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Background and aims: Tactile maneuvers to stimulate breathing in preterm infants
are recommended during the initial assessment at birth, but it is not known how often
and how this is applied. We evaluated the occurrence and patterns of tactile stimulation
during stabilization of preterm infants at birth.

Methods: Recordings of physiological parameters and videos of infants <32 weeks
gestational age were retrospectively analyzed. Details of tactile stimulation during the first
7 min after birth (timing, duration, type, and indication) were noted.

Results: Stimulation was performed in 164/245 (67%) infants. The median (IQR) GA
was 28 6/7 (27 2/7-30 1/7) weeks, birth weight 1,153 (880-1,385) g, Apgar score at
5 min was 8 (7-9), 140/245 (57 %) infants were born after cesarean section, and 134/245
(55%) were male. There were no significant differences between the stimulated and the
non-stimulated infants with regard to basic characteristics. In the stimulated infants, the
first episode of stimulation was given at a median (IQR) of 114 (73-182) s after birth.
Stimulation was repeated 3 (1-5) times, with a median (IQR) duration of 8 (4-16) s and
a total duration of 32 (15-64) s. Modes of stimulation were: rubbing (68%) or flicking
(2%) the soles of the feet, rubbing the back (12%), a combination (9%), or other (8%).
In 7% of the stimulation episodes, a clear indication was noted (25% bradycardia,
57% apnea, 48% hypoxemia, 43% combination) and an effect was observed in 18% of
these indicated stimulation episodes. A total effect of all stimulation episodes per infant
remains unclear, but infants who did not receive stimulation were more often intubated in
the delivery room (14/79 (18%) vs 12/164 (7%), p < 0.05).

Conclusion: There was a large variation in the use of tactile stimulation in preterm
infants during stabilization at birth. In most cases, there was an indication for stimulation,
but only in a small proportion an effect could be observed.
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INTRODUCTION AND RATIONALE

Most preterm infants initiate breathing after birth, but their res-
piratory drive is weak and often insufficient (1-5). However, in
the last decade, the focus of respiratory care in the delivery room
has shifted from intubation and mechanical ventilation toward
non-invasive ventilation and supporting spontaneous breathing
(2, 6). Both local and international resuscitation guidelines rec-
ommend to assess respiratory effort, and if necessary, stimulate
and support spontaneous breathing (7-9).

Tactile stimulation (warming, drying, and rubbing the back
or the soles of the feet) has been recommended in the guidelines
to stimulate spontaneous breathing (7-9). Although this is now
a commonly accepted intervention, the effect remains unclear.
Experimental studies have shown a positive effect of tactile
stimulation on spontaneous breathing at birth (10, 11), but there
is very little human data demonstrating the effect of stimulation,
especially in preterm infants.

Although most interventions in the delivery room have been
evaluated (12-17), frequency and method of tactile stimulation
have not been evaluated objectively (12-17). Besides the descrip-
tion of several studies that neonatal caregivers often defer from
the resuscitation guidelines (12-17), the use of tactile stimulation
might be influenced by the current practice that preterm infants
are not dried but placed in a plastic wrap to prevent hypothermia
(18, 19).

We, therefore, evaluated the occurrence and methods of tactile
stimulation of preterm infants directly after birth.

MATERIALS AND METHODS

In a retrospective study, we reviewed all neonatal stabilization
procedures at birth of infants with a gestational age of <32 weeks
from January 2007 until June 2016 in the Leiden University
Medical Center (LUMC). In this study, recordings of videos and
physiological parameters of neonatal resuscitation in the delivery
room were used. The recording of videos and physiological
parameters of resuscitation in the delivery room for auditing is
standard of care at the LUMC.

Videos and respiratory function monitoring (REM), including
heartrate, oxygen saturation, and fraction of inspired oxygen were
recorded as soon as the infants’ shoulder was out during delivery.
Respiratory parameters were recorded with either a Florian RFM
(Acutronic Medical Systems AG, Hirzel, Switzerland), using a hot
wire anemometer, or a New Life Box (Applied Biosignals, Weener,
Germany) connected to a MRT-A RFM (Applied Biosignals,
Weener, Germany), using a variable orifice pneumometer (Avea
Varflex Flow transducer) (Carefusion, Yorba Linda, CA, USA).
Oxygen saturation and heart rate were recorded using a Masimo
SET pulse oximeter (Masimo Radical, Masimo Corporation,
Irvine, CA, USA). The pulse oximetry probe was placed around
the infant’s right wrist. In case the Florian RFM was used, gas flow,
pressures given, tidal volume, oxygen saturation, heart rate, and
breathing signals were digitized using the Spectra physiological
software (Grove Medical Limited, Hampton, UK). Polybench
software (Applied Biosignals, Weener, Germany) was used when
making use of the New Life Box.

The videos and physiological parameters were independently
reviewed and analyzed by two researchers involved in the study
(Janneke Dekker and Tessa Martherus). In case of doubt, con-
sensus was achieved with the help of a third researcher (Arjan
B. te Pas), to guarantee objectivity of the analyzing process. The
logging of the occurrence and methods of tactile stimulation was
started after the infant was dried or put in the plastic wrap, the
cap was put on, and the pulse oximeter and CPAP/Neopuft mask
were placed.

For all included infants, we collected the following patient
characteristics: gestational age at birth, birth weight, gender,
mode of delivery, Apgar score at 5 min after birth, antenatal
corticosteroids, and intubation in the delivery room.

The main variable of interest was the occurrence of tactile
stimulation of the neonate in the first 7 min after birth, as the
majority of infants are being prepared for transport to the
NICU after 7 min. We also noted the frequency and duration of
tactile stimulation per infant, the time points and the method
of stimulation (rubbing the back, rubbing the soles of the feet,
flicking the soles of the feet, other). If stimulation was performed,
we noted whether there was an indication for stimulation based
on clinical signs such as apnea/irregular breathing, wherefore the
infant needed positive pressure ventilation, bradycardia (a heart
rate <100 bpm), or hypoxia (oxygen saturation below the rec-
ommended target range described by Wyllie et al. (20)). In case
of a clear clinical indication, we also noted the effect (recovery
of heart rate >100 bpm and/or regaining breathing/increased
breathing effort). When tactile stimulation was not performed,
we noted whether stimulation could have been indicated.

After all data of individual stimulation episodes was logged, a
categorical scheme was drafted by two of the researchers (Janneke
Dekker and Tessa Martherus) in which patterns of stimulation
were explicated. After this, all videos were reviewed and coded to
one of the patterns.

This study was conducted according to the principles of the
Declaration of Helsinki and in accordance with the Medical
Research Involving Human Subjects Act (WMO). In the
Netherlands, no ethical approval is required for anonymized
studies with medical charts, and patient data that are used for
daily care. The Research Ethics Committee issued a statement of
no objection.

Statistical Analysis

Results are presented as mean + SD for normally distributed
values or medians (IQR) for non-normally distributed values.
The demographical data of stimulated infants were compared
with non-stimulated infants using Student’s ¢ test for paramet-
ric variables, the Mann-Whitney u test for non-parametric
comparisons, and the X? test for categorical variables. p < 0.05
was considered statistically significant, reported p values
are two sided. Data analysis was performed using IBM SPSS
Statistics version 23 (IBM Software, New York, NY, USA, 2012).
Missing values were excluded case wise from the analysis if
they represented less than 5% of total values. Otherwise, mul-
tiple imputation was used. The remaining missing values were
excluded case wise.
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RESULTS

A total of 673 infants were recorded, of which 321 recordings
were complete and of good quality. From these, 245 recordings
included stabilization at birth of infants born with a gestational
age <32 weeks and were included in the analysis (Figure 1).
The median (IQR) GA was 28 6/7 (27 2/7-30 1/7) weeks, birth
weight was 1,153 (880-1,385) g, Apgar score at 5 min was 8 (7-9),
140/245 (57%) infants were born after cesarean section, 153/245
(62%) received antenatal corticosteroids, and 134/245 (55%)
infants were male.

Tactile stimulation was performed in 164/245 (67%) infants.
GA, birth weight, gender, mode of delivery, antenatal corticos-
teroids, and Apgar did not differ significantly between stimulated
and non-stimulated infants (Table 1). The first moment of stimu-
lation started at median (IQR) 114 (73-182) s after birth. Each
stimulation episode had a median (IQR) duration of 8 (4-16)
s. The total time of stimulation was 32 (15-64) s. Four different
stimulation patterns could be identified and categorized, based
on information about indication and repetitiveness of stimula-
tion (Table 2).

In the 164 infants that received stimulation, a total of 585
stimulation episodes were observed with median (IQR) 3 (1-5)
stimulations per infant. Stimulation was performed most often
by rubbing the soles of the feet (Table 3). In 387/578 (67%)

stimulation episodes, a clear clinical indication for stimula-
tion could be observed, which were bradycardia (25%), apnea/
irregular breathing (57%), hypoxia (48%), or a combination of
these (43%). An effect could be observed in 68/387 (18%) of these
stimulation episodes.

Although 81/245 (33%) infants received no stimulation during
resuscitation, a clinical indication during the resuscitation could
be observed in 72/81 (89%) infants (bradycardia 67%, apnea 70%,
hypoxia 70%, or a combination of these 69%).

A total of 26/243 (11%) infants were intubated in the delivery
room. The incidence of intubation in the delivery room was
significantly higher in infants who received no stimulation
compared to the stimulated infants [14/79 (18%) vs 12/164 (7%),
p < 0.05]. When comparing infants with a clinical indication for
stimulation, the incidence of intubations was also significantly
higher in non-stimulated infants [14/70 (20%) vs 12/130 (9%),
p <0.05].

DISCUSSION

This is the first study where recordings of video and physiological
parameters were used to review the use of tactile stimulation in
preterm infants at birth. In the majority of infants, tactile stimu-
lation was applied during stabilization at birth. In most cases,
there was a clinical indication for stimulation, although still a
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o stimulation
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Stimulation
164

Y A 4
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FIGURE 1 | Flowchart.
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TABLE 1 | Demographical data.

Stimulated infants Non- p-Value
stimulated
infants
N =164 N =81
Gestational age (weeks)? 29 0/7 (27 3/7-302/7) 28 4/7 (26 0.298
6/7-30 0/7)
Gender (% male)® 94/163 (58%) 40/80 (50%) 0.419
Birth weight? 1,165 (875-1,418) 1,121 0.543
(880-1,363)
Mode of delivery (% cesarean 93/164 (57%) 47/81 (68%) 0.893
section)?
Antenatal corticosteroids® 106/149 (71%) 47/70 (67%) 0.636
Apgar score at 5 min after 8 (6-9) 8 (7-9) 0.669

birth?

Data are presented as median (IQR) for non-parametric data (%) and n (%) for
categorical data (°).

TABLE 2 | Stimulation types.

Stimulation type Incidence n (%)

Indicated repetitive stimulation 29/164 (18)
Non-indicated repetitive stimulation 2/164 (1)

Indicated non-repetitive stimulation 101/164 (62)
Non-indicated non-repetitive 32/164 (20)

TABLE 3 | Methods of stimulation.

Method of stimulation Incidence n (%)

Rubbing the soles of the feet 400/585 (68)
Rubbing the back 70/585 (12)
Flicking the soles of the feet 10/585 (2)
Combination of abovementioned methods 55/585 (9)
Other (vigorous rubbing, drying, rubbing extended to the 49/585 (8)

lower extremities)

proportion of infants did not receive stimulation while this was
indicated. In addition, the starting time, duration, and method of
tactile stimulation varied between infants. Although we could not
observe a clear direct effect of each stimulation episode in infants
where stimulation was indicated, a total effect of all stimulation
periods in an infant remains unclear. Indeed, when stimulation
was indicated, infants who did not receive stimulation were more
often intubated.

Tactile stimulation is suggested in international guidelines
(7-9), but there are no clear recommendations on indication for
tactile stimulation, timing, and method of tactile stimulation.
This is probably due to the scarcity in data how tactile stimulation
can be best used during stabilization of preterm infants at birth.
The lack of a definition in the guidelines on timing and method
of tactile stimulation probably explains the large variation we
observed in practice.

Although the effect of tactile stimulation as single intervention
has not been described in human preterm infants at birth, this has
been demonstrated in animals. Faridy et al. (10) described that
maternal rats perform rolling, licking, biting, and pushing of the

newborn rat to stimulate its breathing. When newborn rats were
removed from their mother directly after birth, they developed
respiratory distress (10). In apneic term, lambs spontaneous
breathing commenced when they were stimulated with both
mechanical and electrical stimuli (11).

Breathing is initiated by the respiratory center in the medulla
by different stimuli including hypoxia and hypercapnia (21, 22).
On the other hand, the respiratory center can be depressed by
the level of adenosine present at birth, which may vary widely
under different conditions such as mode of delivery and timing
of cord clamping (23-25). Breathing effort can be increased by
changing the state of arousal of the infant by the use of tactile
stimulation. The response on arousal may vary according to the
location of the nerves that are stimulated (26). Ioffe et al. (27)
conducted a study in fetal lambs to test the respiratory response
to somatic stimuli and found that the sleep state (NREM, REM,
awake) changed when stimuli were given. According to this study,
the respiratory response was greatest when fetal lambs were in
REM sleep or awake at the end of stimulation (27, 28).

However, the effect of tactile stimulation on breathing by
means of arousal is not clear as infants are exposed to other
stimuli at birth, which might change their arousal state, such as
light, cold, and sound. In addition, most preterm infants receive
respiratory support, which could also stimulate breathing effort
(29). In contrast, it could be possible that in the effort of applying
tactile stimulation, the focus shifts away from the other interven-
tions during stabilization. In addition, vigorous stimulation could
potentially lead to displacement of the mask.

In contrast to tactile stimulation at birth, stimulation to coun-
teract apnea of prematurity after admittance to the NICU has
been well studied in human infants, with stimulation performed
in different ways. In the study of Kattwinkel et al. (30), when
extremities were rubbed repetitively as method of tactile stimu-
lation, the frequency of apnea was significantly reduced during
repetitive stimulation and the 2 h after the repetitive stimulation
(30). In addition, the use of a stochastic resonance mattress is
shown to reduce the incidence of apnea (31, 32). However, other
methods of stimulation like the use of kinesthetic stimulation have
not shown to be effective as treatment for apnea of prematurity
in the NICU (33). It is assumed that underdevelopment of the
respiratory center in the medulla, hypoxia, or altered sensitivity of
chemoreceptors to carbon dioxide or oxygen might be the cause
of apnea of prematurity (30). However, the mechanisms underly-
ing apnea during prematurity might differ from the mechanisms
of apnea at birth.

Although this study is limited by its retrospective design,
objective parameters and videos could be used to observe the cur-
rent practice in tactile stimulation as also the effect of stimulation.
However, the decision to apply stimulation remains to the discre-
tion of caregivers. Neither the motivation whether stimulation
was performed nor the preferred methods were noted. Since we
reviewed the recordings from 2007 to 2016, it is possible that the
use of stimulation has changed since our practice has changed
toward more support of spontaneous breathing. However, we
could not observe a change along the timeline of analyzed record-
ings. As the video recordings were made anonymous with regard
to the caregivers in charge of the stabilization procedure, we could
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not assess patterns in stimulation among different caregivers.
Although there were no differences in characteristics between
the groups, it is possible that other unmeasured variables besides
stimulation influenced the intubation rate.

In summary, we observed that there was a large variability
in the use of tactile stimulation during stabilization of preterm
infants at birth. When stimulation was applied most often this
was indicated, while there was also often an indication when
no stimulation was given at all. We could not observe a direct
effect of stimulation in most occasions. While there is increasing
awareness that most preterm infants breathe at birth and there is
more emphasis on supporting this, stimulating breathing effort
will also play an important role in this. The variation observed in
current practice indicates that studies are warranted on duration
and type of tactile stimulation leading to a better definition in
guidelines when and how stimulation should be performed.
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