
ARTICLE

Prolonged Sedation and/or Analgesia and 5-Year
Neurodevelopment Outcome in Very Preterm Infants

Results From the EPIPAGE Cohort
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Objective: To describe the long-term outcome of very
preterm infants receiving prolonged sedation and/or an-
algesia and examine the relationship between prolonged
sedation and/or analgesia and this long-term outcome.

Design:Aprospectivepopulation-basedstudy(EtudeEPI-
démiologiquesur lesPetitsAgesGEstationnels[EPIPAGE]).
To reduce bias, the propensity score method was used.

Setting: Nine regions of France.

Participants:Thestudypopulationincludedverypreterm
infantsof fewerthan33weeks’gestationalage,bornin1997,
who received mechanical ventilation and/or surgery.

Main Exposure: Prolonged exposure to sedative and/or
analgesic drugs in the neonatal period, defined as expo-
sure of more than 7 days to sedative and/or opioid drugs.

Main Outcome Measure: Presence of moderate or se-
vere disability at 5 years of age.

Results: The analysis concerns 1572 premature infants
who received mechanical ventilation for whom informa-
tion about exposure to prolonged sedation and/or anal-
gesia in the neonatal period was available. A total of 115
were exposed and 1457 were not exposed. There was no
significant difference between the number of patients lost
to follow-up from the group of very preterm infants who
were exposed to prolonged sedation and/or analgesia and
the group who were not. Exposed very preterm infants
had severe or moderate disability at 5 years (41/97; 42%)
more often than those who were not exposed (324/
1248; 26%). After adjustment for gestational age and pro-
pensity score, this association was no longer statisti-
cally significant (adjusted relative risk, 1.0; 95%
confidence interval, 0.8-1.2).

Conclusion: Prolonged sedation and/or analgesia is not
associated with a poor 5-year neurological outcome af-
ter adjustment for the propensity score.
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V ERY PRETERM NEONATES

are exposed to many pain-
ful procedures.1 Repeated
and prolonged pain expo-
sure may affect the subse-

quent development of pain systems and
potentially contribute to altered long-
term development and behavior in very
preterm infants.2-8 This knowledge has pro-
vided evidence-based arguments for the de-
velopment of professional guidelines on
preventing and managing infant pain.9,10

Recently, the short- and long-term ef-
fects of sedation and/or analgesia have been
discussed.TheNeopainstudy11 andaDutch
study12 revealed that continuous mor-
phine therapy given for a maximum of 14
or 7 days, respectively, does not increase
neonates’ poor short-termneurologicalout-
come or neonatal death. The Neopain study
showed, however, that continuous mor-
phine infusion was associated with a higher
rate of severe intraventricular hemorrhage

or a composite outcome, including neona-
tal death, intraventricular hemorrhage, and
periventricular leukomalacia in a sub-
group of very preterm infants born at 27-29
weeks’ gestationand in thosewhowerevery
hypotensive before morphine therapy.11,13

The only published study to date regarding
long-term effects suggests that exposure to
morphine in the neonatal period for fewer
than 7 days does not seem to have adverse
effects on intelligence or motor function.14

Regarding sedation, midazolam is widely
used in neonatal intensive care units. How-
ever, a recent meta-analysis has concluded
that furtherresearchontheeffectivenessand
safety of midazolam in neonates who re-
ceived mechanical ventilation is needed be-
fore its routine use can be recommended in
clinical practice.15

Although data on adverse effects are still
controversial, analgesia and/or sedation
therapies are routinely used in neonatal in-
tensive care units worldwide, and some
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very preterm infants may receive prolonged treatment with
sedation and/or anesthesia for more than 7 days. Given
the lack of data regarding the neurological development
outcome of these very preterm infants, we have per-
formed an analysis to evaluate the relationship between
prolonged sedation and/or analgesia exposure and the
5-year cognitive and neuromotor outcome of a large
French cohort of very preterm infants.

METHODS

DATA SOURCE AND PATIENTS

We included all surviving very preterm infants enrolled in the
Etude EPIdémiologique sur les Petits Ages GEstationnels
(EPIPAGE) cohort study who received mechanical ventila-
tion and/or surgery. The EPIPAGE study is a prospective popu-
lation-based cohort study including all infants born between
22 and 32 weeks’ gestation in 1997 in the maternity wards of 9
French regions, accounting for about one-third of all births in
France.16 Initial data about pregnancy, delivery, and medical
care of infants was collected from medical records in the ma-
ternity and neonatal units with the intention of testing the as-
sociation between obstetric and neonatal management and out-
come. One aspect of these data concerned “exposure to
prolonged sedative and/or analgesic drugs,” defined as expo-
sure of more than 7 days to sedative and/or opioid drugs, with
infants receiving sedation each day. The status “no prolonged
sedation/analgesia” included children who received no seda-
tion and/or analgesia at all or for whom sedation and/or anal-
gesia was administered for fewer than 7 days.

ASSESSMENT

Once consent was obtained from the parents, the infants were
enrolled in a longitudinal follow-up until 5 years of age. At 2 years
children were examined by a physician who completed a stan-
dardized questionnaire. At 5 years children were evaluated with
a clinical examination performed by a trained pediatrician and
a neuropsychological assessment performed by a trained psy-
chologist. The neuropsychological assessment was performed
using the Kaufman Assessment Battery for Children.17 This as-
sessment was carried out when appropriate for the patient’s con-
dition and when accepted by the patient. The Kaufman Assess-
ment Battery for Children yields 4 global test scores, including
the Mental Processing Composite (MPC), which is a global mea-
sure of cognitive ability. The MPC score was standardized to a
mean (SD) of 100 (15), based on results in children born in the
late 1970s. Mental Processing Composite scores of less than 70
define severe cognitive impairment and scores of between 70 and
85 indicate moderate cognitive impairment.

The main outcome criteria were the presence of disability at
5 years of age or death after discharge. Children were classified
into 3 groups: no disability, moderate disability, and severe dis-
ability. Disabilities were assessed in 4 areas: neuromotor, cog-
nition, hearing, and vision. A disability was defined as severe if
it was considered likely to make the child highly dependent on
caregivers and included nonambulant cerebral palsy, an MPC
score of less than 70, profound bilateral sensorineural hearing
loss (�70 dB), blindness, or attending a special-needs school.
Cerebral palsy was defined as a nonprogressive central nervous
system disorder, as proposed by the European Cerebral Palsy Net-
work.18 The severe disability group also included children who
were classified into the cerebral palsy group at 2 years of age and
were lost to follow-up at 5 years. A disability was defined as mod-
erate if reasonable independence was likely to be reached, in-

cluding ambulant cerebral palsy, independent walking with ab-
normal gait, age of walking greater than 24 months, an MPC score
between 70 and 84 (�1 SD), hearing loss less than 70 dB, or
unilateral impaired vision without blindness.

STATISTICAL ANALYSIS

Median and quartiles are reported for continuous variables and
frequencies for categorical variables. The Mann-Whitney U test
and �2 test with a Yates correction, if necessary, were used to com-
pare infant characteristics and 5-year outcome between the group
of infants who received prolonged sedation and/or exposure to
analgesia during the neonatal period and the group who did not.

Because EPIPAGE is an observational study, we used the pro-
pensity score method to reduce bias.19-23 The propensity score
is defined as a conditional probability between 0 and 1 that a pa-
tient will be treated, based on an observed group of covariates.
This score is then used as if it were the only confounding co-
variate. Thus, the collection of predictors is collapsed into a single
predictor, which may better adjust covariates between the groups
and reduce bias. A full nonparsimonious logistic regression model
was developed to derive a propensity score for prolonged seda-
tion and/or analgesia exposure. This model included true con-
founders, variables that are potentially associated with both treat-
ment assignment and outcome.23 The variables included
characteristics of the newborns (gestational age, birth weight, mal-
formation, Clinical Risk Index for Babies score), characteristics
of pregnancy (antenatal corticosteroids, multiple pregnancies,
complications of pregnancy), place of birth (inborn/outborn, large
maternity, region of birth), and characteristics of neonatal hos-
pitalization (duration of ventilation, patent ductus arteriosus, se-
vere respiratory failure including air leak and refractory hypox-
emia, hemodynamic failure, necrotizing enterocolitis, neonatal
surgery, bronchopulmonary dysplasia defined by supplemental
oxygen at 36 weeks, and postnatal corticotherapy). Patients with
missing data were excluded from multivariable analysis. The Hos-
mer-Lemeshow goodness-of-fit test and the area under the curve
were used to assess model fit.

We have used a log-binomial model to estimate adjusted rela-
tive risk(RR)ofdisability.24 Asdescribedabove,we integrated the
propensity score into the analysis. The propensity score itself was
includedwithexposureasacovariate ina log-binomialmodelpre-
dicting outcome, with gestational age as an additional covariate,
and we estimated the adjusted RR of disability with 95% confi-
dence intervals (CI). This was performed for all infants for whom
propensity scores were calculated. Finally, we carried out 2 other
analyses to independently estimate the adjusted RR of the risk of
neuromotor disability and the risk of an MPC score of less than
85.AllPvalueswerebasedon2-tailed tests.All analyseswereper-
formed using SPSS 15.0 (SPSS Inc, Chicago, Illinois).

RESULTS

PATIENT CHARACTERISTICS AND OUTCOME

Of the 1956 very preterm infants hospitalized in neonatal
intensive care units who received mechanical ventilation
and/or surgery, the status of prolonged sedation and/or ex-
posure to analgesia was known for 1941 (99%) of the in-
fants; of these, 369 died and 1572 survived. Prolonged se-
dation and/or exposure to analgesia was more frequent
among infants who died during hospitalization than among
survivors (72 of 369 [19.5%] vs 115 of 1572 [7.3%];
P� .001). Of the 1572 survivors, infants who were ex-
posed to prolonged sedation and/or analgesia (n=115) had
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significantly lower gestational ages, lower birth weights, and
higher Clinical Risk Index for Babies scores than infants
who did not (n=1457) (Table 1). In the exposed group,
antenatal corticosteroids, multiple pregnancies, birth in a
large maternity (a maternity hospital in which � 98 very
preterm infants are delivered per year), and presence of con-
genital malformations were significantly more frequent
(P�.05). Prolonged sedation and/or analgesia was also sig-
nificantly associated with neonatal complications such as
severe respiratory failure, bronchopulmonary dysplasia,

patent ductus arteriosus requiring treatment, hemody-
namic failure, necrotizing enterocolitis, longer duration of
mechanical ventilation, postnatal corticotherapy, and sur-
gery (Table 1). Prolonged sedation and/or analgesia expo-
sure rates varied according to region of birth from 0% to
9.3% (P� .001). Data on long-term outcome were avail-
able for 86% of the 1572 infants (84% in the exposed group
vs 86% in the nonexposed group; P=.46). Disability rates
in the exposed and nonexposed groups were 42.3% and
26.0%, respectively (P� .001).

Table 1. Demographic and Clinical Characteristics
of Mechanically Ventilated Very Preterm Infants Exposed
or Not Exposed to Prolonged Sedation and/or Analgesia

Characteristics

No. (%)

P
Value

Nonexposed Infants
(n=1457)

Exposed Infants
(n=115)

Neonate characteristics
Median (IQR) gestational age, wk 30 (27-31) 27 (26-29) .001
Median (IQR) birth weight, g 1220 (950-1530) 900 (750-1130) .001
Male 774 (53.8) 68 (59.1) .20
Median (IQR) CRIB score 4 (3-7) 8 (5-11) .001

Characteristics of pregnancy
Antenatal corticosteroids 1028 (70.6) 95 (82.6) .005
Multiple pregnancies 398 (27.3) 49 (42.6) .001

Characteristics of birth
Inborn 1033 (72.0) 90 (79.6) .08
Maternity hospital with a large patient volume

of very preterm infantsa
745 (51.1) 70 (60.9) .05

Neonatal diseases
Severe respiratory failure 117 (8.0) 41 (35.7) .001
Bronchopulmonary dysplasia 243 (17.4) 70 (61.9) .001
Patent ductus arteriosus 251 (17.2) 50 (43.5) .001
Hemodynamic failure 454 (31.2) 77 (67.0) .001
Necrotizing enterocolitis 64 (4.4) 15 (13.0) .001
Cerebral lesionsb

No lesion 1110 (76.2) 82 (71.3) .26
White matter damage 308 (21.1) 27 (23.5) .55
3-4 IVH 65 (4.5) 11 (9.6) .02

Malformation 87 (6.0) 16 (13.9) .001
Neonatal treatment

Median (IQR) duration of MV, d 4 (1-9) 27 (13-45) .001
Postnatal corticotherapy 409 (28.1) 91 (79.1) .001
Surgery

No surgery 1234 (84.7) 46 (40.0)
Necrotizing enterocolitis 21 (1.4) 9 (7.8) .001
Patent ductus arteriosus 34 (2.3) 27 (23.5)
Others 168 (11.5) 33 (28.7)

Follow-up and outcome
Follow-up

No information at 2 and 5 y 209 (14.3) 18 (15.7) .29
Information at 2 y only 141 (9.7) 16 (13.9)
Information at 5 y 1107 (76.0) 81 (70.4)

Outcome at 5 y or 2 y (n=1248) (n=97)
No disability 924 (74.0) 56 (57.7) .001
Disability or death after discharge 324 (26.0) 41 (42.3)

Type of disability
Neuromotor disability 200 (16.0) 30 (30.9) .001
MPC not available 340 (27.2) 36 (37.1)
MPC�85 318 (25.5) 29 (29.9) .02
MPC�85 590 (47.3) 32 (33.0)

Abbreviations: CRIB, Clinical Risk Index for Babies; IQR, interquartile range; IVH, intraventricular hemorrhage; MPC, mental processing composite score of the
Kaufman Assessment Battery for Children; MV, mechanical ventilation.

aMaternity hospital with a large patient volume of very preterm infants is a maternity hospital where more than 98 very preterm infants are delivered per year.
bVery preterm infants may have more than 1 type of lesion.
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PROPENSITY SCORE

It was possible to calculate the propensity score for the
very preterm infants receiving prolonged sedation and/or
analgesia for 1497 of the 1572 very preterm infants re-
ceiving mechanical ventilation and/or surgery who were
alive at the time of discharge from the hospital and whose
status regarding exposure to prolonged sedation and/or
analgesia exposure and outcome were known. Of the 1497
infants with a propensity score, 113 were exposed to pro-
longed sedation and/or analgesia and 1384 were not. The
propensity scores ranged from 0.000 to 0.975. The Hos-

mer-Lemeshow goodness-of-fit test was 6.2 (P=.62). The
receiver operating characteristic curve area was 0.92.
Among the 20 variables included in the score, 6 were sig-
nificantly associated with prolonged sedation and/or ex-
posure to analgesia: surgery (P� .001), duration of me-
chanical ventilation (P=.002), postnatal corticotherapy
(P� .006), severe respiratory failure (P� .02), multiple
pregnancies (P� .003), and region of birth (P=.001)
(Table 2).

PROLONGED SEDATION AND/OR EXPOSURE
TO ANALGESIA AND RISK OF DISABILITY

Of the 1497 very preterm infants for whom propensity
scores were calculated, data on long-term outcome was
available for 87% of the 1384 infants in the exposed group
vs 86% of the 113 in the nonexposed group (P=.73). Dis-
ability rates in the exposed and nonexposed groups were
42.3% and 25.7%, respectively (P� .001). Relative risks
of disability for prolonged sedation and/or analgesia are
indicated on Table 3.

To limit bias, 2 log-binomial models were con-
structed. The first model included 3 covariates: gesta-
tional age, propensity score, and prolonged sedation
and/or exposure to analgesia. Prolonged sedation and/or
analgesia exposure was not associated with an in-
creased risk of survival with any disability or risk of death
after discharge (adjusted RR,1.0; 95% CI, 0.8-1.2; P=.57),
but propensity score was (adjusted RR,2.2; 95% CI, 1.3-
3.8; P=.005). The second model included the 3 previ-
ous covariates and 8 other covariates significantly asso-
ciated with outcome: intrauterine growth, maternal
socioeconomic status, maternal educational status, sex
of preterm infant, surgery, duration of ventilation, post-
natal corticotherapy, and presence of malformation. Pro-
longed sedation and/or analgesia exposure was not sig-
nificantly associated with disability (adjusted RR,1.0; 95%
CI, 0.8-1.2).

To better assess the relationship between disability and
prolonged sedation and/or analgesia exposure, we con-
ducted 2 other analyses where the dependant variables
were an MPC score lower than 85 and neuromotor dis-
ability. The covariates were the 11 previous covariates.
Prolonged sedation and/or analgesia exposure was not
associated with an increased risk of survival with neu-
romotor impairment (adjusted RR,1.1; 95% CI, 0.9-
1.2), an MPC score of less than 85 (adjusted RR,1.0; 95%
CI, 0.7-1.2), or an MPC score lower than 85 or not avail-
able (adjusted RR,1.1; 95% CI, 0.9-1.2).

Table 2. Associations Between Variables Included
in Calculation of Propensity Score and Prolonged Sedation
and/or Analgesia

Variable

OR (95% CI)

Crude Adjusted

Neonate characteristics
Gestational age, wk 0.7 (0.6-0.8) 1.0 (0.8-1.2)
Birth weight, kg 0.1 (0.1-0.2) 0.8 (0.2-3.1)
CRIB score 1.2 (1.2-1.3) 1.0 (0.9-1.1)

Characteristics of pregnancy
Antenatal corticosteroids 1.9 (1.1-3.1) 1.2 (0.7-2.3)
Multiple pregnancies 1.9 (1.3-2.8) 2.2 (1.3-3.7)
Complicationsa

Hypertension without SGA 0.7 (0.4-1.3) 0.8 (0.4-1.9)
SGA 1.7 (0.7-4.4) 0.7 (0.2-2.9)
Antepartum hemorrhage 0.5 (0.1-2.0) 1.9 (0.4-9.7)
Idiopathic preterm labor 1.3 (0.8-2.2) 1.4 (0.7-2.8)
PPROM�24 h 1.3 (0.6-2.8) 1.3 (0.5-3.3)
Other 1.6 (0.8-3.3) 1.9 (0.7-5.2)

Characteristics of birth
Inborn 1.5 (1.0-2.5) 0.6 (0.3-1.3)
Region of birthb

Region B 1.1 (0.5-2.1) 1.1 (0.4-3.0)
Region C 0.2 (0.0-1.1) 0.3 (0.0-2.4)
Region D 1.9 (1.0-3.6) 2.5 (1.1-5.9)
Region E 0.5 (0.2-1.3) 0.9 (0.3-2.8)
Region F 1.6 (0.9-2.9) 1.8 (0.8-3.8)
Region G 0.4 (0.1-1.2) 0.3 (0.1-1.5)
Region H 0.1 (0.0-0.3) 0.1 (0.0-0.4)
Region I 2.2 (1.2-3.9) 3.5 (1.6-7.6)

Maternity hospital with a large
patient volume of very preterm
infantsc

1.6 (1.1-2.3) 0.7 (0.4-1.3)

Neonatal diseases
Severe respiratory failure 6.1 (4.0-9.4) 3.3 (1.8-6.1)
Bronchopulmonary dysplasia 7.8 (5.2-11.6) 1.3 (0.7-2.5)
Patent ductus arteriosus 3.5 (2.4-5.3) 0.7 (0.4-1.3)
Hemodynamic failure 4.6 (3.0-6.9) 1.4 (0.8-2.5)
Necrotizing enterocolitis 3.3 (1.8-6.1) 1.9 (0.8-4.4)
Malformation 2.5 (1.4-4.5) 1.9 (0.8-4.4)

Neonatal treatment
Duration of mechanical

ventilation, d
1.06 (1.05-1.07) 1.03 (1.01-1.05)

Postnatal corticotherapy 10.1 (6.3-16.2) 2.7 (1.3-5.3)
Surgery 7.8 (5.2-11.7) 4.4 (2.5-7.5)

Abbreviations: CI, confidence interval; CRIB, Clinical Risk Index for Babies;
OR, odds ratio; PPROM, preterm premature rupture of membranes; SGA, small
for gestational age.

aReference was PPROM for more than 24 h.
bReference was region A.
cMaternity hospital with a large patient volume of very preterm infants is a

maternity hospital where more than 98 very preterm infants are delivered a year.

Table 3. Association Between Sedation and/or Analgesia
and Disability: Crude and Adjusted RR

Adjustment RR (95% CI)a

No adjustment 1.6 (1.3-2.1)
Gestational age 1.2 (1.0-1.4)
Gestational age and propensity score 1.0 (0.8-1.2)

Abbreviations: CI, confidence interval; RR, relative risk.
aRelative risk was calculated by log-binomial model. Calculations were

performed for 1298 preterm infants for whom propensity score was
calculated and outcome was known.
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COMMENT

In this observational study, univariate analysis showed
that very preterm infants requiring prolonged sedation
and/or analgesia during neonatal hospitalization had a
higher risk of developing a disability. Prolonged seda-
tion and/or exposure to analgesia was also significantly
associated with need for surgery, congenital malforma-
tion, necrotizing enterocolitis, severe respiratory fail-
ure, hemodynamic failure, and duration of ventilatory sup-
port. It is likely that these factors were the reason for the
use of prolonged sedation and/or analgesia. The associa-
tion of some of these factors with a poor outcome is well
known.25,26 Because the prolonged sedation and/or an-
algesia treatment assignment in this observational study
may have been subject to bias, we used the propensity
score method to reduce it. The propensity score method
is a way of ensuring that the effect of a treatment is com-
pared only between individuals who are equally likely
to receive it.21,22 After adjustment for gestational age and
propensity score, we did not observe any association be-
tween prolonged sedation and/or analgesia exposure and
poor outcome, whereas most of the nonexposed infants
did not receive any analgesic or sedative drugs in 1997.

We cannot rule out the possibility that prolonged se-
dation and/or analgesia exposure has an effect on out-
come for 4 reasons. First, our findings should be inter-
preted with caution, because this study has several
limitations. Despite the large size of this cohort, the power
of this study was not high enough to detect small differ-
ences between the groups, because exposure to pro-
longed sedation and/or analgesia is a relatively rare event.
Thus, this study did not have the power to detect a dif-
ference of 10% in the rate of disability. Like regression mod-
eling, propensity score methods cannot control for un-
known confounders. Some covariates, like the duration
of mechanical ventilation, could be the cause of pro-
longed sedation and/or analgesia as well as the conse-
quence. Nevertheless, we performed a model without in-
cluding duration of ventilation in propensity score,
bronchopulmonary dysplasia, and hemodynamic failure,
and we observed similar results. Second, the odds ratio of
the risk of developing a disability increased as the pro-
pensity score increased. This association could be the re-
sult of an insufficient reduction of bias by the propensity
score or a cumulative effect of prolonged sedation and/or
analgesia exposure that appeared when the severity of ill-
ness increased. Third, MPC scores were similar between
exposed and nonexposed infants, while white matter dam-
age was observed less frequently. One hypothesis could
be that prolonged sedation and/or exposure to analgesia
reduced the rate of cerebral lesions but itself had an effect
on cerebral development. No difference was observed be-
tween groups when we included all preterm infants. Fourth,
we cannot differentiate and assess the potential effect of
any individual sedative or anesthetic agent in this study.

Our results suggest that prolonged sedation and/or an-
algesia exposure has no major effect on neurological out-
come. This is currently a critical and controversial issue,
because the recent understanding that the neonate is ca-
pable of sensing pain and mounting a stress response af-

ter a surgical stimulus27 has led to widespread use of an-
esthesia and analgesia for painful procedures; however,
exposure to opiates, anesthetics, or sedatives may have
adverse effects on neurological neonatal outcome.28 Sev-
eral investigators have demonstrated that prolonged
administration of opiates29,30 and other anesthetic drugs
produce increased neurodegeneration in rat pups.31 Simi-
larly, repetitive pain in newborn rat pups leads to long-
term changes in behavior, and some of these changes are
prevented by analgesic therapy.32-35 This data suggests that
the long-term effects of anesthetics and analgesic drugs de-
pend on whether they are given in the presence or ab-
sence of painful stimulation.28 Extrapolation of animal data
are problematic, because a rat brain develops over a mat-
ter of weeks, while a human brain develops over years. Six
hours of anesthesia in a neonatal rat pup is thought to be
equivalent to a month in a human infant.36 Moreover, this
rodent data has not been replicated in monkeys.37 There-
fore, cautious interpretation of experimental data is pru-
dent before extrapolating data across species. Although the
animal data may not be applicable to human beings, it
would be unwise to ignore it.36 Evidence must be sought
from human data. MacGregor et al14 have assessed the out-
come at 5 to 6 years in a cohort of neonates born before
34 weeks’ gestation to determine whether brief exposure
to exogenous opiates had an effect on subsequent neuro-
logical or behavioral performance. Their results are reas-
suring; morphine did not show a detrimental effect on the
intelligence of children who received it in the first days of
neonatal life. Our data are consistent with these results,
though it pertained to a population that was sicker and
exposed to more prolonged sedation and/or analgesia.

In this population-based cohort study, prolonged se-
dation and/or analgesia exposure was not associated with
a poor 5-year neurological outcome after adjustment for
the propensity score.
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Statistical analysis: Rozé, Carbajal, Ancel, Kaminski, and
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Médecine, Toulouse (Dr Arnaud); Department of Neona-
tal Medicine, Lille University Hospital, Lille (Dr Truffert);
Department of Neonatalogy, Rouen University Hospital,
Rouen (Dr Marret); Department of Neonatalogy, Strasbourg
University Hospital, Strasbourg (Dr Matis); Department of
Neonatal Medicine, Besancon University Hospital, Besan-
con (Dr Thiriez); Department of Neonatal Medicine, Mont-
pellier University Hospital, Montpellier (Dr Cambonie); and
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gionale, Nancy; C. Arnaud, S. Bourdet-Loubère, H.
Grandjean, INSERM U558, Toulouse; M. Rolland, Hôpi-
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