � Lumbar puncture 24 2.51

 � Endotracheal intubation 
suctioning

27 2.82

 � Nasopharyngeal suctioning 45 4.70

 � Enema 26 2.72

 � Adhesive removal 59 6.16

The bold values are the numbers and proportions of the four 
distinct categories. 

Table 3  The parameters of the Neonatal Infant Pain Scale

Parameters 0 point 1 point 2 points

Facial expression Relaxed Grimace N/A

Cry No cry Whimper Vigorous crying

Breathing pattern Relaxed Change in breathing N/A

Arms Relaxed Flexed/extended N/A

Legs Relaxed Flexed/extended N/A

State of arousal Sleeping/awake Fussy N/A

Pain level: 0–2 points=no pain, 3–4 points=moderate pain, >4 points=severe pain.
N/A, not available.
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Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of this 
research.

RESULTS
Distribution of NIPS pain scores for each procedure
As shown in table 4, the distribution of NIPS pain scores 
was clustered for peripheral intravenous cannulation, 
arterial catheterisation, arterial blood sampling and 
peripherally inserted central catheter (PICC) placement 
and dispersed for adhesive removal, subcutaneous injec-
tion and heel prick. For those clinical painful proce-
dures with aggregated pain scores, they could be further 
divided into three categories according to the NIPS pain 
grades. The procedures with pain scores gathered in the 
severe pain grade are peripheral IV cannulation, arterial 
catheterisation, arterial blood sampling, nasopharyngeal 
suctioning, PICC placement. The procedures whose pain 
scores fall in the mild to moderate pain grade are finger 
prick, intramuscular injection, lumbar puncture and 
endotracheal intubation suctioning. The pain scores of 
intravenous injection, enema and gastric tube insertion 
are gathered in the no pain or mild pain grade.

Meanwhile, the pain scores for procedures such as 
subcutaneous injection, adhesive removal and heel prick 
are relatively scattered, indicating a variability in pain 
experience among neonates. These procedures have 
discrete scores, with more factors affecting pain during 
such procedures. For instance, subcutaneous injections 
may cause pain due to the depth of the injection, the type 
of medication being delivered, injection temperature 
and skin tension, etc. Adhesive removal can also cause 

discomfort due to the adhesive properties of the tape and 
the sensitivity of the neonate’s skin. Similarly, heel prick 
procedures may be affected by factors such as the size 
of the lancet used, the depth of the puncture and the 
neonate’s skin thickness. The detailed proportion of pain 
grades of each procedure is shown in figure 2.

According to the pain levels of NIPS, the average pain 
scores for each clinical painful procedure are divided 
into three levels, as shown in table 5.

DISCUSSION
Neglect of neonatal pain
As pointed out in the updated definition of pain, although 
pain is a subjective feeling, it cannot be denied that tissue 
damage is often a significant factor in the experience of 
pain. For patients with nonverbal expressive skills who 

Table 4  Distribution of Neonatal Infant Pain Scale pain scores for different clinical painful procedures

Procedures

Distribution of Neonatal Infant Pain Scale pain scores for procedures

0 1 2 3 4 5 6 7

Peripheral IV cannulation 0.0% 1.6% 1.6% 1.6% 1.6% 14.3% 25.4% 54.0%

Arterial catheterisation 0.0% 0.0% 0.0% 0.0% 8.7% 21.7% 17.4% 52.2%

Arterial blood sampling 1.2% 1.2% 1.6% 3.2% 4.4% 12.7% 28.2% 47.6%

Nasopharyngeal suctioning 0.0% 0.0% 4.4% 15.6% 17.8% 4.4% 28.9% 28.9%

Peripherally inserted central catheter placement 0.0% 0.0% 0.0% 0.0% 6.9% 51.7% 24.1% 17.2%

Intravenous injection 50.0% 25.0% 5.0% 10.0% 5.0% 5.0% 0.0% 0.0%

Enema 30.8% 26.9% 38.5% 3.8% 0.0% 0.0% 0.0% 0.0%

Gastric tube insertion 16.1% 16.1% 35.5% 32.3% 0.0% 0.0% 0.0% 0.0%

Finger prick 1.9% 1.0% 9.5% 5.7% 16.2% 36.2% 18.1% 11.4%

Intramuscular injection 0.0% 0.0% 12.5% 12.5% 16.7% 29.2% 20.8% 8.3%

Lumbar puncture 0.0% 4.2% 12.5% 29.2% 29.2% 12.5% 12.5% 0.0%

Endotracheal intubation suctioning 0.0% 3.7% 7.4% 7.4% 48.1% 25.9% 3.7% 3.7%

Subcutaneous injection 14.3% 0.0% 14.3% 9.5% 47.6% 0.0% 14.3% 0.0%

Adhesive removal 20.3% 6.8% 1.7% 3.4% 8.5% 11.9% 25.4% 22.0%

Heel prick 11.5% 11.5% 11.5% 10.1% 9.1% 11.1% 21.6% 13.5%

Figure 2  Proportion of pain grades for different clinical 
painful procedures. PICC, peripherally inserted central 
catheter.
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endure tissue injury, proper evaluation of the pain expe-
rience is an important basis for adopting pain interven-
tion strategies in the clinic. If the patient has definite 
tissue injury or the pain is definitely intolerable, it is 
necessary to give corresponding intervention before the 
pain occurs. However, there are still major deficiencies 
and even lacks in NPA and management in actual clinical 
practice.

Sposito et al32 found less than 4% of the total proce-
dures were scored as pain in the NICU, where only 32.5% 
of pain records employed pharmacological or non-
pharmacological interventions for pain relief. Kyololo et 
al33 studied 404 invasive procedures experienced within 
24 hours of admission on 95 neonates, only 1 procedure 
was rated as severe pain yet no form of analgesia was 
performed. Additionally, a prospective study from 243 
NICUs in 18 European countries found that only 10% 
of 6648 infants underwent daily pain evaluation using 
scales.34

To explore the reasons, on the one hand, most of clin-
ical painful procedures were short term, and the path 
of ‘procedure-evaluation-intervention’ was not suitable 
for short-term procedures. However, the fact that clin-
ical painful procedures are highly frequent in the NICU 
makes these short-term procedures become frequent 
events that newborns often experience. On the other 
hand, it may also indicate a failure or difficulty in imple-
menting or applying the pain scale.

Suppose we change the pain management pathway to 
assessing the pain grade of a procedure, applying prein-
tervention and starting the procedure, it would help 
avoid or relieve most of the procedural pain experienced 
in the NICU. Therefore, the quantitative evaluation of 
procedural pain for neonates to support precise and 
effective pain management is essential for the healthy 
growth of the newborn,20 35 especially in high frequency 
painful stimulation environments such as the NICU.

Quantification of neonatal procedural pain severity
In clinical practice, the association between pain and 
tissue damage is often still considered, and the degree 
of tissue damage is often used as a basis for assessing 
pain severity. However, it is important to note that clin-
ical procedures can vary greatly in their nature and may 
have different impacts on the overall pain burden expe-
rienced by an individual baby. Simply classifying pain 
based on tissue damage may shift the pain grade down 
and cause pain interventions to be easily ignored for 
those high frequency procedures with low tissue damage. 
For example, tissue damage is not serious for those 
procedures characterised by local tissue puncture, such 
as arterial catheterisation, arterial blood sampling and 
finger prick.

In Laudiano-Dray’s study,36 the authors aimed to esti-
mate the pain severity of common NICU procedures 
using published pain scores. They extracted pain scores 
using 59 randomised controlled trials for 15 different 
procedures and conducted hierarchical cluster analysis 
of average pain scores, resulting in 5 discrete severity 
groups. Compared with our study, despite variations in 
the specific procedures and pain assessment tools used, 
there is consistency in the categorisation of pain levels.

These research findings have important implications 
for clinical practice. They provide healthcare profes-
sionals with valuable insights into the pain experienced 
by neonates during different procedures in an NICU 
setting. The identification of different pain severity 
groups allows for more accurate assessment and tailored 
interventions to manage neonatal pain effectively.

Our study also confirmed that the vast majority of 
newborns felt pain with more than moderate grades, 
with mean 6.13±1.06, 5.97±1.43 and 4.71±1.57, respec-
tively. Therefore, it is important to take into account 
the actual pain experience of these high frequency low 
injury manipulations in order to avoid or relieve pain. 
The neglect of the actual pain experience of these high 
frequency low injury manipulations may also aggravate 
pain, and neurological immaturity and repeated expo-
sure to pain in the neonatal period may lower pain thresh-
olds and thus render infants more sensitive to subsequent 
pain events.37 However, it is important to note that pain 
assessment should consider multiple factors, such as 
behavioural indicators, physiological measures and 
autonomic nervous system responses. Additionally, indi-
vidual differences, including developmental level, pain 

Table 5  Mean Neonatal Infant Pain Scale (NIPS) pain 
scores and severity for each procedure

Severity of pain procedure
NIPS pain 
score*

Severe pain

 � Peripheral intravenous cannulation 6.17±1.24

 � Arterial catheterisation 6.13±1.06

 � Arterial blood sampling 5.97±1.43

 � Peripherally inserted central catheter 
placement

5.52±0.87

 � Nasopharyngeal suctioning 5.24±1.63

Mild to moderate pain

 � Finger prick 4.71±1.57

 � Intramuscular injection 4.58±1.50

 � Adhesive removal 4.20±2.68

 � Endotracheal intubation suctioning 4.11±1.22

 � Heel prick 3.81±2.37

 � Lumbar puncture 3.71±1.33

 � Subcutaneous injection 3.33±1.80

No pain or mild pain

 � Gastric tube insertion 1.84±1.06

 � Enema 1.15±0.92

 � Intravenous injection 1.10±1.52

*Data are presented as mean±SD.
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sensitivity and contextual factors, should be taken into 
account when assessing and managing neonatal pain.

The 15 procedures could be grouped into 2 main 
categories based on the distribution of pain scores, 
specifically as either score clustered, that is, the score 
aggregation in a specific score range exceeds the average, 
or score dispersed. This suggests that pain experiences 
are similar across much of the neonatal population, and 
suitable preprocedural administration of pharmacolog-
ical or non-pharmacological interventions that match 
the pain grade have significant utility for the respective 
procedure.

Procedures with more than moderate pain should be 
managed with sedative analgesics or local anaesthetic 
before the procedure. However, due to the immaturity of 
drug metabolism in infants and drug-related side effects, 
such as hypotension38 and respiratory depression,39 the 
use of local or systemic pharmacological analgesia should 
be used with caution. Meanwhile, non-pharmacological 
interventions, such as oral sucrose, nonnutritive sucking, 
etc, should be taken as basic analgesic measures for reas-
surance and manipulation prior the procedures, regard-
less of the degree of pain.

As for procedures with pain score dispersed, they 
are not amenable to giving uniform interventions and 
should be based on the widespread adoption of non-
pharmaceutical care strategies such as breast feeding 
and kangaroo care.40 41 Further interventions were given 
after comprehensive evaluation based on clinical reality, 
newborns’ pain experience and so on.

Strengths and limitations
Stepped pain control, including non-pharmacological 
and pharmacological interventions, is the fundamental 
of neonatal pain management. However, the implemen-
tation of NPA in present is still based on various scoring 
systems after the fact and are not available for prior pain 
management or preintervention for impending clinical 
painful procedures.

Our work is of great value as to accurately quantify and 
generalise pain experience across different procedures 
in a population context, providing a preintervention 
basis for expected clinical procedures. It is of great prac-
tical importance to optimise clinical pathways in current 
neonatal pain management.

Although we would like to truly reflect the neonatal 
pain state to the greatest extent, the pain is still affected by 
many factors, and our research still has many limitations. 
First of all, our study was conducted at a single centre, 
which may limit the generalisability of our findings to 
other settings. Additionally, our study only involved two 
examiners, which may have introduced bias in the pain 
assessments. We acknowledge that healthcare profes-
sionals’ personal beliefs and professional experience may 
influence pain assessments, and future studies should aim 
to address this by involving a larger number of examiners 
from different backgrounds. Lastly, we excluded neuro-
logically impaired and seriously ill newborns, which may 

limit the generalisability of our findings to these popula-
tions. We recognise that the severity of illness and neuro-
logical state may affect pain expression in neonates, and 
future studies should aim to include these populations.

Meanwhile, our study did not examine other factors 
that may influence pain expression in neonates, such 
as gestational age, environmental factors and sleep-
wake state. Future studies should be proposed to collect 
more comprehensive data in order to analyse the impact 
of these factors on neonatal pain expression. This will 
help to provide a more complete understanding of the 
complex factors that could contribute to pain expression 
in neonates and guide more accurate assessment and 
management of neonatal pain.

CONCLUSION
This study provides evidence that pain response is similar 
across the studied neonatal population. As suitable 
preprocedural administration of pharmacological or 
non-pharmacological interventions that match the pain 
grade have significant utility for the respective procedure, 
it is important to take into account the actual pain experi-
ence of high frequency low injury manipulations in order 
to avoid or relieve pain. Neglect of the actual pain expe-
rience of these high frequency low injury manipulations 
may also aggravate pain, and neurological immaturity 
and repeated exposure to pain in the neonatal period 
may lower pain thresholds and thus render infants more 
sensitive to subsequent pain events. The findings of this 
study have important implications for the management 
of neonatal pain, and further research is needed to 
explore the optimal strategies for pain management in 
the neonatal period.

Author affiliations
1Neonatal Intensive Care Unit, The Children's Hospital, Zhejiang University School of 
Medicine, National Clinical Research Center for Child Health, Hangzhou, Zhejiang, 
China
2College of Information Science and Electronic Engineering, Zhejiang University, 
Hangzhou, Zhejiang, China
3Administration Department of Nosocomial Infection, The Children's Hospital, 
Zhejiang University School of Medicine, National Clinical Research Center for Child 
Health, Hangzhou, China
4Quality Improvement Office, The Children's Hospital, Zhejiang University School of 
Medicine, National Clinical Research Center for Child Health, Hangzhou, China
5Gastroenterology Department, The Children's Hospital, Zhejiang University School 
of Medicine, National Clinical Research Center for Child Health, Hangzhou, China

Contributors  Conceptualisation: FL and HZ; methodology, HZ and FL; software, HZ 
and YZ; validation, FL, XChen and XCheng; formal analysis, FL, XCheng, XChen and 
HZ; investigation, LM and QS; resources, SC; data curation, LM and QS; writing—
original draft preparation, FL and HZ; writing—review and editing, HZ, YZ, YP and 
SC; visualisation, HZ and YZ; supervision, SC and YP; project administration, SC and 
YP; funding acquisition, SC, YP and HZ; guarantor, SC. All authors have read and 
agreed to the published version of the manuscript.

Funding  This research was funded by the National Natural Science Foundation 
of China (62306272), the Zhejiang Provincial Natural Science Foundation of China 
(Grant No. LGF20H040008 and No. LQ21F010016) and the Zhejiang Provincial Key 
Research and Development Program of China (2021C03027).

Competing interests  None declared.

B
M

J P
aediatrics O

pen: first published as 10.1136/bm
jpo-2023-002107 on 11 O

ctober 2023. D
ow

nloaded from
 https://bm

jpaedsopen.bm
j.com

 on 26 D
ecem

ber 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.



7Luo F, et al. BMJ Paediatrics Open 2023;7:e002107. doi:10.1136/bmjpo-2023-002107

Open access

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and the study protocol 
was approved by the Institutional Review Board of the Children’s Hospital, Zhejiang 
University School of Medicine (ethics number: 2018-IRB-051). Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Feixiang Luo http://orcid.org/0000-0001-8473-3022
Huaiyu Zhu http://orcid.org/0000-0001-6918-4088
Lingli Mei http://orcid.org/0000-0002-2582-6330
Yisheng Zhao http://orcid.org/0000-0002-0763-3658
Shuohui Chen http://orcid.org/0000-0002-1006-2964
Yun Pan http://orcid.org/0000-0002-9335-4291

REFERENCES
	 1	 IASP ANNOUNCES revised definition of pain. 2020. Available: 

https://www.iasp-pain.org/publications/iasp-news/iasp-announces-​
revised-definition-of-pain

	 2	 Grunau RE, Holsti L, Peters JWB. Long-term consequences of pain 
in human neonates. Semin Fetal Neonatal Med 2006;11:268–75. 

	 3	 Cong X, Delaney C, Vazquez V. Neonatal nurses' perceptions of 
pain assessment and management in NICUs: a national survey. Adv 
Neonatal Care 2013;13:353–60. 

	 4	 Lago P, Garetti E, Merazzi D, et al. Guidelines for procedural pain in 
the newborn. Acta Paediatr 2009;98:932–9. 

	 5	 Anand KJS, Aranda JV, Berde CB, et al. Summary proceedings from 
the neonatal pain-control group. Pediatrics 2006;117:S9–22. 

	 6	 McPherson C, Miller SP, El-Dib M, et al. The influence of pain, 
agitation, and their management on the immature brain. Pediatr Res 
2020;88:168–75. 

	 7	 Burnsed JC, Heinan K, Letzkus L, et al. Gabapentin for pain, 
movement disorders, and irritability in neonates and infants. Dev 
Med Child Neurol 2020;62:386–9. 

	 8	 Andropoulos DB. Effect of anesthesia on the developing brain: infant 
and fetus. Fetal Diagn Ther 2018;43:1–11. 

	 9	 Carbajal R, Rousset A, Danan C, et al. Epidemiology and treatment 
of painful procedures in neonates in intensive care units. JAMA 
2008;300:60–70. 

	10	 Roofthooft DWE, Simons SHP, Anand KJS, et al. Eight years later, 
are we still hurting newborn infants? Neonatology 2014;105:218–26. 

	11	 Hall RW, Anand KJS. Pain management in newborns. Clin Perinatol 
2014;41:895–924. 

	12	 Roué J-M, Rioualen S, Gendras J, et al. Multi-modal pain 
assessment: are near-infrared spectroscopy, skin conductance, 
salivary cortisol, physiologic parameters, and neonatal facial coding 
system interrelated during venepuncture in healthy, term neonates? 
J Pain Res 2018;11:2257–67. 

	13	 Gjerstad AC, Wagner K, Henrichsen T, et al. Skin conductance 
versus the modified COMFORT sedation score as a measure 
of discomfort in artificially ventilated children. Pediatrics 
2008;122:e848–53. 

	14	 Jansen J, Beijers R, Riksen-Walraven M, et al. Cortisol reactivity in 
young infants. Psychoneuroendocrinology 2010;35:329–38. 

	15	 Mörelius E, He HG, Shorey S. Salivary cortisol reactivity in preterm 
infants in neonatal intensive care. Int J Environ Res Public Health 
2016;13:337. 

	16	 Butruille L, De jonckheere J, Marcilly R, et al. Development of a pain 
monitoring device focused on newborn infant applications. IRBM 
2015;36:80–5. 

	17	 De Jonckheere J, Rakza T, Logier R, et al. Heart rate variability 
analysis for newborn infants prolonged pain assessment. Annu Int 
Conf IEEE Eng Med Biol Soc 2011;2011:7747–50. 

	18	 Olsson E, Ahlsén G, Eriksson M. Skin-to-skin contact reduces near-
infrared spectroscopy pain responses in premature infants during 
blood sampling. Acta Paediatr 2016;105:376–80. 

	19	 Slater R, Cantarella A, Franck L, et al. How well do clinical pain 
assessment tools reflect pain in infants? PLoS Med 2008;5:e129. 

	20	 Maxwell LG, Fraga MV, Malavolta CP. Assessment of pain in the 
newborn: an update. Clin Perinatol 2019;46:693–707. 

	21	 Stevens BJ, Abbott LK, Yamada J, et al. Epidemiology and 
management of painful procedures in children in Canadian hospitals. 
CMAJ 2011;183:E403–10. 

	22	 Karling M, Renström M, Ljungman G. Acute and postoperative 
pain in children: a Swedish nationwide survey. Acta Paediatr 
2002;91:660–6. 

	23	 Pölkki T, Korhonen A, Laukkala H. Nurses' perceptions of pain 
assessment and management practices in neonates: a cross-
sectional survey. Scand J Caring Sci 2018;32:725–33. 

	24	 Boyle EM, Bradshaw J, Blake KI. Persistent pain in neonates: 
challenges in assessment without the aid of a clinical tool. Acta 
Paediatr 2018;107:63–7. 

	25	 Collados-Gómez L, Camacho-Vicente V, González-Villalba M, et al. 
Neonatal nurses' perceptions of pain management. Enferm Intensiva 
(Engl Ed) 2018;29:41–7. 

	26	 Zamzmi G, Kasturi R, Goldgof D, et al. A review of automated pain 
assessment in infants: features, classification tasks, and databases. 
IEEE Rev Biomed Eng 2018;11:77–96. 

	27	 Cheng X, Zhu H, Mei L, et al. Artificial intelligence based pain 
assessment technology in clinical application of real-world neonatal 
blood sampling. Diagnostics (Basel) 2022;12:1831. 

	28	 Cruz MD, Fernandes AM, Oliveira CR. Epidemiology of painful 
procedures performed in neonates: a systematic review of 
observational studies. Eur J Pain 2016;20:489–98. 

	29	 Lawrence J, Alcock D, McGrath P, et al. The development of a tool 
to assess neonatal pain. Neonatal Netw 1993;12:59–66.

	30	 Perry M, Tan Z, Chen J, et al. Neonatal pain: perceptions and current 
practice. Crit Care Nurs Clin North Am 2018;30:549–61. 

	31	 Piira T, Sugiura T, Champion GD, et al. The role of parental presence 
in the context of children’s medical procedures: a systematic review. 
Child Care Health Dev 2005;31:233–43. 

	32	 Sposito NPB, Rossato LM, Bueno M, et al. Assessment and 
management of pain in newborns hospitalized in a neonatal 
intensive care unit: a cross-sectional study. Rev Lat Am Enfermagem 
2017;25:e2931. 

	33	 Kyololo OM, Stevens B, Gastaldo D, et al. Procedural pain 
in neonatal units in Kenya. Arch Dis Child Fetal Neonatal Ed 
2014;99:F464–7. 

	34	 Anand KJS, Eriksson M, Boyle EM, et al. Assessment of continuous 
pain in newborns admitted to NICUs in 18 European countries. Acta 
Paediatr 2017;106:1248–59. 

	35	 Eriksson M, Campbell-Yeo M. Assessment of pain in newborn 
infants. Semin Fetal Neonatal Med 2019;24:101003. 

	36	 Laudiano-Dray MP, Pillai Riddell R, Jones L, et al. Quantification of 
neonatal procedural pain severity: a platform for estimating total pain 
burden in individual infants. Pain 2020;161:1270–7. 

	37	 Bouza H. The impact of pain in the immature brain. J Matern Fetal 
Neonatal Med 2009;22:722–32. 

	38	 Duerden EG, Guo T, Dodbiba L, et al. Midazolam dose correlates 
with abnormal hippocampal growth and neurodevelopmental 
outcome in preterm infants. Ann Neurol 2016;79:548–59. 

	39	 McPherson C, Haslam M, Pineda R, et al. Brain injury and 
development in preterm infants exposed to fentanyl. Ann 
Pharmacother 2015;49:1291–7. 

	40	 Campbell-Yeo M, Fernandes A, Johnston C. Procedural pain 
management for neonates using nonpharmacological strategies: part 
2: mother-driven interventions. Adv Neonatal Care 2011;11:312–8. 

	41	 Fernandes A, Campbell-Yeo M, Johnston CC. Procedural pain 
management for neonates using nonpharmacological strategies: 
part 1: sensorial interventions. Adv Neonatal Care 2011;11:235–41. 

B
M

J P
aediatrics O

pen: first published as 10.1136/bm
jpo-2023-002107 on 11 O

ctober 2023. D
ow

nloaded from
 https://bm

jpaedsopen.bm
j.com

 on 26 D
ecem

ber 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8473-3022
http://orcid.org/0000-0001-6918-4088
http://orcid.org/0000-0002-2582-6330
http://orcid.org/0000-0002-0763-3658
http://orcid.org/0000-0002-1006-2964
http://orcid.org/0000-0002-9335-4291
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain
http://dx.doi.org/10.1016/j.siny.2006.02.007
http://dx.doi.org/10.1097/ANC.0b013e31829d62e8
http://dx.doi.org/10.1097/ANC.0b013e31829d62e8
http://dx.doi.org/10.1111/j.1651-2227.2009.01291.x
http://dx.doi.org/10.1542/peds.2005-0620C
http://dx.doi.org/10.1038/s41390-019-0744-6
http://dx.doi.org/10.1111/dmcn.14324
http://dx.doi.org/10.1111/dmcn.14324
http://dx.doi.org/10.1159/000475928
http://dx.doi.org/10.1001/jama.300.1.60
http://dx.doi.org/10.1159/000357207
http://dx.doi.org/10.1016/j.clp.2014.08.010
http://dx.doi.org/10.2147/JPR.S165810
http://dx.doi.org/10.1542/peds.2007-2545
http://dx.doi.org/10.1016/j.psyneuen.2009.07.008
http://dx.doi.org/10.3390/ijerph13030337
http://dx.doi.org/10.1016/j.irbm.2015.01.005
http://dx.doi.org/10.1109/IEMBS.2011.6091909
http://dx.doi.org/10.1109/IEMBS.2011.6091909
http://dx.doi.org/10.1111/apa.13180
http://dx.doi.org/10.1371/journal.pmed.0050129
http://dx.doi.org/10.1016/j.clp.2019.08.005
http://dx.doi.org/10.1503/cmaj.101341
http://dx.doi.org/10.1080/080352502760069070
http://dx.doi.org/10.1111/scs.12503
http://dx.doi.org/10.1111/apa.14081
http://dx.doi.org/10.1111/apa.14081
http://dx.doi.org/10.1016/j.enfi.2017.08.003
http://dx.doi.org/10.1016/j.enfi.2017.08.003
http://dx.doi.org/10.1109/RBME.2017.2777907
http://dx.doi.org/10.3390/diagnostics12081831
http://dx.doi.org/10.1002/ejp.757
http://dx.doi.org/8413140
http://dx.doi.org/10.1016/j.cnc.2018.07.013
http://dx.doi.org/10.1111/j.1365-2214.2004.00466.x
http://dx.doi.org/10.1590/1518-8345.1665.2931
http://dx.doi.org/10.1136/archdischild-2014-306003
http://dx.doi.org/10.1111/apa.13810
http://dx.doi.org/10.1111/apa.13810
http://dx.doi.org/10.1016/j.siny.2019.04.003
http://dx.doi.org/10.1097/j.pain.0000000000001814
http://dx.doi.org/10.3109/14767050902926962
http://dx.doi.org/10.3109/14767050902926962
http://dx.doi.org/10.1002/ana.24601
http://dx.doi.org/10.1177/1060028015606732
http://dx.doi.org/10.1177/1060028015606732
http://dx.doi.org/10.1097/ANC.0b013e318229aa76
http://dx.doi.org/10.1097/ANC.0b013e318225a2c2

	Evaluation of procedural pain for neonates in a neonatal intensive care unit: a single-­centre study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Eligibility criteria
	Clinical painful procedures
	Neonatal pain evaluation
	Patient and public involvement

	Results
	Distribution of NIPS pain scores for each procedure

	Discussion
	Neglect of neonatal pain
	Quantification of neonatal procedural pain severity
	Strengths and limitations

	Conclusion
	References


