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Abstract: In neonatal intensive care units, preterm infants are subjected to an average of two and up to
fourteen painful procedures per day. Pain and infection are inextricably linked and always neonatal sepsis
remains a feared cause of morbidity and mortality during the neonatal period. The study aimed to assess the
effect of numbing needles pain with topical anaesthesia on preterms’ exposure to neonatal sepsis. A quasi-
experimental design was utilized. A purposive sample enrolled all premature infants (n=72) who admitted to the
neonatal care department of Mansoura University Children Hospital. Four tools were used for data collection,
namely preterm infants' profile, follow-up and clinical outcome assessment sheets, and Premature Infant Pain
Profile. The study findings illustrated that there was statistically significant relation between frequency of
applying topical anaesthesia and immunologic parameters presented by average of daily weight gain, number
of culture-proven infections and negative C-reactive protein weekly profile, at p<.001, and p=.001 respectively.
As well there was statistically significant relation between premature infants’ calm state during needle painful
events and their C-reactive protein weekly profile, at p<.001. Topical anaesthesia is recommended for
procedural pain management in the neonatal care units to reduce the adverse effect of pain on preterm infants'
immunity.
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. Introduction

Preterm infants, especially those born between 28-32 weeks of gestation (very premature) are exposed
to repeated procedural pain-related stress, during a period of physiological vulnerability and rapid brain
development, as part of their life-saving care in the neonatal intensive care unit (NICU). [1] Carbajal et al. [2]
reported that neonates underwent an average of 10 painful procedures daily and 91% of these procedures were
performed without specific analgesia, despite cutaneous receptive fields are large in the neonate, and peripheral
sensory fibers are sensitive to tissue injury. [3]

Assessment of neonatal pain is a pressing concern, especially within the context of neonatal intensive
care where tiny infants may be exposed to prolonged and repeated pain during lengthy hospitalization. [4] For
effective pain management, it is important to correctly identify the pain experienced by the newborns in time
through the bedside nurse. Premature infant pain profile (PIPP) code a variety of behavioral and physiological
responses (i.e. frown forehead, eye squeeze, naso-labial furrow, changes in heart rate, and oxygen saturation) in
order to quantify pain in hospitalized neonates, who cannot self-reporting pain. [5 & 6]

Nociception is the ability of peripheral afferent neurons to sense noxious stimuli. [7] Many studies
reported that nociception and immune function exhibit a bidirectional relationship, in which each function
affecting the other. [8-11] Two relevant literatures suggest applying effective analgesic strategies in the NICUs
that may modulate immune function, and decrease the risk of neonatal infection. [12 & 13] Moreover, Vinall
and Grunau [14] presented recent work supporting that, greater exposure to painful procedures in the NICU has
been associated with the reprogramming of the stress hormone and immune systems among premature infants.
Therefore, alleviation of pain caused by invasive procedures in neonates is important for humane reasons as well
as for avoiding the acute physiological instability (e.g., metabolic, immune).

Responses to neonatal pain vary based on gestational age, sleep-wake state, illness severity, as well as
recency and duration of previous exposures to pain and non-invasive interventions. [15] Therefore, clinicians
are faced with the difficult task of discriminating and appropriately managing pain in infants born premature.
Every NICU should have a comprehensive approach to reduce pain for the admitted patients. Both non-
pharmacological and pharmacological approaches play a role in the management of pain in the neonate, and
while non-pharmacologic management is recommended as a first step, often invasive procedures in the NICU
are still performed without support. [16] Unmanaged pain may have substantive effects on the developing brain,
and stress systems of premature neonates; however, pain management remains a challenge.

The use of swaddling, sucrose, pacifiers, and decreased environmental stimuli have shown limited
therapeutic efficacy in treating mild to moderate painful stimuli. Local and systemic analgesia are often the
treatment of choice for procedural pain, and specifically the various topical anesthetic agents including
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Lidocaine infiltration, can be effective in managing bedside procedural pain without exposing the developing
brain to the potential hazards of systemic anesthetics. [17]Topical local anesthetics are ideally suited for
anesthetizing the skin in infants because most lack systemic side effects. Lidocaine spray is a topical local
anesthetic preparation that offers several advantages over other preparations, including faster onset of action and
lack of systemic adverse effects. [18 & 19] It can effectively reduce pain from certain types of bedside
procedural pain, such as a venipuncture, lumbar puncture, and intravenous catheter insertion in term and
premature neonates, when applied for a sufficient length of time according to the medication associated usage
instructions (onset time is 2-3 minutes) before the procedure. [20]
Significance of the study

Although the association between the central nervous system and immune function is well documented,
how that relationship affects the incidence of infection is all but absent from the literature. Therefore, this study
was aimed to: Assess the effect of numbing needles pain with topical anaesthesia on preterms’ exposure to
neonatal sepsis in the NICU.

Research Hypotheses

It is hypothesized that:

H1: Applying topical anaesthesia will reduce needle related pain intensity proven by low total PIPP scores of
preterm infants.

H2: Topical numbing of needles pain will reduce the number of culture-proven infections among preterm
infants throughout their stay in the NICU.

H3: Topical numbing of needles pain will show fewer behavioral signs of stress among preterm infants during
needle related painful events.

H4: Topical numbing of needles pain will maintain physiologic stability of preterm infants immediately after
needle related painful events.

The primary outcome of the study was to enhance the immune system of premature infants through
report a reduction in the number of culture-proven infections during their stay in the NICU. Secondary outcomes
included assessment of premature infants’ behavior signs of stress; including change of their facial cues,
physiologic stability, weight gain, and length of hospital stay.

I1.  Subjects And Methods
2.1 Design: A quasi-experimental design was used in this study.
2.2 Setting: Study subjects were recruited from the neonatal care department (NCD) of Mansoura University
Children Hospital, Egypt. This department was internally classified into three separate units according to the
severity of the admitted infants into: ordinary unit, intermediate care unit, and intensive care unit.
2.3 Subjects: A purposive sample enrolled all premature infants (n=72) who admitted to the previously
mentioned setting with their age between 26 to 36 weeks of gestation, throughout a period of 6 months; started
from November 2015 to April 2016. Subjects were excluded if they had a history of necrotizing enterocolitis,
receipt of steroids, history of congenital infection, contraindication to blood draw such as bleeding disorder or
severe anemia, or receiving human milk feedings. Infants receiving human milk feedings were excluded because
human milk is known to contain immune-related compounds that could potentially affect study outcome. [21]
2.4 Tools of data collection: The data will be collected by using four tools. First, second and third tools were
designed by the researchers after reviewing the relevant literatures, while fourth tool was adopted from
Ballantyne et al. and McNair et al. [22 & 23], as the following:

2.4.1 Tool 1. Premature Infants' Profile Assessment Sheet: It was including: gender, date of birth, admission
date, gestational age/weeks, postnatal-age/days, admission weight/grams, diagnosis, and care unit in which the
infant was admitted in.

2.4.2 Tool 2. Infant’s Follow-up Assessment Sheet: It was used to collect data about premature infants
throughout their stay in the care unit, including: the purpose of needle punctures, date of discharge, C-reactive
protein (CRP) weekly profile, and infant’s behavioral state (calm, irritable, or mild cry) during needle related
invasive procedures.

2.4.3 Tool 3. Infant’s Clinical Outcome Assessment Sheet: It was developed to collect data about premature
infants at the end of the study period, including: discharge weight/grams, length of hospital stay, average of
daily weight gain, culture-proven infection on discharge, number of days on antibiotics, and number of days off
antibiotics and infant’s outcome on discharge (died, or alive).

2.4.4 Tool 4. Premature Infant Pain Profile (PIPP): It is a standardized scale that was developed 13 years ago
and has steadily accumulated the evidence of reliability and validity. [22 & 23] When compared with other
infant pain measures, the PIPP is reported to be one of the most valid and reliable infant acute pain measures
available.
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The PIPP consists of 7 indicators, three of them were concerned with behavioral (facial actions: brow bulge, eye
squeeze, and naso-labial furrow), 2 physiological (heart rate and oxygen saturation) indicators, and 2 contextual
(gestational age and behavioral state) variables that modify pain. For each indicator, the obtained score is ranged
between O - 3, so in this scale, the total scores were vary from zero to 21 points. Scores equal or lower than 6
indicate that infant has minimal or no pain; scores of 7 - 12 indicate slight to moderate pain; and scores above 12
indicate severe pain.

2.5 Methods

2.5.1 Preparatory phase:

= An Official permission was obtained from the Director of Mansoura University Children Hospital and the
head of neonatal care department to conduct the study.

= Ethical approval was obtained from the Research Committee of Faculty of Nursing- Mansoura University.

= The study developed tools were reviewed for their content validity by five expertise in the field of
neonatology and necessary modifications were done accordingly.

= The internal consistency of the developed tools was tested for its reliability using alpha Cronpach's test, and
it was 0.87.

= A written informed consent was obtained from the available infant’s parent, clarifying their right to
withdraw from the research at any time.

= A pilot study was carried out on 7 preterm infants who were admitted in the NCD to evaluate the
clarity and applicability of the tools and minor modification was done.

2.5.2 Field work:

Researchers, bedside care delivery nurses as well as laboratory technicians performed all study
interventions for the admitted premature infants until their discharge. After demographic information was
recorded by a bedside nurse in the form of neonatal characteristics at birth, a venous blood sample was collected
for bloodstream infection assessment. Topical anesthetic agent (lidocaine 10mg. /dose spray) was applied in 3
applications 2 to 3 minutes before each needle related painful event. Infants were closely monitored for
medication side effect (e.g., allergic reactions). Needle punctures to obtain blood samples for culture-proven
infection guided by infant’s CRP profile were routinely assessed twice/week throughout premature infant’s stay
in the NCD and at time of discharge. On weekly basis, randomly in association with one needle puncture for
assessing CRP, the researchers performed premature infant pain profile (PIPP), and then the mean score was
calculated and recorded. PIPP indicators were assessed as the following: (1) score gestational age before infant
was examined. (2) Score infant’s state before the potentially needle related event by observing the infant for 15
seconds, then record the baseline heart rate and oxygen saturation (physiologic measurements). (3) Assess
infant’s behavior during needle related event. (4) Observe the infant for 30 seconds immediately following
needle related event. Physiologic changes and facial actions/changes seen during this time were scored and
recorded immediately. Absent of facial changes was defined as 0 to 9% of the observation time; minimal, 10%
to 39% of the time; moderate, 40% to 69% of the time; and maximal facial changes as 70% or more of the
observation time.

2.6 Statistical Analysis:

The collected data were organized, tabulated and statistically analyzed using SPSS software (Statistical
Package for the Social Sciences, version 16, SPSS Inc. Chicago, IL, USA). The normality of data was first tested
with one-sample Kolmogorov-Smirnov test. Qualitative data were described using number and percent. Association
between categorical variables was tested using Chi-square test (y?). Continuous variables were presented as range,
mean + standard deviation (SD) for parametric data and Median for non-parametric data. Significance was adopted
at p<0.05 for interpretation of results of tests of significance.

I1l.  Results

Table (1) revealed that the means, and standard deviations of premature infants' gestational age/week,
postnatal-age/days, and admission weight/grams were 32 + 2.4, 1422 + 523, and 2.6 + 4.4 respectively, 61.1%
of them were girls, 83.3% of preterm infants diagnosed as prematurity with respiratory distress syndrome, and
80.6% of them received their care at neonatal intensive care unit.

Table (2) illustrated that all preterm infants were exposed to procedural needle punctures during their
stay in the neonatal intensive care unit, with the means, and standard deviations of their exposure times, were
12.4 + 5.3. While 47.2% of infants were showed quiet awake, opened eyes, no facial movements 15 seconds
before needle painful events, 55.6% of them had calm behavior during needle painful events.

In relation to physiological changes observed 30 seconds after needle painful events; 70.8%, and 94.4%, of the
preterm infants had heart rate maximum 0 — 4 b/m increase, and oxygen saturation minimum 0 — 2.4% decrease
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respectively. In addition, 65.3%, 58.3%, and 73.6% of them had absent facial actions of frowned forehead, eyes
squeezed, and naso-labial furrow respectively. The mean, and standard deviation of total Premature Infant Pain
Profile score of the study subjects was 4.5+2.1, and 43.1% of the premature infants had no pain during needle
painful events guided by total Premature Infant Pain Profile score.

Table (3) showed that 63.9% of the preterm infants had no blood-stream infection guided by negative
CRP weekly profile, while 12.5% out of 36.1% of infants had positive culture once during their staying at the
NCD. The means and standard deviations of number of days on, and off antibiotics were 18.8 + 10.7, and 17.5 +
7.6 respectively. Regarding to average of daily weight gain and length of stay/days means, and standard
deviations were 19.2 £ 12.0, and 25.8 + 10.9 respectively.

Table (4) proved that there was no statistically significant relation between C-reactive protein weekly
profile in relation to preterm infants’ data except for frequency of applying topical anaesthesia and length of
stay/ days, at p<.001, and 0.002 respectively.

Vice versa there was statistically significant relation between frequency of applying topical anaesthesia and
immunologic parameters presented by average of daily weight gain, number of culture-proven infections and
negative C-reactive protein weekly profile, at p<.001, and p=.001 respectively.

Table (5) indicated that there was statistically significant relation between preterm infants’ behavioral
state during needle painful events and their C-reactive protein weekly profile at p<.001, since the highest
number (32) of premature infants who had mixed (almost negative) C-reactive protein weekly profile during
their staying at the neonatal care department were behave as calm.

"Table 1'": Preterm infants' profile on admission

Item Subjects (n = 72)
Gestational age (wk), mean + SD wk (range) 32+2.4 (26 -36)
Admission weight (grams), mean * SD (range) 1422 + 523 (750 — 2650)
Gender

Boy, No. (%) 28 (38.9)

Girl, No. (%) 46 (61.1)
Postnatal-age (days) mean + SD (range) 2.6+4.4(0-21)
Diagnosis, No. (%)

Prematurity and ELBW 12 (16.7)
Prematurity with RDS 60 (83.3)

Care unit

Intermediate 14 (19.4)

NICU 58 (80.6)
Bloodstream infection on admission, No. (%)

Negative 10 (13.9)

Positive

""Table 2"": Needle punctures and its related painful event features among preterm infants

Item Subjects (n =72)
Purpose of needle punctures during premature infants’ hospital stay, No. (%) [range]*

Insert long line 6 (8.3) [once]
Draw capillary blood sample (heel-prick) 19 (26.4) [1-10]
Draw arterial blood sample 45 (62.5) [1 - 6]
Insert peripheral line cannula 68 (94.4) [1-6]
Draw venous blood sample 72 (100) [2 — 14]
Needle exposure times, mean + SD (range) 124 +5.3[4-27]
Premature infants’ states observed 15 seconds before needle painful event, No. (%)

Quiet sleeping, closed eyes, no facial movements 2 (2.8)
Active Awake, opened eyes, facial movements present 14 (19.4)
Active sleep, closed eyes, facial movements present 22 (30.6)
Quiet Awake, opened eyes, no facial movements 34 (47.2)

Premature infants’ behaviors during needle painful event, No. (%)

Calm 40 (55.6)
Mild Crying 26 (36.1)
Irritable 6 (8.3)
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"Table 2": Needle Punctures and its related Painful Event Features among Preterm Infants (Cont.)

Total Premature Infant Pain Profile (PIPP) score, mean + SD (range) 45+21(1-9)

Physiological changes and facial actions observed 30 seconds after needle painful event, No. (%)

Heart rate maximum 0 —4 b/m increase 51 (70.8)
5 — 14 b/m increase 20 (27.7)
15 — 24 b/m increase 0(0)
>25 b/m increase 1(1.4)
Oxygen saturation minimum 0 — 2.4% decrease 68 (94.4)
2.5 —4.9% decrease 3(4.2)
5 — 7.4% decrease 1(1.4)
7.5% decrease or more 0(0)
Frowned forehead Absent 47 (65.3)
Minimal 20 (27.8)
Moderate 5(6.9)
Maximal 0 (0)
Eyes squeezed Absent 42 (58.3)
Minimal 2 (2.8)
Moderate 26 (36.1)
Maximal 2 (2.8)
Absent 53 (73.6)
Nasolabial furrow Minimal 15 (20.8)
Moderate 4 (5.6)
Maximal 0 (0)

Pain intensity during needle painful event guided by total PIPP score, No. (%)

No pain 31(43.1)
Minimal pain 30 (41.7)
Mild pain 11 (15.3)

* All items are not mutually exclusive

"Table 3": Indicators of preterm infants’ bloodstream infection during their staying at the NCD

Item Subjects (n =72)
Culture-proven infection times guided by CRP weekly profile, No. (%)

Negative 46 (63.9)
Positive 26 (36.1)
- Once 9 (12.5)
- Twice 5 (6.9)
- Three times 6 (8.3)
- Four times 6(8.3)

Number of days on antibiotics, mean + SD (range) 18.8+10.7 (3—45)

Number of days off antibiotics, mean + SD (range) 17.5+7.6 (6-32)

Average of daily weight gain/g 19.2 +12.0 (20— 60)

25.8+10.9 (5-57)

Length of stay/ days, mean + SD (range)

"Table 4" Statistical relations between CRP weekly profile and preterm infants’ data and frequency of

applying topical anaesthesia and immunologic parameters

Item Subjects (n = 72)
CRP weekly profile in relation to premature infants’ data y? (p-value)

Gestational age 95.2 (.12)
Postnatal age on admission 79.25 (.89)
Admission weight 508.4 (.08)
Diagnosis 57.6 (.67)
Number of days on antibiotics 279.4 (.25)
Frequency of applying topical anaesthesia 230.1 (<.001)*
Purpose of needle punctures 63.4 (.02)
CRP admission results 29.3 (.\12)
CRP discharge results 16.8 (.02)
Length of stay/ days 289.2 (.002)*

Frequency of applying topical anaesthesia in relation to immunologic

parameters, 3> (p-value)

Average of daily weight gain 2745 (<.001)*
Number of culture-proven infections 130.6 (<.001)*
Negative CRP weekly profile 111.0 (.001)*
Length of stay/ days 659.6 (.07)

*Significant (P<0.05)
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"Table 5": Statistical relation between preterm infants’ behavioral state during needle painful events and their
CRP weekly profile

Item Subjects (n =72)
State
Calm Irritable Mild Total b p-value
Crying
CRP Negative 6 0 6 12 47.69 <.001*
weekly Mixed (almost negative) 32 5 6 43
profile Posit_ve 0 0 5 5
Mixed (almost positive) 2 1 9 12
Total 40 6 26 72

*Significant (P<0.05)
IV.  Discussion

Neonatal sepsis remains a feared cause of morbidity and mortality in the neonatal period, both among
term and preterm infants. [24] Maternal, neonatal, and environmental factors are associated with risk of
infection, leading to 2-9 million global neonatal deaths. [25 & 26] Strong evidence supports acute pain as a
stressor that impairs immune function. Given the vital link between immunity and the defense against bacterial
and viral infections, it is incumbent upon nurses to preserve immune capacity to prevent neonatal infection. [7]

A study conducted by Donia and Tolba [41] showed that sick and preterm infants are exposed to
repeated procedural pain-related stress, as part of their care in the Egyptian neonatal intensive care unit per day,
with the frequency of exposure increased during the first few days of their life. [27] In his study, Noel [28]
added that children can remember painful experiences, and this can affect how they experience future painful
episodes in their childhood and may extend even to their adult lives. A review by the World Health Organization
(WHO) has identified pain in the pediatric setting as an important public health problem. [29] It is therefore
imperative that neonatal pain be anticipated and managed appropriately. Commonly encountered pain in the
NICUs can be categorized as pain associated with infection.[30] The present study revealed that the means, and
standard deviations of premature infants' gestational age/week, postnatal-age/days, and admission weight/grams
were 32 £ 2.4, 1422 + 523, and 2.6 *+ 4.4 respectively. In this context, Edwards [31] reported that neonatal sepsis
is a systemic infection occurring in infants at <28 days of life, and Benitz [32] illustrated that, infant factors
associated with early-onset sepsis include prematurity/low birth weight.

The present study showed that the majority of premature infants had positive bloodstream infection on
admission, this was agreed with the subsequent WHO Young Infants Clinical Signs Study (YICSS), focused on
clinical signs detected by primary care health workers for 3177 neonates in the first week of life attending
health-care facilities in countries within sub-Saharan Africa, south Asia, and Latin America. The presence of
any one of seven clinical signs and symptoms predicted severe bacterial illness (on the basis of an experienced
pediatrician's assessment) with a sensitivity of 85% and specificity of 75%, in those seeking care. [33] During
hospital stay all premature infants in the present study were exposed to procedural needle punctures and more
than half and less than half of them behave calmly and had minimal pain intensity during it respectively as well.
Yuhico [30] found that needle punctures are one of the most common procedures that children experience as
part of routine medical care. Needle procedures include injections (intramuscular or subcutaneous),
venipuncture and venous cannulations. In the same line a prospective cross-sectional survey carried out in US
children's hospital reported that worst pain was 40% cause of needle poke. [34]

According to Witt [35], EMLA (a mixture of lidocaine 2.5 % and prilocaine 2.5 %) has been well
established as effective in the neonatal population for reducing pain associated with minor procedures, such as
circumcision, venipuncture, lumbar punctures, and during peripherally inserted central catheter (PICC) line
placement. Similar to the study findings, Taddio [36] illustrated that, when performing venipuncture, it is
recommended that clinicians use topical analgesic, as it reduces pain. Further to Kaur [42] stated that EMLA or
its composition should also be used for analgesia with lumbar punctures, as it reduced heart rate variability,
facial grimacing, and oxygen desaturations when compared to placebo. Yuhico [30] explained that the use of
topical local anaesthetics provide analgesia by blocking nociceptive transmission in nerve cells. He added that
application may be noninvasive (topical anesthetic), which considered safe for children for all ages. [37]

The current study showed that, there was statistically significant relation between frequency of
applying topical anaesthesia and immunologic parameters presented by average of daily weight gain, number of
culture-proven infections, and negative CRP weekly profile. This was constant with Page [38] who explore that
immune function is another area impacted by early experiences with pain or stress and consistently shown in
animal studies. The current study indicated that there was statistically significant relation between premature
infants’ behavioral state during needle painful events and their CRP weekly profile. Anand [39] revealed that
painful events can affect complex behavioral responses for up to 24 h after the event; altered sleep-wake cycles,
feeding, and crying have been documented in male infants circumcised without local anesthetic. Therefore, in
neonates, topical anesthesia reduce behavioral pain response to vein-puncture but not heel lance. [40]
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V.  Conclusion And Recommendations
In summary, premature infants are vulnerable to infection associated with repeated exposure to needle
related painful procedures when admitted to the NCD. It can be concluded that, topical anesthetic/or analgesic
regimen can influence immunomodulation or boost immune function significantly to avert sepsis; presented by
significant improvement among immunologic parameters in the form of average of daily weight gain, number of
culture-proven infections, and negative CRP weekly profile. Moreover, numbing procedural pain through the
use of topical local anesthetic can provided control over the behavioral state of preterm infants.

Limitation of the study

Interpretations of the study results should acknowledge a limitation of we did not include a control
group that would have allowed us to determine the absolute efficacy of analgesic intervention. However, we felt
that it would be unethical to prohibited preterm infants from analgesia for the purposes of our study.

Based on the results of the present study, the following recommendations are suggested:

1- Topical anaesthesia should be utilized for procedural pain management in the NICUs to reduce the adverse
effect of pain on preterm infants' immunity and its subsequent outcomes.

2- Recognition of neonatal pain as a valid concern then protocolize stepwise treatment plan for the procedures
encountered in the NICU following the tiered approach to neonatal pain management.

3- Continued auditing to ascertain appropriate treatment for neonatal pain.
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