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Background (1) 

n  All newborn babies, including preterms, respond to 
pain 

n  Recurring pain in neonates leads to: 
n  poor cognition and motor function 
n  impaired brain development and 
n  altered pain responses 

n  Sedation and analgesia (S/A) in the NICU: Invasive 
and noninvasive procedures, mechanical ventilation, 
and medical or surgical disorders that can cause pain 
or stress 



Background (2) and Objectives 

n  Concerns about neurotoxic and neuroprotective effects 
of analgesics (including opioids), sedatives, and 
anaesthetics on the developing brain. 

n  Very little is known, about international sedation and 
analgesia practices at the bedside 

n  Objective 
n  To describe the current use of sedation, analgesia, 

and neuromuscular blockers at the bedside in NICUs 
in European countries and 

n  To describe the factors associated with sedation or 
analgesia use 
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Methods: study design and participants 

n  EUROPAIN (EUROpean Pain Audit In Neonates): 
prospective cohort study, management of pain and 
stress with sedation and analgesia 

n  Survey website (www.europainsurvey.eu) 
Background, objectives, and methods in different 
languages, detailed videos, questionnaires, PowerPoint 
presentations, all documents and daily progress reports 

n  Website links: secure server (Voozanoo) for data entry 
into standardised questionnaires in the national 
language 
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EUROPAIN STUDY 
Sequence of main practical 

steps of the study 



Methods: data gathering 

n  All neonates up to 44 weeks post-conception age 
n  Newly admitted 
n  NICUs recruited patients over 1 month 
n  First 28 days of stay in the hospital, or until death, 

discharge, or transfer:  
n  demographics, methods of respiration, use of 

continuous or intermittent (bolus) sedation, 
analgesia, or neuromuscular blockers, pain 
assessments and specific practices to treat or prevent 
drug withdrawal syndromes. 

n  Exact durations of continuous infusion S/A 
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Methods: statistical analysis 

n  Calculated sample: 15 countries and 2300 neonates 
n  SPSS (v17.0) for descriptive data and Stata (v 13.0) for 

multivariable models and propensity score procedures 
n  Factors associated with S/A use, logistic regression 

models 
n  Because data were clustered, p values and 95% CIs 

were adjusted with a robust sandwich estimator 
n  Internal validation of the logistic model done with a 

bootstrap approach (1000 samples) 
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Methods: O-SH-GA and duration of tracheal 
ventilation  

n  Association between exposure to opioids, sedatives-
hypnotics, or general anaesthetics (O-SH-GA) and 
duration of tracheal ventilation (DTV) in infants ? 

n  All covariates associated (p<0·20) with DTV in 
univariate analyses were included in multivariable 
linear regression models 

n  Infants were not randomly assigned to receive  
O-SH-GA: propensity scores were used to reduce the 
effect of treatment selection bias and potential 
confounders 

10 



Methods: propensity score 

n  PS: Probability of being treated conditionally based on 
the individual’s covariate values 

n  Calculated on the basis of the covariates used in the 
logistic regression model predicting the use of O-SH-
GA 

n  Infants treated and not treated with O-SH-GA but with 
a similar propensity for treatment with O-SH-GA were 
matched 

n  Matching done with the psmatch2 algorithm in Stata, 
maximum calliper distance of 0·125 times the 
propensity score SD 
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Methods: propensity score and Ventilator free 
days 

n  In matched pairs, comparison of DTV in infants treated 
or not treated with O-SH-GA 

n  In all the neonates in the TV group, 2 other techniques 
based on the PS: stratification (comparison within 
quintiles), and multivariable linear regression models 
predicting duration of TV including the propensity 
score 

n  Ventilator free days as a secondary endpoint 
Because the rate of mortality can have an effect on the 
duration of TV 
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RESULTS 
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Demographics 

n  Oct 1, 2012, to June 30, 2013, 243 NICUs in 18 
European countries enrolled 6680 neonates 

n  Austria, Belgium, Cyprus, Estonia, Finland, France, 
Germany, Greece, Italy, Lithuania, Malta, the 
Netherlands, Norway, Poland, Portugal, Spain, Sweden, 
and the UK 

n  Six countries (33%) had national guidelines and 182 
NICUs (75%) reported local protocols for neonatal S/A 

n  Mean gestational 35·0 weeks, birthweight was 2384 g, 
mean period of participation 11·9 calendar days, 
neonates observed for a total of 79 185 patient days 
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Three groups according to type of ventilation 

n  3 groups on the highest level of ventilation needed: 
n  Tracheal Ventilation (TV): n=2142 
n  Non-invasive ventilation (NIV): n=1496 
n  Spontaneous ventilation (SV): n=3042 

n  2294 (34%) received S/A by continuous infusion or 
bolus or both: 82% in the TV group, 18% in the NIV 
group, and 9% in the SV group (p<0·0001).  

n  Median use of S/A by the 243 NICUs for all neonates 
and for neonates in the TV group were 33·3% (IQR 
18·5–56·5) and 89·3% (70·0–100), respectively 

15 



16 

Characteristics of 3 groups 
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Characteristics of  
3 groups and use of 
S/A 



Sedation/analgesia use by country 

In the TV group 
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Opioid use by country 

In the TV group 
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Sedative/Hypnotics use by country 

In the TV group 
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Main analgesics, sedatives-hypnotics and neuromuscular 
blockers, by country, in 2142 neonates who received TV 
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Frequencies and methods of administration of main 
medications in TV group of neonates (n=2142) 
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Frequencies and methods of administration of main 
medications in NIV group of neonates (n= 1496)  
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O-SH-GA use in the TV group 

n  1674 (78%) were treated with O-SH-GA including 
1634 (76%) who were given opioids or midazolam, or 
both.  

n  1290 (60%) neonates in the TV group were given 
continuous infusions of O-SH-GA.  

n  451 (21%) neonates of 2142 were given sedation or 
analgesia solely as boluses, including 382 (18%) who 
were given O-SH-GA.  
n  Only 91 (4%) neonates were given four boluses or 

more 

24 



Factors associated with the use of O-SH-GA 

n  Use of S/A varied from 0% to 100% between NICUs. 
n  Increased use of S/A in all neonates: ventilation status, 

increased CRIB scores, and bedside pain assessments 
n  Decreased use of S/A in all neonates: preterm birth and 

younger age at NICU admission (<72 h)  
n  In the TV group, use of O-SH-GA 

Increased: CRIB scores and bedside pain assessments 
Decreased: <33 weeks of gestation, younger age (<7 h), 
and being already intubated at NICU admission 
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Logistic model of factors associated with the use of 
O-SH-GA in tracheally ventilated neonates (1) 
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Logistic model of factors associated with the use of 
O-SH-GA in tracheally ventilated neonates (2) 
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Linear model of factors associated with 
increased duration of tracheal ventilation (1) 
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Linear model of factors associated with 
increased duration of tracheal ventilation (2) 
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Duration of TV in O-SH-GA+ vs O-SH-GA- 

n  Propensity scores were calculated for 2004 (94%) 
infants, including 1559 (78%) who were given  
O-SH-GA and 445 (22%) who were not 

n  Propensity score matching yielded 427 pairs of infants 
who were or were not given O-SH-GA and eliminated 
previous differences in covariates 

n  Substantial increase in the duration of TV associated 
with the use of O-SH-GA 
n  mean 149·0 h [SD 183·6] vs 38·2 h [88·5] 
n  median 77·3 h [IQR 25·5–169·8] vs 12·5 h [5·8–

28·9]; p<0·0001) 
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Characteristics, before and after propensity-score matching, 
of infants who had tracheal ventilation according to whether 
they received O-SH-GA 
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DISCUSSION 
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n  34% of admissions to NICUs and 82% of neonates who 
were tracheally ventilated were given S/A 

n  In the TV group, 74% of neonates were given opioids 
and a quarter were given midazolam 

n  Wide variations between centres and countries 
n  S/A varied from 0% to 100% between centres 
n  Study cohort representative of NICU populations in 

Europe with the participation of 18 European countries 
n  Previous data: only two declarative national surveys 

and one cross-sectional survey 
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n  A humane approach that includes prevention or 
treatment of pain in neonates is an ethical obligation 

n  Approach further substantiated by associations between 
increased pain exposure and adverse developmental 
outcomes 

n  Guidelines for procedural pain management in neonates 
exist whereas there are none for prolonged S/A in the 
NICU 
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n  60% of neonates in the TV group were given 
continuous infusions of O-SH-GA (likely given with 
the purpose of  S/A during TV) 

n  O-SH-GA administered exclusively as boluses were 
likely given mainly for invasive procedures and less for 
S/A during TV 
n  only 4% and 1% of neonates in the TV group were 

given at least four boluses and at least ten boluses 

36 



n  Consistent with the results of previous studies, 
independent associations of sedation and analgesia with 
ventilation status, pain assessment, and severity of 
illness 

n  Contrary to the results of a 2010 systematic review and 
meta-analysis in our study exposure to O-SH-GA was 
associated with prolonged ventilation in the neonates 
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Limitations 

n  Participation of eligible units varied widely between countries 
and might not represent each country’s practices 

n  Hawthorne effect : altered bedside practices during study 
enrolment 

n  We did not record the doses of medications used for sedation and 
analgesia in neonates (trade-off) 

n  Potential bias because neonates were classified on the basis of 
ever or never use of S/A 

n  Potential bias in the association noted between the use of O-SH-
GA and longer duration of TV using the propensity score 
n  PS techniques can balance baseline covariates between 

exposure groups, but they cannot balance unmeasured 
characteristics or unknown confounders 
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A last word 

n  Our findings emphasize the need  
n  to develop international guidelines for the judicious 

use of sedation and analgesia in the NICU,  
n  to investigate the therapeutic and adverse effects of 

these drugs in neonates, and 
n  to develop new, safe approaches for sedation and 

analgesia in neonates 
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