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Abstract Objective: To document the effect of systematic
evaluation of pain in neonates on prescription of intra-
venous analgesics in a level-III neonatal intensive care
unit (NICU) as a marker of increased awareness of
treating and preventing pain.
Methods: Retrospective analysis of the number of yearly
prescribed vials of intravenous analgesics in a level-III
NICU during a period before (1996–1999) and after
(2000 to August 2002) introduction of a multidimen-
sional pain scale. Correction was carried out by multiple
regression analysis for clinical co-variables (admissions,
days on parenteral nutrition, days on respiratory sup-
port, surgical procedures), which also might explain
changes in prescription of analgesics. Postoperative
length (hours) of administration of analgesics was
calculated in a group of infants (1996–2001) who all
received cryotherapy for threshold retinopathy of pre-
maturity (ROP) before (1996–1999) and since (2000–
2001) introduction of pain evaluation.
Results: The number of yearly prescribed vials increased
from 3140±619 (mean±SD) to 5915±675 (P<0.005).
There is also a significant increase in the number of

surgical interventions (P<0.05) but not in days on re-
spiratory support, days on parenteral nutrition or in
number of admissions. After correction for the number
of surgical procedures, the increase in prescribed vials
remained significant (P<0.05). In infants who received
cryotherapy, a significant increase in length of post-
operative analgesia (65–107 h, P<0.01) was docu-
mented. Even after correction for the increased
postoperative length of ventilation, duration of post-
operative analgesia remained significantly (P<0.05)
longer.
Conclusions: Systematic evaluation of pain increased
awareness of treating and preventing pain in neonates,
even after correction for clinical co-variables. This in-
crease was not associated with an increase in potential
side-effects (length of respiratory support, length of
parenteral nutrition).
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Introduction

Recognition and treatment of pain is an important in-
dicator of quality of care delivered to patients [1]. Since
the landmark publications of Anand in the late 1980s,
the impact of adequate treatment of pain in neonates has
also been well acknowledged [2, 3, 4, 5].

Systematic evaluation of pain likely improves
awareness of the medical and nursing staff in optimising
treatment, but a specific problem in neonates is objective
assessment. We share this challenge in preverbal infants,
with professionals taking care of severely mentally re-
tarded, handicapped or comatose patients. Different
pain scales have been developed and validated for the
neonatal population as reviewed recently by us [6, 7].

To the best of our knowledge, this is the first study to
examine the impact of the implementation of systematic
evaluation of pain on prescriptive behaviour of analge-
sics in a level-III neonatal intensive care unit (NICU).
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Changes in intravenous analgesics (number of vials) and
prescription behaviour after cryotherapy (length of
postoperative analgesia) before and after the imple-
mentation of a pain scale were used as quantitative
markers.

Methods

Data collection

The NICU Gasthuisberg is a tertiary neonatal intensive and high
care unit, taking care of both premature infants and infants with
congenital malformations. Perinatal data of all infants admitted in
the unit since 1 January 1996 were available in a prospectively
collected database. Clinical variables [total number of admissions,
number of extreme low birth weight (ELBW, i.e. <1000 g) infants,
days of parenteral nutrition, days on respiratory support and
number of surgical interventions] that might influence consumption
of analgesics were extracted from this database. Days of respiratory
support and days on parenteral nutrition were used as markers of
severity of medical disease, at the same time serving as markers
of potential side-effects of opioids. Data on the number and type of
drugs administered were extracted from the hospital pharmacy
database. Intravenous analgesics used and studied during this pe-
riod (1996 to August 2002) were fentanyl, tramadol, piritramide
and propacetamol. There were no major changes in the medical or
nursing staff during this period, nor were there changes in the
composition of the vials. Data were reported on a yearly basis after
extrapolation of the data for 2002 based on the first 8 months.

We also investigated prescription (postoperative hours) of an-
algesics in a cohort of infants who received cryotherapy for
threshold retinopathy of prematurity (ROP) before and since sys-
tematic pain evaluation became the standard of care. Data on
relevant co-variables (birth weight, weight at surgery, postoperative
ventilation) were collected. Since laser therapy was introduced as
the preferred treatment for retinal surgery in January 2002, only the
period from 1996 to the end of 2001 was analysed [8].

Development and implementation of the Leuven
neonatal pain scale

Based on literature and after discussion within the medical and
nursing staff, a multi-dimensional pain scale was developed with
seven items (sleep, facial appearance, crying, heart rate, motor
tone, movement and consolability). Each variable was graded 0, 1
or 2 points, resulting in a maximal score of 14. After a preliminary
trial during the direct postoperative period (n=10), infants ad-
mitted to the NICU were scored simultaneously by two caregivers
(n=628 observations), blinded for each other. A strong inter-ob-
server correlation (r=0.88) was observed with a cut-off point of 6
or above for infants in pain as used in the algorithm. We further
validated this pain score during endotracheal aspiration (n=10),
where we could demonstrate marked correlation (r=0.8) between
increase in pain score and increase in serum catecholamines. Im-
plementation in daily nursing care was achieved after all caregivers
attended a training session during which the pain scale was intro-
duced together with observations in the unit [9].

Standard analgesia protocol (therapeutic algorithm)

Analgesic treatment in post-surgical, ventilated infants was pro-
vided by continuous intravenous administration of fentanyl, 3 lg/
kg/h (0.3 ml/h) after a loading dose (3–5 lg/kg i.v. bolus) was
administered before transfer to the unit. Within 24 h, treatment
with intravenous tramadol (5 mg/kg per day; 0.3 ml/h) in combi-
nation with propacetamol (4·10–20 mg/kg per day) was initiated to

decrease fentanyl needs and to enable weaning. In post-surgical,
non-ventilated infants, analgesia was provided by continuous ad-
ministration of tramadol (5 mg/kg per day; 0.3 ml/h), while prop-
acetamol (an intravenous pro-drug of paracetamol) (4·10–20 mg/
kg per day) was administered as additional treatment. Continuous
perfusions were increased by 0.1 ml/h if the pain scale was above 5
and decreased by 0.1 ml/h if the pain scale remained below 4 for at
least 6 h. All continuous perfusions were changed every 24 h. In
non-surgical infants, treatment was initiated if the pain score was
above 5 by continuous fentanyl or tramadol administration in the
same dose as mentioned above. Perfusions were adapted based on
the same step-up/step-down as in surgical infants. The initial dose
of fentanyl and propacetamol used in our study were in line with
reports in literature while tramadol administration was extrapo-
lated from data in infants and children [5, 10, 11, 12, 13]. Before
introduction of the pain scale, administration and adaptation of
analgesics were based on the subjective impression of the attending
physician, but the same medications were used.

Statistics

All variables are reported on a yearly basis by mean and standard
deviation (SD) in the period before (1996–1999) and since (2000 to
August 2002) implementation. The student t-test was used in a
univariate approach to compare both periods. ANOVA (MedCalc)
was used for all clinical variables studied with an additional vari-
able (pain score used or not during a given year) as factor. All
significant co-variables were entered in a multiple regression model
(MedCalc) to correct the trend in the number of prescribed vials of
analgesics. The same approach was used to study prescriptive be-
haviour after cryotherapy (1996–2001).

Results

The mean number of yearly prescribed vials of intrave-
nous analgesics before implementation (1996–1999) was
3140±619 (mean±SD). Since introduction of the pain
scale, mean number of yearly prescribed vials increased
to 5915±675 (P<0.005). Mean yearly number of opioid
vials prescribed increased from 1473±395 to 2819±534
(P<0.05), while mean number of propacetamol vials
increased from 1667±294 to 3096±434 (P<0.05).
Mean yearly number of fentanyl vials increased from
908±241 to 1394±345 (P<0.05). There was no sig-
nificant increase in days on respiratory support, in the
number of admissions or in the number of ELBW in-
fants admitted or in days of parenteral nutrition. There
was a significant increase in the number of surgical
procedures (P<0.05, Table 1).

Table 1 Mean and standard deviation of all variables studied.
Data are reported on a yearly basis. Data for 2002 were extrapo-
lated based on the first 8 months

1996–1999 2000–2002 P value

Total number of vials 3140 (619) 5915 (675) <0.005
Vials of opioids 1477 (398) 2483 (748) <0.05
Vials of fentanyl 908 (241) 1394 (345) <0.05
Vials of propacetamol 1663 (290) 3096 (725) <0.03
Number of admissions 532 (6) 596 (56) NS
ELBW infants (<1000 g) 40 (2) 40 (4) NS
Surgical interventions 128 (15) 149 (6) <0.05
Days on parenteral nutrition 7389 (530) 7331 (297) NS
Days respiratory support 3073 (594) 3548 (406) NS
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Using ANOVA, with presence or absence of the pain
scale in a given year as factor, the number of vials
(P=0.005) and the number of surgical procedures
(P=0.05) were significantly higher during the second
period, while all other clinical variables were not. Even
after correction for the increase in surgical procedures,
the increase in the number of vials prescribed remained
significant (P<0.05).

Cryotherapy for threshold ROP was performed in 42
infants during the studied period (1996–1999=30 and
2000–2001=12). Length of postoperative analgesics was
65±19 h and increased to 107±32 h (P<0.01) after
systematic pain evaluation was introduced. The same
trend was documented if only opioids were considered:
71±30 h versus 50.5±32 h (P<0.05). There were no
significant differences in gestational age at birth and
postconceptional age at surgery. Weight at birth
(P<0.01) and weight at surgery (P<0.03) were sig-
nificantly lower, and postoperative ventilation was sig-
nificantly longer in the second group (P<0.005,
Table 2). Using ANOVA, with presence or absence of
pain score as factor, length of any analgesic treatment
and opioids administered (both P=0.001) and length of
postoperative ventilation (P=0.005) increased signifi-
cantly. After correction for ventilation, weight at surgery
and birth weight, pain score remained a significant in-
dependent variable (P<0.05) to explain the trend in the
number of prescribed vials.

Discussion

To the best of our knowledge, this is the first study to
examine the impact of the implementation of systematic
evaluation of pain on prescriptive behaviour of analge-
sics in a level-III neonatal intensive unit.

Change in the number of analgesics prescribed was
used as marker of improved awareness to treat and
prevent pain. A significant increase in the vials used after
introduction of systematic evaluation was documented.
This increase was significant for all opioid vials, for
fentanyl vials and also for propacetamol vials, reflecting
an overall increase in consumption of intravenous

analgesics. This change in prescriptive behaviour was also
documented in a cohort of infants after a specific surgical
procedure (cryotherapy), where a significant increase
in duration of postoperative analgesia was documented.

There are overwhelming data in the literature sup-
porting the relevance of adequate analgesia after sur-
gery in neonates [2, 3, 4, 5]. Adequate postoperative
analgesia is mandatory, even if this might prolong
ventilation while in non-surgical, mostly premature
infants, there is still debate whether adequate analgesia
and/or sedation are mandatory [12, 13, 14, 15]. In the
NOPAIN trial, pre-emptive analgesia by continuous
low-dose morphine infusion (loading dose 100 lg/kg,
maintenance dose 10–30 lg/kg/h) was well tolerated in
ventilated pre-terms [14]. There was a (non-significant)
trend in reduction of the incidence of poor neurolog-
ical outcome in infants on morphine, likely based on
reduction of fluctuations of blood pressure, decreased
stress hormones, improved oxygenation and improved
ventilator synchrony. The same trend was documented
in a randomised placebo-controlled trial of fentanyl
(0.5–2 lg/kg/h) infusion in pre-term infants with hya-
line membrane disease [15]. Based on these and other
studies, pre-emptive analgesia in ventilated infants is
considered the standard of care in most neonatal units
[5]. In this study, we could illustrate that systematic
evaluation increased consumption of analgesics, with-
out significant increase in respiratory support, in line
with reports in the literature [14, 15]. Systematic
evaluation by validated pain scale is mandatory in
order to objectify the prescriptive behaviour. In addi-
tion to making prescriptions more objective, it might
also improve awareness to treat and prevent pain as
we illustrated in this study. This might not only be
relevant in neonates and infants, but also in other
groups of non-verbal (comatose, severely mentally re-
tarded) patients. The risk of undertreatment of pain in
non-verbal patients was recently illustrated in an adult
intensive care population [16]. If pain is not measured,
it’s easy to ignore it.

Propacetamol is an intravenous pro-drug of parace-
tamol. There are still very few data of this specific drug
in neonates, although paracetamol itself is frequently
used for neonatal analgesia, especially after surgery [17].
During the period studied, doses administered were
based on the report of Autret et al. [10]. Bypassing drug
absorption variability and better accuracy of dose using
an intravenous formula when compared with rectal or
oral administration might improve effectiveness and
predictability of its effects in ill neonates. Therefore,
pharmacokinetics and dynamics of the specific intrave-
nous formula should be studied in neonates.

Although prescription of intravenous analgesics was
used as marker in this study, we wish to stress that
pharmacological treatment is only part of a more ex-
tensive approach of comfort in neonates. An environ-
ment that reduces nociceptive stimuli and that enhances
comfort is equally important in contemporary neonatal
care. The switch in retinal surgery, from cryo- to less

Table 2 Clinical characteristics in infants who received cryotherapy
for retinopathy of prematurity in two consecutive periods: before
(1996–1999) and since (2000–2001) introduction of systematic
evaluation by pain scale. Results expressed by mean and standard
deviation or incidence

1996–1999 2000–2001 P value

Number of infants 30 12
Gestational age at birth (weeks) 26.1 (1.5) 25.9 (2.1) NS
Weight at birth (g) 764 (188) 608 (185) <0.01
Postnatal age at surgery (days) 62.5 (14.5) 63.1 (19) NS
Weight at surgery (g) 1705 (340) 1393 (239) <0.03
Duration of postoperative
analgesia

65 (19) 107 (32) <0.01

Duration of postoperative
opioids

50.5 (32) 71 (30) <0.05

Duration of ventilation (h) 25 (17) 35 (20) <0.005
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invasive laser therapy is an illustration of this integrated
approach [6].
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