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I. INTRODUCTION 

 

The great advance in medicine in last 30 years enabled the dynamic progress  

in neonatology and in the intensive care of newborns. The Neonatal Intensive Care Unit  

is a place that provides live-saving medical care for increasing number of patients each year.  

With the vast development of medical diagnostic and treatment options the survivability  

of newborn infants is improving too. As it became possible to rescue even extremely preterm 

neonates it means for them prolonged hospitalization at the neonatology ward – place  

of special care with delicacy, compassion and support provided by health professionals but  

on the other hand unfriendly environment without constant closeness of mother and 

numerous painful procedures performed daily. 

It has been confirmed that despite the vast knowledge and experience still neonates 

are subjected to noxious events for diagnostic and treatment reasons without sufficient 

analgesia [121]. The prevention of pain in newborns should be the goal of whole medical team 

working together to save their lives.  

Early and cumulative pain exposure in vulnerable neonates at the critical period of their 

development has been associated with adverse neurodevelopmental complications [158]. 

Therefore the great concern about these consequences gives the motivation to use the best, 

reliable tools to assess pain in newborns accurately and start the optimal and individually 

tailored treatment followed by regular evaluation providing the best pain management 

strategy [152]. 
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1. HISTORY OF PAIN IN NEONATES 

Until the late 80s of XX century pain in newborns was highly neglected and untreated.  

Even though it was visible to see baby crying after painful incidents, health providers did not 

consider that reaction as conscious, only as physiological reflexes. Neonates were thought  

to be incapable of pain perception because of their immaturity of nervous system and lack  

of myelinization. Moreover it was generally believed that they would not remember painful 

experiences too [2]. In result procedures and surgeries normally carried out in adults with 

provided pain management, in newborn infants were performed without analgesia.  

What is more anesthesiologists had been aware of complications due to extreme torture-like 

pain  during medical procedures [8, 123]. Clinicians feared of potential negative effects  

of anesthesia and analgesic drugs  that were not accurately studied before in that age as well 

[202]. 

The scientific evidence for real pain experience that newborns actually feel were first 

presented in clinical trials around 30 years ago [7]. Anand et al. assessed the hormonal-

metabolic stress responses of neonates undergoing surgical ligation of patent ductus 

arteriosus. They proved that severe anxiety and pain leading to increased stress-related 

hormones in unanesthetized infants had great impact on clinical outcomes and was associated 

with high postoperative mortality [12]. 

Researchers started exploring underlying mechanisms of pain in neonates, studying  

its epidemiology in neonatal intensive care setting and various clinical situations of newborn 

infants, revealing harmful consequences on the brain and further psychomotor development 

of children in danger of prolonged or repeated noxious stimuli [106]. This significant progress 

in understanding of neonatal pain led to developing lots of assessment methods and studying 

on better and safer options for analgesia. 
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2. EPIDEMIOLOGY  

The incidence of neonatal pain is high – much too high. Studies regarding the epidemiology 

of pain in newborns demonstrate that infants in neonatal intensive care units are subjected  

to around 16 painful procedures every day (some neonates even up to 62 procedures 

associated with pain per day) [40]. The most common are heel pricks, venipunctures,  

insertions of peripheral venous catheters and gastric tube insertions or endo-tracheal 

suctioning/ aspiration. Researchers managed to conclude with regret that majority of noxious 

events at NICUs are performed without any form of analgesia [37,83]. The EPIPPAIN study  

in France showed that around 80% of procedures were carried out without providing proper 

pain relief in newborns. The prevention of pain in critically ill infants is the ethical obligation  

of all professional health providers at neonatal departments [24]. Newborns are not just 

collection of symptoms, they are delicate and sensitive humans suffering from their illnesses, 

tremendous stress and many painful attacks. They deserve to be treated with empathy.  
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3. DEFINITION OF PAIN  

The International Association for the Study of Pain (IASP) defined pain in 1979  

as “an unpleasant sensory and emotional experience associated with actual or potential tissue 

damage or described in terms of such damage” [180]. In 2020 the definition was revised  

to state that pain is “an unpleasant sensory and emotional experience associated with,  

or resembling that associated with, actual or potential tissue damage” [180]. The change 

allowed non-verbal, incapable of self-report patients to be assessed with validated pain 

indicators. 

Pain is a perception which depends on the cognition and sensitivity. Pain can be described 

in the terms of cognitive, emotional and physiological aspects. The nociception is the ability  

of nerves to detect noxious stimuli and transmit the information about the painful event to 

the brain for interpretation – it does not require self-report. It describes perfectly the neonatal 

pain experience [92]. Inability to communicate in newborns does not negate the possibility  

of their pain perception.  

Anatomically, physiologically and biochemically children are able to feel pain already in the 

early part of intrauterine growth. Current evidence from neuroscientific studies confirm that 

even fetuses in the first trimester are capable of pain perception [140, 193]. Newborns after 

birth experience pain in the same way as older patients. Because of the immaturity their 

sensitivity to pain is higher [132]. 

Pain is always a personal experience. It is influenced by various biological, psychological 

and social factors. The personal pain in newborns is associated with stress, clinical situation 

and previous exposure to painful stimuli. 

The subjective and complex nature of pain especially in non-verbal patients makes pain 

assessment challenging. Care providers must learn to recognize indicators of pain in neonates 

or use a reliable objective evaluation method to alleviate their unpleasant impressions  

or provide proper pain relief treatment. 
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4. TYPES OF PAIN IN NEONATES 

Pain can be categorized according to its duration and its source [99]. Acute procedural pain 

is caused by specific noxious event, has an immediate onset and it is self-limited. Diagnostic 

and therapeutic procedures in neonatal intensive care unit can be the source of an acute pain 

[9]. Acute-prolonged pain is a result of a clear stimulus, with a definable beginning and  

an expected end point for example in postoperative trauma, on assisted ventilation, suffering 

from necrotizing enterocolitis or meningitis [10]. Chronic pain in newborns is characterized  

as a pathological state of pain, there is no apparent biological value and it lasts more than 

three months, longer than normal tissue healing time. Chronic pain in neonates can  

be observed in patients diagnosed with osteogenesis imperfecta [97]. 

 

5. PAINFULL PROCEDURES IN NEONATAL CARE 

Neonates are subjected to numerous painful procedure during their hospitalization  

in intensive care units. They suffer from the excess of necessary diagnostic and therapeutic 

methods [212]. The procedure is considered to be painful if it invades the integrity  

of newborn’s body causing for example skin breaking or injury, mucosal irritation or injury. Pain 

is a way of signaling for the body about the tissue damage and the potential danger for health 

[134]. 

Diagnostic procedures performed in neonatal intensive care units include heel lancing, 

venipunctures, arterial punctures, intravenous cannulation, finger sticks, insertions  

of umbilical catheters involving manipulation of the skin around the umbilical cord and sutures, 

bladder catheterizations, insertions of central catheters and lumbar punctures. [71] 

Potentially painful therapeutic procedures are nasal and tracheal aspirations and suctioning, 

removal of adhesive sensors or dressings and wounds treatment, gastric tube insertions, 

tracheal intubations, subcutaneous and intramuscular injections, chest tube placements  

and drainage, therapeutic hypothermia or even physiotherapy. [23, 176] 

Chest drain insertions are perceived to be one of the most painful procedure and heel-prick 

the last [2]. 
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Pain in neonates can be also related to inflammation and hyperalgesia of injured tissue 

for example after surgery or localized irritation of skin or mucosa with abrasions and lesions 

caused by  sensors of monitoring devices, adhesive tapes, nasal cannulas, intubation tubes. 

Clinical states of necrotizing enterocolitis or meningitidis are the source of persistent pain  

in newborns as well [11]. 

Hospitalization at the neonatal intensive care unit involves apart from all of these above 

noxious procedures or diseases causing painful experience, many frequent stressful events for 

sick newborns. Blood pressure measurement, head ultrasound, electroencephalogram, x-ray, 

oral aspiration, and even nursing care, weighing and washing routines in the unpleasant 

environment without mother’s presence and support may worsen the general comfort  

of neonates [40]. 

Continuous therapies like non-invasive ventilation support with nasal positive pressure  

or invasive mechanical ventilation by tracheal intubation may be associated with stress, 

discomfort and pain as well and many of clinicians neglect that fact.  

 

6. EFFECTS OF PAIN IN NEWBORNS 

Noxious stimuli in neonates lead to short and long term effects. All of them can result  

in negative consequences increasing morbidity during hospitalization or causing adverse 

neurodevelopmental changes diagnosed over next years following the discharge from the 

neonatology departments. 

Direct signs of pain in newborns can be categorized into behavioral, physiological, 

hormonal or neurophysiological effects [37]. Different factors have impact on their type  

of expression or intensification: gestational age, illness, medications or the alert state of the 

patient [20]. Behavioral signs of nociception that are possible to observe in infants are: body 

movements (like limb withdraws) and changes in muscle tension; crying or moaning sounds; 

hyper-alert state; facial expressions (grimace, brow bulge, squeezed eyes, raised cheeks); 

decreased quality of sleep [172]. Physiological signs of pain in neonates include fluctuations 

(increase or decrease) of respiration rate, heart rate and heart rate variability (HRV), oxygen 

saturation, blood pressure [185, 203]. What is more the cortisol level variabilities can  

be measured in plasma, saliva or urine (hormonal effects). Other biochemical changes 
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including increased release of catecholamines, glucagon, growth hormone, renin, aldosterone 

and antidiuretic hormone may be observed as well [132]. Furthermore during painful stimuli 

specific neurophysiological changes can be detected in cerebral oxygenation (monitored with 

Near Infrared Spectroscopy - NIRS), pain-related evoked potentials may be observed in multi-

channel EEG or activation of brain pain-sensitive areas are visible in functional magnetic 

resonance imaging (fMRI) too [88]. 

Immediate consequences of pain in newborn infants result in irritability, disturbance of sleep 

and wakefulness state, ventilation-perfusion mismatch, increased gastric acidity and 

decreased nutrient intake. 

Direct signs – short term effects of neonatal pain are the indicators and components of pain 

assessment scales developed to evaluate newborns and provide proper pain management 

[164]. 

Early repetitive pain exposure in neonates is also associated with negative long-term 

physiological, cognitive and social effects [82, 199, 209]. Newborns routinely experience pain 

when they are treated in intensive care. Mostly these are premature infants born in the critical 

period of their development with very high risk of adverse outcomes. They are more 

vulnerable to stress and noxious stimuli because of their immaturity [29]. 

Clinicians observe increased sensitivity in neonates born prematurely. It can be the result  

of lower pain thresholds and the lack of inhibitory controls, because they develop later, closer 

to the date of planned term birth [135]. What is more long periods of painful events may lead 

to higher excitability and further to hyperalgesia which is abnormally increased sensitivity  

to pain [34, 54, 79, 81, 207]. Another likely consequence is allodynia characterized  

as perception of intense pain after non-noxious stimuli like physical examination or even  

a change of a diaper [92]. 

Direct responses to pain like acute increase of heart rate, blood pressure and intracranial 

pressure may lead to reperfusion injury of central nervous system causing risk  

of intraventricular hemorrhages and periventricular leukomalacia [29]. Moreover it was 

confirmed in some studies that repetitive painful experience in newborns lead to more 

neurodegenerative changes in brain like reduced volume of brain, abnormal white matter 

microstructure and altered subcortical gray matter and maturation [31, 37, 60]. 
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Possible long-term complications of neonatal pain and stress are behavioral abnormalities  

and psychosocial problems for example hyperactivity syndrome, separation anxiety or phobias 

[29, 75]. Other potential adverse neurodevelopmental changes include poor motor 

performance, attention deficits, learning disorders, altered visual-perceptual ability  

and impaired cognitive functions [51, 59, 210]. 

Chronic stress, discomfort, many painful events and maternal separation in newborns 

in NICUs is additionally related to changes in programming of the hypothalamic-pituitary-

adrenal (HPA) axis that is responsible for impaired adaptation to unpleasant surrounding 

environment and may have impact on brain functioning [81]. 

All above neurodevelopmental consequences in newborns are as well connected  

with perinatal risk factors and prematurity itself. The excessive pain exposure amplify  

the possible negative outcomes [125, 206, 211]. 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

II. ASSESSMENT OF PAIN IN NEONATES 

 

One of the principal goals of perinatal and neonatal care is to decrease infant mortality  

and to improve neurodevelopmental outcomes in newborns that are born prematurely  

and/or treated in intensive care units [16]. The great concern of all neonatologists, 

pediatricians, anesthesiologists, nurses, midwifes and other members of neonatological care 

about all detrimental effects of pain, motivate to search for the best, reliable tools to asses 

pain in newborns accurately and start the optimal treatment [6]. 

Pain assessment tools are underutilized as many studies and questionnaires among staff 

members showed [2]. Mostly it is caused by lack of the knowledge and neglecting the necessity 

of pain management in patients. In addition the excess of daily duties in neonatal intensive 

care units and the lack of time caused by general overload aggravates the inadequate  

and insufficient pain prevention and management in newborns. 

Neonates are unable to communicate verbally, but this not negate they are incapable  

of feeling pain. Because of the absence of self-report pain evaluation in newborns  

is challenging and in many clinical situations like during ventilation especially in preterm infants 

unclear to detect [7]. To evaluate pain in neonates and to prevent its adverse short term  

and long term effects in children in preverbal stage of development pain scales and pain 

monitor are available. The decision of which assessment method to choose depends mainly 

on the age, clinical state and type of experienced pain [26]. Accurate evaluation of patients 

enables further individualized  treatment. 

 

1. PAIN SCALES 

 A large number of scales to assess pain and discomfort has been created since the topic 

of pain sensitivity of newborns emerged [76]. Even though around 65. of them have been 

validated in many clinical trials still it is not possible to standardize worldwide the usage of one 

gold-standard scale for every neonate [139]. Scales can be behavioral or multidimensional, 

univariable or multivariable [15, 145]. They are constructed for specific types of pain  

or targeted to different clinical applicability of patients like after surgery, during sedation  
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or in ventilated patients [150]. Age of the baby is one of parameter to consider while choosing 

the best suitable assessment scale. In the table nr 1 presented below the most popular pain 

scales are listed.  

 

Table 1. Pain assessment scales in newborns [76]. 

TYPE OF PAIN/ 

CLINICAL SETTING 
SCALE AGE 

 

Acute pain 

Behavioral Indicators of Infant Pain 

Adapted COMFORT 

Faceless Acute Neonatal Pain Scale 

PASPI Pain Assessment Scale for Preterm Infants 

ABC Pain Scale 

APN/DAN Acute Pain in Newborns 

COVERS Neonatal Pain Scale [87] 

CRIES Scale 

Harrison 

Infant Body Coding System 

NIAPAS Neonatal Acute Pain Assessment Scale 

NIPS Neonatal Infant Pain Scale 

N-PASS Neonatal Pain, Agitation and Sedation Scale [97] 

PIPP Premature Infant Pain Profile 

PIPP-R Premature Infants Pain Profile Revised 

Scale for Use in Newborns 

COMFORT-Behavior Scale 

NFCS Neonatal Facial Coding System 

Observational Visual Analog Scale 

Alder Hey Triage Pain Score 

EVENDOL behavioral pain scale [26] 

FLACC Face, Legs, Activity, Cry and Consolability 

Pain Observational Scale for Young Children 

Royal College of Emergency Medicine Composite Pain Scale 

Touch Visual Pain Scale 

UWCH University of Wisconsin Children’s Hospital Pain Scale 

24-32 GW 

28-37 GW 

30-35 GW 

27-36 GW 

32-41 GW 

25-41 GW 

23 GW – 2 moths 

32 GW – 1 month 

28-41 GW 

25-41 GW 

23-42 GW 

27 GW – 7 months 

23-30 GW 

32-40 GW 

From 26 GW 

24 GW – 7 months 

35 GW – 4 years 

29 GW – 18 months 

35 GW – 4 years 

0 – 16 years 

0 – 7 years 

1 day – 7 years 

0 – 4 years 

0 – 16 years 

0 – 13 years 

0 – 16 years 

 

Prolonged pain 

EDIN Scale 

Modified Postoperative Comfort Score 

COMFORT Neo 

Modified EDIN 

Faces Pain Scale – Revised 

26 – 36 GW 

29 – 32 GW 

24 – 43 GW 

31 – 38 GW 

25 GW – 3 months 



16 
 

N-PASS Neonatal, Pain, Agitation and Sedation Scale 

Pain Assessment in Neonates 

PAT Pain Assessment Tool [98] 

Swedish ALPS-Neo 

COMFORT 

COMFORT-Behavior Scale 

NFCS Neonatal Facial Coding System 

Shortened NFCS 

EVENDOL Scale 

23 – 30 GW 

26 – 47 GW 

23 GW – 6 months 

23 – 41 GW 

24 GW – 18 years 

35 GW – 4 years 

29 GW – 18 moths 

35 GW – 18 months 

0 – 7 years 

 

Postoperative pain 

CRIES Scale 

Objective Pain Scale 

PAT Pain Assessment Tool 

PIPP Premature Infant Pain Profile 

CHIPPS Children’s and Infants’ Postoperative Pain Scale 

Multidimensional Assessment of Pain Scale 

NFCS Neonatal Facial Coding System 

Liverpool Infant Distress Scale 

Cardiac Analgesic Assessment Scale 

FLACC Face, Legs, Activity, Cry and Consolability 

NAPI Nursing Assessment of Pain Intensity 

POCIS Pain Observation Scale for Young Children 

POPS Postoperative Pain Score 

RIPS Riley Infant Pain Scale 

32 GW – 1 month 

32 – 60 GW 

23 GW – 6 moths 

32 – 40 GW 

35 GW – 5 years 

36 GW – 31 months 

29 GW – 18 months 

Term newborns 

0 – 16 years 

1 day – 7 years 

0 – 36 months 

0 – 4 years 

0 – 36 months 

0 – 36 months 

 

Ventilation 

Modified Postoperative Comfort Scale 

Nepean Neonatal Intensive Care Unit Pain Assessment Tool 

Bernese Pain Scale for Neonates [171] 

NFCS Neonatal Facial Coding System 

Shortened NFCS 

Hartwig 

29 – 32 GW 

25 0 36 GW 

27 – 41 GW 

29 GW – 18 months 

35 GW -  18 months 

0 – 10 months 

 

Sedation 

COMFORT Neo 

Modified COMFORT 

N-PASS Neonatal Pain, Agitation and Sedation Scale 

COMFORT 

Hartwig 

Ramsay Sedation Scale 

24 – 43 GW 

23 – 54 GW 

23 – 30 GW 

24 GW – 18 years 

0 – 10 months 

0 – 19 years 

 

The most commonly used scales at neonatal intensive care units are: the EDIN scale,  

the Bernese Pain Scale for Neonates, the COMFORT scale, the CRIES scale, the N-PASS scale, 

the PAT scale, the PIPP and PIPP Revised scales, the NFCS scale, the EVENDOL scale  

and the FLACC scale [170]. 
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Unfortunately pain scales have a lot of limitations that impede to use them routinely 

to assess newborns. Well-trained nurses, midwifes and clinicians had questioned their 

reliability to evaluate different types of pain and to distinguish nociception and discomfort. 

What is more pain scales require prolonged observation for scoring patients. The evaluation 

by scales is also believed to be subjective, the result may differ among observers. Furthermore 

pain assessment is intermittent and there is a high risk of omission of painful events.  

On the other hand pain scales for evaluation of newborns are generally underutilized among 

neonatological team members [178]. 

Behavioral and physiological indicators of pain are scored in the pain scales. In the state 

of prolonged pain some of neonates become passive with very few or even no body 

movements and expressions of their face which can lead to incorrect biased pain assessment 

results [141, 186]. So called immobility syndrome is defined as facial contraction with blank 

expression and paucity of spontaneous movement of extremities. Physiologically decreased 

heart and respiratory rate as well as lower oxygen saturation can be observed as well.  

These could be the visible mark of conservation of energy and have impact on pain assessment 

using some specific scales [6, 103]. In other cases of patients suffering from prolonged pain 

exposure, agitation syndrome can be detected, which is characterized too by facial contraction 

like in immobility state, but with hypertonia and excessive body movements especially during 

the interactions with medical personnel [55].  

Additionally premature infants with relatively immature nervous systems or neonates 

with neurological impairment may not manifest their painful experience as termly born babies 

especially with facial expressions [183, 187, 200, 201]. Newborns less than 33 gestational age 

are less reliable able to display their reactions to noxious stimuli and it is difficult to interpret 

their behavioral responses in pain scales [74, 80]. 

Further investigation of pain assessment tools is needed to improve patients’ clinical care 

and long-term outcomes.  
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2. PAIN MONITORS 

The accuracy of pain assessment is pivotal to improve pain management in neonates [42]. 

Current efforts and many ongoing studies introduce the use of neuroimaging  

or neurophysiologic techniques that measure brain activity and monitors evaluating different 

body responses or physiological parameters to painful stimuli to present visually pain 

experience in newborns [136, 137]. These tools can measure heart rate variability,  

skin conductance, cortical neuronal activity or the hemodynamic activity over  

the somatosensory cortex during different pain experience. 

The Newborn Infant Parasympathetic Evaluation pain monitor (NIPE) is the instrumental 

method to asses pain in neonates with heart rate variability (HRV) [197]. It enables objective 

and continuous assessment of pain and discomfort by analyzing the parasympathetic 

component of the autonomic nervous system in newborn babies. Several studies are  

in progress to assess its clinical reliability and validity in various clinical situations.  

NIRS (Near infrared spectroscopy) can be useful for detecting noxious cortical activation 

resulting from painful events in neonates. It presents pain-associated increases in hemoglobin 

concentration in the contralateral somatosensory cortex [135]. This technique requires trained 

staff to conduct and interpret the results. However it is a non-invasive method of pain 

monitoring and its reliability and validity for pain evaluation in newborns has been studied  

in several clinical trials so far [90, 94, 167]. 

Pain monitoring with electroencephalography (EEG) assesses cortical neuronal activity 

[105]. Noxious-evoked individual baseline sensitivity and variability in brain activity is observed 

as event-related changes of EEG. The activation of cortical neurons and networks can indicate 

pain in newborns. It is an objective method to quantify infant’s nociceptive activity of brain 

after acute procedural pain [48,67, 89, 108].  

Skin Conductance is related to palm and sole sweating and it reflects the increased 

sympathetic nervous system activity [133]. Panful stimuli results in inducing activity of sweat 

glands on the palms and soles. The measurement of skin conductivity in these areas  

is an objective method of pain and discomfort evaluation [108, 128, 143]. The skin 

conductance monitor may be valuable for the assessment of analgosedation as well [194]. 
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Functional magnetic resonance imagining (fMRI) presents cerebral hemodynamic 

responses to noxious stimulation with the change of brain activity. It visualizes localized 

noxious-evoked reactions in the functional brain regions considered to be the part  

of nociceptive system. The results can be compared with the pain association test map created 

on the basis of meta-analytic database of fMRI images. What is more the amplitudes  

of responses may reflect brain maturation [22]. 

Recently artificial intelligence (AI) tools have been studied to recognize and evaluate pain 

reactions in neonates by recording and analyzing dynamic facial expressions as pain indicators 

[216]. Accurate pain assessment with AI technology could provide continuous objective 

evaluation in the neonatal intensive care units [44, 169]. 

 

It is still unclear which of these monitoring techniques studied for pain assessment  

in newborns has the strongest reliability and could be recommended as the objective 

evaluation for acute, prolonged or chronic pain instead of pain scales that have their 

limitations in everyday use in NICUs.  
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III. PAIN MANAGEMENT 

 

Despite the technological advances in pain monitoring and periodic updates of guidelines 

in pain management strategies, general failure for adequate analgesia during painful 

procedures is still noticeable. The morbidity of patients hospitalized in neonatal intensive care 

units is increased which is related to numerous invasive and complicated life-saving diagnostic 

and therapeutic methods applied to vulnerable infants experiencing pain in critical period  

of their development. Therefore it is recommended to revise the knowledge according  

to evidence based up-to-date guidelines to improve the quality of medical care of patients  

in NICUs [115]. 

 

1. PREVENTION OF PAIN 

Undoubtedly very high frequency of painful diagnostic and therapeutic procedures 

performed in neonatology is noted in recent years. The concern about the detrimental 

consequences of repeated pain experience promoted the tendency to prevent pain which  

is clearly observed among clinicians. First and foremost limitation of noxious procedures  

is advised [127]. Careful and reasonable decisions regardless ordering potentially painful 

methods are paramount. Whenever it is clinically assumed to be adequate non-invasive 

monitoring is recommended [50]. Instead of blood sampling by puncturing heel or vena,  

for example the transcutaneous bilirubinmeter in diagnosis of jaundice or the usage of others 

ways of monitoring like pulse oximetry, near infrared spectroscopy (NIRS) or transcutaneous 

CO2 detector is recommended. Another method of prevention is clustering of painful 

procedures, performing them without disturbance of daily routine of the baby and  

its resting/sleeping time. 

Blood sampling by heel-pricks is very frequent painful diagnostic procedure in the intensive 

care units [144]. Collected blood is used for gas analysis, neonatal screening tests for metabolic 

diseases or biochemical evaluation for example of electrolytes, bilirubin and glucose.  

Heel-pricks  performed with needle puncture are less painful than via automatic manual 

lancets [25, 78]. 



21 
 

2. NON-PHARMACOLOGICAL METHODS 

At the neonatal intensive care unit which can be a hostile environment for critically ill 

newborns special background conditions are advised to improve their well-being. First of all 

excessive background acoustic and visual stimuli ought to be limited; soft-colored blankets 

over incubators, decreased sounds of monitoring alarms or muted cellphones of staff  

and visitors are one of the examples of recommended interventions [131]. Providing sufficient 

amount of time for rest and sleep, preventing from excessive sleep deprivation is very 

important as well [39]. 

Apart from environmental modifications several pain management approaches of proven 

lack of adverse effects are available [84]. Procedural pain of mild to moderate severity caused 

by heel lancing, venipuncture or intermuscular injection can be decreased by the usage of  

so called non-pharmacological pain-reduction methods [47]. These include: non-nutritive 

sucking, kangaroo care/ skin-to-skin contact, breastfeeding, sweet solutions administered 

orally and behavioral methods to increase the comfort and lower the stress level of neonates 

like specific positioning, delicate handling, swaddling or facilitated tucking [37, 68, 95].   

Breastfeeding and breast milk feeding have been proven to reduce discomfort and pain  

in neonates especially for late preterm and term newborns. Maternal contact and closeness, 

smell of the mother and sucking allow to alleviate nociception in patients [116, 205]. 

On the other hand non-nutritive sucking has calming and pain reducing effects as well.  

Oral stimulation through sucking a pacifier or finger can improve pain reactivity mainly for full-

term neonates [30]. 

Skin-to-skin contact was at the beginning a method to keep newborns warm, to support their 

body temperature regulation as an alternative to incubator for preterm infants. It had been 

observed then that close contact between mother and child provided consolability  

and shortened the time of crying after procedural pain [32, 49, 102, 104]. 

Kangaroo mother care is mainly recommended after birth to help the adaptation process but 

it is also useful for providing warmth, decreasing stress, comforting, managing procedural pain 

and to encourage bonding, but it can have impact on lowering the intensity of procedural pain 

for example during vaccination [38, 85, 168]. Additionally maternal speech can significantly 

reduce level of stress in the NICU [65]. 
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Parents of a child treated in the intensive care unit are under tremendous stress about their 

daughter’s or son’s life [114]. They observe their infant being subjected to many painful 

procedures and professional health providers in neonatology departments should involve 

them in the aspect of  patient’s pain care [189]. Informing about child’s state and regular 

communication with parents are particularly advised. Parental participation in patient’s 

caregiving activities is not only beneficial for the newborn in pain but also to reduce 

psychologic distress of parents [69].   

Facilitated tucking is another non-pharmacological intervention to reduce pain in newborns  

by placing hand on the head and limbs of a patient using gentle pressure to comfort them  

[47, 91]. Other option is to swaddle the baby with hand-shaped pillow to lower their stress 

and enable proper positioning or nesting in the incubator. 

Sweet solutions of glucose or sucrose are the most common and well-known non-

pharmacological pain relief methods [33, 113]. Many studies verified administration of sweet 

solutions to be useful in analgesia of mild pain in newborns by increasing endogenous 

endorphins. Other studied mechanisms of pain relieving with sucrose or glucose are  

the stimulation of endogenous opioid, cholinergic, dopaminergic and serotonergic pathways 

[136]. They are simple to use and easily available. However some of researchers suggest 

careful recommendations of repetitive sucrose or glucose doses because it can be associated 

with negative long-term neurodevelopmental adverse effects. Safety of different range  

of doses is still unsure, studies continue in this topic [184]. 

Massage therapy also has demonstrated effectiveness in trials for decreasing pain-related 

reactions. With gentle effleurage, light petrissage and mild compressions the comfort  

of newborns in stress may be increased [52, 66]. 

In some countries acupuncture is used for pain relief too by stimulation of endorphin system 

[77, 130]. 

A few reports from studies of music therapy and its positive effects to alleviate stress  

in neonatal intensive care units are also available [13, 47, 138]. 

All above interventions are more effective if they are combined [177, 204]. For example 

non-nutritive sucking with orally administered sweet glucose or with skin-to-skin contact were 

confirmed to be more beneficial than applying each of these methods alone [33, 122, 151]. 
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Non-pharmacological pain management method have many benefits and minor drawback, 

which promotes them to be recommended for general use in newborns [27]. 

 

3. PHARMACOLOGICAL ANALGESIA 

The great progress in medicine has enabled carrying out many studies on  

the pharmacokinetics, pharmacodynamics and efficacy of drugs used for analgesia  

in newborns, nevertheless there is still not enough data regarding safe and optimal treatment 

– especially for preterm neonates [62, 84, 188]. Doubts remain about the effective dosage  

or the possible short-term and long-term negative adverse effects of the drugs recommended 

for pain relief in infants [58]. The tendency of increasing awareness of neonatal pain lead  

to improved management of pain in neonatal intensive care units but many studies have 

shown that many procedures are performed without sufficient analgesia. Physiological stress 

and late detrimental neurodevelopmental consequences of pain in neonates can be more 

dangerous than analgesia side effects. Clinicians and other members of neonatological team 

ought to revise current pain management guidelines to provide evidence-based safest 

treatment options for their vulnerable patients. 

Local anesthetics are useful for many procedures in NICUs. Regional anesthesia with 

lidocaine infiltration that inhibits axonal transmission by blocking Na+ channels can serve  

for minor surgeries such as inguinal hernia repair; procedures like chest tube insertion.  

Topical anesthetics for example the EMLA cream (a combination of lidocaine and prilocaine) 

are effective for reducing pain associated with heel lancing, vena puncturing or for the lumbar 

puncture [117, 185]. Topical creams in preterm newborns who have thinner epidermis and 

high dermal permeability, should be carefully administered due to the risk  

of methemoglobinemia [140]. 

Paracetamol (acetaminophen) has been widely studied in the populations of neonates.  

It is recommended for management of mild or moderate pain in conjunction with other pain 

relief non-pharmacological methods [146]. Paracetamol inhibits the COX-2 enzymes.  

Its is frequently used in neonates, administered mainly intravenously [72]. Oral and rectal 

routes may be problematic in patients of this age [86]. The usage of paracetamol for pain relief 

in newborns decreased the opioid overuse and it is advised in the opioid-sparing treatment 
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approach [214]. Nevertheless available data from studies strongly suggest that paracetamol  

is not adequate to reduce acute procedural pain [3]. 

Non-steroidal anti-inflammatory drugs like ibuprofen are not advised for newborns  

for analgesia. They are approved as one of the treatment method to close patent ductus 

arteriosus. Apart from their pain relieving and anti-inflammatory effects, their benefits do not 

overcome the concern about adverse sequels including renal disfunction or impaired platelet 

adhesiveness. 

Opioids are commonly used analgesic drugs for moderate to severe pain in newborns.  

They are also sedatives. Morphine is the most frequent opioid in neonates of different 

gestational age. It can be used as a continuous infusion for prolonged pain or intermittently to 

reduce the acute pain. It has slow onset of analgesia – around 5 min, peak effect is observed 

at 15 minutes after administration. Possible adverse effects of morphine include hypotension, 

prolonged need for ventilation and full parenteral feeding, higher incidence of mortality [192]. 

A few studies have raised suspicion of negative complications in brain like intraventricular 

hemorrhages or periventricular leukomalacia. In the NEOPAIN (Neurologic Outcomes  

and Preemptive Analgesics in Neonates) study on the other hand continuous morphine 

infusion was not proved to increase the risk of negative neurologic outcomes in ventilated 

preterm babies [9, 61, 85]. 

Fentanyl is a fast acting purse synthetic opioid and it provides rapid analgesia with minimal 

hemodynamic sequels for example for intubation procedure. Side effects of fentanyl 

administration observed in infants are chest wall rigidity, bradycardia and tolerance after 

prolonged therapy, but on the other hand it is associated with reduced complications  

of decreased gastrointestinal motility or urinary retention in comparison with morphine. 

Intravenous administration via syringe pump lasting minimum 3 min. is advised to avoid chest 

wall rigidity [112, 136, 217]. 

Other short-acting opioids: remifentanil and sulfentanil are also in use for neonatal pain 

reduction especially if quick recovery is anticipated [5]. 

With the advances in neonatology and years of clinical observations routine use of opioids  

for prolonged treatment is not recommended [28]. 
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Dexmedetomidine is a highly selective alpha-2-adrenergic receptor agonist and can be used 

for newborns for analgesia, anxiolysis and sedation. The clinical experience of usage  

of dexmedetomidine for neonates increases. It is believed to be a potential substitution  

to opioids [175]. Possible side-effects include bradycardia and hypotension although in the 

studies carried out so far showed they were clinically insignificant and did not required 

additional pharmacological intervention [147]. Dexmedetomidine is an alternative method  

of analgesia during therapeutic hypothermia in hypoxic ischemic encephalopathy instead  

of opioids [136]. In addition, possible neuroprotective effects on immature brain of neonates 

were described in preclinical trials. Dexmedetomidine may be effective in analgesia  

for mechanically ventilated newborns as well [46]. 

Clonidine is an alpha-2-agonist like dexmedetomidine. Available data on its usage in term  

and preterm newborns are limited. It may provide analgesia, induce sedation and ameliorate 

anxiety. The benefits and possible harms of clonidine for pain treatment are being studied 

[166, 173]. 

Gabapentin is a gamma-aminobutyric acid (GABA) analog. It blocks the release of excitatory 

neurotransmitters in the central nervous system which cause pain. The usage of gabapentin 

for neonates is gaining attention of more clinicians. Gabapentin reduces chronic irritability  

and feeding intolerance in patients with visceral hyperalgesia due to gastrointestinal 

morbidities [179, 213]. 

Benzodiazepines in neonatal intensive care are recommended for sedation and muscle 

relaxation. They work as adjuvants to analgesic drugs. These sedatives may also cause 

significant physiologic perturbances related to depression of respiratory and/or circulatory 

systems (hypotension) which can lead to adverse neurologic outcomes. Other possible 

complication is myoclonic jerking. Midazolam is the most commonly used short-acting 

benzodiazepine that produces anxiolysis, sedation, amnesia and muscle relaxation  

for newborns. It is frequently administered in premedication for endotracheal intubation [18]. 

Concerns regarding its use in neonates resulting in adverse short and long-term effect have 

also been described in trials (the NOPAIN study). It can cause respiratory depression, 

hypotension, bradycardia and it may decrease of cerebral blood flow in preterm newborns 

[84]. 
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Ketamine is the analgesic drug that provides also amnesia and sedation. It is an N-methyl-D-

aspartate (NMDA) antagonist with rapid onset of action around 1-2 min. and quite short time 

of pain relieving effect up to 15-30 min. Ketamine is advised for hypotensive and unstable 

neonates since it does not affect cerebral blood flow. Some of studies suggested even  

its neuroprotective effect reducing neuronal cell death. Ketamine on the other hand may 

increase heart rate, blood pressure and respiratory rate. The recommendations regardless 

ketamine use for neonatal analgesia are becoming more popular among clinicians [190]. 

Melatonin is a neurohormone with potential benefits of its analgesic, antioxidant and anti-

inflammatory functions. Promising results were assumed in studies to control pain  

in ventilated preterm newborns [39]. 

To summarize available data on pain management methods in newborns, a reasonable, 

depending on the clinical situation and severity of pain (related to the specific procedure), 

stepwise approach is recommended together with regular pain assessment [84]. 

 Figure 1. presents the analgesic ladder strategy for pain relief in neonates. 

 

Figure 1. The analgesic ladder strategy for pain relief in neonates.  
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To start optimal treatment of pain in neonates the proper accurate pain assessment  

is crucial. Searching for a behavioral scale to be announced as a gold standard in pain 

evaluation in newborns has failed up to now. Therefore more studies of pain diagnostic 

methods are necessary to obtain the best tool, useful for many clinical situations and reliable 

to assess newborns in different gestational age.  
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IV. AIMS OF THE STUDY 

 

The overall aim of the study was to establish the utility of the NIPE pain monitor in different 

clinical situations at the department of neonatology and to assess its reliability to monitor pain 

in newborns. 

 

 The objective of the first phase of the study of pain was to assess and compare different 

methods of pain evaluation in preterm neonates experiencing acute prolonged pain:  

the Newborn Infant Parasympathetic Evaluation (NIPE) index; the Neonatal Pain, Agitation  

and Sedation Scale (N-PASS); the Premature Infants Pain Profile (PIPP) and the Neonatal Pain 

and Discomfort Scale (EDIN).  

 

The objective of the second sub-study was to evaluate of the level of pain in neonates 

caused by an acute procedural noxious event and to assess their sensitivity to pain depending 

on gestational age using the Newborn Infant Parasympathetic Evaluation (NIPE) index. 
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V. MATERIAL AND METHODS 

 

The study of pain in neonates was conducted at the tertiary care Neonatal Intensive Care 

Unit of the Department of Neonatology, Dr Jan Biziel’s University Hospital nr 2 in Bydgoszcz 

in Poland. 

It was carried out between February 2019 and December 2022. The duration of the study was 

prolonged than originally presumed due to the outbreak of the COVID-19 pandemic in 2019.  

 

1. STUDY DESIGN 

The study of pain in neonates consisted of two experimental components.  

The topics of them were: 

1. “Clinical reliability and utility of the NIPE pain monitor in neonates. Comparison of the 

Newborn Infant Parasympathetic Evaluation (NIPE) index; the Neonatal Pain, Agitation 

and Sedation Scale (N-PASS); the Premature Infants Pain Profile (PIPP) and the 

Neonatal Pain and Discomfort Scale (EDIN) for assessment of acute prolonged pain  

in preterm neonates.”  

 

2. “Evaluation of the level of pain in neonates caused by acute procedural noxious event 

with assessment of their pain sensitivity depending on gestational age using  

the Newborn Infant Parasympathetic Evaluation (NIPE) index.” 

 

Both of these researches were combined and performed simultaneously as some of patients 

included for the first assessment were as well evaluated in terms of the second topic when 

they experienced acute procedural pain and met the inclusion criteria of the second 

additionally.    

Both phases of the trial were designed as prospective observational studies. 
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2. SAMPLE 

Inclusion criteria for the first experimental group were: preterm neonates on assisted 

ventilation: invasive or non-invasive. These children were presumed to suffer from acute 

prolonged pain that from the definition is the pain where there is a specified stimulus like 

ventilation, with clearly delineable beginning and an expected end point. Term newborns, 

children with neurological or cardiac congenital anomalies, patients diagnosed with 

arrhythmias or circulatory failure requiring infusion of vasopressive drugs or fluid 

resuscitation, babies with severe encephalopathy were excluded from the trial.  

In the second experimental group neonates born at different gestational age subjected to 

acute procedural pain were enrolled for the assessment. Exclusion criteria were as follows: 

neurological or cardiac congenital anomalies, arrythmia, circulatory failure requiring infusion 

of vasopressive drugs or fluid resuscitation and severe encephalopathy. 

The control group consisted of healthy newborns not subjected to any noxious stimuli 

during their observation.  
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3. PROTOCOL 

Neonates were assessed using NIPE pain monitor and three pain scales: N-PASS, PIPP  

and EDIN, all of them previously validated and widely used clinically in neonatal intensive care 

units all over the world. 

The NIPE – Newborn Infant Parasympathetic Evaluation Index - monitor (MDoloris, France) 

is a device used to measure the intensity of pain and level of analgesia in newborns. It is a non-

invasive method that analyze heart rate variability representing the parasympathetic/ 

sympathetic tone balance of autonomous nervous system. Specifically newborn’s HRV of high 

frequencies over 0,15 Hz reflects parasympathetic activity which is suitable for monitoring 

pain. The NIPE monitor presents values from 0 – 100. The more pain/discomfort the child 

experience, the lower is the result on the display. The index decreases with the intensity  

of noxious event. The NIPEm index represents the mean value over 20 min. of observation and 

it is advised to be used for assessment of prolonged or chronic pain and discomfort of patients. 

The NIPEi – instantaneous value – is derived from an algorithm calculating the short term HRV 

up to 3 min. It reflects the real time level of pain, therefore can be applied for assessment  

of acute nociception. NIPE values less than 50 indicate either pain, discomfort or stress  

[73, 208, 215]. The monitor has to be connected to the cardiac monitor. The Philips IntelliVue 

MP30 device was used for every observation in the study. Heart rate, respiratory rate and 

oxygen saturation of evaluated children were recorded from its displayed values too. 

Every patient’s observation during the study last at least 20 min. The NIPEm scores were 

recorded at 0, 5, 10, 15 and 20 min., and afterwards median result from these five records was 

calculated (the NIPEm median result). If the patient was subjected to additional procedural 

painful stimulus monitoring was prolonged at least for 20 min. after the noxious event. At the 

end of observation the “end NIPEm” index was recorded. Other values noted during evaluation 

were: the initial NIPEm, the minimal NIPEi, the maximal NIPEi. Newborns monitored to control 

their pain sensitivity had one more value calculated – the decrease of NIPE index (%)  

to examine what was the difference between the NIPEm median result and the minimal NIPEi. 
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The N-PASS scale is one of the most commonly used tool for pain assessment  

in neonates born prematurely or on term, especially for prolonged pain [107]. Five parameters 

are evaluated as follows: crying/irritability, behavior/state, facial expression, extremity tone 

and vital signs: heart rate, respiratory rate, blood pressure and oxygen saturation. These five 

criteria are scored from -2 to +2. Calculated result higher that +3 indicates pain. Low results 

less than -3 mean sedation of patient [142]. Table nr 2. presents N-PASS scale used for patients 

assessment. 

Table 2. N-PASS (Neonatal Pain, Agitation and Sedation) Scale [57] 

Assessment 

Criteria 

Sedation Sedation/pain Pain/agitation 

-2 -1 0/0 +1 +2 

Crying 

Irritability 

No cry with 

painful stimuli 

Moans or cries 

minimally with 

painful stimuli 

Appropriate crying 

Not irritable 

Irritable  

or crying  

at intervals 

Consolable 

High-pitched  

or silent, 

continuous cry  

Inconsolable 

Behavioral 

state 

No arousal  

to any stimuli, 

No spontaneous 

movement 

Arouses 

minimally  

to stimuli 

Little 

spontaneous 

movement 

Appropriate for 

gestational age 

Restless, 

squirming 

Awakens 

frequently 

Arching, kicking 

Constantly 

awake or 

arouses 

minimally/  

no movement  

(not sedated) 

Facial 

Expressions 

Mouth is lax 

No expression 

Minimal 

expression  

with stimuli 

Relaxed 

Appropriate 

Any pain 

expression 

intermittent 

Any pain 

expression 

continual 

 

Extremity 

tone 

No grasp reflex 

Flaccid tone 

Weak grasp 

reflex 

Weak muscle 

tone 

Relaxed hands  

and feet 

Normal tone 

Intermittent 

clenched toes, 

fists or  

finger splay  

Body is not tense 

Continual 

clenched toes, 

fists or  

finger splay 

Body is tense 

Vital Signs: 

HR, RR, BP, 

SaO2 

No variability 

with stimuli 

Hypoventilation 

or apnea 

<10% variability 

from baseline 

with stimuli 

Within baseline  

or normal for 

gestational age 

↑ 10-20%  

from baseline 

SaO2 76-85% 

with stimulation 

quick ↑ 

↑ >20%  

from baseline  

SatO2 <=75% 

with stimulation  

slow ↑  

HR: heart rate, RR: Respiratory rate, BP: Blood pressure, SaO2: oxygen saturation  
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The PIPP scale is the second well-adapted in neonatal intensive care units tool for acute 

and postoperative pain assessment in patients [181]. Apart from that it was several times used 

for evaluating ventilated patients with prolonged pain [155]. Components of gestational age, 

behavioral state, brow bulge, eye squeeze, nasolabial furrow and change of physiological 

parameters like heart rate, oxygen saturation are being scored in the PIPP scale. The maximum 

result is 21, and minimum is 0 points. The score >= 6 indicates moderate pain. If the score  

is higher than 12 it stands for severe pain [1]. The table nr 3. presents the PIPP scale used  

for pain evaluation. 

Table 3. PIPP (Premature Infant Pain Profile) Scale [181]. 

 0 1 2 3 

Gestational age >=36 weeks 32-35 weeks,  

6 days 

28-31 weeks,  

6 days 

< 28 weeks 

15 seconds 

Infant 

observation 

Behavioral 

state 

Active/awake 

Eyes open 

Facial movements 

Quiet/awake 

Eyes open 

No facial 

movements 

Active/sleep 

Eyes closed 

Facial 

movements 

Quiet/sleep 

Eyes closed 

No facial 

movements 

30 seconds  

Infant 

observation 

Heart rate 0-4 beats/min. 

increase 

5-14 beats/min. 

increase 

15-24 beats/min. 

increase 

>= 25 beats/min. 

increase 

Oxygen 

saturation 

0%-2,4% 

decrease 

2,5%-4,9% 

decrease 

5,0%-7,4% 

decrease 

7,5% decrease  

or more 

Brow bulge < 9% of time 10%-39% of time 40%-69% of time >70% of time 

Eye squeeze <9% of time 10%-39% of time 40%-69% of time >70% of time 

Nasolabial 

furrow 

<9% of time 10%-39% of time 40%-69% of time >70% of time 

 

The EDIN scale evaluates five behavioral indicators of prolonged pain in neonates: facial 

activity, body movements, quality of sleep, quality of contact with nurses and consolability. 

Every single parameter is given from 0 to 3 points. Final result higher or equal 5 demonstrate 

pain in assessed patient. The EDIN assessment tool is validated and appropriate for monitoring 

prolonged pain like during ventilation in neonates of different gestational age [55, 157].  

The EDIN scale is presented below at the Table nr 4.  
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Table 4. EDIN (Echelle de Douleur et d’Inconfort du Nouveau-Ne, Neonatal Pain  

and Discomfort) Scale [55]. 

Indicator Description 

Facial activity 0. Relaxed facial activity 

1. Transient grimaces with frowning, lip purse and chin quiver  

or tautness 

2. Frequent grimaces, lasting grimaces 

3. Permanent grimaces resembling crying or blank face 

Body movements 0. Relaxed body movements 

1. Transient agitation, often quiet 

2. Frequent agitation but can be calmed down 

3. Permanent agitation with contraction of fingers and toes  

and hypertonia of limbs or infrequent, slow movements  

and prostration 

Quality of sleep 0. Falls asleep easily 

1. Falls asleep with difficulty 

2. Frequent, spontaneous arousals, independent of nursing,  

restless sleep 

3. Sleepless 

Quality of contact with nurses 0. Smiles, attentive to voice 

1. Transient apprehension during interactions with nurses 

2. Difficulty communicating with nurses.  

Cries in response to minor stimulation 

3. Refuses to communicate with nurses. No interpersonal rapport. 

Moans without stimulation 

Consolability 0. Quiet, total relaxation 

1. Calms down quickly in response to stroking or voice,  

or with sucking 

2. Calms down with difficulty 

3. Disconsolate. Sucks desperately 

 

Patients in experimental group in discomfort caused by acute prolonged pain were 

ventilated invasively being intubated on Pressure Controlled Synchronized Intermittent 

Mandatory Ventilation (PC-SIMV), Pressure Controlled-Pressure Support Ventilation  

and Volume Guarantee Synchronized Intermittent Mandatory Ventilation modes; or ventilated 

non-invasively with Nasal Continuous Positive Airway Pressure (NCPAP) or Biphasic Positive 

Airway Pressure (BIPAP) modes.  
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Newborns assessed during acute painful stimuli experienced heel lancing, airway 

suctioning, vena puncturing or change of the dressing of injuries skin around external nostrils. 

None of these noxious procedures were performed especially for the study, patient were 

evaluated only when they had to be subjected to them because of their clinical state  

or the necessity of blood sample collection for laboratory tests. 

During the observation only one patient had morphine administered for analgesia. 

Unfortunately no other specific pharmacological or non-pharmacological methods of pain 

relief were used for the patients while evaluation, but after the assessment every neonate  

was evaluated by the lead clinician for the need of individually tailored pain management.  

Newborns were tested during day shifts – between 9:00 and 14:00, so as not to disturb 

them during their daily routines and resting times. While monitoring three disposable  

ECG electrodes were attached/ glued (with gel on them) to their skin on the child’s chest  

and later they were removed using special delicate StickOff spray (Chiesi) to avoid additional 

discomfort and stress. 

 

4. ETHICS 

The study of pain was conducted after obtaining approval by local Ethical Committee (KB 

265/2019; KB 694/2019). The approvals were prolonged due to the outbreak of the COVID-19 

pandemic in 2019. 

 Informed consents from patients’ parents/legal guardians were procured prior  

to enrollment of newborns.  

 

5. STATISTICAL ANALYSIS 

Descriptive statistics were presented in categories of mean, standard deviation, median, 

minimum and maximum for continuous variables; count and percent for categorical variables. 

Pearson's Chi-squared test or Fisher's exact test was performed to compare categorical 

variables between groups, Wilcoxon rank sum test to compare continuous variables between 
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two groups (e.g. experimental vs. control group) and Kruskal-Wallis rank sum test to compare 

continuous variables between more than two groups. 

Correlation analysis was performed to assess the relationship between all four continuous pain 

rating scales (N-PASS, PIPP, EDIN and NIPE). Spearman rank-based (non-parametric) correlation 

coefficient, S test statistic and corresponding p-value for all pairs of pain rating scales  

are presented. 

Additionally, to show the relationship between the behavioral scales and the NIPE system, 

scatter plots with smoothed conditional means curve with 95% confidence intervals  

are presented. Due to points overlapping (caused by discreteness of pain rating results),  

a small amount of random variation (jitter) was added to the location of each point. 

Diagnostic performance agreement between behavioral rating scales and the NIPE results  

(all categorized as pain vs. no pain) was assessed in contingency tables analysis. Cohen's kappa 

coefficient of reliability with 95% confidence intervals and percentage accuracy  

were calculated. 

The relationship between continuous variables such as gestational age at birth and NIPE score, 

scatter plots are presented and to show the relationship between categorical variables such  

as ventilation type and NIPE score, descriptive statistics (count and percent) along with 

Wilcoxon and Kruskal-Wallis rank sum tests p-values were evaluated. 

Linear regression analysis was performed to assess the influence of various factors (continuous 

and categorical) on the NIPE score (the NIPEm score for patients with prolonged and/or 

procedural source of pain; the minimum NIPEi, the NIPEm 20 minutes after painful procedure 

and the percentage decrease of NIPE index for patients with procedural source of pain).  

Beta coefficients with 95% confidence intervals along with corresponding p-values  

for univariate linear models were calculated. 

All analyses were performed using R statistical software, version 4.2.1, developed  

by The R Foundation for Statistical Computing. 
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VI. RESULTS 

 

1. PATIENTS’ CHARACTERISTICS  

40 patients were assessed in the study (21 male neonates and 19 female neonates):  

25 patients were included in the experimental group of ventilated preterm newborns,  

15 patients were assessed while experiencing acute procedural pain and the control group 

consisted of 10 patients in comfort and without any source of pain. Newborns’ general 

characteristics have been presented in the Table nr 5. 

Table 5. Patients’ characteristics the experimental vs. the control group.  

 

Patient's characteristics, 
experimental vs.  
control group 

N 
Overall,  
N = 401 

Experimental group: 
painful procedure,  

N = 301 

Control group:  
no painful 
procedure,  

N = 101 

p-value2 

Gender 40    >0.999 

Male  21 (52.5%) 16 (53.3%) 5 (50.0%)  

Female  19 (47.5%) 14 (46.7%) 5 (50.0%)  

Gestational age at birth 
[weeks] 

40    <0.001 

Mean (SD)  32.8 (5.1) 30.9 (4.3) 38.5 (1.6)  

Median (Range)  31.3 (24.1, 
40.0) 

29.7 (24.1, 40.0) 39.2 (34.9, 40.0)  

Weight [g] 40    <0.001 

Mean (SD)  2,086 (948) 1,757 (850) 3,073 (350)  

Median (Range)  1,780 (955, 
3,830) 

1,396 (955, 3,830) 3,065 (2,320, 
3,480) 

 

Day of life when pain was 
assessed 

40    0.225 

Mean (SD)  11.4 (17.5) 13.8 (19.7) 4.2 (1.5)  

Median (Range)  4.5 (1.0, 
98.0) 

8.0 (1.0, 98.0) 4.0 (2.0, 8.0)  

Had procedural pain 40 15 (37.5%) 15 (50.0%) 0 (0.0%) 0.006 

Had prolonged pain 40 25 (62.5%) 25 (83.3%) 0 (0.0%) <0.001 

1n (%) 

2Fisher's exact test; Wilcoxon rank sum test 
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There is no statistically significant difference in gender between experimental  

and control group (p-value in Fisher's test > 0.999). There is statistically significant difference 

in gestational age at birth between experimental and control group (p-value in Wilcoxon test  

< 0.001). There is statistically significant difference in weight between experimental  

and control group (p-value in Wilcoxon test < 0.001). There is no statistically significant 

difference in day of life when pain was assessed between experimental and control group  

(p-value in Wilcoxon test = 0.225). 

 

Table nr 6 presents characteristics of patients in different experimental groups, depending  

on the source of their pain: acute prolonged or procedural or prolonged and procedural  

and their NIPE m results and the control group experiencing no pain. 
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Table 6. Patients’ characteristics and the NIPE results, comparison of groups with no source  

of pain vs. only procedural vs. only prolonged vs procedural and prolonged. 

 

Patient's characteristics  
and NIPE results, comparison 
of groups with various sources  
of pain 

N 
Overall, 
N = 401 

no 
source 
of pain,  
N = 101 

only 
procedural, N 

= 51 

only 
prolonged, 

N = 151 

procedural 
and 

prolonged,  
N = 101 

p-
value2 

Gender 40      0.134 

Male  21 
(52.5%) 

5 
(50.0%) 

5 (100.0%) 6 (40.0%) 5 (50.0%)  

Female  19 
(47.5%) 

5 
(50.0%) 

0 (0.0%) 9 (60.0%) 5 (50.0%)  

Gestational age at birth 
[weeks] 

40      <0.001 

Mean (SD)  32.8 
(5.1) 

38.5 
(1.6) 

38.3 (1.3) 29.2 (2.6) 29.7 (3.4)  

Median (Range)  31.3 
(24.1, 
40.0) 

39.2 
(34.9, 
40.0) 

38.7 (36.7, 
40.0) 

28.9 (24.1, 
34.9) 

29.5 (24.3, 
36.4) 

 

Weight [g] 40      <0.001 

Mean (SD)  2,086 
(948) 

3,073 
(350) 

3,354 (350) 1,416 
(426) 

1,470 (538)  

Median (Range)  1,780 
(955, 

3,830) 

3,065 
(2,320, 
3,480) 

3,350 (2,850, 
3,830) 

1,296 
(955, 

2,260) 

1,376 (970, 
2,830) 

 

Day of life when pain assessed 40      0.131 

Mean (SD)  11.4 
(17.5) 

4.2 (1.5) 3.6 (2.5) 17.5 (25.3) 13.5 (12.9)  

Median (Range)  4.5 
(1.0, 
98.0) 

4.0 (2.0, 
8.0) 

3.0 (2.0, 8.0) 11.0 (1.0, 
98.0) 

8.5 (2.0, 
36.0) 

 

NIPEm 40      <0.001 

Mean (SD)  52.3 
(7.8) 

60.7 
(2.1) 

57.4 (9.4) 48.1 (5.9) 47.7 (4.2)  

Median (Range)  50.5 
(41.0, 
67.0) 

61.0 
(58.0, 
65.0) 

 

 

 

62.0 (45.0, 
67.0) 

46.0 (41.0, 
59.0) 

48.0 (41.0, 
53.0) 
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Table 6. Patients’ characteristics and the NIPE results, comparison of groups with no source  

of pain vs. only procedural vs. only prolonged vs procedural and prolonged. 

 

Patient's characteristics  
and NIPE results, comparison 
of groups with various sources  
of pain 

N 
Overall, 
N = 401 

no 
source 
of pain,  
N = 101 

only 
procedural, N 

= 51 

only 
prolonged, 

N = 151 

procedural 
and 

prolonged,  
N = 101 

p-
value2 

NIPEm cat 40      <0.001 

no pain  20 
(50.0%) 

10 
(100.0%) 

3 (60.0%) 4 (26.7%) 3 (30.0%)  

pain  20 
(50.0%) 

0 (0.0%) 2 (40.0%) 11 (73.3%) 7 (70.0%)  

NIPEm initial 40      0.238 

Mean (SD)  49.8 
(11.0) 

53.7 
(10.4) 

56.6 (12.8) 46.7 (11.5) 47.2 (8.8)  

Median (Range)  50.0 
(25.0, 
78.0) 

52.0 
(37.0, 
78.0) 

65.0 (37.0, 
66.0) 

45.0 (25.0, 
66.0) 

48.5 (36.0, 
60.0) 

 

NIPEm end 40      <0.001 

Mean (SD)  53.1 
(7.6) 

60.7 
(2.1) 

60.8 (10.0) 48.7 (4.3) 48.3 (4.3)  

Median (Range)  52.5 
(41.0, 
74.0) 

61.0 
(58.0, 
65.0) 

61.0 (46.0, 
74.0) 

49.0 (41.0, 
55.0) 

48.5 (41.0, 
54.0) 

 

NIPEi minimum 40      <0.001 

Mean (SD)  40.2 
(11.2) 

53.8 
(4.3) 

48.6 (9.6) 36.0 (4.4) 28.8 (5.6)  

Median (Range)  39.0 
(22.0, 
59.0) 

55.5 
(47.0, 
58.0) 

52.0 (37.0, 
59.0) 

37.0 (25.0, 
40.0) 

28.5 (22.0, 
42.0) 

 

NIPEi maximum 40      <0.001 

Mean (SD)  55.7 
(9.4) 

64.9 
(3.6) 

63.2 (11.4) 50.1 (7.2) 51.1 (5.3)  

Median (Range)  55.0 
(36.0, 
74.0) 

63.0 
(61.0, 
72.0) 

67.0 (44.0, 
74.0) 

47.0 (36.0, 
63.0) 

52.5 (44.0, 
58.0) 

 

1n (%) 

2Fisher's exact test; Kruskal-Wallis rank sum test 
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Table nr 7 presents characteristics of ventilated patients born prematurely assessed  

for acute prolonged pain.   

In the experimental group assessed for acute prolonged pain 14 female newborns  

and 11 male neonates were evaluated. The mean gestational age at birth of infants  

in experimental group of ventilated preterm neonates was 29.4 weeks (range 24.1 - 36.4 

weeks) and mean weight was 1437.7g (range 955g – 2830g). 4 neonates (16%) were ventilated 

invasively (intubated on PC-PSV, PC-SIMV or SIMV+VG mode) and 21 newborns (84%)  

on ventilation support with non-invasive method (NCPAP - 18 patients, BIPAP – 3 patients).  

The median day of life when patients were evaluated was 15.9 day (range 1.0 – 98.0). 

The result of the NIPEm median result – counted from 5 results of patient’s observation during 

at least 20 minutes range from 41.0 to 59.0 (mean result among all includes 25 patients  

was 48.0. According to the recommendations of the MDoloris Medical Systems Company that 

produced the monitor, results less than 50 mean than patient is in discomfort and feels pain. 

18/25 patients in this experimental group had results lower than 50 (72%). The mean  

end NIPEm result displayed and recorded after 20min. of continuous observation was 48,6  

(range 41.0 – 55.0). 

The mean minimal NIPEi index showing the actual short-termly assessed discomfort was 33.1 

(range 22.0 – 42.0). 
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Table 7. Patients’ characteristics and the NIPE results, group with prolonged 
pain. 

 

Patient's characteristics and NIPE results,  
group with prolonged pain 

N N = 251 

Gender 25  

Male  11 (44.0%) 

Female  14 (56.0%) 

Gestational age at birth [weeks] 25  

Mean (SD)  29.4 (2.9) 

Median (Range)  29.0 (24.1, 36.4) 

Weight [g] 25  

Mean (SD)  1,437.7 (463.6) 

Median (Range)  1,339.0 (955.0, 2,830.0) 

Day of life when pain assessed 25  

Mean (SD)  15.9 (21.0) 

Median (Range)  9.0 (1.0, 98.0) 

Ventilation method 25  

BIPAP Wilamed  3 (12.0%) 

NCPAP  14 (56.0%) 

NCPAP Wilamed  4 (16.0%) 

PC-PSV  1 (4.0%) 

PC-SIMV  1 (4.0%) 

SIMV+VG  2 (8.0%) 

Ventilation type 25  

Invasive  4 (16.0%) 

non-invasive  21 (84.0%) 

NIPEm score: continuous 25  

Mean (SD)  48.0 (5.2) 

Median (Range)  48.0 (41.0, 59.0) 
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Table 7. Patients’ characteristics and the NIPE results, group with prolonged 
pain. 

 

Patient's characteristics and NIPE results,  
group with prolonged pain 

N N = 251 

NIPEm score: pain vs. no pain 25  

no pain  7 (28.0%) 

Pain  18 (72.0%) 

initial NIPEm 25  

Mean (SD)  46.9 (10.3) 

Median (Range)  48.0 (25.0, 66.0) 

end NIPEm 25  

Mean (SD)  48.6 (4.2) 

Median (Range)  49.0 (41.0, 55.0) 

min NIPEi 25  

Mean (SD)  33.1 (6.0) 

Median (Range)  36.0 (22.0, 42.0) 

max NIPEi 25  

Mean (SD)  50.5 (6.4) 

Median (Range)  49.0 (36.0, 63.0) 

1n (%) 
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Table nr 8 presents characteristics of patients experiencing procedural pain and their 

NIPE results.  

In the experimental group assessed for acute procedural pain 5 female newborns  

and 10 male neonates were evaluated. The mean gestational age at birth of infants in this 

experimental group was 32.6 weeks (range 24.3 – 40.0 weeks) and mean weight was 2097.8g 

(range 970.0g – 3830.0g). 8 newborns experienced heel lancing as the painful procedure 

resulting in acute pain (53.3%), 2 patients had vena puncturing performed (13.3%), 4 patients 

had suffered from airway suctioning (26.7%) and 1 patient during observation had external 

nostrils’ injured skin cleaned (6.7%). The mean day of life when patients were evaluated  

was 10.2 day (range 2.0 – 36.0). 

The result of the NIPEm mean result – counted from 5 results of patient’s observation during 

at least 20 minutes range from 41.0 to 67.0 (mean result among all included 15 patients  

was 50.9). 6/15 patients in this experimental group had NIPEm results lower than 50.  

The mean end NIPEm result displayed and recorded after 20min. after painful procedure was 

52.5 (range 41.0 – 74.0). 

The mean minimal NIPEi index recorded withing 3 min after painful procedure was 35.4  

(range 22.0 – 59.0). 
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Table 8. Patients’ characteristics and the NIPEm results, group with procedural 
pain. 

 

Patient's characteristics and NIPE results,  
group with procedural pain 

N N = 151 

Gender 15  

Male  10 (66.7%) 

Female  5 (33.3%) 

Gestational age at birth [weeks] 15  

Mean (SD)  32.6 (5.1) 

Median (Range)  31.4 (24.3, 40.0) 

Weight [g] 15  

Mean (SD)  2,097.8 (1,032.6) 

Median (Range)  1,490.0 (970.0, 3,830.0) 

Day of life when pain assessed 15  

Mean (SD)  10.2 (11.5) 

Median (Range)  6.0 (2.0, 36.0) 

Type of procedural pain 15  

heel lancing  8 (53.3%) 

vena puncturing  2 (13.3%) 

Suction  4 (26.7%) 

cleaning of injuried skin around external nostrils  1 (6.7%) 

NIPEm score: continuous 15  

Mean (SD)  50.9 (7.7) 

Median (Range)  48.0 (41.0, 67.0) 

NIPEm score: pain vs. no pain 15  

no pain  6 (40.0%) 

Pain  9 (60.0%) 

initial NIPEm 15  

Mean (SD)  50.3 (10.8) 

Median (Range)  50.0 (36.0, 66.0) 
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Table 8. Patients’ characteristics and the NIPEm results, group with procedural 
pain. 

 

Patient's characteristics and NIPE results,  
group with procedural pain 

N N = 151 

end NIPEm 15  

Mean (SD)  52.5 (8.8) 

Median (Range)  51.0 (41.0, 74.0) 

 

 

min NIPEi 15  

Mean (SD)  35.4 (11.8) 

Median (Range)  30.0 (22.0, 59.0) 

max NIPEi 15  

Mean (SD)  55.1 (9.5) 

Median (Range)  54.0 (44.0, 74.0) 

Decrease in NIPE score [%] 15  

Mean (SD)  31.6 (15.1) 

Median (Range)  36.2 (10.6, 49.1) 

1n (%) 
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2. RESULTS OF PAIN EVALUATION WITH PAIN SCALES 

 

Table 9. The N-PASS score, patients with prolonged pain. 

 

N-PASS score N N = 401 

N-PASS score: continuous 25  

Mean (SD)  3.4 (2.0) 

Median (Range)  4.0 (0.0, 6.0) 

N-PASS score: pain vs. no pain 25  

no pain  8 (32.0%) 

Pain  17 (68.0%) 

N-PASS score: no pain/moderate pain/severe pain 25  

no pain  8 (32.0%) 

moderate pain  17 (68.0%) 

severe pain  0 (0.0%) 

1n (%) 

 

According to the N-PASS pain score, 17 patients (68%) with prolonged source of pain 

actually were feeling pain and it was moderate pain. The mean N-PASS score was 3.4.  

One patient on morphine was assessed with the N-PASS pain scale with the result -6,  

which was interpreted as no pain (patient was sedated). 
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Table 10. The PIPP score, patients with prolonged pain. 

PIPP score N N = 401 

PIPP score: continuous 25  

Mean (SD)  7.5 (3.1) 

Median (Range)  8.0 (2.0, 14.0) 

PIPP score: pain vs. no pain 25  

no pain  6 (24.0%) 

Pain  19 (76.0%) 

PIPP score: no pain/moderate pain/severe pain 25  

no pain  6 (24.0%) 

moderate pain  17 (68.0%) 

severe pain  2 (8.0%) 

1n (%) 

 

According to the PIPP pain score, 19 patients (76%) with prolonged source of pain 

actually were feeling pain. 17 of them were experiencing moderate pain and 2 of them severe 

pain. 

 

Table 11. The EDIN score, patients with prolonged pain. 

EDIN score N N = 401 

EDIN score: continuous 25  

Mean (SD)  5.0 (2.4) 

Median (Range)  5.0 (0.0, 10.0) 

EDIN score: pain vs. no pain 25  

no pain  8 (32.0%) 

Pain  17 (68.0%) 

1n (%) 

  

According to the EDIN pain score, 17 patients (68%) with prolonged source of pain 

actually were feeling pain.  
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3. NIPEm RESULTS – IN THE EXPERIMENTAL GROUP AND THE CONTROL GROUP 

 

Table 12. The NIPEm score, the experimental vs. the control group. 

 

NIPEm score N 
Overall,  
N = 401 

Experimental group:  
painful procedure,  

N = 301 

Control group:  
no painful procedure,  

N = 101 
p-value2 

NIPEm score: continuous 40    <0.001 

Mean (SD)  52.3 (7.8) 49.5 (6.9) 60.7 (2.1)  

Median (Range)  50.5 (41.0, 67.0) 48.0 (41.0, 67.0) 61.0 (58.0, 65.0)  

NIPEm score: pain vs. no pain 40    <0.001 

no pain  20 (50.0%) 10 (33.3%) 10 (100.0%)  

pain  20 (50.0%) 20 (66.7%) 0 (0.0%)  

1n (%) 

2Wilcoxon rank sum test; Pearson's Chi-squared test 

 

The NIPEm score was significantly lower in the experimental group (with any source  

of pain) than in the control group (p-value in Wilcoxon rank sum test < 0.001). 

According to the NIPEm pain score, 20 out of 30 patients (66.7%) from the experimental group 

and 0 out of 10 patients (0%) from the control group actually were feeling pain. 

Significantly more patients were in pain (according to the categorical NIPEm score)  

in the experimental group than in the control group (p-value in Pearson's Chi-squared test  

< 0.001). 
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4. ANALYSIS OF THE CORRELATION BETWEEN PAIN ASSESSMENT SCALES  

AND NIPEm RESULTS 

 

Table 13. Correlation between the N-PASS, the PIPP, the EDIN and the NIPEm scores. 

 

 NPASS PIPP EDIN NIPEm 

NPASS 1.000 0.748 0.904 -0.821 

PIPP 0.748 1.000 0.716 -0.597 

EDIN 0.904 0.716 1.000 -0.851 

NIPEm -0.821 -0.597 -0.851 1.000 

 

Pain scale 1 Pain scale 2 Spearman correlation S statistic p value 

N-PASS PIPP 0.748 655.7 <0.001 

N-PASS EDIN 0.904 250.7 <0.001 

N-PASS NIPEm -0.821 4,734.3 <0.001 

PIPP EDIN 0.716 738.6 <0.001 

PIPP NIPEm -0.597 4,153.1 0.002 

EDIN NIPEm -0.851 4,812.8 <0.001 
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Figure 2. Correlation between the N-PASS, the PIPP, the EDIN and the NIPEm scores 

 

There is very strong and highly significant positive Spearman correlation between 

the N-PASS, the PIPP and the EDIN score (p values <0,001.) 

There is very strong and highly significant negative Spearman correlation between  

the N-PASS score and the NIPEm score (p value <0,001), the PIPP score and the NIPEm score 

(p value 0,002), the EDIN score and the NIPEm score (p value <0,001). 
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Figure 3. The NIPEm score vs. the N-PASS score, points jittered, smoothed conditional means 

curve with confidence intervals. 

 

Figure 4. The NIPEm score vs. the PIPP score, points jittered, smoothed conditional means 

curve with confidence intervals. 
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Figure 5. The NIPEm score vs. the EDIN score, points jittered, smoothed conditional means 

curve with confidence intervals. 

 

 

5. ANALYSIS OF THE DIAGNOSTIC PERFORMANCE AGREEMENT 

 

Table 14. The N-PASS, the PIPP, the EDIN and the NIPEm scores – agreement between 

categorical rating. 

 NIPEm score   

 no pain pain Total 

N-PASS score    

no pain 7 (28.0%) 1 (4.0%) 8 (32.0%) 

pain 0 (0.0%) 17 (68.0%) 17 (68.0%) 

Total 7 (28.0%) 18 (72.0%) 25 (100.0%) 
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  NIPEm score   

 no pain pain Total 

PIPP score    

no pain 5 (20.0%) 1 (4.0%) 6 (24.0%) 

pain 2 (8.0%) 17 (68.0%) 19 (76.0%) 

Total 7 (28.0%) 18 (72.0%) 25 (100.0%) 

  

  NIPEm score   

 no pain pain Total 

EDIN score    

no pain 7 (28.0%) 1 (4.0%) 8 (32.0%) 

pain 0 (0.0%) 17 (68.0%) 17 (68.0%) 

Total 7 (28.0%) 18 (72.0%) 25 (100.0%) 

 

 

Table 15. Accuracy between pain scales and the NIPEm index. 

 

Behavioral rating score NIPEm index score Cohen kappa coefficient with CI Accuracy 

N-PASS score NIPEm score 0.905 (0.723, 1) 96% 

PIPP score NIPEm score 0.689 (0.364, 1) 88% 

EDIN score NIPEm score 0.905 (0.723, 1) 96% 

 

There is very high agreement between the N-PASS score and the NIPEm score (Cohen's kappa 

= 0.905, accuracy = 96%), the PIPP score and the NIPEm score (Cohen's kappa = 0.689, accuracy 

= 88%), the EDIN score and the NIPEm score (Cohen's kappa = 0.905, accuracy = 96%). 

 

 

 

 

 



55 
 

6. NIPEm RESULTS VS. PATIENTS CHARACTERISTICS ANALYSIS 

 

Figure nr 5, 6 and 7 present the NIPEm results vs. gestational age at birth, vs. weight and  

vs. day of life when patients were evaluated. 

 

 

Figure 6. The NIPEm score vs. gestational age at birth, all patients (N = 40). 

 



56 
 

 

Figure 7. The NIPEm score vs. weight, all patients (N = 40). 

 

 

 

Figure 8. The NIPEm score vs. day of life when pain assessed, all patients (N = 40) 
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7. ANALYSIS OF THE FACTORS INLUENCING NIPEm SCORE IN THE EXPERIMENTAL 

GROUPS WITH PROLONGED AND/OR PROCEDURAL PAIN 

 

Table 16. The NIPEm score vs. gender, patients with any source of pain (N=30) 

 

NIPEm score vs. gender, patients  
with any source of pain 

N Overall, N = 30 Male, N = 16 Female, N = 14 p-value1 

NIPEm 30    0.900 

Mean (SD)  49.5 (6.9) 50.1 (8.2) 48.9 (5.2)  

Median (Range)  48.0 (41.0, 67.0) 49.0 (41.0, 67.0) 48.0 (42.0, 59.0)  

1Wilcoxon rank sum test 

 

There is no significant difference in the NIPEm score between male and female 

neonates with any source of pain. 

 

Evaluated newborns were divided in four groups depending on their gestational age  

at birth to assess the age at birth as the influencing factor in the NIPEm, NIPEi results  

and to evaluate patients’ sensitivity to pain according to their age group:  

- extremely preterm neonates: 24week 0/7days – 27weeks 6/7days GA, 

- very preterm neonates: 28weeks 0/7days – 31weeks 6/7 days GA, 

- moderate to late preterm neonates: 32weeks 0/7days – 36weeks 6/7days GA,  

- full-term neonates: 37weeks 0/7 days – 42weeks 6/7 days GA. 
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Table 17. The NIPEm score vs. gestational age at birth (categorical), patients with any source 

of pain (N=30). 

NIPEm score vs.  
gestational age at 
birth (categorical),  
patients with any 
source of pain 

N 
Overall, N 

= 30 

full-
term,  
N = 4 

moderate or 
late preterm,  

N = 5 

very 
preterm,  

N = 15 

extremely 
preterm,  

N = 6 

p-
value1 

NIPEm 30      0.039 

Mean (SD)  49.5 (6.9) 60.5 
(7.3) 

48.2 (3.4) 48.4 (5.2) 46.2 (6.3)  

Median (Range)  48.0 (41.0, 
67.0) 

62.5 
(50.0, 
67.0) 

48.0 (45.0, 
53.0) 

48.0 (42.0, 
59.0) 

44.0 (41.0, 
56.0) 

 

1Kruskal-Wallis rank sum test 

  

There is statistically significant difference in the NIPEm score (p-value = 0.039) between 

full term, moderate or late preterm, very preterm and extremely preterm neonates with  

any source of pain. 

 

Table 18. Univariate linear models for the NIPEm, patients with any source of pain (N = 30). 

 

 

 

 

Characteristic N Beta 95% CI1 p-value 

Gestational age at birth 30 0.76 0.22, 1.3 0.007 

Gestational age at birth categorical 30    

full-term  — —  

moderate or late preterm  -12 -20, -4.7 0.003 

very preterm  -12 -18, -5.7 <0.001 

extremely preterm  -14 -22, -7.0 <0.001 

Weight in kg 30 4.8 2.3, 7.3 <0.001 

Day of life when pain assessed 30 -0.03 -0.17, 0.10 0.633 

1CI = Confidence Interval 
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Among neonates with any source of pain, significant factors influencing the NIPEm 

result were gestational age at birth and weight. The mean NIPEm score was 4.8 points higher 

with each kilogram and 0.76 points higher with each week of gestational age at birth. 

Moderate and late preterm and very preterm neonates had 12 points less (on average) in the 

NIPEm score than full term neonates. Extremely preterm neonates had 14 points less  

(on average) in the NIPEm score than full term neonates. 

 

8. THE NIPEm SCORE VS. PATIENTS’ CHARACTERISTICS IN THE EXPERIMENTAL 

GROUP WITH PROLONGED PAIN 

 

 

Figure 9. The NIPEm score vs. gestational age at birth, patients with prolonged pain (N = 25). 
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Figure 10. The NIPEm score vs. weight, patients with prolonged pain (N=25). 

 

Figure 11. The NIPEm score vs. day of life when pain assessed, patients with prolonged pain  

(N = 25). 
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Table 19. The NIPEm score vs. gender, patients with prolonged pain (N=25). 

NIPEm score vs. gender,  
patients with prolonged pain 

N Overall, N = 25 Male, N = 11 Female, N = 14 p-value1 

NIPEm 25    0.350 

Mean (SD)  48.0 (5.2) 46.8 (5.2) 48.9 (5.2)  

Median (Range)  48.0 (41.0, 59.0) 46.0 (41.0, 56.0) 48.0 (42.0, 59.0)  

1Wilcoxon rank sum test 

 

There is no significant difference in the NIPEm score (p-value = 0.35) between  

male and female neonates with prolonged source of pain. 

 

Table 20. The NIPEm score vs. gestational age at birth, patients with prolonged pain (N=25). 

NIPEm score vs. 
gestational age  
at birth 
(categorical),  
patients with 
prolonged pain 

N 
Overall, N 

= 25 

full-
term,  
N = 0 

moderate or 
late preterm,  

N = 4 

very 
preterm,  

N = 15 

extremely 
preterm,  

N = 6 

p-
value1 

NIPEm 25      0.437 

Mean (SD)  48.0 (5.2)           - 49.0 (3.4) 48.4 (5.2) 46.2 (6.3)  

Median (Range)  48.0 (41.0, 
59.0) 

- 49.0 (45.0, 53.0) 48.0 (42.0, 
59.0) 

44.0 (41.0, 
56.0) 

 

1Kruskal-Wallis rank sum test 

 

There is no statistically significant difference in the NIPEm score (p-value = 0.437) 

between full term, moderate or late preterm, very preterm and extremely preterm neonates 

with prolonged pain. 
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Table 21. The NIPEm score vs. ventilation type, patients with prolonged pain (N=25). 

NIPEm score vs. ventilation type, patients 
with prolonged pain 

N 
Overall,  
N = 25 

invasive,  
N = 4 

non-invasive,  
N = 21 

p-
value1 

NIPEm 25    0.710 

Mean (SD)  48.0 (5.2) 49.2 (6.7) 47.7 (5.0)  

Median (Range)  48.0 (41.0, 
59.0) 

50.0 (41.0, 
56.0) 

48.0 (41.0, 
59.0) 

 

1Wilcoxon rank sum test 

 

There is no statistically significant difference in the NIPEm score (p-value = 0.71) 

between neonates with invasive and non-invasive ventilation as a source of prolonged pain. 

 

Table 22. Univariate linear models for the NIPEm, patients with prolonged pain (N = 25). 

Characteristic N Beta 95% CI1 p-value 

Gestational age at birth 25 0.25 -0.51, 1.0 0.500 

Gestational age at birth categorical 25    

moderate or late preterm  — —  

very preterm  -0.60 -6.8, 5.6 0.842 

extremely preterm  -2.8 -9.9, 4.3 0.417 

Weight in kg 25 4.5 0.03, 8.9 0.048 

Day of life when pain assessed 25 0.01 -0.10, 0.12 0.847 

Ventilation type 25    

Invasive  — —  

non-invasive  -1.5 -7.5, 4.4 0.598 

1CI = Confidence Interval 

 

Among neonates with prolonged pain, the only significant factor influencing the NIPEm 

result was weight. 

The mean NIPEm score was 4.5 points higher with each kilogram. 
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9. ANALYSIS OF NIPE SCORES IN THE EXPERIMENTAL GROUP  

WITH PROCEDURAL PAIN 

 

 

Figure 12. The NIPEm score vs. gestational age at birth, patients with procedural source  

of pain (N = 15). 

 

Figure 13. The NIPEm score vs. weight, patients with procedural source of pain (N = 15). 
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Figure 14. The NIPEm score vs. day of life when pain assessed, patients with procedural 

source of pain (N = 15). 
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Table 23. NIPE scores vs. gender, patients with procedural pain (N=15). 

NIPE scores vs. gender,  
patients with procedural  
source of pain 

N Overall, N = 15 Male, N = 10 Female, N = 5 
p-

value1 

NIPEm 15    0.538 

Mean (SD)  50.9 (7.7) 52.1 (9.2) 48.6 (2.5)  

Median (Range)  48.0 (41.0, 
67.0) 

50.5 (41.0, 
67.0) 

48.0 (47.0, 
53.0) 

 

NIPEi minimum 15    0.623 

Mean (SD)  35.4 (11.8) 37.4 (13.7) 31.4 (6.2)  

Median (Range)  30.0 (22.0, 
59.0) 

33.5 (22.0, 
59.0) 

30.0 (27.0, 
42.0) 

 

NIPEm 20 min. after painful 
procedure 

15    0.389 

Mean (SD)  52.5 (8.8) 54.4 (10.0) 48.6 (4.3)  

Median (Range)  51.0 (41.0, 
74.0) 

52.5 (41.0, 
74.0) 

50.0 (42.0, 
53.0) 

 

Decrease of NIPE index [%] 15    0.759 

Mean (SD)  31.6 (15.1) 29.9 (15.7) 35.0 (14.7)  

Median (Range)  36.2 (10.6, 
49.1) 

33.8 (11.1, 
46.3) 

36.2 (10.6, 
49.1) 

 

1Wilcoxon rank sum test 

 

There is no significant difference in the NIPEm score, the minimum NIPEi score,  

the NIPEm score 20 minutes after painful procedure and the percentage decrease of the NIPE 

index between male and female neonates with procedural source of pain. 
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Table 24. NIPE scores vs. gestational age at birth (categorical), patients with procedural pain 

(N=15). 

NIPE score vs. 
gestational age  
at birth (categorical), 
patients with 
procedural  
source of pain 

N 
Overall, N 

= 15 

full-
term,  
N = 4 

moderate or 
late preterm,  

N = 3 

very 
preterm,  

N = 4 

extremely 
preterm,  

N = 4 

p-
value1 

NIPEm 15      0.061 

Mean (SD)  50.9 (7.7) 60.5 
(7.3) 

48.7 (4.0) 49.0 (2.7) 45.0 (4.9)  

Median (Range)  48.0 
(41.0, 
67.0) 

62.5 
(50.0, 
67.0) 

48.0 (45.0, 
53.0) 

48.0 (47.0, 
53.0) 

44.0 (41.0, 
51.0) 

 

NIPEi minimum 15      0.033 

Mean (SD)  35.4 
(11.8) 

50.8 
(9.6) 

33.7 (5.5) 28.0 (1.4) 28.8 (9.4)  

Median (Range)  30.0 
(22.0, 
59.0) 

53.5 
(37.0, 
59.0) 

31.0 (30.0, 
40.0) 

27.5 (27.0, 
30.0) 

25.5 (22.0, 
42.0) 

 

NIPEm 20 min. after 
painful procedure 

15      0.032 

Mean (SD)  52.5 (8.8) 64.5 
(6.5) 

49.3 (2.9) 49.2 (2.9) 46.0 (5.9)  

Median (Range)  51.0 
(41.0, 
74.0) 

62.0 
(60.0, 
74.0) 

51.0 (46.0, 
51.0) 

48.5 (47.0, 
53.0) 

44.5 (41.0, 
54.0) 

 

Decrease of NIPE index 
[%] 

15      0.174 

Mean (SD)  31.6 
(15.1) 

16.7 
(6.8) 

30.0 (16.8) 42.7 (5.3) 36.6 (17.4)  

Median (Range)  36.2 
(10.6, 
49.1) 

14.7 
(11.3, 
26.0) 

35.4 (11.1, 
43.4) 

42.7 (36.2, 
49.1) 

44.7 (10.6, 
46.3) 

 

1Kruskal-Wallis rank sum test 

  

There is statistically significant difference in the NIPEm score (p-value = 0.061) between 

full term, moderate or late preterm, very preterm and extremely preterm neonates  

with procedural pain. 
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There is statistically significant difference in the minimum NIPEi score (p-value = 0.033) 

between full term, moderate or late preterm, very preterm and extremely preterm neonates 

with procedural pain. 

There is statistically significant difference in the NIPEm score 20 minutes after painful 

procedure (p-value = 0.032) between full term, moderate or late preterm, very preterm  

and extremely preterm neonates with procedural pain. 

There is no statistically significant difference in percentage decrease of NIPE score  

(p-value = 0.174) between full term, moderate or late preterm, very preterm and extremely 

preterm neonates with procedural pain. 
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Table 25. NIPE scores vs. type of procedural pain, patients with procedural pain (N=15). 

NIPE score vs. type of 
procedural pain, 
patients with 
procedural source  
of pain 

N 
Overall, 
N = 15 

heel 
lancing, 

N = 8 

vena 
puncturing, N 

= 2 

suction, 
N = 4 

cleaning of 
injuried skin 

around external 
nostrils,  

N = 1 

p-
value1 

NIPEm 15      0.353 

Mean (SD)  50.9 (7.7) 51.4 (9.1) 56.0 (8.5) 50.0 (2.4) 41.0 (NA)  

Median (Range)  48.0 
(41.0, 
67.0) 

47.5 
(41.0, 
67.0) 

56.0 (50.0, 
62.0) 

49.5 
(48.0, 
53.0) 

41.0 (41.0, 41.0)  

NIPEi minimum 15      0.142 

Mean (SD)  35.4 
(11.8) 

37.9 
(12.8) 

46.0 (12.7) 28.5 (1.3) 22.0 (NA)  

Median (Range)  30.0 
(22.0, 
59.0) 

35.5 
(22.0, 
59.0) 

46.0 (37.0, 
55.0) 

28.5 
(27.0, 
30.0) 

22.0 (22.0, 22.0)  

NIPEm 20 min. after 
painful procedure 

15      0.287 

Mean (SD)  52.5 (8.8) 50.9 (8.1) 67.0 (9.9) 49.8 (3.4) 47.0 (NA)  

Median (Range)  51.0 
(41.0, 
74.0) 

50.5 
(41.0, 
63.0) 

67.0 (60.0, 
74.0) 

49.0 
(47.0, 
54.0) 

47.0 (47.0, 47.0)  

Decrease of NIPE 
index [%] 

15      0.217 

Mean (SD)  31.6 
(15.1) 

27.3 
(16.3) 

18.6 (10.4) 43.0 (0.9) 46.3 (NA)  

Median (Range)  36.2 
(10.6, 
49.1) 

26.4 
(10.6, 
49.1) 

18.6 (11.3, 
26.0) 

43.3 
(41.7, 
43.8) 

46.3 (46.3, 46.3)  

1Kruskal-Wallis rank sum test 

 

There is no significant difference in the NIPEm score, the minimum NIPEi score,  

the NIPEm score 20 minutes after painful procedure and the percentage decrease of the NIPE 

index between neonates with various types of procedural pain. 
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Table. 26. Univariate linear models for the NIPEm, patients with procedural pain  

(N = 15). 

Characteristic N Beta 95% CI1 p-value 

Gestational age at birth 15 1.0 0.31, 1.7 0.008 

Gestational age at birth categorical 15    

full-term  — —  

moderate or late preterm  -12 -20, -3.2 0.011 

very preterm  -12 -19, -3.5 0.009 

extremely preterm  -16 -23, -7.5 0.001 

Weight in kg 15 4.9 1.5, 8.2 0.008 

Day of life when pain assessed 15 -0.26 -0.63, 0.10 0.145 

Type of procedural pain 15    

heel lancing  — —  

vena puncturing  4.6 -9.0, 18 0.469 

Suction  -1.4 -12, 9.1 0.779 

cleaning of injuried skin around external nostrils  -10 -29, 7.8 0.236 

1CI = Confidence Interval 

 

Among neonates with procedural pain, significant factors influencing the NIPEm result 

were gestational age at birth and weight.  

The mean NIPEm score was 4.9 points higher with each kilogram and 1 point higher with each 

week of gestational age at birth. 

Moderate and late preterm and very preterm neonates had 12 points less (on average)  

in the NIPEm score than full term neonates. Extremely preterm neonates had 16 points less  

(on average) in the NIPEm score than full term neonates. 
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Table 27. Univariate linear models for the minimum NIPEi, patients with procedural pain  

(N = 15). 

Characteristic N Beta 95% CI1 p-value 

Gestational age at birth 15 1.5 0.42, 2.6 0.010 

Gestational age at birth categorical 15    

full-term  — —  

moderate or late preterm  -17 -30, -4.6 0.012 

very preterm  -23 -34, -11 0.001 

extremely preterm  -22 -34, -10 0.002 

Weight in kg 15 8.2 3.5, 13 0.003 

Day of life when pain assessed 15 -0.26 -0.86, 0.33 0.358 

Type of procedural pain 15    

heel lancing  — —  

vena puncturing  8.1 -11, 27 0.367 

suction  -9.4 -24, 5.4 0.189 

cleaning of injuried skin around external nostrils  -16 -41, 9.6 0.198 

1CI = Confidence Interval 

 

Among neonates with procedural pain, significant factors influencing the minimum 

NIPEi result were gestational age at birth and weight. 

The minimal NIPEi score was 8.2 points higher with each kilogram (on average) and 1.5 points 

higher with each week of gestational age at birth. 

Moderate and late preterm neonates had 17 points less (on average) in the minimal NIPEi 

score than full term neonates. 

Very preterm neonates had 23 points less (on average) in the minimal NIPEi score than  

full term neonates. 

Extremely preterm neonates had 22 points less (on average) in the minimal NIPEi score than 

full term neonates. 
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Table 28. Univariate linear models for the NIPEm 20 minutes after painful procedure, 

patients with procedural pain (N = 15). 

Characteristic N Beta 95% CI1 p-value 

Gestational age at birth 15 1.3 0.69, 2.0 <0.001 

Gestational age at birth categorical 15    

full-term  — —  

moderate or late preterm  -15 -24, -6.8 0.002 

very preterm  -15 -23, -7.5 0.001 

extremely preterm  -19 -26, -11 <0.001 

Weight in kg 15 6.6 3.4, 9.9 <0.001 

Day of life when pain assessed 15 -0.45 -0.82, -0.08 0.021 

Type of procedural pain 15    

heel lancing  — —  

vena puncturing  16 3.4, 29 0.018 

suction  -1.1 -11, 8.7 0.806 

cleaning of injuried skin around external nostrils  -3.9 -21, 13 0.627 

1CI = Confidence Interval 

 

Among neonates with procedural pain, significant factors influencing the NIPEm result 

20 minutes after painful procedure were: gestational age at birth, weight, day of life when pain 

was assessed and procedural pain from vena puncturing. 

The NIPEm result 20 minutes after painful procedure was 6.6 points higher with each kilogram 

(on average) and 1.3 points higher with each week of gestational age at birth. 

Moderate and late preterm and very preterm neonates had 15 points less (on average)  

in the NIPEm result 20 minutes after painful procedure than full term neonates. 

Extremely preterm neonates had 19 points less (on average) in the NIPEm result 20 minutes 

after painful procedure than full term neonates. 

The NIPEm result 20 minutes after painful procedure was 0.45 points lower with each day  

of life (on average). 
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Patients whose source of pain was vena puncturing had 16 points more (on average)  

in the NIPEm result 20 minutes after painful procedure than patients whose source of pain 

was heel lancing. 

Table 29. Univariate linear models for the decrease of NIPE index [%], patients with procedural 

pain (N = 15). 

Characteristic N Beta 95% CI1 p-value 

Gestational age at birth 15 -1.5 -3.0, 0.09 0.062 

Gestational age at birth categorical 15    

full-term  — —  

moderate or late preterm  13 -7.6, 34 0.188 

very preterm  26 6.7, 45 0.013 

extremely preterm  20 0.62, 39 0.044 

Weight in kg 15 -8.9 -16, -1.9 0.017 

Day of life when pain assessed 15 0.14 -0.64, 0.92 0.710 

Type of procedural pain 15    

heel lancing  — —  

vena puncturing  -8.6 -32, 15 0.432 

suction  16 -2.3, 34 0.081 

cleaning of injuried skin around external nostrils  19 -12, 50 0.205 

1CI = Confidence Interval 

 

Among neonates with procedural pain, significant factors influencing the percentage 

decrease of NIPE index were: gestational age at birth and weight. 

The percentage decrease of NIPE index was 8.9 percentage points lower with each kilogram 

(on average) and 1.5 percentage points lower with each week of gestational age at birth. 

Very preterm neonates had 26 percentage points more (on average) in the decrease of NIPE 

index than full term neonates. 

Extremely preterm neonates had 20 percentage points more (on average) in the decrease  

of NIPE index than full term neonates. 
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1. SUMMARY OF RESULTS 

 

40 patients (21 male neonates and 19 female neonates) were included in the study of pain:  

25 patients were assessed in the first experimental group of ventilated preterm newborns,  

15 patients were evaluated while experiencing acute procedural pain and the control group 

consisted of 10 patients in comfort and without any source of pain. 

The analysis of results of the first experimental group of patients assessed with behavioral 

scales N-PASS, PIPP and EDIN and also with the NIPE pain monitor confirmed that ventilated 

patients may potentially feel pain: according to the N-PASS score 17 patients (68.0%) out of 25 

ventilated neonates were experiencing pain during observation, on the basis of results  

of the PIPP scale 19 (76%) newborns were in pain, the EDIN results showed that 17 patients 

(68%) were feeling pain. The NIPE monitor detected pain and discomfort in 18 neonates (72%). 

The correlation analysis between behavioral pain assessment scales and the NIPEm results 

confirmed that there is very strong and high significant negative Spearman correlation 

between the N-PASS score and the NIPEm score (p value < 0,001), the PIPP score and  

the NIPEm score (p value 0,002), the EDIN score and the NIPEm score (p value < 0,001). 

Calculated accuracy for pain scales and the NIPEm index showed very high agreement: 

between the N-PASS score and the NIPEm score (Cohen's kappa = 0.905, accuracy = 96%),  

the PIPP score and the NIPEm score (Cohen's kappa = 0.689, accuracy = 88%), the EDIN score 

and the NIPEm score (Cohen's kappa = 0.905, accuracy = 96%). 

All these three pain scales have been validated before and are commonly used worldwide  

for pain evaluation in newborns. The above results of correlations with the NIPEm index 

proved that the NIPE pain monitor is a reliable tool for pain assessment in preterm newborns 

experiencing acute prolonged pain.  

Neonates subjected to acute procedural pain were assessed only with the NIPE pain 

monitor. Their sensitivity to pain was evaluated according to their gestational age at birth  

with the decrease of NIPE index (to examine what was the difference between the NIPEm 

median result and the minimal NIPEi) and analysing NIPEi results recorded up to 3 min. after 

painful stimuli. 
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There was statistically significant difference in the minimum NIPEi results during the evaluation 

between full term, moderate or late preterm, very preterm and extremely preterm neonates 

with procedural pain (p-value = 0,033). The decrease of NIPE index was generally higher  

in neonates born prematurely than in term newborns: the mean score of the decrease of NIPE 

index were: for extremely preterm newborns 36.6%, very preterm 42.7%, moderately or late 

preterm 30.0% and full-term babies 16,7% which would suggest that preterm babies are more 

sensitive to pain than term-babies.  

Moreover there was statistically significant difference in the NIPEm scores 20 min. after painful 

procedures (p-value = 0.032) between different age groups of newborns. Extremely preterm 

neonates had the lowest mean NIPEm score 20min. after painful stimuli 46.0; very preterm 

49.2; moderate or late preterm 49.3; full-term 64.5. It could mean that the youngest children 

feel pain more severely with longer nociceptive effects of performed painful procedure. 

The NIPE scores recorded while observing patients with procedural pain were  

not influenced by gender or the type of procedural pain. There was no significant difference  

in the NIPE scores in relation to these factors.  

The analysis of the patients results showed that not only the gestational age at birth but also 

the weight was the factor that had influence on the NIPE results. 

The NIPE scores recorded while monitoring preterm ventilated patients were not influenced 

by gender or the mode of ventilation. There was no significant difference in the NIPE scores  

in relation to these factors.  

There was no statistically significant difference in the NIPEm scores (p-value = 0,437) between 

patients experiencing prolonged pain according to their age. However the mean NIPEm result 

in the extremely preterm newborns was the lowest – 46.2; in the very preterm babies  

the mean NIPEm score was 48.4 and in the moderate or late preterm group of neonates – 49.0. 

The control group of healthy newborns not subjected to any noxious stimuli during 

their observation was assessed only with the NIPE pain monitor. Their mean NIPEm score was 

60.7 (range 58.0 – 65.0). According to patients’ results obtained from the NIPE monitor no one 

felt pain (100%). The NIPEm score was significantly lower in the experimental group with  

any source of pain than in the control group (p-value <0,001).  
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VII. DISCUSSION 

 

Monitors to assess pain in neonates are becoming more popular in NICUs. There is a few 

available options of monitoring pain including skin conductance, near infrared spectroscopy, 

electroencephalography and with the Newborn Infant Parasympathetic Evaluation monitor 

that uses heart rate variability. None of them has become prime in the diagnosis of newborns’ 

pain. In studies of pain assessment in newborns researchers emphasize that they are imperfect 

and many times poor inter-observer agreement score limits the data of their findings.  

Pain assessment in neonates is presently mainly based on pain scales that also have their 

drawbacks and are not free from bias. Reliable assessment tools are essential for proper 

management of pain and increasing the quality of newborns’ care. 

Behavioral scales for pain assessment in newborns have been thoroughly studied 

especially during last 30 years. Mainly behavioral scales were invented for evaluation of acute 

pain to provide adequate pain relief instantly. Only a few have been validated for assessment 

of prolonged pain and several for ventilated patients. Developing objective and accurate 

method to monitor these patients is very challenging.  

Ventilated neonates experiencing prolonged pain were assessed with two behavioral pain 

scales conducted by Desai et al. in 2017. The results of the Neonatal Pain, Agitation  

and Sedation Scale (N-PASS) and the Premature Infant Pain Profile scale (PIPP) were analyzed.  

15 neonates of gestational age 34.3 ± 4.56 were scored during invasive or non-invasive 

ventilation. This research confirmed that ventilation may be the source of prolonged pain  

in neonates. The results of the N-PASS scale and the PIPP scale were comparable.  

In 2018 Huang et al. published the results of their study evaluating three pain scales used 

for ventilated neonates. The Neonatal Pain, Agitation and Sedation Scale (N-PASS),  

the Neonatal Infant Acute Pain Assessment Scale (NIAPAS) and the Premature Infant Pain 

Profile-Revised scale (PIPP-R) were used for evaluating  90. preterm and term newborns.  

All three scales proved to be valid and reliable to assess ventilated newborns, the correlation 

between them was strong. According to performed analysis the excellent inter-raters 

coefficients and good internal consistency was proved as well for all three scales.  

The N-PASS scale was a preferable scale in opinion of nurses [96].  
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This is one of the latest study assessing pain in ventilated neonates with behavioral scales. 

Even though their utility and reliability was confirmed with studies conducted up to now, the 

pain scales are underutilized at neonatal intensive care units for many reasons. They do not 

allow to monitor patients constantly, they are time-consuming and difficult to implement for 

daily routine at NICUs. Moreover the subjectivity of rating is the limit and none of the pain 

scales is recommended as gold standard. 

Heart rate variability is one of the most thoroughly studied parameter in newborns  

for various purposes [45, 120]. It has been a relevant tool to assess especially the autonomic 

nervous system [93, 129, 154]. High HRV is associated with good health and decreased level 

of stress in patients [119]. Decreased HRV can be the result of pain in newborns. What is more 

the usefulness of HRV in detecting and assessing pain is beyond doubt on the basis of available 

data from many studies conducted in neonates. Heart rate variability has emerged as non-

invasive method to monitor newborns. It correlates with newborn’s stress and stress-related 

conditions.  

Unfortunately there is many factors that can influence HRV: heart rate, gender, blood 

pressure, health status, hypoxia and ventilation, diseases, maturation of the autonomic 

nervous system (age), mode of delivery and many drugs [43, 110, 124, 161, 163].  

HRV parameters observed in newborns of different gestational age are lower in the youngest 

neonates [41, 63, 70, 111, 174]. Autonomic disfunction and the results of HRV are inversely 

correlated with organ dysfunction in organ disfunction or sepsis [19]. Heart rate variability can 

be useful to evaluate patient’s state, the risk of deterioration and generally to identify system 

instability even before any clinical signs are visible.  

The environmental and physiological conditions can have impact on HRV as well, including 

circadian rhythms, the sleep cycle,  the time of the day. So the background setting should  

be established while assessing patients with HRV.  

Heart rate variability in newborns was studied vastly by Prof. Kamil Javorka who confirmed 

that the maturity of the parasympathetic innervation of the heart depends on the gestational 

age of the patient. Respiratory distress syndrome may also have impact on HRV causing its low 

results. Other possible determinants of decreased HRV observed by Javorka were clinically 

significant patent ductus arteriosus, congenital heart defects, neonatal sepsis,  
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caesarean section delivery, hypotrophy and hypoxic ischemic encephalopathy [100, 101].  

During traumatic brain injury or seizures the loss of HRV can occur too [149]. 

A few researches in the topic of heart rate variability in ventilated preterm neonates were 

carried out by Ravenswaaij-Arts et al. [159, 160, 162] The findings suggested that HRV could 

be a promising method of neonatal monitoring during ventilation. 

The analysis of heart rate variability for the newborn pain assessment was studied  

by Jonckheere et al. The magnitude of the heart rate high frequency variations was measured 

in 28 neonates at risk of postoperative prolonged pain. Children of mean gestational age  

37.8 ± 1.5 weeks after major surgical procedure including thoracotomy and laparotomy were 

evaluated with the EDIN scale and their heart rate variabilities were analyzed with  

the High Frequency Variability Index (HFVI) invented for pain assessment. The HFVI results 

correlated with the EDIN scores [64].  In another study of Jonckheere heart rate variability 

calculation was performed for newborns experiencing prolonged pain. 41 infants were 

assessed with the EDIN scale and instantaneous HRV analysis that was recommended  

for newborns with prolonged pain for further clinical investigation [56]. 

Heart rate variability can be valuable for monitoring newborns in neonatal intensive care 

units. For over 40 years of medical progress its reliability for assessing neonates has been 

established. Although the method of measurement was the essential limitation, the new 

technology allowed the utilization of the analysis of heart rate variability for creating  

the device that visualize the patient’s results on monitor supporting the neonatal care. 

The NIPE pain monitor was developed in 2015. Pain and stress in newborns can influence 

sympathetic and parasympathetic responses of autonomic nervous system activity and heart 

rate variability can be measured by the variations of RR variations [35]. The NeoDoloris project 

of French researchers adapted the automatic analysis of neonatal HRV in high frequencies, 

that is representative for the parasympathetic activity for inventing the Newborn Infant 

Parasympathetic Evaluation index and the NIPE pain monitor displaying it to visualize patient’s 

level of pain and discomfort. The NIPE pain monitor was recommended to use particularly  

at the neonatology department to support newborns medical care to monitor the pain as the 

fifth vital sign at the bedside. Since that time several studies were carried out to assess  

its clinical utility and validity with various results [35].  
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Nevertheless the usefulness, reliability and validity of the NIPE pain monitor is still questioned 

by clinicians because of the limited available data.  

The main objective of this study was to  establish the utility of the NIPE pain monitor  

and to assess its reliability to evaluate pain in newborns in different potentially painful clinical 

settings at the department of neonatology. In this study the NIPE monitor was tested  

to evaluate preterm babies potentially being in discomfort and experiencing acute prolonged 

pain due to ventilation and in the second sub-study it was used for assessment of children’s 

pain sensitivity to acute procedural noxious stimuli. 

In the first sub-study the results of assessment with three behavioral well-known pain 

scales were compared with the Newborn Infant Parasympathetic Evaluation index to establish 

its reliability and utility for monitoring ventilated preterm babies. The correlation analysis  

of all results showed that there is very strong and high significant correlation between  

the N-PASS score, the EDIN score, the PIPP score and the NIPEm result. The NIPEm result  

is advised to be used for assessment of prolonged pain. In the clinical situation of non-invasive 

and invasive ventilation it is presumed that babies are in discomfort. The NIPEm results  

of 18 patients (72%) proved that assisted ventilation can be the source of prolonged pain. 

Calculated accuracy for pain scales and the NIPEm index showed very high agreement between 

them.  It was confirmed that the NIPE pain monitor is valid, reliable and useful tool  

at the department of neonatology to assess preterm babies and to evaluate pain  

and discomfort during ventilation. 

Prolonged pain in preterm infants was also studied for patients with pneumothorax using 

heart rate variability and the EDIN behavioral scale (Buyuktiryaki et al). The patients were 

monitored with the NIPE pain monitor as well. 23 preterm babies at the age between  

33 and 35 of gestational week at birth were enrolled for that trial. A significant correlation 

between the EDIN scores and the NIPE index was also observed [36]. 

The Newborn Infant Parasympathetic Evaluation Index derived from heart rate variability was 

used in one trial (Verweij et al.) for monitoring early postoperative pain and discomfort  

in 121 patients (age 0 - 2 years).  The NIPE index results were compared with the FLACC score 

and the COMFORT score. The NIPE was useful for detecting pain in infants after general 
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anesthesia although the data suggested limited value of the NIPE pain monitor as a predictor 

of the scores of behavioral pain scales [208]. 

The NIPE pain monitor was also used in the study of Walas et al. to assess analgosedation  

in mechanically ventilated patients. 30 babies (postmenstrual age at the time of trial 36 – 42 

weeks; gestational age at birth 33 – 38 weeks) were included in that research. Children were 

evaluated with the COMFORT-B scale too. The results of the study confirmed that the NIPE 

scores are related to the levels of analgosedation. The NIPE indexes were significantly higher 

in infants deeply sedated.  

The studies of preterm neonates with prolonged pain using the NIPE index are very limited. 

Therefore the results of this study of pain in newborns give valuable additional data on its 

utility in the clinical situation of ventilated infants potentially experiencing prolonged pain and 

discomfort.  

The aim of the second part of the study was to assess newborns sensitivity to acute 

painful stimuli in relation to their gestational age at birth. So far this was the first study  

to evaluate it with the NIPE index. Statistically significant difference in the minimum NIPEi 

results between full term, moderate to late preterm, very preterm and extremely preterm 

newborns experiencing acute procedural pain was confirmed (p-value = 0,033). The decrease 

of NIPE index was higher generally in preterm neonates in comparison with full-term babies  

and it suggests that premies are more sensitive to painful stimuli that newborn born on time.  

The other significant statistically result of this phase of the study showed that the difference 

between these four age groups in the NIPEm scores recorded 20 minutes after painful 

procedure was obvious (p-value=0,032). The younger the newborn were at birth the lower  

was their NIPEm result. It could indicate that the youngest patients in neonatal intensive care 

units feel pain more severely with longer nociceptive effects reflecting their level of stress  

and discomfort too.  

The data from researches published up to now had very different results regarding 

evaluation of acute procedural pain in neonate with the NIPE pain monitor. The study  

on 29 preterm infants (the range of gestational age 25.1 - 40.8) carried out by Cremillieux  

et al. assessed induced acute pain. Children’s results of the NIPE index, the DAN score  

and the PIPP-R score did not correlate in this trial and it was concluded that the NIPE index  
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was not reliable to assess acute pain. One suggestion has been made while evaluating  

its reliability. The NIPE algorithm calculating heart rate variability of newborns has “smoothing 

effect of the displayed value over a few tens of seconds” [53] and it could influence  

the real-time analysis of the painful perception caused by short-lasting noxious stimuli.   

In my study the minimum NIPEi index that was shown on the monitor within  

3 min. of observation was recorded after the procedure. On the display of instantaneous values 

of NIPE index its declines were detected in the red graph (presented at the photographs of the 

monitor in the Appendix 1). 

The Newborn Infant Parasympathetic evaluation index was also studied for acute procedural 

pain assessment in preterm infants by Gendras et al. 90 patients of mean gestational age  

at birth 30.9 were assessed during different painful and stressful interventions and they were 

evaluated with the PIPP-R scale and the NIPE index. No significant correlation between these 

two methods of pain evaluation was found. These result where consistent with the study 

mentioned above again suggesting the NIPE index is not valuable for accurate assessment  

of acute procedural pain [73].  

On the other hand one the results of the research carried out by Walas et al. showed the strong 

sensitivity and specificity of the NIPE index in detecting acute painful event in nonanesthetized 

children. 36 infants (postmenstrual age in weeks 28.1 – 48.1) were evaluated with the NIPE 

monitor during noxious procedure including heel pricks, venipunctures, lumbar punctures  

and subcutaneous injections. The study also confirmed that the statistically significant 

decrease in the NIPE index value was observed within 3 minutes after the painful procedure  

was performed [196]. 

Another study of the parasympathetic evaluation for procedural pain assessment  

in neonatology published in 2022 (Carnicero at al.) analyzed changes in the NIPE scores after 

painful intervention. 49 patients (gestational age in weeks: 31 – 37) were enrolled in that study. 

The notable decrease of the NIPE index was observed in the first 4 minutes after  

the procedure. [17] 

The NIPE pain monitor was also used in comparison with the Skin Conductance Activity  

to assess procedural pain in infants without analgosedation (Walas et al.). 33 patients 

(gestational age at birth 31 – 39 weeks) were evaluated during heel sticks and scored with  
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the NIPE index and the results of SC presented as Peaks per Second, that were increasing  

in response to painful stimuli. Patients were also assessed with behavioral scales: the PIPP,  

the NIPS and the FLACC scale. No statistically significant differences between the NIPEi  

and the Peaks per Second were detected. It was concluded that the NIPE pain monitor  

and Skin Conductance activity may be useful for detection of procedural pain [195].  

Walas et al. conducted a survey too in the topic of usefulness of two pain monitors in newborns 

treated in neonatal intensive care units. According to Polish experts the NIPE pain monitor  

and the SC monitor are useful. The NIPE monitor was assessed a little higher. It was stated that 

any possible way to improve pain evaluation in newborns is relevant to provide them accurate 

pain treatment [197]. 

Okur et. al assessed the neonatal pain with HRV analysis with the Newborn Parasympathetic 

Evaluation index in newborns treated with surfactant. 14 preterm infants were evaluated while 

surfactant administration by minimally invasive method or by the INSURE method. Statistically 

significant difference in median HRV was observed between these two methods suggesting 

that the minimally invasive technique may be less stressful and painful for preterm newborns.  

In the study of pain in neonates that was presented in this doctoral thesis in the second 

sub-study evaluating the sensitivity of newborns to painful stimuli, factors potentially 

influencing the NIPE index results were analyzed. The NIPE scores were not affected  

by gender or the type of procedural pain. On the other hand there was significant difference 

between age groups. Only one study mentioned above conducted by Carnicero et al. assessed 

factors like gestational age, gender, repetition of procedures and infant’s position in relation 

to the NIPE values.   

While conducting this study and evaluating the pain in neonates one more observation 

was clear. The use of analgesia in neonatal intensive care unit was and still remains insufficient. 

Several studies confirmed that gaps between knowledge and practice regarding pain 

management are visible at NICUs [4, 156, 165, 191]. It is essential to revise actual evidence 

based guidelines of pain prevention and management. Moreover communication  

and collaboration among health professionals is crucial to choose the most optimal and safest 

pain relief strategy for newborns in intensive care units [21, 118]. 
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Every neonatal department should have pain management policy or protocol and members  

of neonatological team ought to be educated on its use [126, 153]. 

There is a plethora means to assess pain in neonates, however the individual approach 

is advised to choose the most suitable scale or monitor. Despite of great advances  

in neonatology evaluation and management of pain still remains complex issue of newborns 

medical care. So far limited data on the clinical use of the Newborn Parasympathetic Evaluation 

Index were published and their results varied. Further investigation of clinical utility of the NIPE 

pain monitor is suggested to recommend it as a standard pain assessment tool in neonates. 

The study of pain in neonates showed clearly that newborns are capable of detecting 

painful events during their stay at NICUs. Patients should be regularly evaluated during 

intensive treatment to provide them proper pain relief method – either non-pharmacologically 

or pharmacologically or with combined ways of analgesia for better results.  The inaccurate 

pain assessment results in inconsistencies and variability in pain treatment. Watchful 

observation of children in NICUs is the mainstay for improving their individual care and  

to prevent adverse complications. The constant evaluation of children even as young  

as 24 gestational week at birth would enable individually tailored pain management according 

to the NIPE index results.  

Every patient’s well-being gives the motivation of constant progress in medicine  

and in neonatology. In the topic of pain in neonates there is still many aspects  

to be researched.   
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LIMITATIONS OF THE STUDY 

The NIPE index that was used to evaluate newborns in this study may be affected  

(as well as hear rate variability) by various environmental conditions, drugs and the clinical 

state of the patients. However the environmental factors of all enrolled patients were strictly 

controlled and the inclusion criteria were chosen to avoid the bias resulting from patients 

congenital defects, neurological state or the administrated drugs.   

The main limitation of the study of pain was the sample size, although the results  

of the monitored patients turned out to have clinical practical value and the most important 

analyzed data were statistically significant.  
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VIII. CONCLUSIONS 

 

1. The study confirmed that the NIPE pain monitor is valid, reliable and useful tool  

to evaluate preterm patients experiencing acute prolonged pain and to assess the level 

of pain during acute noxious procedures in neonates of different gestational age  

at birth. This device makes pain visible on its display and impossible to deny by health 

providers. It is easy to interpret and what is very important not observer-independent. 

Patients can be assessed constantly with the NIPE pain monitor. 

 

2. The results of monitored newborns with the NIPE pain monitor significantly correlated 

with well-known and extensively researched before pain scales: the  Neonatal Pain, 

Agitation and Sedation Scale (N-PASS), the Premature Infants Pain Profile (PIPP)  

and the Neonatal Pain and Discomfort Scale (EDIN). The compared results of pain 

assessment scales and the NIPEm index had very high agreement in the accuracy tests.  

 

3. The results of the NIPE monitoring despite the small number of patients enrolled  

to the study confirmed that premature infants are more sensitive to pain than  

full-term newborns. Moreover the findings of the study suggest that the youngest 

patients in the neonatal intensive care units feel pain more severely with longer 

nociceptive effects of performed painful procedure.  
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IX. ABSTRACT 

 

1. INTRODUCTION 

The Neonatal Intensive Care Unit is a place that provides live-saving medical care  

for increasing number of patients each year. Neonates are subjected to numerous painful 

diagnostic and therapeutic procedures without sufficient analgesia. Early and cumulative pain 

exposure in newborns at the critical period of their development has been associated with 

many adverse long-term complications. Therefore the great concern about these 

consequences gives the motivation to use the best, reliable tools to assess pain in newborns 

accurately and start the optimal and individually tailored treatment.  

2. AIMS OF THE STUDY 

The overall aim of the study was to establish the utility of the NIPE pain monitor in different 

clinical situations and to assess its reliability to monitor pain in newborns.  

The objective of the first phase of the study was to compare different methods of pain 

assessment in preterm neonates experiencing acute prolonged pain: the Newborn Infant 

Parasympathetic Evaluation (NIPE) index; the Neonatal Pain, Agitation and Sedation Scale  

(N-PASS); the Premature Infants Pain Profile (PIPP) and the Neonatal Pain and Discomfort Scale 

(EDIN). The objective of the second part of the study was to evaluate of the level of pain  

in neonates caused by an acute procedural noxious event and to assess their sensitivity to pain 

depending on gestational age using the NIPE index. 

3. MATERIAL AND METHODS 

This was a prospective observational study. It consisted of two phases.  In the first part  

of the study preterm neonates experiencing acute prolonged pain – ventilated newborns were 

included. In the second experimental group neonates at different gestational age subjected  

to acute procedural pain were enrolled for the assessment. Exclusion criteria for both phases 

of the study were: neurological or cardiac congenital anomalies, arrythmias, circulatory failure 

requiring infusion of vasopressive drugs or fluid resuscitation and severe encephalopathy.  

The control group consisted of healthy newborns not subjected to any noxious stimuli.  
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Preterm ventilated infants were evaluated with three behavioral scales: the N-PASS scale, 

the PIPP scale, the EDIN scale and with the NIPE index. In the second sub-study newborn  

at different gestational age were assessed with the NIPE pain monitor. 

4. RESULTS 

40 patients (21 male neonates and 19 female neonates) were included in the study of pain: 

The analysis of results of the first experimental group of neonates assessed with behavioral 

scales and with the NIPE pain monitor confirmed that ventilated patients may potentially feel 

pain. The correlation analysis showed that there is very strong and high significant correlation 

between the pain scales scores and the NIPEm results. Calculated accuracy confirmed very 

high agreement between all of the evaluation tools.  

Neonates subjected to acute procedural pain were assessed only with the NIPE pain 

monitor. There was statistically significant difference in the minimum NIPEi results during  

the evaluation between full term, moderate or late preterm, very preterm and extremely 

preterm neonates with procedural pain (p-value = 0,033). The decrease of NIPE index  

was generally higher in neonates born prematurely than in term newborns which would 

suggest that preterm babies are more sensitive to pain than term-babies. Moreover there  

was statistically significant difference in the NIPEm scores 20 min. after painful procedures  

(p-value = 0.032) between different age groups of newborns. It could mean that the youngest 

children feel pain more severely with longer nociceptive effects of performed painful 

procedure. 

5. CONCLUSIONS 

The study proved that the NIPE pain monitor is a reliable tool for pain assessment  

in preterm newborns experiencing acute prolonged pain and to assess the level of pain caused 

by acute noxious procedure in neonates. The NIPE results were significantly correlating with 

the pain assessment scales scores. Additionally study findings confirmed that premature 

infants are more sensitive to pain that full-term neonates. The NIPE pain monitor has the 

potential of becoming the gold standard in pain evaluation for newborns born at different 

gestational week in various clinical situations, nevertheless more research is necessary to 

conclude that.  

KEY WORDS: pain, newborns, pain assessment, pain management 
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Above photographs were made during the patients’ observation  

and monitoring with the NIPE pain monitor. 
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