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Background: Heel blood sampling of newborns plays an important role in the diagnosis of neonatal
hypothyroidism, phenylketonuria, and other inherited metabolic diseases. Embracing breast milk sucking
(EBMS) can increase the newborn’s sense of security and can relieve pain. The purpose of the present study
was to explore the effect of EBMS on alleviating the pain of neonatal heel blood sampling.

Methods: A total of 96 neonates undergoing heel blood screening were selected from June 2019 to
June 2020, and were randomly divided into 2 groups (n=48 in each group). The control group was given
routine intervention, and the observation group was given EBMS intervention. The success rate and time-
consuming of 1-time blood collection, heel congestion after blood collection, crying time and bleeding time
of newborns, blood oxygen saturation and heart rate index, and pain were compared between the 2 groups.
Results: The success rate of 1-time blood collection in the observation group was higher than that in the
control group, and the blood collection time was shorter than that in the control group (P<0.05). The heel
congestion in the observation group was better than that in the control group (P<0.05). The crying time
and bleeding time of newborns in the observation group were significantly shorter than those in the control
group (P<0.05). The blood oxygen saturation of the observation group was higher, and the heart rate was
lower than the control group (P<0.05). The total Neonatal Infant Pain Scale (NIPS) score of the observation
group was lower than that of the control group (P<0.05).

Conclusions: EBMS can improve the success rate of 1-time blood collection; shorten the time of blood
collection; ensure that blood oxygen saturation and heart rate are at normal values; and effectively reduce the
occurrence of heel congestion after blood collection, crying time and bleeding time of newborn heel blood

collection, and neonatal pain.
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Introduction experience pain that can cause their metabolism to increase

. . and stress reactions, such as increased heart rate and
Heel blood sampling of newborns plays an important role ’

in the diagnosis of genetic and metabolic diseases, such abnormal immune function (3). In addition, repeated painful
as hypothyroidism and phenylketonuria (1’2) Hovvever7 stimulation is llkely to damage the development of neonatal

heel blood sampling is a painful procedure, and newborns nerve cells, causing a series of behavioral changes in
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childhood, affecting their normal motor and brain function
development in the future (4,5). Effective intervention is
needed to relieve the pain of newborns with heel blood
sampling. As the physiological functions of newborns are
not yet fully developed, drugs cannot be used to relieve pain;
therefore, non-drug-based interventions are particularly
important for newborns with heel blood sampling (6).
The non-drug interventions studied by scholars at home
and abroad include oral sucrose or glucose solution,
breast milk sucking, music therapy, kangaroo nursing
and non-nutritional sucking, etc., which are effective in
preventing and alleviating mild to moderate pain (7).
Breastfeeding does not have the potential side effects of
sucrose administration, while hugging can increase the
sense of security of newborns (8). A number of studies have
reported on the effects of milk on procedural pain in term
neonates. Although the findings from these studies have
been variable (9). We aimed to combined with the influence
of the mother’s hug and breastfeeding on the pain score
and physiological indexes of heel blood collection, to find
a simple, effective, safe and easy to implement nursing
intervention measures to relieve the pain caused by heel
blood collection of premature infants.

Few studies to date, however, have examined the effects
of EBMS on procedural pain in neonates. Hence, the aim of
this randomized controlled trial was to determine whether
EBMS reduces procedural pain associated with heel lancing
in preterm neonates.

We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-329).

Methods
Patient selection

A total of 96 neonates undergoing heel blood screening
were selected from June 2019 to June 2020, and were
randomly divided into 2 groups (n=48 cases in each group).
In the control group, there were 28 males and 20 females
(age 2-29 days, average age: 12.15+3.21 days, weight:
2,500-4,000 g, average weight: 3,215.65£10.97 g). In the
observation group, there were 30 males and 18 females
(age 2-29 days, average age: 12.20+3.15 days, weight
2,500-4,000 g, average weight: 3,290.41£10.65 g). There
were no statistically significant differences in general data
between the 2 groups (P>0.05). Inclusion criteria were as
follows (I) heel blood sampling was not performed within
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30 days of birth; (II) Apgar score >8 points in 5 min; and
(IIT) body temperature ranged from 37 to 37.5 °C, and heart
rate ranged from 110 to 160 beats/min. Exclusion criteria
were as follows: (I) heel blood sampling was previously
unsuccessful; (II) complicated with sepsis, respiratory
distress syndrome, and other diseases; (III) need for oxygen
or other respiratory assistance; (IV) congenital heart disease
or other cardiovascular diseases; (V) received sedative or
analgesic injection within 24 h before blood sampling; and
(VI) the mother of the newborn had a cold or fever and
had used sedatives and analgesics before blood sampling.
The study was approved by the Ethics Committee of Haian
People’s Hospital [ethics approval number: (2019) KY033]
and was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Mothers of every neonate
provided informed consent.

Interventions

The control and observation groups had the same blood
collection method. The specific operation steps are as
follows. The heel of the newborn was exposed, and the
medical staff used the left hand to firmly grasp the newborn’s
foot, relaxed after a while, and then firmly grasped. This
was repeated 2 times. Second, a vertical line along the front
edge of the newborn’s lateral ankle to the lateral edge of
the plantar was measured, and the puncture point was the
junction between the vertical line and the lateral edge of the
plantar. Third, after the puncture point was determined,
the medical staff disinfected the skin surface of the
puncture point with medical alcohol and used a triangular
needle to collect blood. The needle was inserted into the
skin at an angle of 60°, with a depth of about 2-3 mm.
After the puncture was made, the newborn’s heel was
relaxed. Fourth, the medical staff should fix the newborn’s
foot with their left hand, and the fixation strength should
be appropriate to avoid harm to the newborn. Two fingers
of the medical staff’s right hand were used to gently squeeze
the needle around. After the blood flowed out, the first
drop of blood was wiped with a cotton swab. The feet
were repeatedly squeezed and relaxed, and blood was then
collected after the formation of large blood drops. Fifth,
used filter paper when taking blood to avoid contact with
newborn skin. The filter paper directly touched the blood
drop, so that the blood could penetrate both sides of the
filter paper. Each blood drop diameter was >8 mm. Finally,
a dry cotton swab was to press the puncture point to stop

bleeding.
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The control group was given routine intervention as
follows: (I) medical staff prepared 3-sided blood sampling
needles, medical alcohol, sterilized cotton swabs, and other
items in advance for blood sampling; (II) prior to heel
blood sampling, the medical staff controlled the indoor
temperature to about 23 °C and about 60% humidity; (III)
dedicated medical staff bathed the newborns and disinfected
and collected blood from the heels of the newborns after
the bath; and (IV) the newborn was wrapped in a quilt
during blood collection to keep them warm.

The observation group was given EBMS on the basis of
routine intervention, as follows. First, the room temperature
and humidity were controlled before blood collection, and
the medical staff guided the newborn mother to complete
the preparations before blood sampling. Second, after the
newborn was bathed, they were placed on the mother’s
chest for skin-to-skin contact. The mother supported the
newborn’s buttocks with 1 hand and the back with the
other. Third, medical staff guided the mother to simulate
the process of communicating with the newborn during
pregnancy, and comforted the newborn. Finally, medical
staff carried out heel blood sampling when the newborn was
quiet.

Evaluation indexes

Success rate and time-consuming of 1-time blood
collection

The 1-time success rate of neonatal blood sampling was
observed and recorded. The blood collection time was
from the beginning of the needle insertion to the successful
collection of blood, and a stopwatch was used to time it.

Heel congestion after blood collection
The condition of neonatal heel congestion after blood
sampling was observed and recorded.

Crying time and bleeding time of newborns

“Cry” refers to the sound of a newborn crying. Use a
stopwatch to record the crying time (s) and skin bleeding
time (s) of the newborn during blood collection. The longer
the duration, the more severe the neonatal pain is.

Blood oxygen saturation and heart rate index

Non-invasive blood oxygen saturation was used for
monitoring, and probes were used to detect the end of
the newborn’s finger, toe or earlobe, and other areas with
abundant capillaries. The oxyhemoglobin oxygen content
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and hemoglobin oxygen capacity were measured, and the
final blood oxygen saturation level was measured. The
stethoscope was placed on the heart of the newborn, and
the number of heartbeats and any changes in heart rate will
be recorded.

Pain condition

The Neonatal Infant Pain Scale (NIPS) was used to evaluate
neonatal pain (10). The scale is based on neonatal facial
expressions (0-1 points), crying (0-2 points), breathing
patterns (0-1 points), upper limb movements (0-1 points),
lower limb movements (0-1 points), and the state of
awakening (0-1 points). The total score is 0-7 points; 0-2
points indicate that the newborn has little or no pain, 3-4
points indicate that the newborn has moderate pain, and 5-7
points indicate that the newborn has severe pain.

Statistical analysis

SPSS version 20.0 (IBM, Armonk, NY, USA) was used
for the statistical analysis. The blood collection time,
crying time and bleeding time of newborns, blood oxygen
saturation and heart rate index, and pain condition were
expressed as mean = standard deviation and compared using
2-tailed #-tests. The success rate of 1-time blood collection
and heel congestion after blood collection was expressed by
rate and percentage, and compared using the y’-test or rank-
sum test. P<0.05 was considered statistically significant.

Results
Success rate and time-consuming of 1-time blood collection

In the observation group, 48 cases were successfully
collected at one-time blood sampling, and 42 cases in the
control group were successfully collected at one-time blood
sampling. The success rate of the observation group was
higher than that in the control group (y’=4.444, P=0.035).
The blood collection time of the observation group was
20.21+4.31 s and that of the control group was 38.75£5.53 s.
Comparing the 2 groups, the blood collection time of the
observation group was significantly shorter than that of the
control group (t=18.321, P=0.000) (Tible 1).

Heel congestion after blood collection

There were 6 cases of heel congestion in the control group,
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Table 1 Comparison of the success rate and time-consuming of 1-time blood collection in the 2 groups

Group Success rate of 1-time blood collection (n, %) Blood collection time (x + s, s)
Control group (n=48) 42 (87.50) 38.75+5.53
Observation group (n=48) 48 (100.00) 20.21+4.31
Statistical value ¥’=4.444 t=18.321

P value 0.035 0.000

x = s, mean + standard deviation.

Table 2 Comparison of heel congestion after blood collection
between the 2 groups (n, %)

Heel congestion after blood
Group

collection
Control group (n=48) 6 (12.50)
Observation group (n=48) 0 (0.00)
Statistical value 4.444
P value 0.035

and the incidence of heel congestion after blood sampling
was 12.5%. There were no cases of heel congestion in the
observation group, and the incidence of heel congestion
after blood sampling was 0%. Comparing the 2 groups, heel
congestion in the observation group was better than that in
the control group after blood sampling ('=4.444, P=0.035)
(Table 2).

Crying time and bleeding time of newborns

The crying time of the observation group was 45.12+4.26 s
and the bleeding time was 2.68+0.24 s. In the control
group, the crying time was 69.76+6.57 s and the bleeding
time was 4.71£0.82 s. Comparing the 2 groups, the crying
time and bleeding time of newborns in the observation
group were significantly shorter than those in the control
group (t=21.802, t=16.461, respectively; P=0.000, P=0.000,
respectively) (Table 3).

Blood oxygen saturation and beart rate index

The blood oxygen saturation of the observation group
was 81.36+2.36 (%) and the heart rate was 145.34=
2.30 (times/min). In the control group, the blood oxygen
saturation of the control group was 70.43+3.42 (%), and
the heart rate was 155.98+1.79 (times/min). Comparing the
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2 groups, the blood oxygen saturation of the observation
group was higher than that of the control group, and the
heart rate index was lower than that of the control group
(t=18.224, t=25.293, respectively; P=0.000, P=0.000,
respectively) (Tuble 4).

Pain condition

The scores of facial expression, crying, breathing pattern,
upper limb movement, lower limb movement, the state
of awakening and the total NIPS score of the observation
group were 0.44+0.10 points, 0.41+0.09 points, 0.32+0.08
points, 0.29+0.07 points, 0.43+0.11 points, 0.24+0.05 points.
and 2.13+0.25 points, respectively. In the control group,
they were 0.76+0.19 points, 1.21+0.55 points, 0.68+0.14
points, 0.55+0.12 points, 0.61+0.13 points, 0.71+0.16 points,
and 4.52+0.58 points, respectively. Comparing the 2 groups,
the total NIPS score of the observation group was lower
than that of the control group (t=26.217, P=0.000) (1able 5).

Discussion

Neonatal heel blood screening refers to the use of rapid
and sensitive laboratory methods to screen for genetic
metabolic diseases, congenital endocrine abnormalities,
and serious genetic diseases in newborns (11,12). Heel
blood screening is important for the early diagnosis and
treatment of diseases, and effectively avoids irreversible
damage to the body’s tissues and organs (13). However,
heel blood sampling can cause varying degrees of pain to
newborns. Newborns have a longer and stronger perception
of pain than adults. When heel blood sampling is carried
out, painful stimulation will cause them to cry and twist
their bodies, making it difficult to successfully complete
blood collection. At the same time, painful stimulation
with too frequency and too long time are likely to cause the
newborns to experience sleep quality, decreased appetite,
or immune function, and affect their normal development
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Table 3 Comparison of crying time and bleeding time of newborns between the 2 groups (¥ £, s)

Group Crying time Bleeding time
Control group (n=48) 69.76+6.57 4.71+0.82
Observation group (n=48) 45.12+4.26 2.68+0.24
t-value 21.802 16.461

P value 0.000 0.000

x = s, mean + standard deviation.

Table 4 Comparison of blood oxygen saturation and heart rate index between the 2 groups (¥ = s)

Group Blood oxygen saturation (%) Heart rate index (times/min)
Control group (n=48) 70.43+3.42 155.98+1.79
Observation group (n=48) 81.36+2.36 145.34+2.30

t-value 18.224 25.293

P value 0.000 0.000

x + s, mean + standard deviation.

Table 5 Comparison of pain condition between the 2 groups (¥ = s, points)

Item Control group (n=48) Observation group (n=48) t-value P value
Facial expressions 0.76+0.19 0.44+0.10 10.326 0.000
Crying 1.21+0.55 0.41+0.09 9.945 0.000
Breathing patterns 0.68+0.14 0.32+0.08 15.468 0.000
Upper limb movements 0.55+0.12 0.29+0.07 12.966 0.000
Lower limb movements 0.61+0.13 0.43+0.11 7.323 0.000
State of awakening 0.71+0.16 0.24+0.05 19.425 0.000
NIPS total score 4.52+0.58 2.13+0.25 26.217 0.000

x £ s, mean = standard deviation; NIPS, Neonatal Infant Pain Scale.

(14,15). Newborns are unable to communicate effectively.
Through the intervention of EBMs, the newborn can get
the comfort of the mother, which can improve the sense of
security and comfort of the newborn, thus eliminating the
stress response, reducing the stimulation pain, and achieving
the effect of pain relief and reducing adverse reactions. It
has a good application prospect in relieving the operational
pain of the newborn (16).

In the present study, we found that the success rate of
1-time blood collection in the observation group was higher
than that in the control group, and the blood collection
time was shorter than that in the control group (P<0.05).
The results showed that EBMS can increase the success rate
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of 1-time blood collection and shorten the time-consuming
blood collection. EBMS not only provides a familiar and
comfortable environment but the newborn also has access
to breast milk, which reduces their perception of changes
in the surrounding environment as much as possible, and
will make blood collection easier for medical staff (3). This
could be the reason why EBMS improves the success rate
of 1-time blood collection and reduces the blood collection
time.

In the present study, heel congestion in the observation
group was better than that in the control group (P<0.05).
The findings indicated that EBMS can improve heel
congestion after blood collection. The main reasons for
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this are that EMBS provides the newborn with a familiar
environment to ensure a stable mood, effectively shortening
the time for blood collection and minimizing needle
damage to the neonatal subcutaneous blood vessels, thereby
avoiding local heel congestion (17).

In the present study, the crying time and bleeding time
of newborns in the observation group were significantly
shorter than those in the control group (P<0.05). The
results showed that EBMS can shorten the crying time
and bleeding time of the newborn. The main reasons
this are that EBMS can not only provides newborns with
a temperature-controlled environment and insulation
measures but they also have comfort in their mother’s arms.
A mild and good environment can effectively meet the
emotional needs of newborns, enabling them to have a calm
and happy state, and can ensure the smooth completion of
blood collection work, effectively reducing the crying time
and bleeding time of newborns (18).

In the present study, the blood oxygen saturation of
the observation group was higher than that of the control
group, and the heart rate was lower than that of the
control group (P<0.05). The results showed that EBMS
can effectively increase neonatal blood oxygen saturation,
reduce heart rate, and ensure that the 2 indicators are
within the normal range. This could be because tryptophan
in breast milk can increase the concentration of B-endorphin,
and the sweetness of breast milk can activate endogenous
opioids. B-endorphin not only has an analgesic effect but
can effectively shorten the recovery time of blood oxygen
saturation. The pain caused by heel blood sampling
increases the heart rate of newborns. The sweetness
of breast milk can stimulate the pleasure center of the
newborn’s brain, activate endogenous opioids, promote the
secretion of 5-hydroxy tryptamine and dopamine, reduce
the transmission of pain mediators, and effectively reduce
their heart rate (19).

The findings of the present study also indicated that the
total NIPS score of the observation group was lower than
that of the control group (P<0.05). EBMS was found to
significantly reduce the newborn’s NIPS score. The EBMS
model can create an environment similar to the uterus for
newborns, increase their sense of security, and have a certain
sedative effect, reducing their pain. The EBMS model can also
increase neural excitement of the newborn through mother-
newborn contact, thereby reducing their pain (20). In addition,
during breastfeeding, the concentration of B-endorphin in the
newborn will increase, effectively reducing pain (21).
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Conclusions

EBMS can improve the success rate of 1-time blood
collection; shorten the time of blood collection; ensure that
blood oxygen saturation and heart rate are at normal values;
and effectively reduce the occurrence of heel congestion
after blood collection, crying time and bleeding time of
newborn heel blood collection, and neonatal pain.
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