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Oral Glucose before Venepuncture Relieves
Neonates of Pain, but Stress Is Still Evidenced by
Increase in Oxygen Consumption, Energy
Expenditure, and Heart Rate
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ABSTRACT

Oral glucose was recommended as pain therapy during
venepuncture in neonates. It is unclear whether this interven-
tion reduces excess oxygen consumption (Vo,), energy loss,
or cardiovascular destabilization associated with venepunc-
ture, and whether <2 mL glucose solution is effective. We
tested the hypothesis that oral glucose solution attenuates the
increases in neonatal oxygen consumption, energy expendi-
ture (EE), and heart rate associated with venepuncture for two
different volumes of glucose solution (2 and 0.4 mL). In this
prospective, randomized, controlled, double-blind trial, 58
neonates (gestational age, 31-42 wk; postnatal age, 1-7 d)
were randomized to 2 mL glucose 30%, 0.4 mL glucose 30%,
or 2 mL water by mouth before venepuncture. The videotaped
behavioral pain reactions were scored with the Premature
Infant Pain Profile. Cry duration, Vo,, EE (indirect calorim-
etry), and heart rate were measured. The 2 mL glucose
solution reduced pain score and crying after venepuncture
compared with controls [median pain score, 5.5 (interquartile
range, 4-9) versus 11 (7-12), p = 0.01; median duration of

Effective treatment of pain is an important objective of
neonatal medicine. A frequently performed painful proce-
dure during neonatal intensive care is blood sampling. The
oral application of concentrated sucrose or glucose solutions
reduces the behavioral pain reaction (cry, facial reactions) to
blood sampling (1, 2). But blood sampling also induces an
increase in oxygen consumption (Vo,), EE, and heart rate
(3). To our knowledge, the effect of sweet oral solutions on
Vo, and EE during venepuncture has not been studied and it
is controversial whether sweet oral solutions mitigate the
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first cry, 0 s (0—43 s) versus 13 s (2-47 s), p < 0.05,
respectively]. The 0.4 mL glucose solution had no effect. The
2 mL glucose solution did not attenuate the Vo, increase
during venepuncture (1.5 = 0.2 mL/kg min (water) versus 1.7
* 0.5 (0.4 mL glucose) versus 1.1 = 0.2 (2 mL glucose)
(mean = SEM) nor EE nor heart rate. We conclude that oral
administration of 2 mL glucose 30% before venepuncture
reduced pain expression and crying, but did not prevent the
rise in Vo,, EE, or heart rate. Alternative therapies against the
stress of nonpainful handling during venepuncture should be
explored. (Pediatr Res 55: 695-700, 2004)

Abbreviations
PIPP, Premature Infant Pain Profile
VEMPHXTYPE="SMALL-CAPS"0,, oxygen consumption
VEMPHXTYPE="SMALL-CAPS"co,, carbon dioxide
production
EE, energy expenditure

increase in heart rate during blood sampling. A reduction in
heart rate (4, 5) and no effect on heart rate (6) have been
reported, and, in a recent meta-analysis, no effect of oral
sucrose on heart rate could be demonstrated (1).

There is uncertainty about the optimal effective volume of the
sugar solution (1). Most investigators used an absolute volume of
2 mL, but an effect has been reported with a volume as low as 0.05
mL (6). A reduction in the volume seems desirable to facilitate
application, especially in preterm neonates.

We therefore designed this randomized controlled trial of
oral glucose 30% solution given before venepuncture in neo-
nates to test the hypothesis that oral glucose solution attenuates
the increases in neonatal oxygen consumption, EE, and heart
rate associated with venepuncture for two different volumes of
glucose solution (2 mL and 0.4 mL).
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PATIENTS AND METHODS
Patients and Sample Size

Neonates born at our institution were eligible for the study if
they fulfilled the following inclusion criteria: 1) gestational age
=30 wk, 2) postnatal age between 12 h and 8 d, 3) venepunc-
ture at the back of the hand indicated as part of the routine
medical care scheduled at 1200 h or 1500 h, 4) spontaneous
respiration in room air, 5) clinically stable, 6) no neurologic
impairment, 7) receiving no other analgesics or sedatives that
would alter the response to a painful stimulus, and 8) informed
parental consent. The primary outcome measure was Vo,. We
chose a reduction of Vo, by 20% in neonates receiving oral
glucose as clinically significant and calculated that 20 subjects
in each group were necessary to reject the null hypothesis, with
a type I error of 5% and a type II error of 20% (power 80%).

The study was approved by the hospital’s institutional re-
view board and written parental informed consent was obtained
for each infant.

Methods

Indirect calorimetry. We measured Vo, and Vco, with an
open circuit flow-through calorimeter (Datex Deltatrac II, Da-
tex-Ohmeda Instrumentarium, Helsinki, Finland). It contains a
paramagnetic oxygen sensor and an infrared absorption CO,
analyzer, both with an accuracy of 0.01%. We have modified
and validated this device for use in preterm and term neonates
(7). During the measurements in the spontaneously breathing
neonates, exhaled gas was collected in a small transparent face
mask (volume 40 mL) held close in front of the neonate’s
mouth and nose without actually touching the skin. A bedside
observer followed the infant’s movements with the mask to
ensure that it always covered the infant’s mouth and nose. A
continuous flow of 6 L air per minute passed through the face
mask to the calorimeter. This ensured complete collection of
the exhaled gas. It took the gas 2 min to travel the distance
between the neonate and the gas analyzer, resulting in a
reaction time of 2 min of our system. We accounted for the
response time of the calorimeter and documented each Vo,
value at its respective sampling time. Before each measure-
ment, the calorimeter was calibrated in room air and in a
calibration gas (5% CO,, 95% O,). The measurement error
calculated from quantitative combustion of methanol was 1 *
2%. Vo, and Vco, were measured every minute. The lower
limit for accurate measurements of Vo, and Vco, with our
system was 1.4 mL/min. EE was calculated from Vo, and Vco,
with the equation: EE (J/kg/min) = 16 X Vo, (mL/min) + 5
X Vco, (mL/min).

Heart rate. We continuously measured heat rate with an
ECG monitor and oxygen saturation by pulse oxymetry
(HPCMS monitor; Hewlett-Packard, Boblingen, Germany).

PIPP. The PIPP score has been designed and validated to
assess acute pain in preterm and term neonates (8). It is
calculated from seven different items, each graded from 0 to 3.
Two items describe baseline characteristics of the neonate
(gestational age and behavioral state before the painful event),
two items are derived from physiologic measurements (heart
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rate and oxygen saturation), and three items describe facial
movements (brow bulge, eye squeeze, and nasolabial furrow).
The last five items are assessed as changes from baseline
during successive observation periods of 30 s. Validity and
inter- and intra-rater reliability have been demonstrated for use
in the clinical setting (8, 9). The maximum PIPP score is 21 for
preterm infants and 18 for term infants. A total PIPP score of
6 or less generally indicates minimal or no pain. The facial
responses were recorded with a digital camera with real-time
counter. The stages of the procedure were identified by voice
as they occurred and also recorded on the videotape. The
recordings were analyzed using slow motion and stop-frame
playback technique by the same rater (J.K.), who was unaware
of the treatment assignment.

Crying time. We recorded the length of the latency period
until crying started after skin puncture; the duration of the first
cry, defined as continuous audible vocalizations beginning
with the venepuncture until a quiet interval of 5 s; and the
percentage of time spent crying in the first 5 min after vene-
puncture (10).

Study Protocol

After parental consent was obtained, the infants were ran-
domly assigned to one of three interventions: 1) 2 mL oral
glucose 30% (0.6 g), 2) 0.4 mL oral glucose 30% (0.12 g), and
3) 2 mL sterile water. The treatment assignment code was
generated from a table of random numbers. The treatment
allocation was sealed in an opaque envelope. Randomization
and application of the study solution was performed by a
person not involved in the subsequent measurements. Codes of
allocation were broken only after the inclusion of the last
neonate.

Neonates were routinely cared for in 3-h intervals. When a
venepuncture was scheduled, ECG electrodes and the pulse
oximetry sensor were placed in the care period preceding the
venepuncture. The study began after the infant had rested for
about 2.5 h. The infants were studied lying supine in the
incubator (n = 28) or open crib (» = 30) in which they were
normally cared for. The total study period was 30 min. Vo,,
Vco,, heart rate, and oxygen saturation were recorded every
minute. After 13 min of recording, the oral solution was
delivered from a graded syringe through a small tube onto the
tip of the infant’s tongue. When the infant started licking and
swallowing, the rest of the solution was slowly given to ensure
that all solution was taken by the infant. Administration of the
solution had to be completed in 1 min. The infant’s hand was
then cleaned with an alcohol swab and prepared for venepunc-
ture. Two minutes after the beginning of the application of the
oral solution, the venepuncture was performed with a 20-gauge
needle on the dorsum of the right or left hand by the doctor on
clinical duty, who was unaware of the neonate’s group assign-
ment. If no blood was immediately obtained, repositioning of
the needle was allowed for 60 s. If the puncture was still
unsuccessful, the needle was left in place and the procedure
was continued as if the puncture had been successful, with
gentle squeezing of the infant’s hand. The needle was removed
3 min after the puncture and a bandage was applied to the
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neonate’s hand. During the puncture and the subsequent 12-
min recovery period no other comforting treatment (pacifier,
words, or touches) was used.

Vo, and Vco, were measured every minute from the start of
the baseline period until the end of the recovery period. The
measurements during the 3 min after the application of the oral
solution were discarded because, for this procedure, the face
mask had to be lifted a little further away from the neonate’s
face, potentially resulting in an incomplete collection of the
infant’s breath. Heart rate and oxygen saturation were mea-
sured throughout the study period. The PIPP score was ob-
tained in ten 30-s periods starting from the moment of vene-
puncture and continuing for 5 min and at 8§ and 10 min after
venepuncture.

Data Analysis

To allow statistical testing of differences in Vo,, EE, heart
rate, and PIPP in addition to plotting those variables against
time, three observation periods were defined: 1) baseline: the
values measured from min 10 to 5 before venepuncture; 2)
venepuncture: the values of min 1, 2, and 3 after venepuncture;
and 3) recovery: the last 5 min of the study. Mean values for
each period were calculated for Vo, and heart rate and median
values for the PIPP score. The increase in heart rate or in Vo,
was calculated as difference in mean heart rate or Vo, between
baseline and venepuncture.

Statistical Analysis

Statistical analysis was performed with SPSS 11.0 software
(SPSS, Inc., Chicago, IL, U.S.A.). Continuous data are pre-
sented as mean = SEM. Differences between groups were
tested with one-way ANOVA with post hoc analysis by the
Tukey test. Mean values of Vo, and heart rate over time within
each group were compared using one-way ANOVA with re-
peated measures. Ordinal data are presented as median and
interquartile range. Differences between groups were tested
with the Kruskal-Wallis one-way ANOVA; differences be-
tween time periods were tested with the Wilcoxon signed rank
test. Values of p < 0.05 were considered statistically
significant.
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RESULTS

Patients. Sixty neonates were randomized during the 8-mo
observation period; two measurements had to be excluded from
further analysis because of incomplete data. The three treat-
ment groups were comparable with regard to baseline clinical
data and postnatal age when the study was performed (Table
1).

PIPP score. The PIPP scores 1 min before venepuncture
were similar in all three groups—the neonates showed no
expression of pain. The PIPP scores in the first minutes after
the venepuncture were markedly higher than at baseline and
returned to baseline level at the end of the recovery period (Fig.
1). The highest median PIPP scores during venepuncture were
found in the control group. They were significantly higher than
in the 2 mL glucose group (Table 2).

Crying. The analysis of crying characteristics consistently
indicated an analgesic effect of 2 mL glucose, but no effect of
0.4 mL glucose. Fifty percent of the neonates in the 2 mL
glucose group did not cry at all in the first 5 min after
venepuncture compared with only 10% in the control group.
The duration of first cry and the percentage of time spent
crying in the first 5 min after venepuncture were significantly
reduced in the 2 mL glucose group, and the latency period until
crying started after venepuncture was significantly longer (Ta-
ble 2).

Oxygen consumption and energy expenditure. The changes
in mean Vo, over time during the total study period are shown
in Figure 24. Vo, values measured during the last 3 min before
venepuncture had to be discarded for methodological reasons.
Vo, was increased after venepuncture in all three groups and
returned to baseline after about 10 min. We compared mean
Vo, and EE during baseline, venepuncture, and recovery pe-
riod. Vo, and EE at baseline were not different between groups.
Vo, and EE during venepuncture were higher than at baseline
in all three groups (Table 3). The increase in Vo, between
baseline and venepuncture period was not statistically differ-
ent: Vo, increased by 1.5 + 0.2 mL/kg/min (mean + SEM) in
the control group, by 1.7 £ 0.5 mL/kg/min in the 0.4 mL
glucose group, and by 1.1 * 0.2 mL/kg/min in the 2 mL
glucose group (p = 0.287, ANOVA).

Table 1. Patient characteristics

Controls 0.4 mL Glucose 2 mL Glucose
Patients (1) 20 20 18
Gestational age (wk) 35(32-41) 39 (31-41) 35(30-42)
Birth weight (g) 2285 (1314-4040) 2680 (1300-4070) 2590 (1106—-4340)
5-min Apgar 9.5 (5-10) 10 (7-10) 9 (7-10)
10-min Apgar 10 (8-10) 10 (9-10) 10 (8-10)
Postnatal age (d) 3 (1-6) 2 (1-7) 2.5(1-7)
Neonates studied at a postnatal 8 (40%) 7 (35%) 5(28%)

age = 48 h (n)
Body weight (g)
Painful procedures before study**
Duration of venepuncture (s)

2275 (1212-3960)
3.5(2-6)
183 (65-272)

2620 (1330-4010)
3(2-6)
136 (31-254)

2485 (1028-4200)
3(2-5)
167 (80-222)

Data are median (range).

** Associated with skin punctures (blood sampling, intravenous line insertion, lumbar puncture).
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Figure 1. Changes in median PIPP Scores over time in the water group

(closed circles), the 0.4 mL glucose group (open squares), and in the 2 mL
glucose group (open triangles). Zero time is the moment of skin puncture. Bars
mark the time periods used to calculate PIPP scores during the venepuncture
(VP), and recovery (R) periods. Data are median and interquartile range. To
improve legibility, interquartile ranges are depicted only for every third value.

Heart rate. The minute-to-minute changes in mean heart
rate during the study are shown in Figure 2B. Heart rate already
increased during the application of the oral solution and the
preparation for venepuncture (—2, —1, and 0 min ), peaked
during venepuncture, and returned to baseline 10 min later.
This time course of heart rate changes was nearly identical in
the three groups. The mean heart rate during the venepuncture
was markedly higher than at baseline in all three groups (Table
3). There was no difference in the mean increase in heart rate
between baseline and venepuncture between the groups: heart
rate increased by 23 = 4 beats per minute (mean = SEM) in
the control group, by 19 = 3 beats per minute in the 0.4 mL
glucose group, and by 17 = 5 beats per minute in the 2 mL
glucose group (p = 0.607, ANOVA).

DISCUSSION

In this randomized controlled trial of pain therapy with oral
glucose, we demonstrated that 2 mL glucose 30% given before
venepuncture reduced immediate behavioral responses and
crying after the acute pain, but did not attenuate the increases
in Vo,, EE, and heart rate that are associated with the painless
but stressful handling during venepuncture. Thus, venepunc-
ture remains a stressful procedure for the neonate despite the
application of oral glucose.

It is of therapeutic relevance to study pain therapy for
venepuncture in neonates because it is a painful procedure and
is performed frequently during intensive care. Furthermore,
neonates are more sensitive to cutaneous stimuli than adults
(11) and repeated skin punctures affect their subsequent pain
perception (12) and their behavioral and autonomic pain reac-
tions (13). Solutions of sucrose, glucose, or artificial sweetener
given orally before blood sampling are effective in reducing
facial and vocal reactions to pain (1, 2, 14). The sweet sensory
stimulus results in an analgesic effect lasting for about 10 min,
i.e. well beyond the end of the administration of the sweet
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Table 2. Analysis of PIPP score and crying

Controls 0.4 mL Glucose 2 mL Glucose
PIPP score*
Baseline 3(0-3) 2(0-2) 3(1-4)
Venepuncture 11 (7-12)% 7(@4-11)1 5.5(4-9)i§
Recovery 4(3-7) 3(2-6.5) 4 (1-5)
Cry analysis*
Duration of first cry (s) 13 (2-47) 18 (4-88) 0(0-43)F
Percentage crying (%) 11 (1-30) 9 (1-42) 0 (0-15)F
Latency period (s)** 2 (0-129) 2 (0-32) 300 (1-300)F

Median values of the PIPP score during the three observation periods
(baseline, venepuncture, recovery) for the study groups. Median values of
duration of first cry (s), percentage of time spent crying in the first 5 min after
venepuncture, and duration of the latency period between venepuncture and
start of crying (s) for the study groups.

* Median (interquartile range).

i p < 0.001, venepuncture vs baseline (Wilcoxon signed rank test).

§p = 0.01, 2 mL glucose vs controls (Kruskal-Wallis one-way ANOVA).

T p < 0.05, 2 mL glucose vs controls (Kruskal-Wallis one-way ANOVA).

** Latency period in infants who did not cry at all in the first 5 min was set
at 300 s.

solution. Naltrexone can reverse the antinociceptive effects of
sucrose in rats (15), and sucrose is not effective in human
neonates born to mothers who received methadone during
pregnancy (16). Both observations support the hypothesis that
the analgesic effect of sweet solutions is mediated by the
release of endogenous endorphins.

Previous studies have been criticized for short observation
periods, insufficient standardization of the procedure, and small
sample size (1). Therefore, we continuously recorded param-
eters for 30 min and consider it a strength of our study that we
present Vo, and EE from baseline to the end of the recovery
period minute-to-minute so that the reader can judge the
appropriateness of our selection of study periods for which
mean values were calculated and how they relate to the rest of
the observation period. We standardized the procedure to
ensure that the stimulus was comparable in intensity and
duration and to minimize context influences from comforting
co-interventions on the neonatal response, and calculated a
sufficient sample size. In the majority of previous studies, the
effect of sucrose during a heel-stick was studied. We decided to
study the effect of glucose solution during venepuncture. Glu-
cose has the same analgesic effect as sucrose (2), but, contrary
to sucrose, glucose is widely used in neonatal care as an
intravenous or oral solution, it is more readily available in a
hospital, and it does not contain fructose. We studied its effect
during venepuncture because venepuncture, which is less pain-
ful than a heel-stick (17), is our preferred method of blood
sampling.

We found that 2 mL glucose 30% significantly reduced the
immediate behavioral pain response rated with the PIPP score
and shortened crying after venepuncture compared with con-
trols. However, the smaller volume of 0.4 mL glucose 30% that
we tested to determine whether a volume reduction was pos-
sible did not reduce the PIPP score nor the crying time. The
influence of the volume of sweet oral solutions on their anal-
gesic effect is unclear. In the majority of studies, an absolute
volume of 2 mL sucrose solution was used but effects have
been reported for volumes as low as 0.05 mL (6). For glucose
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Figure 2. Changes in Vo, (4) and heart rate (B) over time in the water group
(closed circles), the 0.4 mL glucose group (open squares), and in the 2 mL
glucose group (open triangles). Zero time is the moment of skin puncture. Bars
mark the time periods used to calculate mean Vo, for the baseline (B),
venepuncture (VP), and recovery (R) periods. Vo, values measured during the
last 3 min before venepuncture had to be discarded for methodological reasons.
Values are mean = SEM.

solutions, effects have been reported for a volume of 2 mL (2).
A 1 mL glucose solution was effective in one study (5) but
ineffective in another (18). By increasing the volume of sweet
oral solution, the duration of the sweet stimulus can be pro-
longed. Thus, we speculate that 0.4 mL were much less
effective than 2 mL because the sweet stimulus was shorter.
This explanation is supported by the finding that prolonging the
sweet stimulus by repeated doses of 0.05 mL sucrose 24% (10)
or 1 mL glucose 30% (18) were more effective than a single
dose. In addition to the duration of the stimulus, more intense
sweetness also increases effectiveness. Sucrose has an effect at
concentrations of more than 12% (19), glucose at concentra-
tions of more than 10% (5). Therefore, in clinical trials, 25%
sucrose or 30% glucose solutions have been used. No gastro-
intestinal side effects for the single use of these concentrated
sugar solutions have been reported so far (1)

In contrast to the mitigation of the behavioral and vocal pain
reactions after venepuncture, 2 mL glucose did not attenuate
the increases in Voz, EE, and heart rate. These increases result
from the unrest and motor activity induced by the painless
handling associated with venepuncture in addition to the acute
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Table 3. Mean values of VO, energy expenditure, and heart rate
during the three observation periods (baseline, venepuncture,
recovery) for the study groups

Controls 0.4 mL Glucose 2 mL Glucose

VO, (mL/kg/min)f

Baseline 6.7+0.2 6.9 +0.5 63 *+04

Venepuncture 82+ 0.3F 8.6 =*0.6% 7.4 = 0.3%

Recovery 73+03 7.1+04 6.8 0.3
Energy expenditure (J/kg/min)}

Baseline 139 =5 138 =8 129 =9

Venepuncture 171 £ 7% 173 £ 13% 150 = 7%

Recovery 148 £ 5 142 =7 139 =8
Heart rate (per min)t

Baseline 133 +3 131 x4 134 £ 4

Venepuncture 156 + 4% 150 = 5% 151 = 3%

Recovery 134 =4 132+ 4 129 +3

T Mean = SEM.

ip < 0.01, venepuncture vs baseline (repeated measures ANOVA and
Tukey’s test).

pain stimulus or signify a stress response that was not influ-
enced by an analgesic alone. It is especially relevant to prevent
excess Vo, and EE in sick or preterm neonates with respiratory
problems or when the provision of an adequate caloric intake
is difficult. The effects of sweet oral solutions on Vo, or EE
during venepuncture have not been studied previously.

We measured Vo, and EE with a system we had previously
validated for use in neonates (7). The advantages of our system
are that routine care can continue, and no increase in activity or
body temperature is induced by the measurement procedure.
The face mask used for the measurements was transparent and
allowed the observation of the neonate’s facial actions with the
mask in place. It did not influence the facial expressions
because it did not touch the face. A limitation of our measure-
ment procedure was that the mask had to be lifted from the
infant’s face during the application of the oral solution and thus
values during the following 3 min had to be excluded to avoid
artifacts by incomplete breath sampling. Yet, Vo, could be
measured during the important time of the acute pain reaction
immediately after the skin puncture.

Venepuncture increased Vo, in all groups, and mean Vo,
values of the groups after venepuncture were not significantly
different. We had an adequate number of patients in our study to
detect a >20% difference in Vo, between the three groups with an
a error of 0.05 and a 8 error of 0.2. The 16% increase of Vo, from
baseline that we observed in the 2 mL glucose group was similar
to the 13% increase that was reported for neonates after a non-
painful cold stimulus (20). This suggests that the major proportion
of the Vo, increase during venepuncture is caused by the non-
painful handling and therefore cannot be influenced by pain
therapy. Similarly, no effect of local anesthesia before lumbar
puncture on heart rate and respiratory rate has been found in
neonates because this pain therapy did not reduce but even
increased handling during the procedure (21).

Venepuncture increased heart rate to a similar degree in all
groups. With our continuous minute-by-minute recordings we
demonstrated that heart rate already increased during the pain-
less application of the oral solution and the preparation for
venepuncture and that this increase persisted longer than the
acute pain behavior. Previous studies of heart rate during
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venepuncture and pain therapy with sweet oral solutions were
limited by recording only data for a few isolated time points
and by incomplete reporting of the variability of the data. Thus,
only two studies of heart rate could be combined in a meta-
analysis (1), which did not show an effect of sucrose solution
on the heart rate response. A sucrose solution that reduced a
facial pain score during heel stick had no effect on cardiac
autonomic reactivity (22).

Our results that oral glucose reduced PIPP score but did not
reduce excess Voz, EE, and heart rate disclose a limitation of
composite pain scores, like the PIPP, which have been re-
garded as the most valid representations of the neonatal pain
reaction (23): composite pain scores encompassing behavioral
and physiologic items cannot recognize the discordant effects
of sweet oral solutions on behavioral and physiologic reactions
to blood sampling because they are calculated as the sum of
behavioral and physiologic reactions. It was previously ob-
served that the concordance between behavioral and physio-
logic reactivity is only modest in neonates after heel lancing
without pain therapy (24). With our study design it was
possible to demonstrate that pain therapy with oral glucose
solution accentuated the discordance between behavioral and
physiologic reactivity by attenuating the behavioral response
but leaving the physiologic response unchanged.

CONCLUSION

We conclude that 2 mL oral glucose 30% was an effective
pain therapy for venepuncture in neonates and mitigated the
behavioral and vocal responses to acute pain. But even with the
use of oral glucose, venepuncture remained a stressful proce-
dure for neonates with excess Vo, and EE. Therefore, minimal
handling and the reduction of blood sampling to the absolute
minimum are still valid principles of neonatal care. We rec-
ommend that co-interventions for use in combination with
sweet oral solutions, like sucking on a pacifier (2, 25), simu-
lated rocking on an oscillating mattress (6), or multisensory
stimulation (18), should be explored for their potential to
reduce the nonpainful stress of venepuncture.
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