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Assessment of four pain scales for evaluating procedural pain
in premature infants undergoing heel blood collection
Wanhua Xie1, Xiaojie Wang2, Ruihua Huang2, Yanxia Chen2 and Xiaoping Guo2

BACKGROUND: Procedural pain is underestimated in hospitalized preterm infants. The aim of this study was to assess the
reliability, validity, and clinical utility of the Neonatal Facial Coding System (NFCS), Douleur Aiguë du Nouveau-né (DAN) scale,
Neonatal Infant Pain Scale (NIPS), and Premature Infant Pain Profile (PIPP) in premature infants undergoing heel blood collection.
We assume that the four scales were similar in reliablility and validity (but different in clinical utility).
METHODS: The pain assessments were performed on 111 premature infants using the four scales. Internal consistency was
determined by Cronbach’s α, and the reliability was determined by the intraclass correlation coefficients. Concurrent validity was
evaluated by Spearman’s rank correlations. Bland–Altman plots were used to investigate the convergent validity.
RESULTS: The internal consistency and their reliability of the scales were high (p < 0.001). Scores were significantly higher at the
time of blood collection (p < 0.001). Mean scores of clinical utility of PIPP were significantly higher than NFCS and DAN (p < 0.05) but
not higher than the NIPS (p > 0.05).
CONCLUSIONS: The four scales were reliable and valid. This study suggests that the PIPP and NIPS has good clinical utility and are
better choice for evaluating procedural pain in premature infants.
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IMPACT:

● The aim of this study was to assess the reliability, validity, and clinical utility of NFCS, DAN, NIPS, and PIPP in premature infants
undergoing heel blood collection.

● The results showed that the four scales have high reliability and internal consistency; the PIPP and NIPS have good clinical
utility and are better choice for evaluating procedural pain in premature infants.

● Our study results provided a reference for clinical workers in choosing pain assessment scales and conduction intervention.

INTRODUCTION
Pain is regarded as the fifth vital sign,1 and frequent procedural
pain easily triggers pain, causing short- and long-term adverse
effects such as hyperalgesia and late neurodevelopmental
dysplasia.2 Premature infants are more sensitive to pain than
older children and adults.3 The pain threshold in newborns is
30–50% lower than that in adults, and their pain tolerance is also
lower than that of children of other ages; moreover, infants’ pain
perception is more intense, long-lasting, and profound.4 Special
attention should be paid to the development of preterm infants
during and after neonatal hospitalization.5–7 According to one
survey, >15 million premature babies are born each year
worldwide.8 These premature babies are hospitalized and
receive multiple painful procedures during hospitalization.9 Pain
assessment in hospitalized preterm infants is insufficient.10 It is
more difficult to assess pain in premature infants than in adults
and children because they are unable to self-report the pain.
Accordingly, pain assessment in premature infants is often
overlooked. Therefore, it is urgent to study the procedural pain
assessment of premature infants.

The American Academy of Pediatrics recommends that clinical
workers perform reliable and effective pain measurements in
newborns.11 Scholars across the globe have conducted studies on
newborn pain assessment scales.12–16 China has no self-developed
pain scale and no uniform standard for pain scales for premature
infants. Some neonatal intensive care units (NICUs) apply the
Chinese scales for pain assessment in which Premature Infant Pain
Profile (PIPP), the Neonatal Facial Coding System (NFCS), Douleur
Aiguë du Nouveau-né (DAN) scale, and Neonatal Infant Pain Scale
(NIPS) are commonly used, and some NICUs in China do not even
apply the scales for pain assessment.17

The NFCS18,19 was designed by Grunau et al. in 1987 for
assessing pain in full-term infants and premature infants. In clinical
utility, it was developed primarily for research. Feasibility of using
the complete NFCS at the bedside was established. Also, inter-
rater reliability and construct validity was further supported.19,20

The NIPS was designed by Lawrence et al. in 1993 to assess the
degree of procedural pain felt by full-term and preterm infants.21

It is a multidimensional (composite) assessment tool and requires
assessment of multiple dimensions of facial expression, cry,
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breathing patterns, arms movement, legs movement, and state of
arousal. The NIPS was validated for preterm and full-term
neonates as well as for acute and acute, prolonged pain. Internal
consistency and inter-rater reliability were high (0.87–0.95 and
0.92–0.97, respectively). Convergent validity was demonstrated by
moderate-to-high correlations with other pain assessment
scales.22 The NIPS has limited reporting of clinical utility despite
its psychometric property testing.20

The DAN was designed by Carbajal et al. in 1997 for the
assessment of pain in newborns, including full-term and
premature infants.23 It was reliable and valid to assess pain in
42 newborn born between 25 and 41 weeks’ gestational age (GA).
The DAN has no reporting of clinical utility despite its psycho-
metric property testing.20

The PIPP was designed by Stevens et al.24,25 in 1996 for pain
assessment in full-term and premature infants and is a multi-
dimensional assessment tool. In terms of psychometric property
testing, there has been more validity and reliability testing of the
PIPP than any other measure of pain in infants. The measure was
developed to assess acute pain in premature and term infants in
both research and clinical practice.20 However, the PIPP has
limited validation in extremely premature infants such as those
who were <28 weeks’ GA. The PIPP should be compared with
existing infant behavioral pain measures to evaluate their
concurrent validity. For example, the PIPP, NIPS, and NFCS could
all be used with the same infants in a variety of different pain-
producing situations.25 At present, it remains unclear which of the
four Chinese pain scales has better reliability, validity, and utility
for assessing pain in premature infants undergoing heel blood
collection.
Inadequate assessment of pain in premature infants is a

persistent clinical problem.25 Currently, how to more accurately
conduct pain assessments in premature infants remains a major
challenge for nursing workers. The use of appropriate scales to
assess pain in premature infants is a prerequisite for treating pain
effectively, but owing to the lack of unified standard pain scales
and pain management guidelines, as well as inadequate knowl-
edge regarding pain and negative attitudes toward pain assess-
ment and treatment among medical workers, such scales have not
been fully utilized in clinical practice.26,27 In addition, most of the
daily painful procedures performed in the neonatology depart-
ment have not been assessed, and no analgesic measures are
currently taken.28 Following the standard transcultural instrument
translation guidelines, further studies should be conducted to
validate these measures and self-report pain scales, particularly
among Chinese children of various age groups and in different
pain contexts.29 Therefore, it is necessary to study the utility of
commonly used neonatal pain assessment scales for assessing
procedural pain in premature infants in China. Heel blood
collection is a common procedure in neonatology. Heel blood is
mainly used to make determinations regarding phenylketonuria,
hypothyroidism (congenital hypothyroidism), and G6PD defects.
Therefore, choosing a suitable scale to better assess and evaluate
the pain status of premature infants during heel blood collection
is imperative. We assume that the four scales were similar
with regard to reliablility and validity but differ with regard to
clinical utility.
This study aimed to evaluate the reliability, validity, and clinical

utility of the Chinese NFCS, DAN, NIPS, and PIPP scales for
assessing procedural pain of premature infants, thus providing a
reference to help clinical workers better choose and use the pain
assessment scale.

METHODS
Study design
This is an observational study.

Participants
From January 2017 to December 2017, a total of 111 premature
infants undergoing heel blood collection in the NICU of
Guangzhou Women and Children’s Medical Center of Guangzhou
Medical University who met the inclusion criteria were selected.
The inclusion criteria were as follows: according to the

“Technical Specifications for the Collection of Blood Samples for
the Screening of Newborn Inherited Metabolic Diseases” pub-
lished by the National Health Commission of the People’s Republic
of China,30 the normal blood collection period is 3–7 days after
birth and not >21 days, and parents of premature infants should
voluntarily participate in the screening of inborn diseases and the
study of the pain score for heel blood collection. The exclusion
criteria were as follows: critically ill children requiring mechanical
ventilation for assisted respiration; children in coma, who have a
brain injury, or who have pulmonary hypertension; children
experiencing sudden exacerbation of their conditions; and
children undergoing analgesic and sedative treatments. Regis-
tered nurses who worked in the NICU for at least half a year
participated in the questionnaire.
Of the 111 eligible premature infants who underwent heel

blood collection, there were 60 females and 51 males. Their GA
was 33.3 ± 2.4 weeks, ranging from 28 to 36 weeks. Their age in
days was 9 ± 1. Their average birth weight was 2648 ± 86 g. At 1, 5,
and 10min, the median of the Apgar score was 9, 9, and 10, and
the quartile was 3, 1, and 1, respectively.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Guangzhou
Women and Children’s Medical Center (SFE-KL-24101, Supple-
mentary File 1), and the parents of premature infants signed an
informed consent form.

Study tools
We referred to the Chinese (Putonghua) pain assessment
scales.29,31

The NFCS18,19 was designed by Grunau et al. in 1987 for
assessing pain in full-term infants and premature infants. It is a
one-dimensional assessment tool as it is solely based on facial
movements. The NFCS assesses 10 signs of pain registered via
facial movements: brow bulge, eyes squeezed shut, deepening of
the nasolabial furrow, open lips, vertical mouth stretch, horizontal
mouth stretch, taut tongue, chin quiver, pursed lips, and tongue
protrusion (only for preterm infants).18,19 Observers are required to
code only the presence (1) or absence (0) of these facial
movements. Because tongue protrusion is only for preterm
infants, not for full-term infants, the total score can range from
0 to 10 for premature infants and from 0 to 9 for full-term infants.
Scores ≥3 indicate the occurrence of pain.18,19 NFCS was
examined in a sample of 108 infants by one study.10 It showed
good inter-rater reliability with k coefficients ranging from 0.71
to 0.81.10

The NIPS is a multidimensional assessment tool for determining
procedural pain and requires assessment of facial expression, cry,
breathing patterns, arms movement, legs movement, and state of
arousal. All items are coded as 0 (relaxed) or 1 (behaviorally
defined), with the exception of cry, which is rated from 0 to 2 (no
cry, whimper, vigorous). Accordingly, the total score can range
from 0 to 7, and 4 is considered the critical value.21,32

The DAN scale includes three behavioral items: facial responses
(score 0–4), limb movements (score 0–3), and vocal expression
(score 0–3). The total score can thus range from 0 to 10.16,23

Population tested was in 42 newborn born between 25 and
41 weeks’ GA; inter-rater reliability (Krippendorff r test 91.2) and
internal consistency (Cronbach’s α 0.88) was good.20

The PIPP is a seven-item multidimensional measure of pain.24,25

The seven items include three behavioral (facial actions: brow
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bulge, eye squeeze, nasolabial furrow), two physiological (changes
in heart rate and oxygen saturation), and two contextual (GA and
behavioral state) items. Physiological and behavioral items are
numerically scored based on 4-point scale (0, 1, 2, and 3).
Conversely, the contextual items are numerically reverse-scored (3,
2, 1, and 0). First, the score for the GA of premature infants is
recorded. The behavioral status and physiological indicators in the
premature infants are then observed 15 s before pain stimulation.
The behavioral status and physiological indicators are observed
and then scored within 30 s following the pain stimulation. The
maximum score is 21 for preterm infants GA and 18 for full-term
infants. A total score of ≤6 indicates minimal or no pain, and
scores >12 reflect moderate-to-severe pain.33 Internal consistency
for the PIPP is only satisfactory (0.71). Inter-rater reliabilities after
training were >0.93. Convergent validity was demonstrated by
significant associations between the PIPP and other pain
assessment tools.20

Clinical utility questionnaire for the four scales
Clinical utility questionnaire included six items: ease of use, ease of
score, time required, ease of understanding, feasibility in clinical
settings, and ease of identifying pain. It was self-designed. The
responses to the items were categorized by a 5-point Likert scale
(5—very satisfied, 1—very unsatisfied).31

Methods of data collection
First, basic information on the infant’s sex, GA, day age, and birth
weight was obtained. Physiological parameters were measured
through continuous monitoring. Heart rate and oxygen saturation
were recorded from the monitor. Two nurses who were trained in

pain assessment conducted the whole-process video recording of
the patients during the heel blood collection according to the
protocol, which involved capturing their facial expression, heart
rate, blood oxygen saturation, limb movements, and crying during
the procedure. One nurse was responsible for recording the
patients’ behavior and facial expression, and the other nurse was
responsible for recording the vital signs on the electrocardiogram
monitor. In order to control the error of recording simultaneously,
the nurses who recorded the video were trained and qualified
before the study began. After the recording, the videos were
double checked by the two nurses. The two nurses must start
recording simultaneously and end recording simultaneously, and
the time error of starting recording simultaneously and the time
error of ending recording simultaneously were controlled below 2
s. Before blood collection, the children were fed and their diapers
were changed to reduce disturbance due to hunger, urination, or
defecation. After the video recording was completed, the scoring
was performed based on the video data by highly qualified nurses
who were professionally trained and had experience assessing
pain in premature infants. All coders had received a training in
NIPS, DAN (based on what is available in the literature), and PIPP
(based on instructions for use) as well as in NFCS (based on the
manual). There was no overlap between nurses who recorded,
who performed the blood taking, and who rated. The scales were
coded in randomized order. Pain scores can be obtained by
repeatedly watching video data. The video recordings were
analyzed second by second. The Chinese NFCS, DAN, NIPS, and
PIPP were used to score the pain of the premature infants at 2 min
(T1) before blood collection, at the time of blood collection (T2,
from needle penetration through the skin to pulling out the skin),

111 eligible premature infants who
underwent heel blood collection

The flowchart of study method and design

Two nurses conducted the whole-process video recording

Filming the patients’ behaviors and
facial expressions

The NFCS, DAN, NIPS, and PIPP were used to
score the pain by three nurses at T1, T2, and T3

Nurses participated in the
clinical utility questionnaire

for the four scales

Filming the vital signs on the
ECG monitor

Statistical analyses using the
SPSS 23.0 statistical softwere

Fig. 1 The flowchart. The flowchart of the study methods and design.
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and at 1 min (T3) after blood collection. The scales were coded in
randomized order. The scores obtained by three qualified nurses
were averaged to obtain the final results. The reliability of the
raters was measured via intraclass correlation coefficients (ICCs).
The flowchart of the study methods and design is shown

in Fig. 1.

Nurse requirements for blood collection
According to the “Technical Specifications for the Collection of
Blood Samples for the Screening of Newborn Inherited Metabolic
Diseases” published by the National Health Commission of the
People’s Republic of China,30 nurses engaged in clinical work must
have >2 years of experience and must have obtained the required
knowledge and skills training for neonatally inherited metabolic
disease screening and a qualification certificate. Nurses must have
mastery of knowledge related to the collection, preservation, and
submission of dried blood spots.

Procedures for blood sample collection
According to the “Technical Specifications for the Collection of
Blood Samples for the Screening of Newborn Inherited Metabolic
Diseases” published by the National Health Commission of the
People’s Republic of China,30 nurses should wash their hands and
wear sterile gloves before the heel lance procedure. They then
massage or apply hot compresses to the newborn’s heel and
disinfect the infant’s skin with 75% ethanol. After complete
evaporation of the ethanol, a disposable blood collection needle is
used to puncture the medial or lateral heel to a depth of <3mm.
Then the first drop of blood is wiped with a dry cotton ball, and
blood sampling begins with the second drop of blood. The filter
paper should directly touch the blood drops but not the heel skin
so that the blood can naturally penetrate to the back of the filter
paper and repeated dropping of blood can be avoided. At least
three blood spots should be collected as described above. The
sterile dry cotton ball is held and gently pressed to the blood
collection site to stop the bleeding.
The non-pharmacological method used to relieve pain was

pacifier sucking. The premature infants were fed milk before the
blood collection. Because the parents of the premature infants
were not staying with their children in the hospital, the parents
were not present when the blood was collected. The parents
signed an informed consent form before the blood collection.

Calculation of the sample size
Based on the stipulations about sample size found in Medical
Statistics,34 the sample size needed to be 5–10 times the number
of items in the survey with the most items. In this study, that
number was 10, so the sample size needed to be 50–100 cases. To
compensate for a 10% invalid response rate, the sample size was
increased by 10%.

Statistical methods
Statistical analyses were performed using the US IBM SPSS
23.0 statistical software. Because preliminary analysis of the data
using Shapiro–Wilk test suggested that they did not have a normal
distribution, all subsequent statistical analyses were performed
using non-parametric testing. Internal consistency was measured
using Cronbach’s α. Inter-rater reliability was measured by
calculating the ICCs. In order to compare the scores of the four
scales at the three stage (T1, T2, and T3), discriminant validity was
analyzed by Kruskal–Wallis test. In order to investigate whether
the four scales were correlated at T1, T2 and T3, we used
concurrent validity. Spearman’s rank correlation was used to
evaluate concurrent validity. The convergent validity was mea-
sured by Bland–Altman plots to make actual estimates of their
agreement. We calculated using converted Z-score to standardize
the width of the limits of agreement (LoA) and unify the criteria to
make Bland–Altman plots comparable. The differences of mean

scores of the clinical utility items for the four scales was analyzed
by Kolmogorov–Smirnov. The differences of mean scores of the
clinical utility for the four scales was analyzed by analysis of
variance. Bonferroni test was used to further compare the
differences between groups. A p value of <0.05 was considered
statistically significant.

RESULTS
Test of normal distribution and median (quartile spacing) of the
scores of the pain assessment scales based on data from 111
premature infants undergoing heel blood collection
The assessments were performed on 111 neonates before the
procedure (T1), during the procedure (T2), and after the procedure
(T3) using the four pain assessment scales (the NFCS, NIPS, DAN,
and PIPP). The data were tested by Shapiro–Wilk, and the results
were all p < 0.001, showing that the data characteristics were not
normally distributed (Table 1).
The median (quartile spacing) of the NFCS, NIPS, DAN, and PIPP

is shown in Table 2.

Credibility
The overall Cronbach’s α values indicating the internal consistency
of the NFCS, NIPS, DAN, and PIPP scales were 0.872, 0.824, 0.869,
and 0.861, respectively. The ICCs of the four scales were 0.954,
0.944, 0.961, and 0.967, respectively (p < 0.001). The four scales
have high reliability and inter-rater consistency.

Discriminant validity
The results of Kruskal–Wallis test showed that the pain scores for
all four scales significantly increased from T1 to T2 and
significantly decreased from T2 to T3 (Table 2, p < 0.001).

Concurrent validity and convergent validity
The Spearman’s rank correlation coefficients indicating the
concurrent validity and convergent validity of the four scales are
as shown in Table 3.
In the Spearman correlation analysis, the total scores of the

scales at T1, T2, and T3 were significantly positively correlated
(Table 3).

Assessment of the consistency among the four scales based on
Bland–Altman plots
In the Bland–Altman plot assessment, the four scales showed
significant consistency (Table 4, Fig. 2).

Table 1. Test of data normality.

Point in time Shapiro–Wilk

Statistic df p

NFCS T1 0.865 111 <0.001

T2 0.893 111 <0.001

T3 0.753 111 <0.001

NIPS T1 0.754 111 <0.001

T2 0.905 111 <0.001

T3 0.782 111 <0.001

DAN T1 0.809 111 <0.001

T2 0.923 111 <0.001

T3 0.705 111 <0.001

PIPP T1 0.825 111 <0.001

T2 0.919 111 <0.001

T3 0.898 111 <0.001
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Figure 2a shows the Bland–Altman plot for the NFCS and NIPS
assessment scales, and 95.00% of the data points fell within the
95% LoA. The 95% consistency limit for the two scales was −1.40
to 1.40.
Figure 2b shows the Bland–Altman plot for the NFCS and DAN

scales, and 92.70% of the data points fell within the 95% LoA. The
95% consistency limit for the two scales was −1.35 to 1.35.
Figure 2c shows the Bland–Altman plot for the NFCS and PIPP

scales, and 94.80% of the data points fell within the 95% LoA. The
95% consistency limit for the two scales was −1.43 to 1.43.
Figure 2d shows the Bland–Altman plot for the NIPS and DAN

scales, and 95.20% of the data points fell within the 95% LoA. The
95% consistency limit for the two scales was −1.28 to 1.28.
Figure 2e shows the Bland–Altman plot for the NIPS and PIPP

scales, and 94.80% of the data points fell within the 95% LoA. The
95% consistency limit for the two scales was −1.58 to 1.58.
Figure 2f shows the Bland–Altman plot for the DAN and PIPP

scales, and 93.90% of the data points fell within the 95% LoA. The
95% consistency limit for the two scales was −1.35 to 1.35.

Clinical utility
As shown in Table 5, there is a difference between the four scales’
item mean score of the clinical utility (p < 0.05). There is a
difference between the four scales in easy to use, easy to score,
the length of time to complete the scale, and good clinic feasibility

item (p < 0.05). There is no statistical difference in ease of
understanding and ease of identifying pain (p > 0.05, Table 5).
There is a difference between the four scales’ mean score of the

clinical utility (F= 15.66, p= 0.00, p < 0.05). Mean scores of clinical
utility of PIPP were significantly higher than that of NFCS and DAN
(p < 0.05) but not higher than that of NIPS (p > 0.05, Table 6).

DISCUSSION
We compared the effectiveness of four scales (the NFCS, DAN,
NIPS, and PIPP scales) for pain assessment. In the present study,
the reliability and validity of the NFCS, NIPS, DAN, and PIPP scales
were assessed in a sample of premature infants undergoing heel
blood collection. Pain assessment in premature infants is
important for pain management. The results showed that the
four scales have high reliability and internal consistency. There is a
difference between the four scales mean score of the clinical
utility. Mean scores of clinical utility of PIPP were significantly
higher than NFCS and DAN (p < 0.05) but not higher than the NIPS
(p > 0.05). The nurses considered PIPP and NIPS to be relatively
better choice for clinicians to assess procedural pain based on
good utility. Our study results provide a reference that will help
clinicians choose appropriate scales for assessing pain in preterm
infants undergoing heel blood collection.
In this study, the overall Cronbach’s α values of the NFCS, NIPS,

DAN, and PIPP were high, at 0.872, 0.824, 0.869, and 0.861,
respectively. The internal consistency scores of the NFCS, the NIPS,
DAN, and PIPP were high; it showed that the four scales were very
reliable tools for measuring procedural pain in China. The overall
Cronbach’s α for each of the four scales was >0.8, and the values
were consistent with but slightly lower than the values reported
by Kappesser et al. in Germany for the NFCS-R (0.983), NIPS (0.882),
and PIPP-R (0.869).32 The PIPP α in this study was acceptable and
was consistent with but higher than the Cronbach’s α of 0.78
reported by Vederhus et al. in Norway35 and the Cronbach’s α of
0.71 reported by Stevens et al. in Canada.25 This study showed
that the four scales are very reliable tools for measuring acute
procedural pain in premature infants in China. Our study expands
on the reports of other researchers. The ICCs of the four scales
were >0.9, and the inter-rater reliability was high, consistent with
the PIPP results reported by Vederhus35 and the PIPP-R results

Table 2. Kruskal–Wallis test of the assessment scores of the 4 scales across the assessment periods, n= 111, median (quartile spacing).

T1 T2 T3 χ2 p

NFCS 0.67 (0.33, 1.67) 6.67 (5.33, 7.00) 1.00 (0.33, 1.67) 593.996 <0.001

NIPS 0.33 (0.00, 0.67) 6.00 (5.00, 6.67) 0.67 (0.33, 1.67) 613.296 <0.001

DAN 0.67 (0.00, 1.33) 7.33 (5.00, 8.00) 0.67 (0.33, 1.67) 584.766 <0.001

PIPP 0.67 (0.33, 1.33) 12.67 (10.00, 14.00) 3.00 (1.67, 5.33) 645.937 <0.001

Statistical tests using converted scores.
p < 0.05: statistically significant

Table 3. Spearman’s rank correlation among the 4 assessment scales in the 3 assessment periods, n= 111, (r= Spearman’s rank correlation
coefficients).

T1 (before blood collection) T2 (during blood collection) T3 (after blood collection)

NFCS NIPS DAN NFCS NIPS DAN NFCS NIPS DAN

NIPS 0.813a 0.784a 0.900a

DAN 0.815a 0.914a 0.855a 0.840a 0.922a 0.931a

PIPP 0.852a 0.788a 0.830a 0.777a 0.782a 0.809a 0.817a 0.846a 0.880a

aIndicates p < 0.01.

Table 4. Consistency between the four scales.

Scale 1 Scale 2 Average difference value 95% LoA limit LoA rate

NFCS NIPS 0.00 (−1.40, 1.40) 95.00%

DAN 0.00 (−1.35, 1.35) 92.70%

PIPP 0.00 (−1.43, 1.43) 94.80%

NIPS DAN 0.00 (−1.28, 1.28) 95.20%

PIPP 0.00 (−1.58, 1.58) 94.80%

DAN PIPP 0.00 (−1.35, 1.35) 93.90%

All the above are calculated using the converted Z-score.
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reported by Stevens et al. in Canada.36 The ICC of the total score of
the PIPP scale was 0.967, which was higher than those of the
NFCS, NIPS, and DAN scales. The fact that the inter-rater reliability
was satisfactory for the scorers suggests the importance of
educating and training the scorers before data collection. The

results of Kruskal–Wallis test showed that the discriminant validity
of the four scales was significant, and the pain score during blood
collection was significantly higher than that before and after
blood collection, consistent with the PIPP-R results reported by
Stevens et al.36 These results are also consistent with those of a
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Fig. 2 Bland-Altman plots. Bland–Altman plots for the four scales: a 95% LoA 95.00%, 95% LoA limit −1.40 to 1.40; b 95% LoA 92.70%, 95%
LoA limit −1.35 to 1.35; c 95% LoA 94.80%, 95% LoA limit −1.43 to 1.43; d 95% LoA 95.00%, 95% LoA limit −1.28 to 1.28; e 95% LoA 94.80%,
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study conducted in Israel by Kozer et al. in a sample of infants
<2 months.37 The DAN score for patients whose urine sample was
collected from the pubis was significantly higher than that for
patients with urethral catheterization. The study showed the four
scales were all sensitive in assessing heel blood collection pain in
premature infants. Spearman’s correlation analysis showed a
significantly positive correlation among the four scales, and their
concurrent validity and convergent validity remained good. The
Bland–Altman plots showed significant consistency among the
four scales, indicating that the four scales are selected for
assessing pain in preterm infants undergoing heel blood
collection procedures.
O’Sullivan et al.38 in New Zealand proposed that future research

should avoid the development of new scales and should instead
focus on the reliability and validity of the existing scales. This
study assessed the reliability and validity of four scales with high
clinical utility, providing a reference for medical workers that will
help them choose the appropriate pain assessment scale and then
make the necessary pain interventions. In the present study, the
results showed that the pain score during the blood collection
significantly increased. It suggests that it is still necessary to use
the pain scale to assess infants’ pain and take the necessary
measures to alleviate it.
Clinical utility needs to be considered when having to choose

the pain scales. In the clinical utility, mean scores of clinical utility
of PIPP were significantly higher than that of NFCS and DAN (p <
0.05) but not higher than that of NIPS (p > 0.05). Probably because

the nurses considered the PIPP as easy to use, easy to score, and
more accurate. NIPS took the shortest time probably because its
items are better remembered and scored. The nurses thought the
NFCS difficult scales to use and time-consuming, probably
because it assessed the fine movements of the face, required
intensive labor by experienced coders for scoring, and it needed
to watch the video repeatedly. The study indicated that the PIPP
and NIPS are better choice compared with the other two scales. In
the busy daily clinical work, the clinicians prefer to choose the
pain scale that is easy to use, easy to score, short time-consuming,
and good clinic feasibility.
Conducting accurate pain assessments in premature infants

remains a serious challenge because premature infants cannot
self-report pain. Because the parents of premature infants do not
stay with their children in the NICU in China, the observation,
treatment, and daily care of premature infants are solely the
responsibility of the medical staff, and the staff are thus very busy.
Premature and sick infants are exposed to multiple painful
procedures during the course of a hospitalization. Procedural
pain may be caused by procedures performed by medical and
nursing staff, such as heel blood collection, arteriovenous
puncture, various injections, endotracheal intubation, attraction,
etc. The systematic implementation of universal pain reduction
strategies to reduce the impact of early procedural pain has been
recommended. It is very important to select a pain assessment
scale with high reliability and validity, that is simple, and that
medical staff can apply efficiently to discover the procedural pain
of premature infants in a timely manner and take measures to
reduce the pain in advance. Owing to a lack of knowledge of
standard pain management guidelines and inadequate awareness
regarding pain among medical workers, such scales have not been
fully utilized in clinical practice.26,27 This suggests that health care
professionals should be trained to assess the pain of premature
infants, to evaluate it correctly, and to take measures to alleviate it.
This study shows that the four Chinese scales are effective for the
assessment of procedural pain in premature infants in hospital
settings in China and are worthy of popularization in other
Chinese hospitals. The four pain scales are acceptable for use
across different languages and cultures.

Limitations
However, there are some limitations of this study. The study sites
were limited to one hospital and relied on convenience sampling;
multicenter studies are warranted to further confirm these results.
The second limitation of the study is that, in some cases, the more
recent modifications of the scoring systems were not tested.
Because it is possible that these modifications might have rendered
the scoring systems superior than the previous versions, omission in
comparing them is a limitation of the current work. The pain
assessment with Chinese pain scales was specific to countries where
the parents of premature infants do not stay with their children in

Table 5. The mean scores of clinical utility item of the four scales (n= 30, mean ± SD).

Items NFCS NIPS DAN PIPP Χ2 p

(1) Easy to use 2.93 ± 0.98 4.03 ± 0.93 3.73 ± 0.83 4.00 ± 0.69 23.45 0.00

(2) Easy to score 3.00 ± 0.79 3.96 ± 0.85 3.53 ± 0.73 3.83 ± 0.70 20.92 0.00

(3) The length of time to complete the scale is short 2.63 ± 0.89 4.03 ± 0.72 3.10 ± 0.76 3.43 ± 0.73 34.93 0.00

(4) Ease of understanding 3.53 ± 0.94 3.90 ± 0.96 3.60 ± 0.86 3.66 ± 0.71 2.86 0.41

(5) The clinic feasibility is good 2.93 ± 0.74 3.90 ± 0.76 3.20 ± 0.76 3.76 ± 0.63 27.80 0.00

(6) Ease of identifying pain 3.83 ± 0.79 3.87 ± 0.68 3.90 ± 0.71 4.06 ± 0.64 1.77 0.62

Total score 16.87 ± 3.29 23.73 ± 3.39 21.30 ± 2.20 22.77 ± 2.69 32.61 0.00

Note: Cronbach’s α of the scale was 0.907.
p < 0.05: statistically significant.

Table 6. Comparison of the differences of the mean scores of clinical
utility of the four scales.

Scale Scale p 95% CI

Superior limit Lower limit

NFCS NIPS 0.00 −6.90 −2.83

DAN 0.10 −4.47 −0.40

PIPP 0.00 −5.93 −1.87

NIPS NFCS 0.00 2.83 6.90

DAN 0.10 0.40 4.47

PIPP 1.00 −1.07 3.00

DAN NFCS 0.10 0.40 4.47

NIPS 0.10 −4.47 −0.40

PIPP 0.04 −3.50 0.57

PIPP NFCS 0.00 1.87 5.93

NIPS 1.00 −3.00 1.07

DAN 0.04 −0.57 3.50

p < 0.05: statistically significant.
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the NICU, which is not the case in other countries, where the parents
of premature infants stay with their children in the NICU. In addition,
videos were captured in NICU, rather than strictly controlled
laboratory conditions. This might have affected the internal validity.
Finally, this was an observational study, and future studies should
develop pain intervention studies in order to alleviate the pain.

CONCLUSIONS
The four scales were highly reliable and had good internal
consistency. This study suggests that the PIPP and NIPS has good
clinical utility and are better choice for evaluating procedural pain
in premature infants undergoing heel blood collection.
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