
https://www.researchgate.net/publication/272568844_Development_of_a_pain_monitoring_device_focused_on_newborn_infant_applications_The_NeoDoloris_project?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/272568844_Development_of_a_pain_monitoring_device_focused_on_newborn_infant_applications_The_NeoDoloris_project?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Fetal-Stress-Index?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Evaluation-of-fetal-wellbeing?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laura_Butruille?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laura_Butruille?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite_du_Droit_et_de_la_Sante_Lille_2?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laura_Butruille?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Julien_Jonckheere?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Julien_Jonckheere?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Centre_Hospitalier_Regional_Universitaire_de_Lille?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Julien_Jonckheere?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Romaric_Marcilly?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Romaric_Marcilly?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Centre_Hospitalier_Regional_Universitaire_de_Lille?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Romaric_Marcilly?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Regis_Logier?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Regis_Logier?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Centre_Hospitalier_Regional_Universitaire_de_Lille?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Regis_Logier?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Julien_Jonckheere?enrichId=rgreq-fca20d13c69997517cf54fc837fd0e6b-XXX&enrichSource=Y292ZXJQYWdlOzI3MjU2ODg0NDtBUzoyMDg2NjA0NDI2ODU0NDJAMTQyNjc1OTkzNDk3MQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


JID:IRBM AID:349 /FLA [m5+; v1.202; Prn:19/02/2015; 10:50] P.1 (1-6)

IRBM ��� (����) �������

Disponible en ligne sur

ScienceDirect
www.sciencedirect.com

ANR TECSAN 2015

Development of a pain monitoring device focused on newborn infant 

applications: The NeoDoloris project

L. Butruille a,b,�,1, J. De jonckheere b,c, R. Marcilly c,d, C. Boog c, S. Bras da Costa c,d, T. Rakza b,e, 
L. Storme b,e, R. Logier c,d

a Mdoloris Medical Systems, Maison Régionale de la Recherche Clinique, France
b EA 4489, Université Lille Nord de France, Lille, France

c CIC-IT 1403, CHRU de Lille, France
d EA 2694, Université Lille Nord de France, Lille, France

e Pôle femme, mère, nouveau-né, Hôpital Jeanne de Flandre, CHRU de Lille, France

Received 18 December 2014; received in revised form 6 January 2015; accepted 7 January 2015

Abstract

Heart rate variability (HRV) re�ects the autonomic nervous system activity on the organism. Sympathetic and parasympathetic in�uences in 
response to painful or stressful stimulus can be measured by the variations of RR intervals. After the elaboration of an automated index evaluating 
parasympathetic tone in adults (Analgesia Nociception Index, ANI), we choose to adapt this technology to neonates. A work system analysis of 
the maternity and the neonatal intensive care unit has established the needs for such an application and users� requirements the application should 
meet. Based on these observations, neonatal applications have been developed for an automated analysis of neonatal HRV in high frequencies only 
(<0.15 Hz) which is representative of parasympathetic activity. Technical developments have resulted in two speci�c devices (one ambulatory 
and one monitor) displaying a unique index: the Newborn Infant Parasympathetic Evaluation (NIPE). Several clinical studies have been carried 
out and they have shown that the NIPE index is able to evaluate prolonged pain, acute pain, discomfort, and comfortable stimulations. The NIPE 
index assesses the parasympathetic tone and could be a good decision support for medical staff. Long term studies are needed in order to evaluate 
the neuro-developmental bene�ts of continuously parasympathetic evaluation on neonates.
� 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

In order to improve the quality of cares during hospitaliza-
tion, pain assessment is essential for medical teams. In neona-
tology units, neonates are daily confronted to painful or stress-
ful acts that could alter their later development [1]. Indeed, dur-
ing the perinatal life, the stress could program the organism by a 
long-term programming of the hypothalamic-pituitary axis and 
lead to aberrant response to stressful stimuli later in life or in an 
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increased risk to develop metabolic disorders [2�5]. Presently, 
pain and/or discomfort assessment is mainly based on behav-
ioral pain scales. Medical teams have access to the Neonatal 
Facial Coding System (NFCS) [6], the Neonatal Acute Pain 
(Douleur Aiguë du Nouveau-né, DAN) [7], the Premature In-
fant Pain Pro�le (PIPP) [8] or the Neonatal Pain and Discom-
fort Scale (Echelle de Douleur et d’Inconfort du Nouveau-né, 
EDIN) [9]. However, with such scoring systems by items like 
facial movements, body movements or comfort ability, these 
scales are subjected to a huge inter and intra-observer variabil-
ity.

Painful or stressful stimuli imply physiological events
through the autonomic nervous system (ANS) in�uence. The 
ANS is a part of the central nervous system and is activated for 
the control and the regulation of involuntary bodily functions.

http://dx.doi.org/10.1016/j.irbm.2015.01.005
1959-0318/� 2015 Elsevier Masson SAS. All rights reserved.
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It is divided in two arms: the sympathetic nervous system and 
the parasympathetic nervous system. Sympathetic �bers are 
stimulated during stressful situations and act directly on or-
gans in favor of an adaptive response to an intern or extern 
stimuli. On the other hand, parasympathetic �bers are more ac-
tivated during rest events like the digestion. These two arms 
are continually counter-balanced in order to maintain a home-
ostatic state; this is the notion of sympathetic�parasympathetic 
balance.

The real-time effect of the ANS on the body regulation is 
visible by the analysis of heart rate variability (HRV). Indeed, 
the variations in the time interval separating two heart beats 
re�ect the ANS activity. The �rst interest on HRV was born 
50 years ago, and from an important amount of research we 
are now able to say that in very low frequencies (�0.04 Hz), 
HRV corresponds to thermoregulatory system and endocrine 
systems like renin�angiotensin�aldosterone system. In the low 
frequencies (0.04�0.15 Hz), we can analyze both parasympa-
thetic and sympathetic tones, and �nally, in the high frequen-
cies (0.15�0.4 Hz), only the parasympathetic activity is repre-
sented [10].

From these observations, the university hospital of Lille has 
developed algorithms allowing studying the ANS parasympa-
thetic response to a painful stimulus; the Analgesia Nociception 
Index (ANI) [11]. Firstly tested in adult patients under general 
anesthesia [12�16], the ANI application has been extended to 
conscious patients, during delivery or in post-anesthesia care 
unit [17�19].

Regarding the good results obtained in adult studies with this 
HRV index and the need to assess pain objectively with young 
patients, we decided to adapt this new technology to the partic-
ular context of neonatology. In the frame of the ANR TECSAN 
2011 NeoDoloris project, we therefore developed new moni-
toring devices adapted to the physiological and environmental 
particularity of newborns� pain monitoring.

In a �rst step, this project aimed to de�ne the needs of clin-
icians and nurses for the pain assessment in maternity and in 
neonatal intensive care units and to de�ne users� requirements 
for a pain monitor for the newborns clinical contest. Based on 
the results of this work system analysis, the Human�Computer 
Interface and the technical design of an existing device and the 
ANI algorithm were adapted in order to obtain two dedicated 
medical devices. Finally, we used each device in different clin-
ical settings in order to prove their ef�ciency.

2. Method

2.1. Analysis of the intended context of use

An analysis of the intended context of use has been perform 
to adapt the ANI technology for two particular clinical contexts 
where newborns� pain monitoring is needed: the neonatal in-
tensive care unit (NICU) and the maternity unit (MU). This 
is the �rst step of a usability engineering process that aims at 
�reducing, as far as possible, the risk of use error due to the er-
gonomic features of the device and the environment in which 
the device is intended to be used (design for patient safety, IEC 

62366 norm in conformity with the European Union Medical 
Device Directive (Of�cial Journal L 247) [20,21])�.

The study was carried out in the university hospital of Lille. 
Clinicians and nurses were interviewed and observed during 
their daily work in the NICU and in the MU. The �rst result 
of that study was that pain management differs from one clin-
ical context to another. In MU, most of newborns are healthy 
at birth and do not need to be monitor in their �rst hours of 
life, except if they experienced complications during deliver-
ies (cephalhematoma, fractures. . . ). Painful acts are limited and 
not too much invasive. Contrary to MU, in NICU each patient 
is continuously monitored and pain evaluation is processed dur-
ing all along the hospitalization [22]. The number of potentially 
painful or stressful procedures is around 10 acts/day/neonates 
[1] and it is essential to minimize the pain or discomfort feel-
ing.

MU and NICU evaluate the neonatal pain in the same way, 
using clinical observations and behavioral pain scales (mainly 
EDIN [9]). However, MU medical staff acts when they see signs 
of pain and they administrate pain killer (acetaminophen) when 
needed (e.g. to newborns after assisted deliveries). On the other 
hand, NICU medical staff controls continuously the environ-
ment in order to avoid the discomfort and anticipates the treat-
ment on the basis of the patient knowledge. This analysis of the 
intended context study allowed the adaptation by the technical 
teams to develop a monitor that corresponds to clinicians� ex-
pectations. The design requirements issued from this study are 
presented in Table 1 [22].

2.2. Technical development

Following the clinical context of use study, we planned to 
develop two devices: an ambulatory monitor for punctual pain 
assessment for MU and a continuous monitor system for NICU.

The ambulatory monitoring device is based on the use of a 
photoplethysmographic sensor (easiest to positioned than ECG) 
in order to facilitate the sensor device installation. On the other 
hand, the NICU monitoring device collects the ECG signal 
through an analog link with the newborn�s multiparametric 
monitoring system in order to avoid the need of any additional 
sensor. Each device therefore integrates its own algorithm for 
heart beat detection.

Even if signal sources are different (ECG vs plethysmo-
graphic), the NIPE computation remains the same for the two 
devices.

Brie�y, the NIPE index is based on continuous cardiac signal 
(ECG or plethysmographic waveform) processing. The detec-
tion of each heart beat is realized and the RR series is computed 
as the time evolution of the period between two heart beats. RR 
series are re-sampled at 8 Hz and mean centered and normal-
ized in a 64 s moving window. A wavelet based high pass �lter 
over 0.15 Hz is applied in order to keep parasympathetic related 
variations only, which are mainly in�uenced by the respiration 
cycle.

After RR �ltering, local maxima and minima are detected 
in the 64 s window. Lower and upper envelopes are plotted in 
order to compute 4 areas under curves (one area/16 s: A1, A2, 
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Table 1
Main requirements concerning the neonatal application.

MU NICU

Device design Implementing a medical device near babies who are 
supposed to be in good health may question the 
parents. Therefore, device�s design should be as 
�friendly� as possible.

The implementation of the device will not affect the 
parents� feelings: therefore, its design may still be 
medical.

Data capture process In MU, when a baby is monitored, the heart rate 
could be retrieved by the physiological monitor; 
however, most of time, most of the babies being not 
monitored, a data capture directly through ad hoc 
sensors would be required.

To avoid adding another sensor (already up to �ve), it 
would be preferable to retrieve data from an already 
implemented physiological monitor, e.g. 
electrocardiograph.

Transportability It is plausible that one monitor will be used 
punctually for several patients. Moreover, babies are 
often moved inside and outside the unit. It is then 
mandatory that the device be easily transportable.

Due to continuous monitoring, each patient must 
have its �own� monitor. Since patients are rarely 
moved, the portability of the monitor is not an 
essential feature.

Interface and functions To support the monitoring of the evolution of pain 
index while data are retrieved punctually, the device 
must allow (i) recording measures for each identi�ed 
patient and (ii) displaying in an understandable way 
those punctual measures. It might be necessary to 
provide support for the index interpretation.

Due to the continuous retrieving of data, the pain 
index evolution can be easily displayed continuously 
on the device�s interface.

The monitoring of the evolution of the index requires 
only a mid-long-term monitoring span to supervise 
the evolution of patients� discomfort.

The monitoring of the evolution of the index must 
support very-short term (minutes range) and also 
mid- and long-term monitoring to allow clinicians 
managing pain according to therapeutic acts and also 
to supervise the evolution of patient�s discomfort.

Note: From [22].

Fig. 1. Normalized and �ltered RR series. A1, A2, A3 and A4 are computed 
between lower and upper envelopes. Lower area (AUCmin) is then selected and 
NIPE is computed.

A3 and A4, Fig. 1). AUCmin is detected as the minimum value 
of A1, A2, A3 and A4.

In order to obtain a value normalized between 0 and 100, we 
de�ned a Newborn Infant Parasympathetic Evaluation (NIPE) 
index as: NIPE = 100 � (5.1 � AUCmin + 1.2)/12.8.

Where 12.8 corresponds to the maximum area under the 
curve value (A1 + A2 + A3 + A4 = 64 × 0.2 = 12.8 cf. Fig. 1) 
and where the linear equation�s values (5.1 and 1.2) were de-
�ned empirically on a 200 patients population in order to keep 
a good correlation between the visual information and the nu-
merical value.

In clinical practice, a NIPE close to 100 corresponds to a 
high level of comfort. On the opposite, a NIPE close to 0 can be 
interpreted to a very low comfort level which could be related to 
a high stress level. The algorithm is computed continuously by 
sliding the moving window with a 1 s moving period. NIPEm is 
then computed as the record�s last 20 min mean value, but the 

Fig. 2. Ambulatory monitoring device architectural description.

software gives also a value of instantaneous NIPE (NIPEi) for 
short-term analysis of neonatal high frequencies HRV [23].

In an architectural point of view, the ambulatory monitoring 
system integrates a signal conditioning unit for the plethysmo-
graphic waveform acquisition, a Microchip DSPIC-33F (µP1), 
a mikromedia PIC24 graphic card (µP2) including a display unit 
and a lithium battery (Fig. 2).

µP1 integrates the plethysmographic waveform signal pro-
cessing up to NIPE computation as described in the signal ac-
quisition and processing section. Digitalized pulse wave sam-
ples, and NIPEi values are transmitted in real time to the second 
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Fig. 3. Ambulatory monitoring device.

Fig. 4. NICU monitoring device architectural description.

microcontroller (µP2) for data displaying: a speci�c user inter-
face has been developed for NIPE ambulatory use (Fig. 3). This 
user interface allows continuous display of pulse wave. A bar 
graph displays NIPE instantaneous value, and elementary de-
scriptive statistics of NIPE (min, max and mean) are displayed 
on the right side of the screen. Touch sensitive screen zones 
permit device and pulse wave gain re-initialization.

In an architectural point of view, the NICU monitoring sys-
tem integrates a signal conditioning unit for the ECG signal 
acquisition, a Microchip DSPIC-33F (µP1) and a touch screen 
panel PC (Fig. 4).

Digitalized ECG is transmitted in real time to the Panel PC 
for signal processing and data displaying: a speci�c user in-
terface has been developed for NIPE use in NICU. This user 
interface allows continuous display of ECG, NIPE and a 20 min 
mean of the NIPE index (NIPEm). A bar graph displays NIPEm
value. This interface also allows NIPE recording and trends vi-
sualization up to 72 h before (Fig. 5).

Fig. 5. NICU monitoring device linked with the multiparametric monitor.

3. Clinical validation

The establishment of the feasibility and usability of the NIPE 
monitor is only possible if we test the two devices in clinical 
situations.

3.1. In NICU

Preliminary data revealed a good correlation between the 
NIPE index and the behavioral EDIN score. The authors stud-
ied the NIPE index on a population of preterm infants with a 
gestational age upper than 34 weeks (n = 28). Patients were 
included between 2 and 72 h after a major surgical procedure. 
HRV was recorded during 2 h and an EDIN score determination 
was made. Patients were subdivided in two groups: a �low ED-
IN� determined by an EDIN score <5 that corresponds to no 
signi�cant pain or discomfort and a �high EDIN� group with 
an EDIN score �5 (maximal score 15) that re�ects a signi�cant 
discomfort or a painful patient. The NIPE index was signi�-
cantly lower in the �high EDIN� group compared to the �low 
EDIN� group (P = 0.009). Moreover EDIN score and NIPE 
index were correlated (P < 0.01) [24].

In NICU, great cares are taken in order to avoid any envi-
ronmental disturbances. The light intensity and the noise are 
controlled for better conditions of hospitalization. Treatments 
are administered daily to preterm infants in NICU. Some of 
them are pharmaceuticals (acetaminophen, opioids), but some 
non-pharmaceuticals techniques can be used like the adminis-
tration of saccharose before a heel prick, the cocooning or the 
skin-to-skin contact [25,26]. The impact of cocooning associ-
ated to a reading by the mother or a third person was studied 
by Alexandre et al. on preterm infants in NICU with a gesta-
tional age of 37 weeks at the inclusion time. Ten infants were 
included and HRV was recorded 10 min before, during and 
10 min after the cocooning + reading period. Results showed a 
great increase of the parasympathetic activity illustrated by the 
NIPE index when authors compared the values before and af-
ter cocooning (P < 0.05), without signi�cant differences with 
a reading by the mother or by a third person [27].
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3.2. In MU

The parasympathetic activity was evaluated during the �rst 
hours of life on full-term infants born by spontaneous vagi-
nal deliveries or by assisted-vaginal deliveries (forceps, vacuum 
or both, n = 35 per group). The NIPE index and the EDIN 
score were studied. In the group of infants born by assisted-
deliveries, the number of infants with an EDIN score �5 was 
signi�cantly higher (P < 0.0001) and the NIPE index was sig-
ni�cantly reduced (P = 0.005). Moreover, a signi�cant inverse 
correlation between the NIPE index and the EDIN score was 
found (P = 0.016) (publication in progress).

In another study, the ambulatory device was used 2 months 
after birth on 14 infants. The aim of the study was to investi-
gate the pain response to a noxious stimulus on infants born by 
assisted-deliveries. After a vaccination, infants showed an in-
creased behavioral response to pain (determined by the DAN 
score) (P = 0.011) [7] and the NIPE index was signi�cantly 
reduced (P = 0.008) (clinical study in progress).

4. Discussion

The development of new monitor devices with algorithms 
able to evaluate the neonatal pain and/or discomfort was con-
�rmed by clinical studies. Two applications have been devel-
oped in accordance with clinicians� needs in MU and NICU. 
Studies aimed to show that NIPE index is adapted to re�ect 
the parasympathetic activity have been performed within 4 sit-
uations: prolonged and acute pain assessment as well as dis-
comfort, and comfort evaluation. The results presented above 
showed that the NIPE index is correlated to existing pain scales 
in different clinical settings for a preterm or a full term infants, 
and can be a new tool for medical staff with the goal of improv-
ing the development cares.

We detailed the ef�ciency of the NIPE index to detect pro-
longed pain in newborns with the study carried out with post-
operative infants and with the pain assessment just after birth 
by forceps, vacuum or both [24]. The NIPE index is also able 
to show an increasing response of the parasympathetic part of 
ANS by non-pharmaceuticals acts like cocooning [27]. Further 
studies are needed in order to evaluate the response of the NIPE 
index to an acute pain in NICU.

The parasympathetic tone is severely reduced when infants 
were born prematurely [28]. The maturity of ANS is not com-
pletely achieve and contact stimulation like cocooning, skin-
to-skin and massages have proved their ef�ciency on the im-
provement of ANS activity but also on feeding and growth 
[29�31]. Even if medical staff, particularly in NICU, takes care 
of neonates who spend a lot of time in hospital, it seems impor-
tant to evaluate the parasympathetic activity of newborn.

The short term impact of neonatal parasympathetic tone as-
sessment by the NIPE index has been proved. Now, we need to 
test the added value of the NIPE index in long-term neurode-
velopment of preterm infants who bene�t to nurses trained to 
interpret to NIPE index and act appropriately. A daily use of 
such devices could considerably improve the neonatal wellbe-
ing in order to improve their long term neuro-developmental 

diagnosis. A prospective randomize study will start in the up-
coming month in order to evaluate the clinical bene�t of the 
NICU device use.

5. Conclusion

The HRV analysis method is non-invasive, and the NIPE in-
dex is an objective value that can be a good decision support 
for the medical staff. More clinical trials are needed if we want 
to know the long term clinical bene�t of this technology. Fol-
lowing this project, two patents were deposited and the NICU 
monitoring system is EC marked and marketed since May 2014.
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