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Abstract

Background and Aims: Neonates in intensive care units undergo frequent painful

procedures for diagnostic or care-related purposes. Untreated pain has serious short-

term and long-term complications. This study aims to evaluate the frequency of pain-

ful procedures, pain assessment, and their analgesic management practice among

neonates admitted to the NICU.

Methods: The present study is a hospital-based cross-sectional study of neonates

admitted at level II NICU of St. Paul hospital millennium medical college in Ethiopia

between March and August 2019. Data were collected from medical charts of neonates

and bedside observation using a checklist. The parameters included were demographic

characteristics, types of painful procedures, pain assessment practice, and analgesic

intervention provided during painful procedures. Descriptive statistics, Mann-Whitney

U-test, and Kruskal-Wallis test were used to compare the number of painful procedures

and influencing factors. P-value < .05 was considered statistically significant.

Results: Of the 325 neonates included in this study, a median of 4 (3-7) painful proce-

dures were performed per neonate in the first 24 hours of NICU stay. Heel lance

280 (20.7%) and Venipuncture 249 (18.41%) were the most commonly performed pain-

ful procedures. Of the 1352 painful procedures, none of the neonates received any

form of analgesic intervention and none of the neonate's pain scores were documented

on their medical chart. The higher number of painful procedures were associated with

gestational age between 28 and 31 weeks, birth weight less than 1500 g, and use of

CPAP respiratory support P-value <.001, <.001, and .0015, respectively.

Conclusion: Painful procedures were frequently performed in NICU without any

form of analgesic intervention. Strategies to introduce neonatal pain assessment and

their analgesic management for clinical practice are necessary.
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Abbreviations: CD, cesarean delivery; CPAP, continuous positive airway pressure,; NICU, neonatal intensive care unit; NIPS, neonatal infant pain scale; SVD, spontaneous vaginal delivery.
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1 | INTRODUCTION

Neonates admitted to neonatal intensive care units (NICU) undergo

multiple diagnostic or care-related painful procedures during their

hospitalizations. In NICU, each neonate experiences an average of 7.5

to 17.3 painful procedures per day in which most of the procedures is

ranged from moderate to severe pain.1-4

The most frequently performed painful procedures were heel

lance, suctioning, venipuncture, and peripheral IV insertion.5-9

Despite the misconception regards to neonatal pain in the past

years, scientific evidence indicates that pain pathways are active and

functional as early as 25 weeks of gestation.10

Under-treated pain experienced in the early life of the neonatal

period can cause physiological and behavioral changes, which may

lead to detrimental long-term consequences of altered pain sensation,

neuro-behavioral changes, and learning disabilities in later life.11,12

Prevention of pain and provision of optimal pain control strategies

should be an essential part of standard health care in the NICU.13,14

Medical knowledge and perception of neonatal pain and analgesic

strategies have been improved among healthcare providers; however,

the clinical practice remains unchanged.15,16

Scientific evidence demonstrates the analgesic efficacy of non-

pharmacological pain relief strategies17,18 including breastfeeding,

skin-to-skin contact, sweet solutions, multisensorial stimulation, and

also pharmacological strategies19 to control procedural pain in neo-

nates. However, in the neonatal unit of our hospital, the routine pain-

ful procedures are performed without any form of pharmacological

and non-pharmacological measures.

In the developed world, despite the recommendations and guide-

lines based on evidence, procedural pain in neonates continues to be

inconsistently assessed and inadequately managed.20-22 Conse-

quently, in China and sub-Saharan African countries, painful proce-

dures are performed without any form of pain control measures.3,8

In resources limited countries including Ethiopia, neonatal pain

management has not been part of neonatal care where the focus has

been confined to saving the lives in need.

Furthermore, resource-scarce to procure analgesic medication,

knowledge deficit, and lack of institutional guidelines remains major

challenging issues to implement in clinical practice.23-25 Overcoming

these problems is vital as an attempt to improve pain management

practice in neonates.

As far as our search, no studies have been done on this major clin-

ical problem in Ethiopia. This prospective cross-sectional study was

conducted to evaluate the practice of procedural pain assessment and

analgesic management among neonates admitted to NICU.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

A hospital-based prospective cross-sectional study was conducted

over 6 months between March 2019 and August 2019 in St. Paul's

hospital millennium medical college. This study is done as per the dec-

laration of Helsinki ethical principles for medical research involving

human subjects' protocol. Ethical clearance was received from the

ethical committee of the institution and written informed consents

were obtained from the legal guardian or parents. This study is regis-

tered at www. Research registry with research registry UIN:

researchregistry7419.

All neonates admitted to level II NICU with postnatal age of fewer

than 7 days and gestational age of >28 weeks and successful attempts

of painful procedures were included in this study as shown in

Figure 1. Neonates transferred or discharged to another unit before

24 hours of admission and neonates with altered levels of conscious-

ness that affect movement and facial expression were excluded from

the study.

2.2 | Sample size and sampling techniques

The outcome variables of our study were to determine the number of

painful procedures, evaluate the practice of pain assessment, and

analgesic intervention during the first 24 hours of NICU admission.

The sample size was calculated by using the single population propor-

tion formula. The following assumptions were used to compute the

sample size; the prevalence of procedural pain (69.6%) was taken from

the preliminary data conducted in Netherlands22 with a 95% confi-

dence interval, a 5% margin of error, and a 5% attrition rate, the total

sample size was 340 study participants. Based on the review of the

logbook and registration system of neonates admitted to NICU in the

previous year, an average of 690 neonates in 6 months were admitted

to this unit.

A systematic random sampling technique was used to select study

participants. The sampling interval k was calculated to be 2 using the

formula: k = N/n (690/340); where n = total sample size, N =

population per 6 months. From all neonates who fulfilled the inclusion

criteria, the samples were selected skipping every two intervals. The

first participant was selected by lottery method from the first admis-

sion day with every two intervals.

340 Neonates assessed for eligibility

10= Discharged before 24 

hours of NICU stay

5= Died at NICU

325 Neonates enrolled 

and analyzed

F IGURE 1 Study flowchart
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2.3 | Data collection techniques

Data were collected from medical charts and checklists developed based

on previous literature. Before data collection, training of 3 days was

offered for data collectors regards to overall data collection process

including NIPS observation and inter-rater reliability were measured.

The research team consisted of trained general practitioners,

NICU nurses, and pediatricians who compiled a checklist containing

all types of daily performed painful procedures. The designed checklist

included a list of 11 different procedures routinely performed and

considered painful by the team, as shown in Table 1.

Data of demographic characteristics and primary admission diag-

nosis were collected immediately when the sick neonates were admit-

ted to the NICU from their medical charts.

Frequency and type of painful procedures, NIPS score, and analge-

sic intervention were collected by bedside observation in real time. The

data collection was continued for the first 24 hours of NICU admission.

Neonatal infant pain scale (NIPS) was used to evaluate the inten-

sity of pain on each procedure for 1 minute to fully assess each indica-

tor and graded from 0 to 7. This pain scale assesses six behavioral

indicators (facial expression, cry, breathing pattern, arms, legs, and

state of arousal) in response to painful procedures in preterm and

term neonates and has shown good inter-observer reliability.26,27

The collected data were cross-checked by the principal investiga-

tor to ensure accuracy and completeness.

2.4 | Statistical analysis

Data were coded and entered into SPSS software for Windows (ver-

sion 26, SPSS Inc., Chicago, Illinois) was used for the statistical analy-

sis of the data. The Shapiro-Wilk test was used to test the normality

of the distribution of data.

Nonparametric continuous variables were expressed as median

and interquartile range (IQR), and categorical variables as frequency

and percentage (%, n/N).

Influencing factors and the number of painful procedures were

compared between groups using unpaired t-test and analysis of vari-

ance for parametric data, the Mann-Whitney U-test, or the Kruskal-

Wallis test for nonparametric data. P-value < .05 on the two-sided

test was considered to be statistically significant.

2.5 | Operational definitions

Painful procedure: Any care-related or diagnostic interventions that

have some degree of pain associated with it.

Skin breaking and non-skin breakings: Procedures were classified

as skin breaking if they involved a penetration to the skin (eg, heel

stick, injections) and non-skin breaking if they did not penetrate the

skin surface (eg, gastric tube and nasal cannula insertion).28

Procedural pain: Pain related to either diagnostic or care-related

procedures.

The severity of pain: Based on the neonatal infant pain scale

(NIPS), the pain intensity was rated as mild to no pain (NIPS:0-2), mild

to moderate (NIPS: 3-4), and moderate to severe (NRS: >4).

Average pain score: The pain score calculated from all the docu-

mented procedural pain scores for the individual neonate during the

day of study.

Analgesic: A medication used for pain relief.

3 | RESULTS

During the study period between March 1, 2019, and August

30, 2019, of 340 selected sick neonates admitted to NICU, 325 neo-

nates were included in the study (Figure 1).

3.1 | Number and types of painful procedures

A total of 1352 (1146 skin breaking and 206 non-skin breakings) painful

procedures were performed over a first 24-hour period of NICU stay

with an average of mean = 4.2, SD = 1.05 per neonates per day. A

total of 11 different painful procedures were performed, among which

the most common was heel stick (20.71%, n = 280/1325) followed by

venipuncture (18.41%, n = 249/1325), Iv-line insertion (16%,

n = 217/1325), Iv injection (13.98%, n = 189/1325), IM injection

(10.35%, n = 140/1325), nasal gastric tube insertion (8.21%,

n = 111/1325), and (7%, n = 95/1325) nasal CPAP insertion (Table 1).

3.2 | Demographic characteristics

Among 325 neonates, 54.2% (n = 176/325) were male with a male to

female ratio of 1.2:1. The majority (82.2%, n = 267/325) of the neo-

nates who were admitted within 24 hours postnatal age (17.2%,

TABLE 1 Number and type of painful procedures among study
participants

Procedures Frequency Percentage

Heel stick 280 20.71%

Venipuncture 249 18.41%

Intravenous insertion 217 16%

Intravenous injection 189 13.98%

Intramuscular injection 140 10.35%

Nasogastric tube insertion 111 8.21%

Nasal CPAP insertion 95 7%

Lumbar puncture 28 2.07%

Femoral venous puncture 21 1.55%

Arterial puncture 14 1.12%

Chest tube drainage 8 0.6

Total 1352 100%
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n = 58/325) were between 2 and 7 days. More than two-thirds of the

neonates, 228 (73.8%, n = 228/325), were delivered at term, followed

by late preterm (18.9%) and early preterm (8%). Regards to gestational

age, more than two-thirds (71.2%, n = 223/325) were >37 weeks,

(20.2%, n = 66/325) between 32 and 36 weeks, (7.4%, n = 24/325),

were between 28 and 31 weeks, and the rest (3.7%, n = 12/325)

were with unknown gestational age (Table 2).

With regards to birth weight, the majority (64.5%, n = 210/325)

of neonates were greater than 2500 g, followed by 24.91%

(n = 81/325) between 1500 and 2500 g, and 10.5% (n = 34/325) less

than 1500 g. Spontaneous vaginal delivery was the commonest mode

of delivery, which accounted for 60.3% (n = 196/325), followed by

cesarean delivery (33.8%, n = 110/325) and instrumental delivery

(5.8%, n = 19/325). The primary causes of admission diagnosis were

respiratory distress in 33.2% (n = 108/325) followed by 20.9%

(n = 68/325) hypothermia, 19.1% (n = 62/325) neonatal sepsis, 16%

(n = 52/325) neonatal hyper-bilirubinemia, and 7.1% (n = 23/325)

hypoglycemia (Table 2).

3.3 | Pain assessment and their analgesic
management practice in NICU

There were no validated protocols or guidelines for routine neonatal

pain assessment and analgesic management in the study area during

the study period. As a result, pain scores were not documented on the

medical charts of neonates who were exposed to painful procedures.

Similarly, none of the neonates received any form of analgesic

intervention before and during painful procedures. The average mean

NIPS score observed in this study was 5.08 ± 1.23. All procedures

included in this study were painful in which the majority, 64.3%, of

procedures ranged from moderate to severe pain intensity, while the

rest 35.7% of procedures were associated with mild to moderate pain.

3.4 | Factors influencing the number of painful
procedures

Factors influencing the number of painful procedures performed dur-

ing the first day of admission are shown in Table 3.

In terms of gestational age, the median number of painful proce-

dures performed on neonates between 28 and 31 weeks of gestation

was significantly higher compared with the median value of neonates

between 32 and 36 weeks of gestation and older than 37 weeks of

gestation with a P-value <.001. The median number of painful proce-

dures performed according to birth weight was significantly lower on

neonates, weighing <1500 g compared with neonates between 1500

and 2500 g and greater than 2500 g P-value <.001, whereas the

median value of neonates weighing 1500 to 2500 g and >2500 g

demonstrated an insignificant difference P-value = .215.

The median number of painful procedures performed on neo-

nates who received oxygen support via CPAP was higher compared

with other P-value = .015. There was no significant difference

observed between gender P-value = .165. However, the median value

between 32 and 36 weeks and older than 37 weeks of gestation dem-

onstrate an insignificant difference P-value = .762.

TABLE 2 Demographic
characteristics and primary diagnosis of
study participants

Variables Category Frequency Percentage

Gender Male 176 54.2%

Female 149 45.8%

Gestational age (weeks) 28-31 24 7.4%

32-36 66 20.2%

>37 223 71.2%

Unknown 12 3.7

Postnatal age <24 hours 267 82.2

2-7 days 58 17.8

Birthweight (grams) <1500 34 10.5%

1500-2500 81 24.91%

>2500 210 64.5%

Mode of delivery SVD 196 60.3

CD 110 33.8

Instrumental delivery 19 5.8

Primary admission diagnosis Respiratory distress 108 33.2%

Hypothermia 68 20.9%

Neonatal sepsis 62 19.1%

NHB 52 16%

Hypoglycemia 23 7.1%

Others 12 3.7%
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4 | DISCUSSION

To the best of our knowledge, this is the first prospective cross-

sectional study to evaluate the number of procedural pain experiences

in neonates admitted to NICU in Ethiopia. This study has revealed

that sick neonates admitted to NICU subjected to frequent painful

procedures during the first 24 hours of their hospitalization.

Three hundred twenty-five neonates experienced a total of 1325

skin breaking and non-skin breaking painful procedures,

corresponding to an average of 4.2 per day in each neonate in the first

24 hours of NICU admission, which is similar to four procedures per

day, studies done in Kenya.3 Inconsistent with our findings, previous

studies conducted in different countries reported that each neonate

experienced an average of 7 to 13 painful procedures per day.2,4,6,9

Another systemic review of observational study1 also reported an

average of 7.5 to 17.3 per neonate per day.

This discrepancy might be related to the fact that this study was con-

ducted in a level II NICU setting in which relatively lower intervention is

required. Secondly, the large majority of neonates were >37 weeks of GA

and only 7% were <31 weeks of GA.in our study. Moreover, the number

of admitted sick neonates is too high in comparison with the limited num-

ber of nurses working in the unit, and the types of painful procedures per-

formed are limited in comparison with previous studies.

In agreement with other studies,4,5,7,29 the present findings also

show that heel sticks (20.7%) were the most commonly performed

painful procedure. Conversely, other studies2,9 found suctioning was

the most frequently performed procedure. This discrepancy could be

explained by mechanically ventilated and a higher number of preterm

neonates are included in their studies.

With regards to objective pain assessment and pain management

practice, none of the procedures pain scores were documented on the

medical chart and all of the painful procedures had been performed

without any form of pharmacologic and non-pharmacological inter-

vention. Unlike other studies, this result is inconsistent with reports

from high-income countries20-22 in which neonates received some

form of analgesic intervention for approximately one-third to half of

the painful procedures with wide variation across the countries, how-

ever similar to other resource-limited settings.3,7,8

In resource-limited settings like Ethiopia, a relatively cheap, acces-

sible, and effective non-pharmacological intervention like breastfeeding,

sugar-containing solutions, and no nutritive sucking during painful pro-

cedures should be included in guidelines and implemented in routine

clinical practice. In addition, healthcare providers working in the neona-

tal unit should be offered training on neonatal pain assessment and

management to improve the standard of care.

In terms of factors influencing the number of painful procedures,

previous studies observed that preterm infants at the lowest gesta-

tional age,2,4,5,8 very low birth weight,2 and neonates receiving CPAP

support3,4,6 were exposed to a higher number of painful procedures.

Similarly, despite GA and birth weight being strongly correlated, the

present study observed that preterm neonates between 28 and

31 weeks of gestation, birth weight <1500 g, and neonates who

received CPAP support were exposed to a higher number of

painful procedures compared with others. In disagreement with our

findings, other studies found no statistically significant difference

between the number of painful procedures as compared with gesta-

tional age6,7,9 and birth weight.7 The variation of the statistical analy-

sis method used in their study and ours to determine the association

between independent and outcome variables could explain the

observed difference.

4.1 | Limitation of the study

Data were collected in a specified single-centered teaching hospital,

so the findings may not conclude the general features of other NICU

centers in Ethiopia. Secondly, a limited number of procedures and

higher numbers of skin-breaking procedures are included in this study.

Despite multiple attempts being required, we only included successful

attempts, which may underestimate the magnitude of pain.

Further studies involving multicenter hospitals and all routine pro-

cedures including unsuccessful attempts are necessary.

TABLE 3 Factors influencing the
number of painful procedures

Variables

Number of procedures

Total Median (IQR) Z or X2 P-value

Gender Male 718 4 (2) 1.406 .165

Female 607 4 (2)

Birth weight (grams) <1500 191 6 (1) 52.231 <.001

1500-2500 309 4 (2)

>2500 825 4 (2)

Gestational age (weeks) 28-31 126 5 (2) 15.185 <.001

32-36 276 4 (2)

>37 923 4 (1)

Nasal CPAP Yes 414 4 (3) 2.401 .016

No 911 4 (2)

Note: Z was obtained from Mann-Whitney U-test, and X2 were obtained from Kruskal-Wallis test.

Abbreviation: IQR, Interquartile range.
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4.2 | Strength of the study

We used a relatively larger sample size and prospective study

design.

5 | CONCLUSION

Our study observed that neonates admitted to NICU were exposed

to frequent painful procedures during the first 24 hours of hospitali-

zation. Heel lance was the most commonly performed procedure.

Preterm neonates between 28 and 31 weeks of gestational age,

birth weight less than 1500 g, and those who require respiratory

support experienced more frequent painful procedures. None of the

procedures are accompanied by any form of analgesia intervention.

We hope that our findings in the practice of pain assessment and

management in neonatal pain can bring attention to this clinical

activity. Based on our results, we recommend implementing the

guidelines of neonatal pain assessment and management in neonatal

care centers.
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