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Abstract
Background: Inflammation may depress respiration in neonates. This study aimed to establish a
link between post-immunization inflammation and cardio-respiratory events (CRE).

Methods: Randomized double-blind controlled study of infants born <32 wegks gestation

recorded for 72 hours. Heart rate variability was
Results: In the placebo group, immunizati ated with significantly increased CRP

levels and an increase in CRE (8 . 14.0£12.8 after) which did not reach

after) and P the groups, variation in CRE (ACRE before vs. after

immunizatiop)iwas signifi€antly lower in the ibuprofen group (0.1£7.9 vs. 5.4+10.0 ACRE,
st immunization of infants born < 32 weeks was associated with an increase
in C uprofen treatment significantly attenuated the variation (A) in CRE following first

immunization in these infants but the current study could not demonstrate an impact on CRP and



PgE2 levels. The impact of anti-inflammatory treatment on antigenicity must be evaluated before

their clinical use aiming at reducing CRE after immunization in preterm infants.




Introduction
Immunization with the pentavalent vaccines Diphtheria-Tetanus-Acellular pertussis-Inactivated
poliomyelitis-Haemophilus influenzae type b (DTPa-IPV-Hib) at two months of chronological

age is known to be associated with cardio-respiratory events (CRE), such as apnea and

bradycardia, in 11 to 47% of preterm infants '*. Apnea has also been reported

respiratory control of preterms and their periodic irregular br:
apneas make them more vulnerable to the inflammator
this has not been demonstrated °.
We hypothesized that post-immunization CRe ed with the inflammatory reaction and
that inhibition of inflammation would ‘ aunization CRE. The primary objective
was to examine the impact of infl infibition (via administration of the non-
steroidal anti-inflammato upr ebo at the time of the vaccines
administration) on the o ence of following the first dose of pentavalent vaccines in
n.

to identify predictive factors of occurrence of CRE in preterm

rough the analysis of their heart rate variability.

intensive care unit of Sainte-Justine University Hospital (CHU Sainte-Justine, Montreal, QC,



Canada) over a period of fourteen months (2010 - 2011). The study was approved by CHU
Sainte-Justine institutional Ethics Committee for Clinical Studies. Written informed parental

consent was obtained for all infants.

The vaccines administered were: diphtheria & yxoids and acellular pertussis vaccine

adsorbed combined with inactivated iti ine and Haemophilus b conjugate vaccine

The drugs were administered in an opaque syringe 30 minutes prior to immunization, and then at



8 and 16 hours following the immunization for a total of 3 doses (Figure 1).
Assessment of cardio-respiratory events
Cardio-respiratory monitoring and recordings were performed in all patients continuously for 72

hours, beginning 24 hours before and continuing until 48 hours after immunization

Monitoring tracings were printed and CRE were extracted and compared to n

or a heart rate < 80 bpm), desaturations (109 baseline saturation), and apnea
(respiratory pause of at least 20 seco pause of 15 seconds associated with a
bradycardia).

Total CRE were expresse of events (desaturation + apneas +

was conducted on enrolment (the day before immunization), and the second was conducted 18 to

10



24 hours after immunization (Figure 1). The patients were settled comfortably in an environment

with reduced tactile, auditory and luminous stimulation, and the cardiac electrodes, oximeter and

abdominal respiration detector were placed. The polysomnographies were annotated by the

automatically

between consecutive R

ectively) were measured. The power spectral densities in the low frequency
(LF, .2 Hz, baroreflex origin) and in the high frequency ranges (HF, 0.2- 2Hz, respiratory
origin) Were calculated and the ratio LF/HF was used as an index of sympathetic-

parasympathetic balance.
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Assessment of plasma prostaglandin E2 and C reactive protein levels
C reactive protein (CRP) and prostaglandin E2 (PgE2) were measured as systemic markers of

inflammation. PgE2 was also selected because clinical and experimental data indicate its key role

10,11

in mediating apnea associated with inflammation in newborns . Blood samples fg

levels (0.5 ml / sample in microtube with lithium heparin and gel barrier) werg

PgE2 levels b
Statistical agalysis

ormed using SPSS (v20.0 for Windows). All variables were tested
ion using the Shapiro-Wilk normality test. When normally distributed

), data were presented as mean + standard deviation, applying one-way analysis of
NOVA) and Bonferroni post hoc test. Nonparametric data were analyzed using the

Kruskall-Wallis with Dunn post-test. Heart rate variability parameters were analyzed by paired

12



or unpaired Student’s t-test, or Wilcoxon w-test and Mann-Whitney u-test as appropriate.
Correlations between non parametric data were analyzed using Spearmen test. Comparisons
between treatment groups of the number of infants in whom CRE were more frequent, less

frequent or unchanged after immunization was done with Chi-square contingency tab he two-

sided significance value was set at 0.05.
The sample size calculation (26 patients required in each group) was b
of CRE post vaccination '™ and with the hypothesis that the ibupr
incidence from 40% to 15% (o of 0.05 and a power of 80%)
Results

Characteristics of study participants

362 preterm infants were screened and 56 co dy (Figure 2). Of the infants who did

As shown in Table 1, th ignificant difference between Placebo and Ibuprofen groups

with regard to characteristics and in the infant status at the time of
immunizati

in each group

p (Table 2), plasma CRP (mg/]) levels increased significantly after

d (384 + 235 vs. 396 + 270, P = 0.9). CRE was detected in 21 infants (75%) prior to

immunization and in 24 (86%) after immunization. After immunization, the number of CRE / 24

13



hours increased in 19 infants (68% of the group), was stable in 4 (14%) and lower in 5 (18%)).
Overall, the number of CRE / patient / 24 hours was 8.6 £ 11.1 before immunization vs. 14.0 £+
12.8 after, p = 0.08. A significant correlation was observed between A CRP and A Total CRE /

patient / 24h (r = 0.4, p<0.05).

In the Ibuprofen group (Table 3), plasma CRP levels increased significantly a

immunization did not modify the p
each group.
Effect of Ibuprofen ad tration

0 group, the proportion of infants who showed an increase

4). Ther€ was no significant difference in the variation in plasma PgE2 levels and in plasma CRP

levels between groups. Exclusion of infants who were already receiving daily caffeine (10

14



mg/kg/day caffeine citrate) for apneas and bradycardias of prematurity (6 in the Placebo group
and 2 in the Ibuprofen group) did not modify the results.
Discussion

The findings of this prospective randomized, double blinded, placebo-controlled stud

demonstrate that in infants born at < 32 weeks gestation, immunization at two

1314 \whereas PgE2

increased CRP levels, as reported by other studies
unchanged. The magnitude of the CRP elevation was correlated wj
control Placebo group. Infants in the Placebo group showed i er of CRE/
24h by 63% but this did not reach statistical significan ecause of a large
inter-patient variability. However, the difference
was significantly decreased by Ibuprofen tre cebo. Further, the proportion of infants
who had an increase in the number o er immunization was significantly less
in the Ibuprofen group.
Despite the fact that we di nt decrease in PgE2 levels during treatment,
ted the increase in CRE after immunization, and

ase in CRP and in CRE after immunization. Both

have been previously reported to reduce fever, pain, agitation and

unization in 2 to 7 months old infants compared to placebo **'>°.

the peroxidase site of the prostaglandin H2 synthetase enzyme in the central nervous system but

15



has limited effects on systemic prostaglandin reduction'’.
The impact of the first dose of pentavalent vaccines on the incidence of CRE in preterm infants
has been the subject of controversies in the literature. Many studies have reported an 11 to 47%

increase in CRE in preterm infants after the two-month immunization 14, but others ! did not
p

find significant change in CRE. Of note, the definition for CRE used in curre

pre-immunization period to 14.0
mechanism underlying th
understood.
Based on hum i i aimed to establish a link between the induced

immunization and CRE. In this regard, Hoch et al. *' measured

f PgE2) levels in two groups of 18 preterm infants (mean GA 32
tionship between urinary PgE-M concentration and the number of central apneas at

2-4 we fter birth. A relationship between central apneas and elevated serum levels of

prostaglandins has also been reported in infants with congenital cardiac anomalies who require a

16



continuous infusion of PgE1 to maintain the patency of the ductus arteriosus **.
Several animal studies suggest that prostaglandins of the E series play a role in the central
23,24 10,25-27

respiratory control areas, including in experiments using pro-inflammatory stimuli

In the current study, the increase in CRE observed post-immunization was not corre

increase in PgE2 serum levels; however, administration of ibuprofen prevente

ductus arteriosus in the first days of life”™ >’

s reporting measures of PgE2 after immunization in infants.
The abseénce of major changes in the basal control of heart rate (measured by heart rate

variability) in preterm infants post-immunization confirms the results of our previous studies .

17



The increase in entropy observed in the Ibuprofen group has also been shown to occur after oral
acetaminophen treatment following immunization ’, and is usually considered to be a sign of

adequate adaptability of heart rate (i.e. to the changes induced by immunization).

Several studies have shown a relationship between low gestational age, low birth weight, chronic

2,3,31 - - -
E ~~7 suggesting a role of cardio-resp

lung disease and the occurrence of CR
immaturity. Our study was not set to confirm these results.

Previous studies examining the effect of immunization on CRE in

clinically acceptable ranges . A¢ i oStulate that the combination used in the

current study could be ass ammatory response. This is supported by

Pourcyrous et al.** repo that a d inCrease in CRP was more often present in 2 months

e vs. single vaccine.

months, a large number of infants born at < 32 weeks of gestation had been
home or transferred to level II nurseries, we can postulate that the remaining infants

represent sicker neonates, which limits the generalizability of current results. Despite blinded

18



randomization, the infants in the Ibuprofen group were one week older (post-menstrual age) at
the time of the study; this difference was not statistically significant but could impact cardio-
respiratory maturity and dampen the difference between groups. On the other hand, 21% in the

Placebo group were on caffeine vs. 7% in the Ibuprofen group (difference not statistica

young susceptible infants must be weighed agai
humoral immunity in response to immunizati , in one study evaluating the

effectiveness of acetaminophen prop f vaccination of healthy infants on fever

veral vaccine antigens *°. The impact of

infants.
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Figure Legends
Figure 1: Establishment of study population.

Figure 2: Study design and protocol.
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Table 1: Study infants and pregnancy characteristics

Placebo (n=28) Ibuprofe

Infant characteristics:
Gestational age (wk) 272+2 217.
Birth weight (g) 972 + 307

8 £

Sex (Male) 13
Small for gestational age birth weight (<10th percentile) 8
Respiratory Distress Syndrome 27

Surfactant use 19

Total ventilatory support (d)
Total invasive ventilatory support (d)

Patent ductus arteriosus 16
Pharmacological treatment 13

Oxygen requirement at 36 weeks post conceptio 17
Necrotizing enterocolitis (grade > II) 3
Intraventricular hemorrhage (grade I and I 3
Retinopathy of prematurity t 11
Pregnancy characteristics:
Maternal hypertension * 6 6
Gestational diabetes 2 3
Chorioamnionitis 2 7
Betamethasone 24 24
Cesarean deliv 18 19

22 18

66+ 7 67+7.7

364+2 374+2

2565 + 533 2865 + 487

6 2

8.6+11.1 6.7£7.7

1 There were no surgical cases of necrotizing enterocolitis.

1 Any grade of retinopathy of prematurity considering most did not have completed retinal

11



vasculature.
* Including chronic hypertension, gestational hypertension and preeclampsia.
Values are numbers or means + standard deviation. No statistically significant differences

between groups.
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Table 2: Effect of immunization within the Placebo group (n=28)

Before After

; . . .. P valu
1mmunization 1mmunization

Infant characteristics

Temperature (°C) 36.8+0.2 37.1+0.5
Heart rate (bpm) 153 £ 10 155+ 10
Saturation (%) 95+3 95+4
Total CRE / patient / 24h 8.6+11.1

CRP (mg/1) 0.68+1.0

PgE2 (pg/ml) 384 +235

Polysomnography analyses

Mean (msec) 401 + 28

SD (msec) 9+5

rMSSD (msec) 2 NS
LF (103 msec2) 3+47 NS
HF (103 msec2) 5+4.8 NS
LF/HF s +4.7 NS
SD1 (msec) . dA+£15 NS
SD2 (msec) 12.8+ 8.7 NS
Alpha 1 1.29+0.15 NS
Alpha 2 0.72 £ 0.27 NS
ApEn 1.13£0.17 NS

te variability, rMSSD: square root of the mean squared differences of
RR intervals, LF: low frequency, HF: high frequency, LF/HF:
c/parasympathetic balance, SD1: short-term variability, SD2: short-term and long-

term variability, ApEn: Approximate entropy. Values are means + standard deviation.

13



Table 3: Effect of immunization within the Ibuprofen group (n=28)

Before After

) . . . P valu
immunization immunization

Infant characteristics

Temperature (°C) 36.7+£0.3 37.1£ 0.3
Heart rate (bpm) 150+ 12 155+ 10
Saturation (%) 96 +3 96 +£3
Total CRE / patient / 24h 6.7+7.7

CRP (mg/l) 1.1£3.0

PGE2 (pg/ml) 473 + 285

Polysomnography analyses
Mean (msec) 397 £ 30
SD (msec) 9.9 +5.
rMSSD (msec) 4.8 +
LF (103 msec2) 3+43 NS
HF (103 msec2)

LF/HF +3.7 NS
SD1 (msec) 2+15 NS
SD2 (msec) 11.0+£6.6 NS
Alpha 1 1.30+£0.13 NS
Alpha 2 0.65+£0.20 NS
ApEn 1.25+0.12  0.03

bpm: beats : Cardio-respiratory events, CRP: C-reactive protein, PGE2:
iability analysis (See Methods): Mean: mean cardiac cycle length, SD: magnitude
te variability, rMSSD: square root of the mean squared differences of
RR intervals, LF: low frequency, HF: high frequency, LF/HF:
c/parasympathetic balance, SD1: short-term variability, SD2: short-term and long-

term variability, ApEn: Approximate entropy. Values are means + standard deviation.
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Table 4: Comparison of changes observed after immunization in infants who received Placebo

or Ibuprofen

A Pre/post immunization

Placebo Ibuprofen
Infant characteristics
A Temperature (°C) 0.3 +£0.4%* 0.3 +0.4%*
A Heart rate (bpm) 3+12 5+¢9
A Saturation (%) 0+2 03
A Total CRE / patient / 24h 54+10.0 0.1+38

A CRP (mg/1) 19 + 13%* 16
A PgE2 (pg/ml) 12 +£304 -

Polysomnography analyses

A Mean (msec) +36 NS
A SD (msec) 7 NS
A tMSSD (msec) +7 NS
A LF (10’ msec?) -4+ 56 NS
A HF (10° msec?) 4 NS
A LF/HF 9+4.9 NS
A SD1 (msec) 0.9+5.5 NS
A SD2 (msec) -1.9+£9.2 NS
A Alpha 1 -0.03+0.19 NS
A Alpha 2 -0.11+0.33 NS
AApEn 0.08 +0.16* 0.08

Significant 1 se withifithe group: * p<0.05; ** p<0.001

ats pe CRE: Cardio-respiratory events, CRP: C-reactive protein, PgE2:

riability analysis (See Methods): Mean: mean cardiac cycle length, SD: magnitude
heart rate variability, rMSSD: square root of the mean squared differences of
successive RR intervals, LF: low frequency, HF: high frequency, LF/HF:
sympathetic/parasympathetic balance, SD1: short-term variability, SD2: short-term and long-

15



term variability, ApEn: Approximate entropy.

Values are means + standard deviation.
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Figure 2
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