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Although sucrose is widely administered to hospitalized infants for single painful pro-

stay and associated adverse events are unknown. In a longitudinal observation study,
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1 | INTRODUCTION

Approximately 15 million preterm infants are born annually, account-
ing for 11% of all births.! Preterm infants are commonly admitted to
the neonatal intensive care unit (NICU) for several weeks or months
where they undergo multiple painful skin-breaking (SB) and non-SB
procedures®™ for diagnostic and treatment purposes. Inadequately
treated procedural pain while in the NICU coincides with a critical
period of brain development.‘c”8 Syntheses of research on the effec-
tiveness of sweet solutions, alone or combined with non-nutritive
sucking (NNS)?® and other nonpharmacologic strategies,**™’ for
the prevention and treatment of procedural pain in infants, have
been undertaken. Yet, implementation of this knowledge is often
inadequate and treatment is suboptimal.'®?' Evidence-informed
guidelines to treat procedural pain do not necessarily guarantee
high-quality pain practices.??"2*

Most randomized controlled trials (RCT) summarized in system-
atic reviews’ 2 focus on sucrose effectiveness during single painful
procedures, with little information on sucrose administration prac-
tices or volumes during the full NICU stay and/or immediate and
cumulative adverse events. We aimed to describe, for the infant's
full NICU stay, the (a) frequency, nature, and severity of painful pro-
cedures, (b) proportion of all procedures where neonates received
sucrose, (c) total volume of sucrose administered for painful proce-
dures, and (d) type and incidence of adverse events associated with

pain and sucrose administration.

2 | METHODS

2.1 | Study design and settings

A prospective longitudinal observational study was undertaken
between March 2016 and October 2019 in four level Il university-
affiliated NICUs in central and eastern Canada.

P

5399/9093 (59.4%) of the painful procedures; the majority (5051 [93.5%]) were heel
lances of moderate pain intensity. Sucrose was administered for 7839/9093 (86.2%)
of painful procedures. The total average sucrose volume was 5.5 (+5.4)mL/neonate
or 0.11 (+0.08) mL/neonate/day. Infants experienced an average of 7.9 (+12.7) minor
adverse events associated with pain and/or sucrose administration that resolved
without intervention. The total number of painful procedures, sucrose volume, and
incidence of adverse events throughout the NICU stay were described addressing an
important knowledge gap in neonatal pain. These data provide a baseline for examin-
ing the association between total sucrose volume during NICU stay and research on

longer-term behavioral and neurodevelopmental outcomes.

analgesia, infant, intensive care units, neonatal, newborn, pain, sucrose

2.2 | Participants

Infants who were hospitalized in the NICU, <32weeks gestational
age (GA) at birth and <10days of life (DOL) were eligible for inclu-
sion. Infants were excluded if they had contraindications for sucrose
administration.

2.3 | Procedures for data collection
Following Research Ethics Board (REB) approval, parents of eligible in-
fants were approached by a research nurse who explained the study
and obtained written consent. Bedside nurses, caring for the infant,
were asked to administer the minimally effective dose of 0.12mL (three
drops) of 24% sucrose® with all SB and non-SB procedures. They were
also asked to document the type of procedure, whether sucrose was
accompanied by NNS and/or any other nonpharmacologic interven-
tions, and any associated adverse events. The research nurse at each
site reconciled the sucrose doses administered for all infants every 24 h.
Sucrose was administered 2min prior to the procedure onto the ante-
rior portion of the tongue. A pacifier was offered if the infant could hold
it in their mouth independently. Sucrose rescue doses (0.12mL) were
administered at the nurse's discretion if the infant's pain response was
severe and/or the procedure was lengthy. No maximum procedural,
daily, or cumulative sucrose dose limit was established.

Painful procedures were classified according to pain severity

I.,26 which includes

using the system developed by Laudiano-Dray et a
both SB and non-SB procedures. Estimates of pain severity were cre-
ated by averaging neonatal scores derived from the literature and
performing a hierarchical cluster analysis, resulting in five categories:
mild, mild to moderate, moderate, severe, and extremely severe. Al-
though gastric tube insertion and naso/oropharyngeal suctioning are
included in this inventory, sucrose was not routinely administered for
these non-SB procedures at any of the participating sites and there-

fore were not reported as painful procedures in this study.
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Infants were monitored by the bedside nurse for immediate
adverse events related to sucrose administration (e.g., choking/
gagging), and adverse events related to pain (e.g., tachycardia, bra-
dycardia, oxygen desaturations, and apnea).”’z8 Adverse events and
any required intervention were recorded.

Given there was a noted delay in DOL in recruiting neonates
into the study at birth, we also reviewed the medical record in an
attempt to determine a comprehensive total number of painful pro-
cedures and sucrose doses prior to study enrollment. These data did
not specify the nature of the painful procedures or the amount of
sucrose that was administered (only yes or no to question about ad-
ministration). Given these limitations, these data are reported sepa-
rately from postenrollment data in this paper.

Data were collected and managed using REDCap electronic data
capture tools??30 hosted at the institution of the PI. Data monitor-
ing and logistic checks were performed regularly during the data
collection.

2.4 | Sample size

Although there is no precise formula for calculating sample size for
a longitudinal study, we estimated that approximately 40 infants per
site would adequately represent pain practices at the site and meet
the study goals in this study design. We also attempted to oversam-
ple by 10% to account for loss to follow-up. A total of 172 infants
were recruited with 168 available for analyses. There were 7711
patient days of assessment following recruitment. These data rep-
resent one of the largest observations to date of sucrose administra-
tion for infant pain during the full NICU stay.

2.5 | Statistical analysis
The frequency and type of painful procedures and the amount of
sucrose administered across the 168 participants were summa-

rized using descriptive statistics. Outcomes were compared across

TABLE 1 Infant characteristics (n=168).
Characteristics Overall Site 1
Number of infants 168 52
GA at birth® 28.4(2.3) 28.0(2.3)
BWP 1104.0 (380.9) 1048.6 (304.9)
Sex?
F 71 (42.5) 27 (52.9)
M 96 (57.5) 24 (47.1)
SNAPPE-II° 20.2 (19.3) 23.5(20.8)
DOL® 5.89(2.8) 3.96 (2.5)

sites using chi-squared tests of association for categorical data and
ANOVA for continuous data. Analyses were conducted using SAS
v9.4.

3 | RESULTS

The demographic characteristics of the participating 168 infants
are included in Table 1. There were significant differences between
study sites; infants from one site were of lower birth weight (BW)
and higher Scores for Neonatal Acute Physiology with Perinatal
Extension-Il (SNAPPE-II). In addition, there were significant differ-
ences in the DOL at study enroliment and the number of painful pro-
cedures and sucrose doses administered prior to study enrollment
across sites.

The frequency and types of painful procedures, proportion of
infants who received sucrose, and pain severity are summarized in
Figure 1 and Tables 2 and 3.

The frequency by type of painful procedure during the NICU stay
study period is described in Tables 2 and 3. Where recorded, addi-
tional data for painful procedures conducted on study infants during
1373 days prior to the study enrollment were collected (Table 3).

Sucrose was administered for 7839/9093 (86%) of painful proce-
dures. A total of 7860 sucrose doses (including 21 recorded rescue
doses) were offered to the 168 infants in the study (Figure 1; Table 4).
Data on sucrose administration on the DOL prior to study enrollment
were available for 160/168 infants and are displayed in Table 5.

The types of procedures performed were recorded by the bed-
side nurse for 5399/9093 (59.4%) of the total number of procedures
in the study data (Table 6).

The presence or absence of adverse events was noted for
5404 of the 7860 sucrose doses administered. No adverse event
data (present or absent) were recorded for 2435 procedures.
There were 7.9 events associated with sucrose administration
and/or pain per infant during the entire NICU stay. All adverse
events were noted to resolve spontaneously without any required

intervention (Table 7).

Site 2 Site 3 Site 4 p-Value
72 23 21

29.1(2.2) 26.9 (1.8) 29.0(2.0) <0.001
1194.1 (333.5) 821.0(376.0) 1239.9 (522.4) 0.005
32 (44.4) 6(26.1) 6(28.6) 0.086
40 (55.6) 17 (73.9) 15(71.4)

17.6 (18.8) 27.6(19.2) 11.7 (12.4) 0.026
6.13(1.7) 7.68 (3.2) 8.00(3.01) <0.001

Abbreviations: BW, birth weight in grams; DOL, days of life; F, female; GA, gestational age in weeks; M, male; SNAPPE-II, score for neonatal acute

physiology perinatal extension-II.
#Values expressed as N (%)
bValues expressed as mean and standard deviation (SD).
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FIGURE 1 Study flow diagram.
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TABLE 2 Frequency of painful procedures (n=168).

Painful procedures Overall Site 1
Total number of procedures 9093 2664
NICU days assessed? 45.9 (31.4) 43.6 (34.5)
Procedures per infant® 54.1(65.2) 51.2 (47.7)
Procedures per infant per day® 1.1 (0.9) 1.1 (0.7)
Min: 0.0 Min: 0.0
Max 6.4 Max: 4.5

#Values expressed as mean and standard deviation (SD).

TABLE 3 Frequency of painful procedures documented prior to study enrollment (n=160).

Painful procedures Overall Site 1
Total number of procedures 4275 649
NICU days assessed prior? 5.9 (2.8) 4.0 (2.5)
Procedures per infant? 26.2(28.8) 13.8(9.9)
Procedures per infant per day® 4.6 (4.1) 4.7 (3.1)

#Values expressed as mean and standard deviation (SD).

4 | DISCUSSION

Neonates experienced an average of 54.1 procedures during their
NICU stay or 1.1 procedures/day; the majority of procedures were
heel lances that were classified as moderate pain intensity. Sucrose
was administered for 86.2% of the procedures. The total documented
mean volume of sucrose per infant was 5.5mL or approximately

Site 2 Site 3 Site 4 p-Value
3370 1820 1239 -

52.7 (26.8) 46.2(34.9) 27.9 (28.1) 0.013
46.8(46.5) 79.1 (62.0) 59.0(129.7) 0.210
0.8 (0.6) 1.9(1.2) 1.4(1.2) <0.001
Min: 0.2 Min: 0.3 Min: 0.6

Max: 3.2 Max: 5.5 Max: 6.4

Site 2 Site 3 Site 4 p-Value
1362 1752 512 -
6.1(1.7) 7.7 (3.2) 8.0(3.1) <0.001
18.9 (16.9) 76.2 (41.2) 24.4(14.0) <0.001
3.3(3.4) 9.8 (5.6) 3.21(1.4) <0.001

0.11mL/day. Infants, on average, experienced 7.95 adverse events
associated with sucrose administration or pain related to the pain-
ful procedure. All adverse events resolved spontaneously without
healthcare intervention.

Differences across sites were observed in terms of infants' char-
acteristics, the number of painful procedures, and sucrose doses. In
site 3, for example, infants were born at lower gestational age, had
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TABLE 4 Frequency and volume of sucrose administration with painful procedures (n=168).
Sucrose administration Overall Site 1 Site 2 Site 3 Site 4 p-Value
Total procedures/infant with sucrose® 45.4(52.4) 49.2 (62.9) 44.2 (43.5) 55.0(51.3) 29.7 (53.3) 0.400
Total procedures/infant without sucrose® 8.7 (35.4) 2.1(34.4) 2.6 (3.6) 24.2 (20.6) 29.3(77.1) 0.001
Total average sucrose volume/infant/NICU 5.5(5.4) 5.1(4.2) 5.8 (5.6) 6.6 (6.3) 4.0(6.2) 0.420
stay (mL)?
Average sucrose volume/infant/day assessed 0.11 (0.08) 0.11 (0.06) 0.10 (0.07) 0.14 (0.11) 0.13 (0.10) 0.110
(mL)?
#Values expressed as mean and standard deviation (SD).
TABLE 5 Frequency of sucrose administration documented with painful procedures prior to study enrollment.
Sucrose administration prior to study
enrollment Overall Site 1 Site 2 Site 3 Site 4 p-Value
Total doses sucrose delivered 1125 (n=160) 207 (n=45) 682 (n=71) 145 (n=23) 91 (n=21) -
Average doses sucrose/infant® 7.0(5.7)(n=160) 4.6(4.2)(n=45) 9.6(5.3)(n=71) 6.3(7.3)(n=23) 4.3(3.7)(h=21) <0.001
Average doses sucrose/infant/day® 1.3(1.1)(n=156) 1.4(1.3)(n=44) 1.7(1.0)(h=71) 0.8(0.7)(n=21) 0.6(0.7)(n=20) 0.085

#Values expressed as mean and standard deviation (SD).

lower birth weight, and higher risk of mortality as demonstrated by
the SNAPPE-II scores. These factors were associated with a higher
number of painful procedures and sucrose doses administered per
infant in this particular site.

One painful procedure/day of NICU admission, on average, is a
significant decrease in the incidence of painful procedures from a
systematic review by Cruz et al.?* who reported an average of 7.5-
17.3 painful procedures/day/neonate, including SB and potentially
SB procedures. The definition of non-SB procedures may vary, most
notably suctioning and tube insertions, which some may not con-
sider painful. If these procedures are included in totals, the num-
ber of procedures increases substantially, thus accounting at least
partially for the difference in frequency of reported painful events.
Other studies reporting on the epidemiology of pain in NICUs pres-
ent results that are more consistent with our findings. In a Canadian
study of 242 neonates, 10469 SB and potentially SB procedures
were documented, with a median of 43 procedures per hospital stay
or an average of 1.46 procedures/infant/day.31 In two NICUs in Bra-
zil, 140 infants experienced over 21000 stressful and painful proce-
dures, with 3160 (15%) considered as invasive procedures (e.g., heel
lances, venipunctures, tube insertions, and removals). Their daily
estimate was 1.0 painful procedure/day/infant for the hospital stay.*
However, the time interval when data are collected or the number of
days included in these estimates may also vary. Despite the variabil-
ity of the frequency of procedures reported and time intervals for
data collection considered, recent publications seem to indicate an
overall downward trend in the daily frequency of painful procedures.
The need for further information on the nature and frequency of
these procedures within the context of full NICU stay is warranted.

The burden of pain for hospitalized infants is typically deter-
mined by global estimates of the frequency of painful procedures
either by DOL or over a defined period of time. However, frequency
does not necessarily equate with the severity of pain or burden of

pain associated with repeated painful events or attempts to suc-
cessfully complete the procedure at a given point in time. Recently,
Laudiano-Dray et al.?® determined and validated estimates of pro-
cedural pain severity, based on pain reactivity scores used to quan-
tify an individual neonate's NICU pain burden. While this platform
improves the understanding of the severity of procedural pain, it
may still need further refinement. For example, Disher et al‘,32 from
a meta-analysis, suggested that eye examination is associated with

severe pain while Laudiano-Dray et al.?®

reported this procedure as
moderate pain. Adding information on procedural pain intensity and
burden of pain in epidemiological studies in neonates can contribute
to an enhanced understanding of the immediate and repeated pain
and its consequences.

The majority of painful procedures in this study were associated
with moderate acute pain (e.g., heel lance and venipuncture) where
treatment with sucrose had been shown in many studies and sys-
tematic reviews to be effective and appropriate. Rescue doses were
administered in a small proportion (0.26%) of procedures, indicating
the importance of careful assessment of pain throughout the pro-
cedure. Of the procedures documented, 86.2% were treated using
sucrose. Data from a subset of 5399 babies on the type of procedure
associated with sucrose administration or whether complementary
NNS were also explored. NNS has been shown, in a recent system-
atic review, to complement sucrose resulting in lower pain intensity
outcomes.*° Using this combination of strategies to reduce pain
during the entire NICU stay and their effect of outcomes requires
further investigation.

The average total dose of sucrose of 5.5mL during the full NICU
stay or 0.11mL per infant per day was consistent with the recom-
mended minimally effective dose.?® There is high variability in re-
peated sucrose doses reported in published papers, ranging from 0.1
to 2mL per dose or from 0.2 to 0.5mL/kg of sucrose per dose.®
There is also a general lack of recorded detail on the total amount
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TABLE 6 Frequency and nature of
painful procedures by pain severity®
(n=168).

Pain severity

Mild to moderate
Urinary catheterizations
Moderate

Capillary blood collection (heel
lance)

Tape removal

Eye exam”

Peripheral IV line

Venous blood collection

Subcutaneous injection

Blood collection (no
specification)

Ostomy bag change®
Injection no specification

Vascular attempts no
specification

Severe

Long lines/peripherally inserted
central catheter

Intramuscular injection
Arterial blood collection
Peripheral arterial line
Bladder tap
Extremely severe
Lumbar puncture
Chest tube insertion or removal

Total

Overall [N (%)] Site 1 Site 2 Site 3 Site 4
46 (0.85%) 11 29 6 0
46 11 29 6 0
5051 (93.55%) 1035 2757 757 502
2923 528 1481 536 378
577 140 322 98 17
487 67 384 21 15
468 147 209 77 35
206 14 147 25 20
172 1 138 88
129 127 1 1
72 0 69

14 5

8 2 1 0

256 (4.75%) 59 145 35 17
98 21 66 3 8
79 11 41 25 2
39 21 11 7 0
38 4 27 0 7
2 0 0 0
46 (0.85%) 15 25 2 4
45 15 25 2 8
1 0 0 0 1
5399 (100%) 1120 2956 800 523

Pain severity classified as described by Laudiano-Dray et al. (2020).%

PAlthough eye examinations and ostomy bag change do not usually cause skin breaking, these
procedures are invasive and stressful so were included in the study.

TABLE 7 Adverse events associated with sucrose administration and pain during the NICU stay (n=168).

Adverse events Overall Site 1 Site 2 Site 3 Site 4 p-Value
Apnea® 0.2 (0.6) 0.2(0.5) 0.1(0.4) 0.7 (1.3) 0.1(0.4) 0.002
Bradycardia® 0.5(1.1) 0.8(1.4) 0.2(0.8) 0.7 (1.1) 0.4 (0.7) 0.024
Choking/Gagging® 0.5(1.2) 0.8(1.3) 0.2(0.7) 1.00(2.0) 0.2(0.7) 0.007
Tachycardia® 2.6 (4.8) 2.2 (4.6) 2.0(4.7) 5.0(6.2) 2.5(3.5) 0.079
02 Desaturation® 4.2(8.4) 5.3(7.7) 3.0(7.6) 7.2 (12.3) 2.2(6.3) 0.091
Total/infant? 7.9 (12.7) 9.3(11.8) 5.6 (11.2) 14.5 (19.2) 5.5(8.0) 0.017

2Values expressed as mean and standard deviation (SD) per infant.

of sucrose administered for preterm infants during an entire NICU
stay. In this study, there were limited data on the volume of sucrose
administered on DOL prior to study enrollment, and more complete
sucrose volumes for the full NICU stay were not available. Consid-
ering the minimal dose of sucrose administered was relatively stan-
dard in the participating NICUs, we do not anticipate that these
volumes would have increased substantially from the study protocol.

However, the use of antenatal recruitment strategies to ensure the
entry of the infant into the study from the first day of life should be
investigated.

Concerns have been posed on the relationship between sugar
consumption and dopamine and/or acetylcholine release, and opi-
oid stimulation and its effects on related brain structures and func-
tions.3* Tremblay et al.®> observed widespread long-term alterations
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in adult white and gray matter brain volumes in mice repeatedly ex-
posed to sucrose in the first week of life. Nuseir et al.>*%” described
the protective effects of sucrose on short and long-term memory
in mice, whereas Ranger et al.%8 found memory in adult mice was
poorer, irrespective of sucrose treatment for repeated procedural

pain. In addition, Ramirez-Contreras et al.>’

suggested repeated
sucrose administered to mice in early life altered growth and liver
methionine and choline metabolism in adulthood. As animals were
randomized into different treatment groups in most of these pre-
clinical studies, their results suggest sucrose may affect metabolism,
liver growth, and neurodevelopment.®>*83? However, an important
limitation is that there is no control of nutrition intake, which might
interfere with the total amount of sugar consumption.

There have been only a few studies on human neonates, docu-
menting the administration of sucrose prior to single heel lances*®
and prior to repeated painful procedures from 3rd to 7th day fol-
lowing birth*! that resulted in higher oxidative stress and ener-
getic demand in comparison with placebo and glucose. Johnston
et al.*2 found that higher amounts of sucrose predicted poorer
neurobehavioral development measured by the Neuro-Biological
Risk Score (NBRS*®) for preterm infants (<31 weeks of GA) who re-
ceived 0.1 mL of sucrose for every invasive procedure performed
during a 7-day period. Infants who received <10 doses of sucrose/
day were at lower risk for poorer neurodevelopment measured by
the Neurobehavioral Assessment of the Preterm Infant (NAPI44'45)
at 32, 36, and 40weeks GA. Stevens et al.?® compared the effects
of sucrose and pacifier, water and pacifier, and standard care ad-
ministered prior to all painful procedures in the NICU stay during
the first 28DOL. There were no differences in NBRS scores across

146 compared

the three study groups at 28days of age. Banga et a
the effects of 0.5mL of 24% sucrose and water, administered to all
painful procedures performed in the first 7DOL of 93 infants, and
found no differences on NAPI scores at 40 weeks of corrected GA.
Finally, Campbell-Yeo et al.*’ reported no differences in NAPI scores
for preterm infants (<37 weeks of GA) assessed at 32 and 36 weeks
of corrected GA who received sucrose, skin-to-skin care, or su-
crose combined with skin-to-skin care for all painful procedures
performed during the entire hospitalization. We found no studies
examining longer-term neurodevelopment related to total sucrose
volume for the NICU stay beyond the neonatal period, thus identi-
fying an important knowledge gap to be addressed.

The occurrence of adverse events associated with sucrose ad-
ministration has been reported as very low, with a high proportion
of minor, self-resolved adverse events and no major events.!° De-
saturation was the most commonly reported adverse event in this
study and may be associated with the clinical characteristics of the
included infants (i.e., prematurity) when under stress due to handling
or experiencing pain. Changes in heart rate were also commonly re-
ported. Although tachycardia is an indicator of neonatal pain, it has
also been described in association with the administration of sweet-
tasting solutions.*® Thus, it is challenging to determine whether
increased heart rate is related to the infant's pain response, the ad-
ministration of sucrose, or both.

5 | LIMITATIONS

The current study was conducted in four Level 3 NICUs with a
strong focus on pain prevention and management within a highly
resourced country, which could limit the generalizability of our find-
ings. DOL at study enrollment were greater than anticipated, as was
the imprecise reporting of painful procedures and sucrose admin-
istration prior to study enrollment; both could have influenced the
total frequency of painful procedures and sucrose administered.
However, even if we were to include procedures prior to enrolment
of infants in the study, the increase in the daily average would only
be approximately 0.25 procedures, which does not change the total
number significantly.

Imprecise and incomplete documentation about SB and non-SB
painful procedures and treatment with sucrose and nonpharma-
cologic interventions such as NNS in medical records is a common
issue that precluded further evaluation of data in relation to pain
severity. Nursing documentation does not always accurately re-
flect practice®” and thus has the potential to underestimate the fre-
quency of different types of procedures performed in the NICUs.
However, direct observation may inhibit the comfort and usual prac-
tices of bedside nurses. Future research should consider alternative
data collection methods (e.g., using continuous video) to compare
to nursing documentation to account for the severity of procedural
pain for individual or repeated events rather than solely relying on

frequency.

6 | CONCLUSION

Few studies have reported detailed information on the frequency
and type of painful procedures, total volume of sucrose adminis-
tered, and associated adverse events of painful procedures during
the full NICU stay. In this study, there were fewer painful proce-
dures performed daily and in total in preterm hospitalized infants
compared with some previous studies and the majority were of
moderate severity. The total and daily volumes of sucrose for the
full NICU stay were consistent with the number of painful proce-
dures and the minimally effective recommended dose of sucrose.
The adverse events were characterized as minor and self-resolving.
These data provide a baseline for further examination of how total
volumes of sucrose administered for repeated procedures of pre-
dominantly moderate pain intensity are associated with immediate

adverse events and longer-term outcomes.
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