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Abstract Repeated invasive procedures occur routinely in
neonates who require intensive care, causing pain at a time
when it is developmentally unexpected. Multiple lines of
evidence suggest that repeated and prolonged pain exposure
alters their subsequent pain processing, long-term develop-
ment, and behaviour. Primary outcome of this study was to
evaluate the reduction of procedural pain induced by
“heel-lances” in preterm newborns with three different treat-
ment [administration of fentanyl (FE, 1–2 μg/kg), facilitated
tucking (FT), sensorial saturation (SS)]. Secondary outcome
was the measurement of the levels of cytokines as markers
of stress correlated to pain. A prospective randomized con-
trolled trial (RCT) comparing three different pharmacolog-
ical or non-pharmacological treatments was performed
involving 150 preterm newborn (gestational age 27–
32 weeks). No other analgesic treatment was performed

during the study. CRIES score was used to evaluate the
procedural pain. The results showed that the reduction in the
pain score was greater in FE and SS groups than FS group.
The differences were statistically significant (p<0.01). The
levels of IL-6, IL-8, and TNF-α were higher in the FT indi-
viduals than in the FE or SS-treated infants at 1 day (p<0.01),
at 3 days (p<0.01), and at 7 days (p<0.01) of life. Conclu-
sions: The findings of this study suggest that FE and SS
provide a superior analgesia in preterm neonates during
procedural pain. In particular, sensorial saturation seems
to be an important non-pharmacological alternative treatment
to prevent and reduce the procedural pain in preterm
newborn.

Keywords Preterm . Stress response . Interleukins .

Procedural pain

Introduction

Repeated invasive procedures occur routinely in neonates
who require intensive care, causing pain at a time when it is
developmentally unexpected [8]. Neonates are more sensitive
to pain than older infants, children, and adults [4], and this
hypersensitivity is further exacerbated in preterm neonates
[13, 27].

Multiple lines of evidence suggest that repeated and
prolonged pain exposure in infants alters subsequent pain
processing, long-term development, and behaviour [28, 32].
Neonatal pain has psychological [6, 62] and physical con-
sequences, provoking hypoxemia, hypertension, tachycar-
dia, a rise of heart rate variability, and of intracranial
pressure [42, 52]. In the preterm, infant pain may cause
brain damage [4], in concurrence with the immature
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vasoregulation of the premature central nervous system
[56]. It has been demonstrated that anesthetizing newborns
before surgery reduces neurological damage [2, 4].

Research in adults has demonstrated that plasma levels of
variety of hormones including corticosteroids, cathechol-
amines, growth hormone, and insulin change in response
to emotionally and physically stressful stimuli [1, 30, 38].

Cytokines are soluble proteins secreted mainly by im-
mune cells and are key players in the induction and main-
tenance of pain. Proinflammatory cytokines are mostly
algesic, while antiinflammatory cytokines have analgesic
properties. After the role of cytokines was shown in diverse
animal models of pain, interest rose in terms of the systemic
and local regulation of cytokines in human pain states [57].

Numerous pharmacological and non-pharmacological
treatments can alleviate procedural pain in neonates. As an
example, opiates are potent analgesics which have been
shown to have an effect on stress responses; when these agents
are used in surgery they improve important medical outcomes
[3]. Opiates have been shown to reduce physiological insta-
bility in the newborn in several ways. Studies have variously
demonstrated that with opiates there is less hypoxaemia [31,
44], less blood pressure fluctuation [57], reduced behavioural
and hormonal stress response [9, 43], and elevated ventilator
synchrony [26]. Conflicting evidence exists about the efficacy
of continuous morphine infusions to relieve pain from routine
procedures among preterm neonates in neonatal (Neonatal
Intensive Care Units, NICU). Anand et al. [5] found a reduc-
tion in pain scores, whereas some other studies have found no
effect of morphine infusions on poor neurological outcomes
and minor effects on pain scores [7, 49]. Continuous infusion
of morphine, studied in large RCTs, was not recommended for
routine use in premature infants [16]. Fentanyl and morphine
are equally effective in terms of analgesia, but the first one has
fewer side effects than other one, in particular as regards the
reduced gastrointestinal motility and hemodynamic stability
[48].

A number of non-pharmacologic therapies are beneficial to
the management of mild to moderate pain in the neonate [37].
These therapies include non-nutritive sucking both with and
without sucrose, swaddling or kangaroo care, music therapy,
and multi-sensorial saturation. Positioning infants to provide
containment that maintains a flexed position either with blanket
rolls or via “facilitated tucking” (holding the infant with extrem-
ities flexed and close to trunk) helps facilitate self-regulation and
decreased crying time during heel sticks [21, 54].

Sensorial saturation (SS), i.e., the use of various non-
painful stimuli, is based on competition of various gentle
stimuli, given during the painful event, with the transmis-
sion of pain to the central nervous system [11–14]. These
stimuli (tactile, auditory, olfactory, and visual) increase the
analgesic effect of oral sugar. They have analgesic actions in
both preterm [11] and term babies [12].

The primary outcome of the current study was to evaluate
the reduction of procedural pain induced by heel-lance
procedures in preterm newborns with three different phar-
macological or non-pharmacological treatments [adminis-
tration of fentanyl (FE), facilitated tucking (FT), SS].
Secondary outcome was the measurement of the levels of
cytokines during the same painful procedure, which served
as markers of stress correlated to pain.

Methods

Population

This study was a prospective, randomized, controlled trial,
which was conducted between September 2007 and Sep-
tember 2009 in a group of 150 newborns with gestational
age from 27 to 32 weeks admitted to the Neonatal Intensive
Care Unit at the Policlinic of the University of Messina. The
study was approved by the Ethical Committee and per-
formed only if parental consent was obtained. All performed
procedures during the study were clinically useful. Exclu-
sion criteria were the presence of an infectious disease,
congenital malformations of the brain, or inborn errors of
metabolism.

The primary outcome of the study was to evaluate the utility
of three different pharmacological or non-pharmacological
treatments to alleviate the procedural pain due to heel-lances
performed within 2 days of birth. The secondary outcome was
the level of cytokines [interleukin6 (IL-6), interleukin 8 (IL-8),
and tumour necrosis factor (TNF-α)] during the painful pro-
cedures. All procedures were performed by certified nurses or
physicians, as per standard practices at the study centre.

Babies were enrolled consecutively in the study and were
divided randomly into 3 groups, each of 50 newborns,
according to the type of analgesia used: administration of
opioids (FE at a dose of 1–2 μg/kg), FT, and SS. Roughly
5 min before each procedure, a portable pulse oximeter was
applied to the newborn’s foot or hand. All neonates had
umbilical venous and arteriosus catheters for 7 days and
were in a supine position and partially swaddled (the limb
that was used for the procedure was exposed). Parents were
present during the procedure but did not touch or interact
with their newborn. For the newborns that received fentanyl,
2 min prior to every painful heel lance procedure within
2 days of life a bolus injection of the drug was administered
intravenously. For the FT group, before every heel-lance
procedure within 2 days of life, the infant was positioned
with extremities flexed and close to trunk. For the newborns
enrolled in the SS group, before every procedure, treatment
consisted of simultaneously: (1) lying the infant on its side,
with legs and arms flexed but free to move; (2) looking the
infant in the face, close up, to attract his attention; (3)
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massaging the infant’s face and back; (4) speaking to the
infant gently, but firmly; (5) letting the infant smell the
fragrance of the baby oil (Babygella, Guieu Labs) on the
therapist’s hands; and (6) instilling 10% glucose on the
infant’s tongue with the same timing and method described
for FT intervention.

No other analgesic treatment was performed during the
7 days of study. Between Days 2 and 7, infants were treated
with standard neonatal intensive care.

Pain assessment

Pain was assessed using a validated composite pain mea-
sure, the CRIES Score (C—Crying; R—Requires increased
oxygen administration; I—Increased vital signs; E—Ex-
pression; S—Sleeplessness). The CRIES, a neonatal method
for measurement of postoperative pain, was based on a
thorough review of the literature, used a 10-point scale
similar to the APGAR (appearance, pulse, grimace, activity
and respiration) score, and was developed as an acronym to
facilitate remembrance for clinical use [40, 53]. The mini-
mal and maximal scores for the CRIES are 0 and 10,
respectively. A score equal to or less than 5 indicates no
pain; a score greater than 5 indicates the procedure was
painful. The CRIES tool was chosen because it includes
both behavioural and physiological scores [40]. The CRIES
responses were assessed by trained nurses and physicians
during every heel-lance procedures.

Blood samples

Blood samples were collected from each newborn included
in the study before any procedure and at 1, 3, and 7 days of
life. Blood samples (approximately 1.5 mL) were obtained
in heparin and centrifuged to separate plasma from red
blood cells. Plasma obtained was stored at 20°C before
measurements were made.

Interleukin measurements

Plasma concentrations of IL-6, IL-8, and TNF-α were mea-
sured by enzyme-linked immunosorbent assay in 96-well
microplates, using the Bender MedSystems (Vienna, Austria)
kits BMS224, BMS213/2, BMS204, and BMS223/3. Standard
curves were constructed and sample concentrations measured

using the Plate Manager software from BioRad (Waltham,
USA).

Statistical analysis

The data are expressed as mean and standard deviations.
The results were analyzed to verify normality of distribution
using the Kolmogorov–Smirnov test. The data were not
normally distributed and all inferential analyses were made
using non-parametric statistical tests. The Kruskal–Wallis
test between the three groups was employed (FE, FT, SS)
while Friedman’s test was employed to compare values at
different time points in all three groups. For refusal of the
null hypothesis, the Friedman and Kruskal–Wallis test was
used. p values <0.05 were set as statistically significant. The
CRIES score for the three groups were analyzed by using
multivariate analysis of variance.

Results

From September 2007 to September 2009, 150 newborns of
with gestational age 27 and 32 weeks, all white Caucasians
were studied. The newborns did not differ significantly with
respect to gestational age, birth weight or mean APGAR
Index at 1 and 5 min. Also there were no differences with
respect to sex, ante-natal steroid use or method of delivery.

Table 1 summarized the mean CRIES scores obtained
with the three analgesic procedures. The reduction in the
pain score was greater in the FE and SS group than that
resulting from FS. The differences were statistically signif-
icant (p<0.01).

The secondary outcomes of the study were the levels of
cytokines during the painful procedures including markers
of stress correlated to pain. Figures 1, 2, and 3 summarize
the changes in serum IL-6 and IL-8 and TNF-α, respective-
ly, during the course of the study (0, 1, 3, and 7 days) in the
three groups of newborns.

IL-6 concentrations at the onset of the study (0 time)
were similar in all individuals of the three groups. IL-6
concentrations were significantly higher in the FT newborns
at 1 day (p<0.01), at 3 days (p<0.01), and at 7 days com-
pared with the FE and the SS-treated newborns. Also, in the
newborns that received FE, the IL-6 concentrations were
higher at all times compared to the SS group (p<0.01;
Fig. 1).

Table 1 CRIB scores divided
for different analgesic treatments Treatment Fentanyl (FE) 50

newborns
Facilitated tucking (FT)
50 newborns

Sensorial saturation (SS)
50 newborns

p
value

CRIES score
[mean (SD)]

4.71 (3.8) 9.33 (5.1) 4.39 (3.6) 0.001
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In reference to IL-8, this constituent was not detectable in
any of the children at the onset of the study. However, IL-
8 concentrations were significantly higher from 1 to 7 days
(p<0.01) in FT newborns than in the other two groups. At
1 day mean IL-8 values were 510 pg/mL in the FE group,
1,380 pg/mL in FT group and 160 pg/mL in the SS group;
these values differ significantly (p<0.01). The mean IL-
8 values at 3 days were roughly 12-fold higher (1.220 vs
97 pg/mL) in the serum of the FT group when compared
with the newborns with SS (Fig. 2).

The TNF-α values also differed between the groups at 1,
3 and 7 days of the treatment. At the onset of the study (0
time), TNF-α concentrations were similar in all individuals
of three groups. At 1 day, mean TNF-α values were 9.9 pg/mL
in FE group, 14.1 pg/mL in FT group, and 3.5 in the SS group;
these values differ significantly (p<0.01). The mean TNF-α
values at 3 days were 14.9 pg/mL in FE group, 40.7 pg/mL in
FT group, and 3.2 in the SS group; at 7 days the mean TNF-α
values were roughly 40-fold higher (120 versus 3,1 pg/mL) in

the serum of the facilitated tucking group when compared
with the newborns with SS (Fig. 3).

Discussion

Neonatal intensive care involves a high number of diagnos-
tic and therapeutic procedures which are associated with
pain for the neonates concerned. It is important to prevent
or treat pain in neonates whenever possible. Numerous
pharmacological and non-pharmacological treatments may
alleviate procedural pain in newborns [18, 58]. The ap-
proach to pain and stress in NICU has often been with
infusion of an opiate with the knowledge of its potent
analgesic effects and also with the hope that its sedative
effect would be beneficial [41, 43, 46, 48].

Cardiovascular effects of fentanyl are minimal; signifi-
cantly, it has very little effect on blood pressure, with a wide
therapeutic index [10, 33, 41, 43, 48]. Fentanyl has not been

Fig. 1 Serum levels of
interleukin-6 (pg/mL) in the
newborn before any painful
procedure (T0) and at 1
(T1), 3 (T3), and 7 days
(T7) of life

Fig. 2 Serum levels of
interleukin-8 (pg/mL) in the
newborn before any painful
procedure (T0) and at 1 (T1), 3
(T3), and 7 days (T7) of life
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studied as extensively as morphine, but it has been shown to
limit pain scores and presumably provide comfort in venti-
lated neonates. It should be used with caution with attention
toward potential complications in this population because of
the rapid development of tolerance and chest wall rigidity. It
may be more useful in hypotensive neonates [34].

The SS is a non-pharmacological treatment that has been
well studied. SS addresses the neonate on a number of
different sensory levels: tactile, auditory, olfactory, and oro-
gustatory. The neonate is calmed during, and in particular
after, a painful stimulus with a tactile stimulus that involves
massaging his/her back and face. A few drops of a pleasant-
smelling oil are spread onto the hands and used at the
orogustatory level. During the massage, the child is also
spoken to gently (auditory level). Furthermore, the infant
is provided with a cotton wool stick which has been sprin-
kled with 10% glucose so that he/she can suck on it (olfac-
tory level) [21]. In a study of 17 preterm neonates [11], the
authors reported this intervention as being significantly
more pain-relieving than when using distilled water and
standard nursing. In particular, this intervention had a pos-
itive effect on crying, with the multisensorially stimulated
preterms not expressing any crying reaction. However,
Bellieni et al. [11] noted that SS and sucking plus oral glucose
have the greater analgesic effect with respect to no interven-
tion (p<0.001). The effect of SS is statistically better than that
of glucose plus sucking (p<0.01). SS promotes interaction
between nurse and infant and is a simple effective form of
analgesia in the Neonatal Intensive Care Unit. Recently,
Bellieni et al. [15] showed that, even without the use of
perfume on the hands, SS was effective as an analgesic ma-
neuver. It made no difference whether SS was performed by
mothers who applied it for the first time or experienced nurses.
SS is easy to learn and any caregiver (mother, paediatrician, or
nurse) can effectively use it.

FT was tested in three studies with randomised samples
of 30–40 preterm infants [22, 35, 60]. The authors describe
FT as an effective pain-relieving intervention. FT leads to a

significant reduction in the pulse rate. In one study, time to
first quieting and total crying time were reduced significant-
ly in comparison to the control group [22]. With regard to
oxygen saturation, however, this intervention showed no
effect [22, 35]. It is important to mention that Corff et al.
[22] did not use an objective measurement tool, but based
the assessment on heart rate, oxygen saturation and sleep/
wake state. The other two studies used the Premature Infant
Pain Profile as an outcome measure of pain. Among a group
of 40 intubated and ventilated preterm neonates between 23
and 32 weeks gestation, FT during endotracheal suctioning
achieved significant pain relief [60].

The primary outcome of this study was to measure pain
using the CRIES score during heel-lances performed within
2 days of birth. The study outcome measures suggest that
FE and SS provide superior analgesia in preterm neonates
during procedural pain. For the two anaesthetic procedures,
a 5-point difference in terms of CRIES median score com-
pared with the FT (p<0.001) was detected.

Secondary outcomes of this study include changes in
serum IL-6, IL-8, and TNF-α during the course of the
hospitalization (0, 1, 3, and 7 days). Several studies, how-
ever, have shown variable relationships between cytokines
and clinical pain. Demonstration of correlations between
CSF levels of IL-6 and postoperative pain [17], wound
exudates levels of IL-6 and analgesic consumption after
elective cesarean section [19], and IL-8 in seminal plasma
and pain in chronic prostatitis/chronic pelvic pain syndrome
[39] support a functional relationship. Cytokines are of
importance in the integrated inflammatory cascade in the
mediation of pain and hyperalgesia [59].

Tissue injury initiates the liberation of various inflamma-
tory mediators and hyperalgesic substances including pros-
taglandins (PGs), cytokines, and chemokines [20, 23],
which integrate the inflammatory response. Leukocyte mi-
gration to the injured area, which is a characteristic of the
inflammatory response, is associated with pain and tender-
ness, and is involved in wound healing [29, 50, 61]. IL-6

Fig. 3 Serum levels of TNF- α
(pg/mL) in the newborn before
any painful procedure (T0) and
at 1 (T1), 3 (T3), and 7 days
(T7) of life
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plays a role in controlling leukocyte recruitment pattern
during acute inflammation [36]. In vitro studies show that
IL-6 secretion is induced by many other inflammatory medi-
ators including IL-1β, TNF-α, and PGE2 [55]. In turn, IL-6
induces the release of chemokines and IL- 8 [47]. Inflam-
matory cytokines, including IL-6, are also involved in the
modulation of pain [25]. In inflammatory pain models, IL-6
induces a short-lasting PG-dependent hyperalgesia [23] and
local analgesia via opioid secretion, probably from inflam-
matory cells [24, 45, 51]. Most, if not all, nucleated cells are
capable of synthesizing IL-6 at variable rates [25]. Chemo-
kines, particularly IL-8, CCL2, and CXCL1, also participate
in inflammatory hypernociception in experimental animals.

In our study IL-6, IL-8, and TNF-α were higher in the FT
individuals group than in the FE or SS-treated infants at
1 day (p<0.01), at 3 days (p<0.01), and at 7 days (p<0.01).
When we compare the data only between FE and SS groups,
the concentrations of IL- 6, IL-8, and TNF-α were signifi-
cantly higher at 1 or 3 days of life in the FE group and they
differed significantly (p<0.001). The failure of PGs inhibi-
tion by FT and FE to interfere with the upregulation of any
of these mediators may explain, in part, the analgesic effect
observed with the use of SS in painful inflammatory con-
ditions. Inhibition of one or more of the cytokines and
chemokines as shown here to temporally correlate with pain
onset may provide a novel strategy for analgesic pain
therapy.
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