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Abstract

There is increasing evidence that long-term outsfoeinfants born prematurely are adversely
affected by repeated exposure to noxious procedililese interventions vary widely, for
example, in the extent of damage caused and dordi€U (neonatal intensive care unit)
procedures are therefore likely to each contrilolifferently to the overall pain burden of
individual neonates, ultimately having a differenpact on their development. In order for
researchers to quantify the procedural pain buedgerienced by infants on NICU, we aimed to
estimate the pain severity of common NICU procesluseng published pain scores. We
extracted pain scores over the first minute (peactivity) from the literature, using 59
randomized controlled trials for 15 different prduees. Hierarchical cluster analysis of average
pain scores resulted in five discrete severity ggpmild (n=1), mild to moderate (n=3),
moderate (n=7), severe (n=3) and very severe (=B .estimate of the severity of individual
procedures provided new insight into infant paictevity which is not always directly related to
the invasiveness and duration of a procedure;libtts heel lance and skin tape removal are
moderately painful procedures. This estimate o€pdoral pain severity, based on pain
reactivity scores, provides a novel platform fdrespective quantification of an individual
neonate’s pain burden due to NICU procedures. @ddian of measures that reflect the
recovery from each procedure, such as brain agtwvitl behavioural regulation, would further

improve estimates of the pain burden of neonatahsive care.

Keywords: neonatal; preterm; infant; pain; nociception; BIRPCS; procedure, pain burden;

severity; NICU; pain score; reactivity; placeb@rslard care



Introduction

Babies delivered preterm are subjected to repeairus clinically essential procedures which
are likely to have adverse effects on their longntelevelopmental outcomes [28; 62]. Recent
studies have shown that infants who were born prnenelg have altered brain structure [21] and
functional pain and somatosensory development §@B;correlated with the number of painful
interventions they have experienced during theanagal care [10; 51]. Much of this important
work quantifies pain exposure using the numberkof-breaking or acutely painful procedures.
However, clinical procedures vary widely in natuaad therefore might differ in their
contribution to the overall burden of pain expeceth by an individual baby. Adults do not
consider clinical procedures to be equally paiffdl; 49; 57]. Therefore, the possibility that
infants also do not experience all acutely paipfalcedures equally merits further investigation.
For example, during a routinely occurring heel @na lancet automatically releases a blade,
cutting the skin of the heel to a depth of 0.62.&8mm in a sharp and quick action. Venipuncture
uses a needle of approximately 0.56mm in diametgridrce the skin, subcutaneous tissue and
eventually the vessel walls of the vein. The timguired to complete the procedure depends on
the skill of the operator. Endotracheal intubatiowolves introducing a 3.4-5.4 mm diameter
tube via the mouth and passing it through the vooeds with the help of a scope, to enter the
windpipe (trachea). This procedure could take sdvattempts and the mean duration to
successful intubation during neonatal resuscitadidnirth could last 25-51 seconds [42]. Thus, it
may not be correct to expect that the impact oéd fances is the same of 3 different procedures

such as endotracheal intubation, a venipunctuik adreel lance.

The current study aims to estimate the pain sgvefiindividual neonatal procedures in order to

understand their specific contribution to the ollgpain burden of hospitalized neonates. We

4



estimated the pain severity of NICU procedures \mraging neonatal pain scores derived from

the literature and performing a hierarchical clustealysis.

M ethods

1. Identification of common clinical procedures

Epidemiological studies on NICU pain were used dentify a list of commonly occurring

noxious clinical procedures experienced by newlhainies in hospital [6; 9; 11; 12; 15; 31; 50;
56]. The resulting 17 procedures were: heel lanogamuscular injection, venipuncture,

peripheral arterial puncture, lumbar puncture, gastriic and orogastric tube insertion, nasal
prongs insertion for continuous positive airwayssiee (CPAP), naso/oropharyngeal suction,
endotracheal suction, endotracheal intubation,tdié® insertion, chest tube removal, urethral
catheterization, dressing change or adhesive ap®wval, eye examination and instillation of

eye drops.

2.1 Selection of publicationsfor pain scor e extraction

Neonatal pain scores for each procedure were éettaitom randomized controlled trials

(RCTs) that tested analgesic interventions comp&oea no-treatment control group. Suitable
RCTs were identified in two steps. First, all revéewithin the Neonatal and Pain & Anesthesia
Groups (n= 850) of the Cochrane Database of SysierReviews were searched for the
following key terms; neonate, newborn, neonatdant baby and pain. Eleven reviews were
selected as suitable, and searched for articlesridegy RCTs involving the procedures listed

above [7; 8; 17; 25; 33; 44; 46; 53-55; 60].



A second literature search was conducted to find Rthat involved the procedures that could
not be found in the Cochrane Reviews. These wemalnprongs insertion for CPAP,

endotracheal intubation, chest tube insertion, tchdse removal, and urethral catheterization.
Searches were conducted in Ovid PubMed, and EBSG$D lising key words related to these
procedures, neonatal and the names of commonly paiedscores. In total, 227 articles were
found through the Cochrane Database and 488 artiskere found through other database

searching after duplicates were removed with 6fi8les screened for inclusion.

The following inclusion criteria were used: (i) teeudy reported either a validated behavioural
or bio-behavioural neonatal pain assessment togl. (deonatal Facial Coding System or
Premature Infant Pain Profile) or a behaviouralnpaidicator (e.g. crying time (cry) or
proportion of time spent in facial action or grirea@@rimace)). Studies were included if they
guoted a mean and standard deviation or mediarrarge score. (i) The score was measured
intra-procedurally (e.g. at insertion of device skin break) or up to one minute after the
procedure; (iii) the subjects were preterm neonage® 44 weeks postmenstrual age or full term
neonates up to 30 postnatal days at time of stéliyhe neonates whose scores were included
had been assigned to the placebo arm of randontmatiolled trials. They had therefore
received (a) inactive ingredients topically, orally intravenously (sterile water, saline or inert
lotions), (b) standard care (including nesting,rdpeutic touch and odours which have been
shown to have no effect on pain behaviours [4€)Nn6 interventions, either immediately before
and/or during the painful procedure, or (d) no cardus analgesia or sedation. The responses of

the infants in the intervention arms of the RCTsenmot included in this study.



Based on consensus discussion with the researah th@re were minor exceptions to the
aforementioned inclusion criteria. For eye examamatall nine studies reviewed involved the
use of topical anaesthetic eye drops for all subjexs this is a standard of care. Of these studies
two were considered suitable for inclusion becatlge neonates in the control arms did not
receive any other active intervention prior to ahating the eye examination [37; 52]. In
addition, only one of the nine eye examination ®sidneasured the pain response to the
instillation of topical anaesthetic eye drops sapy and although the control group received a
pacifier 1.5 minutes before the procedure [40F 8tudy was included. For reported pain scores
from nasal prongs insertion, one of the two studiekided had 11 (30%) neonates in the CPAP
group who were being weaned from mechanical veiatlaprior to the procedure, but it was
unclear whether they were still receiving continsicanalgesia in the hours leading to the
application of CPAP [45]. Standard clinical praetin most NICUs is to wean the administration
of analgesics and sedatives prior to discontinumvgsive mechanical ventilation, therefore this
study was included. In the same study, non-randexnpatients were assigned to receive CPAP
(versus heated, humidified high-flow nasal cannula@sed on clinical need, however all the

other criteria for a controlled observation of paahaviour were met [45].

Of the 274 full text articles reviewed, 215 wereleded (Figure 1). 59 eligible neonatal studies
were included, with 3 of 59 studies reporting psinres for two procedures, resulting in the data
extraction for 15 of the previously described 1@gadures. There were no eligible studies for
chest tube insertion and chest tube removal thparately reported the pain scores of our

selected age group. Supplementary Table 1 (availabl http:/links.lww.com/PAIN/A950)

describes the study participants, control arm andrd care provided and pain scores extracted

for all included studies.



2.2 Selection of pain assessment tool to be extracted per study

We found a variety of pain assessment tools iditbature. Unidimensional scores record only
one attribute such as behaviour (DAN and NFCS), coying time (cry) or grimace.
Unidimensional physiological scores (e.g. heam @t oxygen saturation) are not thought to be
specific for pain reactivity. Multidimensional ses; also referred to as composite scores, record
both physiological and behavioural measures (elgSIN and may also include gestational age
(e.g. PIPP). Reviews recommend the use of pairssissnt tools which have been validated and

are multidimensional over unidimensional tools [22]

We selected one pain assessment tool per studgl basg hierarchy selection process which we
devised for this purpose (see  Supplementary Figurk, available at
http://links.lww.com/PAIN/A950). -If more than oneaip measure was used, precedence was
given to validated pain assessment tools over hetial indicators such as grimacing, cry
duration, cry time. If two or more validated neaigtain assessment tools were reported per
study, the most frequently used tool used for gaaticular procedure was selected in order to
reduce the variability of extracted pain scores gecedure. If there were an equal number of
validated pain assessment tools eligible for ektvador a particular procedure (i.e. 2 Premature
Infant Pain Profile and 2 Neonatal Facial Codingt8y) then a hierarchy of pain tools for
extraction was designed based on its psychometrapepties [22]. Thus, validated
multidimensional behavioural scales were priordizerer validated unidimensional behavioural

scales.



2.3 Extraction of pain scores

We selected the ‘pain reactivity’ score that wa®aclosest to the procedural event. The
reported scores could be from a single epoch, ptigmoof time or a cumulative score. This
procedural event is defined as the point of skaakror insertion of device. In. some studies the
score was applied ‘during’ the procedure. For eXampstudy observations were segmented
into phases or time epochs that described theidarat the intra-procedure, then the score that
was reported for that phase or epoch was extralftedo scores were reported, for example,
first 30 seconds and first minute from the procedthen the score during the first 30 seconds
was extracted. If duration of the intra-procedussweported per minute, then the first minute
(sometimes described as ‘0’ minute) was extradtete duration of observations was not
immediately clear but the mean duration of the pdoce was within 1 minute, the score was
extracted. If two observers reported a pain scaod @sing the selected pain assessment tool per

included study, the mean score was calculated.

2.4. Transformation, pooling and ranking of neonatal pain reactivity scores

For each eligible study, the mean and standardatemi or median and range pain scores were
extracted. In studies where the median was repatttedestimated mean and standard deviation
were calculated according to Hozo's method [30F €ktracted mean and standard deviation
scores were normalized to a 0-100% scale by caingléhe proportion of the pain score from
the maximum possible score of the scale used. kKample, a Premature Infant Pain Profile
score of 7 out of a range of 0-21 was transforrméal & normalized score of 33.33%. We then

pooled the normalized pain scores per procedurecdigulating the average and standard



deviation, weighted for pooled sample size. Thegiveid average pain scores per procedure

were ranked in order and displayed using a forest p

3. Statistical analysis

Statistical analyses were performed using SPSS (IBdMp, Version 22). We employed a
hierarchical cluster analysis using the betweenygsolinkage method based on squared
euclidean distances [13]. The optimum number ofstels was determined using the

agglomeration schedule coefficients as a measungtioih cluster variation (Elbow method).

Results

Neonatal participants with a gestational age raiga8-43 completed weeks provided a total of
2281 pain scores that were extracted from fiftyerstudies (Table 1). Preterm born participants
who were studied at postmenstrual age of less 8tameeks and 6 days contributed 41%
(n=936) of the scores while term age participartte were up to one month old at time of study
provided 47% (n=1081) of the scores. 12% (n=2643aafres were from mixed ages (preterm
and term participants). Pooling of pain scores p@ssible for 15 of 17 chosen procedures, as
there were no suitable studies for chest tube tioseand chest tube removal. The largest pooled
samples per procedure were for heel lance (n=885jipuncture (n=450) and intramuscular
injection (n=264). There were almost an equal nunobg@reterm and term participants for heel
lance whereas over 71% were term participants @ripuncture. Preterm participants were
represented in all but two procedures, namely mmiiscular injection and peripheral arterial

puncture, whereas term participants were repregent8 of 15 procedures. A small number of
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study participants had an endotracheal tube imrtedgliprior to or during the procedure, namely
those that received endotracheal suction (h=9®alnarongs insertion for CPAP (n=21) and

endotracheal intubation (n=20).

Supplementary Table 1 (available_at http://linksvlaom/PAIN/A950) lists all included studies

and description of the control participants andraeted pain scores. Three studies provided
scores for two different procedures, (heel lancd aanipuncture [39; 43]; heel lance and
naso/oropharyngeal suction [5]). Data extractianZf@rocedures came from single studies with
small sample sizes (range of n=15-52). The mostnoonty extracted pain scores were the
Premature Infant Pain Profile (30 studies), Nednktial Coding System (16 studies) and
Neonatal Infant Pain Scale (8 studies). Supplemegntdable 2 (available at

http://links.lww.com/PAIN/A950) lists the pain t@ékxtracted per procedure.

Figure 2 shows a forest plot summarizing the ragloh mean pain scores of each procedure,
arranged from highest to lowest on a normalized@4 scale. Lumbar puncture, peripheral
arterial puncture, endotracheal intubation andamtrscular injection were the highest ranking
procedures with average pain scores greater th&h Tastillation of anaesthetic eye drops
scored less than 30%. The threshold for providiam pelief is marked at 30% on a 0-100%

scale based on the self-report of children andestents [18; 29].

Hierarchical cluster analysis of the data reve#had each procedure fell into one of five severity
groups: mild (n=1), mild to moderate (n=3), moder@t=7), severe (n=3) and very severe (n=1),
shown as five bands in Figure 2. The number oftetssvas validated by the elbow method by

plotting the agglomeration schedule coefficientaiagt number of clusters shown in Figure 3.
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At stage 9, the agglomeration schedule coefficitegin to ‘elbow’ and at this point the data

clusters into five groups.

The analysis shows that the mild and very seveoeigy contained only one procedure, eye
drops instillation and lumbar puncture respectivalyd were derived from limited studies with a
small number of subjects. The three middle grompé] to moderate (n=3), moderate (n=7),
severe (n=3) contained the remaining 13 procedunéis the most common severity group being
moderate. The moderate group contained proced@iresypdifferent duration and invasiveness,

such as tape removal, heel lance and endotrachetadis.

Discussion

Infants in intensive care experience numerous adity required, tissue-damaging procedures.
However due to their inability to self-report, rasghers and clinicians have been unable to
guantify the total pain experience or burden ofivithal babies, using a method that takes not
only the number, but also the severity of each ouxiprocedure, into account. In order to
estimate the pain severity of different NICU proaess, we have used published pain scores
derived from neonatal pain assessment tools ddin@dirst minute after these procedures (pain
reactivity). The results show that NICU proceduadkinto five groups of pain severity and that
the majority of procedures are in three middle sgvgroups: mild to moderate, moderate, and
severe. The two outside groups, very severe ar] galch contain one procedure represented by
single studies with a small number of subjects mgkiheir definition less reliable. Seven
procedures were within the moderate range, namgl examination, endotracheal and
naso/oropharyngeal suctioning, venipuncture, t@peowal, nasogastric tube insertion and heel

12



lance which are some of the most frequently peréatnm the NICU [6; 9; 11; 12; 15; 31; 50;

56].

It is interesting that the procedures are not ptabily ranked by duration or tissue invasiveness.
They also do not correspond directly with clinigaastimates [2; 3; 20; 32; 48; 56] which may
be formed from a composite of observations of ihféwehavioural responses, personal
experience, adult perception [41; 49; 57] and sgirt by verbal patients [4; 26]. One reason
for this could be that we confined the measuremémain severity to the ‘reactivity score’, or
the score up to the first minute after the noxieusnt. However it is important to consider the
known limitations of neonatal pain assessment scfi8]. Facial changes and movements are
assessed crudely in neonatal tools, and many graapking with older infants use greater
temporal resolution in their assessment of facelaviours [19]. The limitation of behavioural
scores as measures of pain has been highlightdeebypoor correlation with brain cortical pain
responses [58], particularly in situations wheriamts have high levels of physiological stress
[36]. Evidence from fMRI studies suggest that tietrtbution of the cortical BOLD response to
a sharp pinprick is similar in-newborns and adJyRg] suggesting that the basic brain
connections required to experience pain are predmrit does not validate the underlying
assumption that an observational infant pain saa® be described in terms of adult pain
experience. Indeed neonatal pain behaviour refibetdack of inhibitory controls in immature
pain pathways [24] and the differing pattern oftiad activity following an adult and a neonatal
heel lance, highlights their functional differengedrain processing [23]. Nevertheless, to date,
pain scores remain the only quantitative measumesgonses to the range of NICU procedures
that clinicians have available and provide the omigthod of differentiating the severity of

individual routine procedures.
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Our study also shows wide variability of reporteginpscores per procedure. We have used
normalized data from different behavioural painresoand assumed that they are directly
comparable and can be pooled. Although this isatweays the case [61], a recent study reported
good comparability between the most commonly usaEd ols in both research and clinical

settings [38]. In clinical practice and throughthu literature it is recognized that the magnitude
and response time of procedural pain scores vargriing on factors such as gestational age,
postnatal age, sleep state, time since last proed86], caregiving practice and operator skill.

Therefore, it is not surprising that the pooledreschave wide ranges, and interesting that clear

clusters of pain severity have emerged.

A limitation of the study is the assumption thainpscores for babies born both prematurely and
at term can be directly combined. Both the Premeatnfant Pain Profile and Neonatal Facial
Coding System scores included adjustments for paraand these were the most frequently
represented scoring systems in the study. Howealgieb born preterm have been shown to have
longer latencies for their facial response, whienywvith postmenstrual age [59], and smaller
PIPP scores as already discussed [35]. The resaltsle an assumption that the responses to all

procedures develop in parallel over time.

Pain is a multifaceted experience with multiple sibiogical responses, but only a subset of
these are accessible when studying infants. We h#eepted to derive a measure of pain
severity from the most commonly used pain assessnhuats, while acknowledging their

limitations. We have categorized the severity dfiedent NICU procedures so that future studies
can ascribe a pain burden associated with a hosypitaission for neonatal care retrospectively.
However, by using pain reactivity scores alone,dimphasis may be more upon the brief ‘hurt’

of a noxious event, that might act as a ‘pain dwito activate later, more important responses
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[16], rather than measure the total impact of thant upon the infant brain and physiological
homeostasis. Our estimation of pain severity mayinpgroved by including later phases or
recovery components of the response [1; 34], botbrain and behaviour, but these aspects
cannot currently be extracted from the literatureiconsistent manner. This estimation of pain
severity is not intended to replace bedside paessnent practice. Rather, it allows researchers
to better quantify pain burden from retrospectihart review beyond simple counts of acutely
painful procedures. Given procedures are more bigliaecorded than pain scores, this
information will allow for better chart review quiication of an infant's NICU pain burden.
However, it is important to recognize that acutecpdures form only one component of the
NICU pain experience. Future work needs to quantfiger factors such as episodes of

mechanical ventilation and surgery.

The clinical implications of this analysis are lied by the small numbers in the studies of the
least and most painful procedures, and by the pgalf data for babies of different gestational
and postnatal ages. The study was not intendedhdaage clinical practice, but rather to be
considered as a research tool. However it is ngirsing that lumbar puncture has the highest
pain score, and most guidelines recommend usinigesia for this procedure [14]. Our results

re-inforce the need to provide appropriate anatgesinfants undergoing NICU procedures, as
we have shown that the response to each procedlsebject to a wide range of individual

variability. The use of pain relief intervention wid modify our results. The study is not relevant

for guidelines for managing post-operative pain.

In conclusion, we have shown that common noxiouSUNprocedures can be grouped according
to their pain reactivity score. Our findings prozidome preliminary insights but in view of the

limitations, we require further elucidation of farg in addition to procedural pain to calculate
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the total pain burden, particularly for babies wiawe undergone surgery. This analysis provides
a first step in the process of quantifying thisnplaiirden for individual babies, which is essential
if we are to measure the adverse impact of repegsEdful procedures and introduce
preventative strategies. We suggest that the adddf bio-behavioural and cortical ‘recovery’

activity measures will refine this concept in théute.
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Table 1. Number of included studies and neonatgksts per procedure classified according to

gestational age and mean postmenstrual age (pratéred (term and preterm), term)

Number Numbern Number (%) Number (%) Number (%
of of|  of preterm of mixed age of term

Procedure studies neonates infants infants infants
Endotracheal intubation 1 20 20 (100
Endotracheal suction 3 90 56 (62 34 (38)
Eye drops instillation 1 15 15 (100
Eye examination P 95 39 (41 56 (59)
Heel lance 26 895 444 (50 451 (50
Intramuscular injection A 264 264 (100
Lumbar puncture 1 30 30 (100
Nasal prongs insertion far 67 67 (100
CPAP 2
Nasogastric tube insertiogn 3 122 73 (60 49 (40)
Naso/Oro Pharyngeal 20 20 (100
suction 1
Orogastric tube insertion 1 52 52 (100
Peripheral arterial 45 45 (100
puncture 1
Tape removal N 15 15 (100
Urethral catheterization 3 101 59 (58 42 (42)
Venipuncture 12 450 20 (4 109 (24 321 (71

Total studies included exceeds n = 59 as threelestprovided data for more than one procedure
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L egends

Figure 1. PRISMA 2009 Flow Diagram of Neonatal $sd

Figure 2. Forest plot of mean normalized pain ssféoeest plot showing 15 procedures ranked
by mean pain scores normalized to a 0-100% scale.chusters (shaded areas) of severity were
derived from hierarchical cluster analysissweighted average, data points 5-13 according to
pooled neonatal sample size, smallest (5) = 1-180g increasing by +100. Line bars =
weighted standard deviation.

*all control groups in the neonatal eye examinastudies received topical anaesthetic
ophthalmic drops

**control group received a pacifier before topieslaesthetic ophthalmic drops instillation

Figure 3. Agglomeration schedule coefficients

'Stages' represent sequential steps of the hiécatatuster analysis
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Cochrane Database searching
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Additional records identified through database
searching for missing procedures
(n=570)

|

Records after duplicates removed
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A 4
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"|  Unable to access article n=5
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Not a mucosal/skin-breaking
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Continuous state,
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Pain score of multiple

procedures combined n=5
No pain reactivity score or
unable to derive score n=63
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