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 “Of pain you could wish only one thing : that it should stop. Nothing 

in the world was so bad as physical pain.” 

George Orwell 

                                                                                                                    1984 
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MANUSCRIT 

1. CONTEXTE  

1.1. Introduction 

 

Les pathologies qui conduisent le patient en réanimation (polytraumatisme, 

intervention chirurgicale, pancréatite aiguë, etc.) et la réanimation elle-même 

(cathéters, ventilation mécanique, etc.) constituent de nombreuses sources de 

douleur. La moitié des patients hospitalisés en réanimation développe un état 

douloureux d’intensité modérée à sévère, que le motif d’admission soit 

postopératoire, traumatique, ou une pathologie médicale [2, 16]. La douleur du 

patient de réanimation est un modèle de douleur aiguë/subaiguë évoluant sur un 

fond douloureux avec des épisodes liés aux soins ou à l’évolution de la pathologie. 

La première cause de douleur au repos chez les patients médicaux est la douleur du 

dos et des membres (muscles, articulations), ce qui est déterminé par 

l’immobilisation imposée, mais aussi, la réaction inflammatoire et le sepsis [2]. En ce 

qui concerne les soins, la mobilisation du patient sur le côté (pour la toilette par 

exemple), l’extubation, et la pose de cathéter artériel représentent actuellement les 

cause les plus douloureuses, avant l’ablation de drain, le pansement de plaie et les 

broncho-aspirations [85, 67]. 

 

L’importance et la spécificité de la prise en charge de la douleur en réanimation ont 

été réaffirmées par des conférences de consensus récentes française et anglo-

saxonne [15, 35, 68]. La prise en charge de la douleur est d’une importance 

croissante car il a été montré que cette prise en charge était associée à un meilleur 

pronostic en réanimation [9, 65]. Une analyse post-hoc de l’étude DOLOREA [9] a 

montré que les patients évalués pour la douleur avaient une durée de ventilation 

mécanique et de séjour en réanimation plus courte que les patients non évalués. 

Ainsi, la dernière conférence de consensus sur la sédation-analgésie en réanimation 
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distingue clairement la sédation de l’analgésie tant en ce qui concerne la prise en 

charge thérapeutique de la douleur que l’évaluation sur laquelle elle repose. 

 

Le défi de l’évaluation de la douleur, qui est la base de toute prise en charge 

rationalisée, est déterminé par les difficultés de communication fréquemment 

observées chez les patients de réanimation.  

 

De nombreuses échelles évaluant des scores de conscience, d’analgésie ou mixtes 

existent aujourd’hui et ont été validées par les sociétés savantes [35]. La limite 

principale de l’ensemble de ces moyens d’évaluation est liée au comportement 

moteur des patients ; or il arrive que ceux-ci, sous l’action de drogues myorelaxantes 

comme les curares, puissent ne pas avoir de réponses, rendant l’utilisation de ces 

échelles impossibles. De plus, la neuromyopathie de réanimation est décrite chez 

50% des patients à la phase de réveil, et peut présenter une limite dans l’évaluation 

des scores [63]. Par conséquent, la nécessité d’avoir recours à d’autres techniques 

s’est révélée nécessaire, et des moyens de monitorage tels que l’index bispectral 

(BIS), les potentiels évoqués, ou la pupillométrie, [61] se sont développés en 

réanimation et font actuellement l’objet de recherches. Nous ne disposons cependant 

pas à ce jour de données suffisantes pour recommander l’utilisation de ces outils en 

pratique clinique, en dehors du patient curarisé pour lequel l’utilisation des outils 

cliniques n’est pas possible. 

 

L’ANI est un outil d’évaluation de la douleur qui mesure de manière continue l’activité 

du système nerveux autonome par l’analyse de sa composante parasympathique via 

l’arythmie sinusale respiratoire. Cet outil validé en anesthésie en situation péri-

opératoire [21, 20] et expérimentale [87] pourrait pallier les limites des scores 

comportementaux comme le laisse présager une étude très récente sur un petit 

échantillon en réanimation [19].  
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1.2. Évaluation de la douleur chez le patient de 

réanimation adulte 

1.2.1. Concept de sédation-analgésie 

 

La sédation en réanimation est un terme générique (étymologie : sedatio signifie 

apaisement) qui regroupe l’ensemble des moyens, pharmacologiques ou non, mis en 

œuvre pour assurer le confort et la sécurité de la prise en charge du patient dans un 

milieu, source d’agressions physiques et/ou psychologiques [35]. Le terme de 

sédation inclut deux composantes : l’analgésie et la narcose. On utilise donc 

l’expression sédation-analgésie. 

 

On différencie la sédation-analgésie de confort et la sédation-analgésie 

thérapeutique [35]. Les objectifs de la sédation-analgésie de confort sont de soulager 

en priorité la douleur et d’améliorer la tolérance à l’environnement. La sédation-

analgésie « thérapeutique », plus profonde, est un élément à part entière du 

traitement dans certaines circonstances pathologiques (détresse respiratoire aiguë, 

cérébrolésés...). 

 

Les buts d’une sédation-analgésie varient en fonction du contexte de mise en œuvre 

mais restent centrés sur le confort du patient et l’adaptation au ventilateur. Dans tous 

les cas, la sédation-analgésie ne s’envisage que dans le cadre d’une balance 

bénéfices/risques, évaluant les besoins et s’adaptant au plus près des situations 

cliniques pour en limiter les effets délétères. 

 

Dans le concept de sédation-analgésie, la composante douleur a pris une part 

croissante car il a été démontré qu’une meilleure prise en charge de la douleur était 

associée à un meilleur pronostic en réanimation [65, 9]. 
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1.2.2. Mise en œuvre de l’évaluation de la douleur en réanimation 

 

Quand une analgésie s’impose, il est recommandé de toujours évaluer les besoins 

du patient et de définir un objectif chiffré au début du traitement puis de le réévaluer 

régulièrement [35]. Il faut évaluer au moins l’analgésie et la conscience, et si 

possible, le confort, l’anxiété, l’agitation et l’adaptation du patient au ventilateur.  

 

Les dernières recommandations insistent sur le fait que : 

 

- quel que soit l’outil utilisé, cette évaluation doit être réalisée à intervalles réguliers, 

après toute modification du traitement et lors des stimulations douloureuses. 

- la surveillance de l’analgésie doit être poursuivie au cours de la curarisation. 

- l’évaluation de l’analgésie doit faire l’objet d’une procédure de service élaborée en 

concertation multi-professionnelle. Elle doit être standardisée. Elle doit être réalisée 

au lit du patient par le médecin ou l’infirmière. Les outils doivent être simples, les 

résultats reproductibles et sensibles aux changements de l’état du patient, ce qui 

permet de titrer l’analgésie. Le choix de l’outil est laissé à l’appréciation de l’équipe 

parmi les outils recommandés qui ont fait préalablement l’objet d’études de 

validation. 

 

Il est essentiel que la démarche d’évaluation de l’analgésie face l’objet d’un choix 

écrit avec un protocole facilement consultable par l’équipe, définissant également le 

rythme de contrôle. Ce choix doit se faire en accord avec l’équipe paramédicale qui 

joue dans ce contexte un rôle clef dans l’utilisation des protocoles. 
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1.2.3. Outils de mesure de la douleur en réanimation 

 

Il existe deux types d’évaluation de la douleur : l’auto-évaluation et l’hétéro-

évaluation. La Haute Autorité de Santé (HAS) recommande toujours de privilégier 

l’auto-évaluation qui nécessite que le patient puisse communiquer, par rapport à 

l’hétéro-évaluation qui est une évaluation comportementale de la douleur par les 

soignants. Un patient intubé peut être communicant dès lors que son état de 

vigilance permet un contact visuel et qu’il peut répondre aux ordres simples [78]. Il ne 

faut donc pas distinguer les patients intubés des patients non intubés, mais les 

patients communicants (intubés et non intubés) des patients non communicants 

(intubés et non intubés). 

 

Nous distinguerons successivement 3 catégories de patients :  

 

1) les patients capables de communiquer l’intensité de leur douleur. 

2) les patients incapables de communiquer l’intensité de leur douleur (patients 

sédatés ou confus). 

3) les patients curarisés. 

1.2.3.1. Évaluation de la douleur chez les patients communicants : auto-

évaluation par le patient  

 

Pour évaluer l’intensité de la douleur, il faut choisir un outil de mesure adapté à l’état 

de vigilance du patient. Chez le patient coopérant et communicant, l’auto-évaluation 

de l’intensité de la douleur par le patient est recommandée car elle évite la sous-

estimation de la douleur par les soignants. Il a été montré qu’en réanimation adulte, 

les infirmier(ère)s [69], les aides-soignant(e)s [70], les médecins [71], voire la famille 

[72], sous-évaluaient fréquemment la douleur ressentie par les patients [73]. 

 

La dernière conférence de consensus française [35] sur la sédation et l’analgésie en 

réanimation recommandait l’utilisation des échelles d’auto-évaluation validées par la 

HAS. Les échelles d’auto-évaluation recommandées chez l’adulte sont l’échelle 

visuelle analogique avec curseur (EVA), l’échelle verbale simple (EVS) en cinq 
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descripteurs (pas de douleur, douleur faible, modérée, intense, très intense) , et 

l’échelle numérique de 0 à 10. Leur utilisation se heurte à la diminution de la 

vigilance et aux perturbations de la cognition chez les patients sédatés mais ces 

échelles peuvent être utilisées chez les patients pouvant être facilement réveillés. 

Cependant, il existe peu d’études ayant évalué la faisabilité et la validité de ces 

échelles en réanimation.  

 

Depuis la conférence de consensus, une étude [15] portant sur l’évaluation de cinq 

échelles d’auto-évaluation a été menée. Les cinq échelles d’auto-évaluation étaient 

1) l’EVA présentée horizontalement, 2) verticalement, 3) l’EVS, 4) l’EN administrée 

oralement ou 5) à l’aide d’un support visuel (Échelle Visuelle Numérique ou EVN) en 

grand format (Figure 1). Les paramètres évalués étaient la mesure des propriétés 

psychométriques de ces échelles : faisabilité, validité, sensibilité et préférence des 

patients.  

 

Les résultats de cette étude montraient que l’EVN était à la fois l’échelle d’auto-

évaluation la mieux adaptée aux patients de réanimation avec le taux d’échec le 

moins élevé, et la préférée des patients pour une utilisation ultérieure. La présence 

d’une sonde d’intubation n’était pas un facteur limitant l’utilisation des échelles 

d’auto-évaluation. Les facteurs indépendants associés à l’échec de l’utilisation des 

échelles étaient la présence d’une confusion mentale au moment de l’évaluation et 

un score SOFA élevé à l’admission.  
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Figure 1 : Échelle visuelle numérique (EVN) 0-10 en  grand format, d’après [6] 

 

1.2.3.2. Évaluation de la douleur chez les patients non communicants : 

hétéro-évaluation par le soignant 

 

En cas d’impossibilité à réaliser une échelle d’auto-évaluation (EVN, EVA ou EVS), 

l’évaluation de l’intensité de la douleur est basée sur l'observation du comportement 

douloureux par le soignant (hétéro-évaluation). Il est recommandé que cette 

évaluation soit systématisée par une échelle utilisable de manière reproductible par 

tous les membres de l'équipe de réanimation. Actuellement, deux échelles sont 

fortement recommandées par la SFAR, la SRLF et l’American College of Critical 

Care Medicine [15] : le score comportemental de douleur ou BPS et le Critical-Care 

Pain Observation Tool ou CPOT.  

 

Le BPS a été validé en 2001 [22] (figure 2). Il s’agit du premier outil comportemental 

validé pour ses propriétés psychométriques en réanimation adulte. C’est l’outil 

comportemental le plus utilisé en France. Une adaptation du BPS a été validée chez 

les patients non-intubés (BPS-NI) et non communicants (patients confus, hypo-

vigilants, etc.) (Figure 2) [23]. Le BPS/BPS-NI comporte 3 domaines d’observation 
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(1-muscles faciaux, 2-mouvements des membres supérieurs et 3-adaptation au 

ventilateur chez le patient intubé ou vocalisation chez le patient non intubé). Chacun 

des 3 domaines est coté de 1 à 4 (Figure 2). Le BPS/BPS-NI s’échelonne ainsi d’une 

valeur minimale de 3 (absence de comportement douloureux observable avec cet 

outil) à une valeur maximale de 12 (comportement douloureux maximal). Les études 

ayant construit et validé le BPS/BPS-NI [22, 23, 75] ont montré que le score s’élevait 

en moyenne de 3 au repos (absence de douleur observable) à un niveau compris 

entre 5 et 6 au cours d’un soin douloureux.  

 

Le CPOT est un score assez similaire au BPS, développé au Canada. Ce score 

comporte 4 domaines (au lieu de 3 pour le BPS), stratifiés chacun en 3 paliers (au 

lieu de 4 pour le BPS). Cette stratification en 3 paliers pour le CPOT pourrait poser le 

problème d’un biais d’observation, l’observateur choisissant préférentiellement l’item 

médian.  Une étude comparant le BPS au CPOT a montré que les deux outils avaient 

des propriétés psychométriques non significativement différentes en ce qui 

concernaient la validité et la reproductibilité inter-observateur mais que le BPS 

démontrait une plus grande réactivité [16]. 

 

L’utilisation d’une échelle comportementale de la douleur ne devrait être réservée 

qu’aux patients incapables de communiquer l’intensité de leur douleur [66]. En effet, 

il a été montré que les niveaux obtenus avec l’ensemble des échelles d’auto-

évaluation (EVN, EVA, EVS) par des patients de réanimation éveillés et répondant 

aux ordres simples était très faiblement corrélés aux scores observés avec le 

BPS/BPS-NI. Un contrôle social du comportement douloureux observé chez les 

patients éveillés et souffrant de douleurs subaiguës rencontrées en réanimation 

pourrait expliquer ces données [39]. En d’autres termes, l’observation d’un score de 

BPS/BPS-NI minimal chez un patient éveillé ne devrait pas dispenser de l’évaluation 

de la douleur à l’aide d’une échelle d’auto-évaluation. 

 

Les scores comportementaux présentent cependant quelques limites comme la 

variabilité inter-opérateur, l’impossibilité d’évaluer la douleur en continue [88], 

l’impossibilité de prendre en compte l’inconfort et l’anxiété du patient [89] et bien sûr 

de ne pas pouvoir être utilisés chez les patients curarisés. 
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Figure 2 : Behavioral Pain Scale (BPS) de 3 à 12, d ’après [22], et modifiée pour le patient 

non intubé (BPS-NI) d’après [23] 
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1.2.3.3. Évaluation de la douleur par l’observation des paramètres 

physiologiques et électrophysiologiques : patients curarisés 

 

La place de l’observation des paramètres physiologiques (hémodynamiques, 

respiratoires) et électrophysiologiques (BIS, vidéo-pupillométrie) est discutable par 

rapport à l’observation comportementale du patient non communicant. 

 

En effet, l’expression corporelle observée et mesurée par le BPS ou le CPOT varie 

plus fréquemment que les paramètres hémodynamiques et respiratoires lors d’un 

geste nociceptif chez le patient non curarisé [22, 75]. En réanimation, certains 

paramètres physiologiques comme les paramètres hémodynamiques, peuvent varier 

rapidement chez les patients critiques hospitalisés en réanimation, sans rapport avec 

une stimulation nociceptive, mais en raison d’une modification de la posologie des 

amines vasopressives, des médicaments anti-hypertenseurs, anti-arythmiques, du 

remplissage vasculaire ou encore des modifications de la ventilation mécanique. Une 

étude réalisée dans une population sédatée ou non sédatée, hospitalisée dans 4 

sites de réanimation, montrait que seul le CPOT pouvait prédire la présence ou 

l’absence de la douleur, contrairement aux variations des signes vitaux [79]. Ainsi, 

dans l’état actuel des connaissances, l’observation du comportement douloureux 

semble plus pertinente pour l’évaluation pratique et routinière de la douleur chez le 

patient non communicant, qu’une observation des paramètres physiologiques, 

notamment hémodynamiques [80]. 

 

Cependant, chez le patient curarisé et/ou sédaté profondément, l’apport des 

techniques électrophysiologiques pourrait se justifier afin de détecter des variations 

d’intensité douloureuse infra-clinique. Ainsi, le BIS a permis de mesurer, chez des 

patients sédatés en réanimation, l’effet d’un bolus de morphinique d’action courte 

(alfentanil) pour abolir l’éveil cortical au moment d’une aspiration trachéale [81]. Le 

niveau de vigilance mesuré par l’échelle de Ramsay restait inchangé. D’autres outils 

d’exploration électrophysiologique, comme la mesure du diamètre pupillaire par 

vidéo-pupillométrie, ont été testés pour évaluer la douleur chez des patients en 

postopératoire de chirurgie cardiaque [82]. Chez ces patients en majorité 

profondément sédatés, la fréquence cardiaque, le BIS et le diamètre pupillaire 
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augmentaient significativement au cours et après une procédure de soins (aspiration 

trachéale ou mobilisation du patient), alors que l’observation comportementale de la 

douleur variait chez moins de 20% des patients. Cependant, une étude de 2012 [84], 

a montré que le diamètre pupillaire restait stable au cours d’une broncho-aspiration, 

comparé aux paramètres comportementaux. Ces résultats divergents pourraient 

s’expliquer par des méthodes de vidéo-pupillométrie différentes. En effet, la 

réalisation de la vidéo-pupillométrie par le même soignant au cours d’un soin pourrait 

être difficile en réanimation, de même que la réalisation au cours de certains soins, 

comme la mobilisation sur le côté, ou encore chez des patients de réanimation 

éveillés et opposants à l’ouverture palpébrale, voir agités. Ces situations diffèrent des 

conditions réunies au bloc opératoire. Mais l’interprétation de ces outils électro-

physiologiques demeure encore incertaine sur le plan clinique. L’utilité notamment 

d’administrer un morphinique pour abolir le réflexe dilatateur de la pupille chez un 

patient qui n’a pas ou peu de modification de son échelle comportementale de 

douleur n’est pas connue et pourrait engendrer une surconsommation 

d’analgésiques ainsi qu’un risque accru d’effets secondaires. Néanmoins, ces outils 

constituent une voie de recherche pertinente en réanimation, notamment chez le 

patient curarisé et/ou profondément sédaté, situations où les échelles 

comportementales démontrent une intensité minimale. Ainsi, des études plus 

récentes proposent d’utiliser ces outils pour apprécier l’éventualité de la douleur, 

avant même la réalisation d’un geste douloureux comme lors d’un pansement 

chirurgical [18] ou d’une aspiration endo-trachéale [85]. 

1.2.4. Analgésia Nociception Index (ANI) 

 

Les fluctuations du rythme cardiaque reflètent l’état des systèmes sympathique et 

parasympathique. L’ANI est une mesure de la composante parasympathique du 

système nerveux autonome. Le principe de l’ANI peut être simplifié de la façon 

suivante : la respiration représente une part majeur de la modulation du rythme 

cardiaque (l’Arythmie Sinusale Respiratoire) : le rythme cardiaque accélère 

transitoirement à chaque inspiration sous l’effet de la levée temporaire du tonus 

sympathique. La détection de l’onde R du signal ECG permet de calculer avec 

précision l’intervalle de temps entre deux battements cardiaques consécutifs 
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(intervalle R-R). Les séries RR sont filtrées, puis la valeur moyenne des intervalles 

RR est soustraite. Enfin la série RR est normalisée en utilisant sa norme vectorielle. 

L’ANI va ensuite mesurer différentes surfaces sur la série RR (Figure 3). Plus le 

tonus parasympathique est important, plus cette surface mesurée est grande. À 

l’inverse, la surface mesurée diminue lorsque le tonus parasympathique diminue. 

Ainsi un patient non douloureux aura un tonus parasympathique dominant. Il en 

résultera une boucle parasympathique puissante qui accélèrera le rythme cardiaque 

à l’inspiration et le décélèrera le rythme cardiaque à l’expiration. Le paramètre ANI 

sera alors élevé.     

 

Figure 3 : Moniteur Métrodoloris®. La surface hachu rée correspond à la surface 

générée par les cycles respiratoires 
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L’ANI est exprimé sous forme d’un indice s’échelonnant de 0 à 100. La mesure 

affichée représente la moyenne d’une succession de mesures : chaque mesure 

élémentaire est réalisée sur 64 secondes avec 1 seconde de fenêtre glissante. L’ANI 

est donc calculé à partir du signal récupéré chaque seconde. Le moniteur affiche en 

fait deux paramètres (Figure 4) : en jaune, l’ANI instantané, résultant du processus 

précédemment décrit ; en orange, l’ANI calculé sur une moyenne de 4 minutes.  

 

Figure 4 : Moniteur Métrodoloris®. Paramètres de l’ ANI : en jaune l’ANI instantané, en 

orange l’ANI moyen 

  

    

La mesure de l’ANI n’est pas interprétable dans les situations suivantes : arythmie 

cardiaque, pacemaker (certains types), fréquence respiratoire inférieure à 9 

cycles.min-1, absence de respiration, respiration irrégulière (quand le sujet parle, rit 

ou tousse), utilisation de drogues ayant un effet sur l’activité cardiaque sinusale. 
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2. ÉTUDE SCIENTIFIQUE 

 

L’étude scientifique que nous avons réalisée fait l’objet d’une soumission en vue 

d’une publication. Dans les pages suivantes, nous la reproduisons en langue 

anglaise qui va être utilisée pour sa diffusion scientifique. 
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Analgesia Nociception Index for the assessment of p ain in critically 

ill patients 

2.1. Abstract 

Purpose:  Pain assessment is associated with a decreased use of sedatives, better analgesia and 

important outcomes in Intensive-Care-Unit (ICU) patients but remains challenging, particularly in non-

communicative patients. The use of a behavioural pain tool is recommended in these patients but 

needs sustained efforts to educate and train the ICU team before and after implementation because of 

the subjective nature of these clinical tools. This study measured the validity and performance of an 

electrophysiological tool based on the spectral analysis of heart rate variability, the Analgesia 

Nociception Index (ANI) which varies from 0 (minimal parasympathetic tone, maximal stress response 

and pain) to 100 (maximal parasympathetic tone, minimal stress response and pain). 

 

Methods:  Pain was assessed by a research investigator using the Behavioral-Pain-Scale (BPS) 

before, during and after routine care procedures in critically ill non-comatose patients, i.e. with a 

Richmond-Agitation-Sedation-Scale (RASS)≥-3 who were unable to self-report their pain. Mean and 

Instant ANI were continuously recorded and blindly analyzed a-posteriori. Non-parametric tests were 

used for statistical analysis. 

 

Results:  969 assessments of pain were performed in 110 patients (94% intubated, 46% under 

vasopressors). Instant ANI was the most discriminative pain tool contrary to Mean ANI that 

demonstrated poor psychometric properties to detect pain. It was moderately but significantly 

correlated with BPS (r=–0.30; 95%CI –0.37 to –0.25; p<0.001). For an Instant ANI threshold of 42.5, 

the sensitivity, specificity, positive and negative predictive values were respectively 61.4%, 77.4%, 

37.0%, and 90.4%. Instant ANI had no significantly different ability to change during turning and 

tracheal-suctioning of the patient compared to BPS but it changed significantly more importantly during 

patients’ dressing change, compared to the BPS. Instant ANI value increased independently with age, 

obesity and severity of illness, as well as controlled mechanical-ventilation, vasopressors use and 

analgesia. Its value independently decreased when RASS and respiratory rate increased. 

 

Conclusions:  Instant ANI demonstrated good properties to detect pain during turning and tracheal 

suctioning in critically ill patients. Pending a randomized controlled trial comparing sedation-analgesia 

protocols based on ANI compared to actually recommended behavioral-pain-tools, ANI can be used 

when clinical tools cannot be used, i.e. in patients receiving neuromuscular-blocking-agents. 

 

Key words : PAIN; PAIN MEASUREMENT; ANALGESIA; DELIRIUM; INTENSIVE CARE; CRITICAL 

CARE 
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2.2. Introduction 

 

Pain is a frequent event in Intensive-Care-Unit (ICU) patients, with an incidence of up 

to 50% in medical as well as surgical patients [1-3]. Pain is associated with an acute 

stress-response including changes in neuro-vegetative system activity [4], neuro-

endocrine secretion [5, 6] and psychological distress often manifested as agitation 

[7]. Improved pain management is associated with better patient outcomes in the ICU 

[1, 8-10]. However, pain remains currently under-evaluated and under-treated [11-

13]. This relates to pain management being challenging in the ICU setting, 

particularly in patients unable to readily communicate their pain intensity, such as 

sedated patients and patients with delirium [14].  

 

In these patients, clinical behavioural pain scales are used to standardise the 

assessment of pain and to adapt analgesics dose [1, 4, 8-10, 15]. However, these 

methods remain subjective, depending on the nurses’ education, training and ability 

to use the clinical tools [16, 17]. Therefore, new objective tools, such as 

videopupillometry [18] or heart rate variability monitoring [19], have been developed 

to allow an objective assessment of pain in patients unable to communicate. 

Analgesia Nociception Index (ANI) measures heart rate variability from 

electrocardiographic (ECG) monitoring of the patient, providing after spectral analysis 

a number from 0 to 100. This number is an estimation of the balance between 

parasympathetic and sympathetic outflows: 100 means a high parasympathetic 

modulation (low stress level = low risk of pain), 0 means extremely low 

parasympathetic modulation (high stress level = high risk of pain). ANI has showed 

promising results in patients under general anesthesia during surgery [20], just after 

surgery in the recovery room [21] as well as recently in a small population of ICU 

patients who were deeply sedated [19]. However, no study has evaluated ANI in non 

comatose ICU patients, i.e. in the most frequent ICU population of patients, lightly 

sedated as recommended [15] or patients with delirium for who pain assessment is 

highly challenging.  Thus, we conducted a study to measure the validity of ANI in non 

comatose non communicant ICU patients, compared to the Behavioral Pain Scale 

(BPS) [22, 23] as the gold standard. Secondary endpoints were to evaluate variables 

that may impact ANI and its correlation with BPS. 
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2.3. Materials and methods 

2.3.1. Ethics approval 

 

The protocol was approved by the Ethics committee of Comité de Protection des 

Personnes (CPP) Sud-Méditerranée IV (N°ID - RCB : 2014-A00337-40; Protocol 

Version: March 19, 2014; Consent Version: April 17, 2014). Qualified as a “usual care 

protocol” according to French law, oral consent was required from the legally 

authorized representative or a proxy/surrogate decision maker (patient’s next of kin) 

who gave consent on the patient’s behalf, followed by patient’s consent as soon as 

patient would able to communicate. 

2.3.2. Patient population 

 

The study took place in the 16-bed medical-surgical ICU of the University of 

Montpellier Saint Eloi Hospital, an academic tertiary care hospital, from April 2014 to 

June 2015 (14 months). All consecutive patients ≥ 18 yrs old, mechanically ventilated 

or receiving vasopressors were eligible for enrolment if they had a Richmond 

Agitation Sedation Scale (RASS) [24-26] above -4 and were unable to self-rate their 

pain intensity with the Visually Enlarged 0-10 Numeric Rating Scale (0-10 V-NRS). 

This scale is adapted to ICU patients and demonstrated to be the most feasible self-

report pain scale in the ICU setting [27]. Exclusion criteria were decision to withdraw 

life-support or unstable condition preventing planned routine procedures of care, as 

well as conditions precluding the use of ANI: absence of sinus cardiac rhythm, 

respiratory rate < 10 b/min. 
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2.3.3. Conduct of the study 

 

Investigators daily screened patients for eligibility including RASS assessment, self-

report pain ability by the patient and possibilities to plan any routine procedures of 

care with the bed-side nurse. After having obtained consent from the surrogate 

decision maker and having enrolled the patient into the study, investigators planned 

different procedures of care with the bed-side nurse including: 1) a dressing change 

of a central venous catheter or an arterial catheter, 2) a complete turning of the 

patient on both sides in order to wash the back and change the sheets, and 3) a 

tracheal suctioning if possible (intubated patients). 

2.3.4. Data handling 

2.3.4.1. Pain 

 

Pain was measured by two different ways : 1) clinically, using the BPS performed by 

a clinical investigator, 2) electrophysiologically, using the ANI. BPS was used 

independently to the ANI that was continuously recorded by the PhysioDoloris 

monitor (MetroDoloris, Loos, France) at an acquisition frequency of 60 Hz. ANI data 

were subsequently extracted and analyzed by an independent research investigator 

based on the timing indicated by the clinical investigator on the ANI monitor. ANI is a 

non-invasive device that takes an ECG analogue output from the patient ICU monitor 

(S/5 Monitor, GE-Healthcare, Helsinki, Finland) and displays an average 

measurement of ANI [28]. The two ANI values provided by the montor were analyzed 

after data extraction: 1) Mean ANI, an average of ANI claculated over the previous 4 

min, and 2) Instant ANI, an average of ANI calculated over a shorter period of time 

(64 s). ANI is calculated from analysis of heart rate variability, which is based on 

small beat-to-beat oscillations of the heart rate. High-frequency fluctuations in heart 

rate (0.15–0.5 Hz) are mediated predominantly by changes in parasympathetic 

outflow during respiratory cycles, corresponding to the “respiratory sinus arrhythmia” 

[29]. Low-frequency fluctuations in heart rate are mediated by both parasympathetic 

and sympathetic activities. The ANI monitor uses mathematical analysis which 
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permits differentiation of sympathetic and parasympathetic effects [28]. The 

calculated values of ANI range from 100 to 0, based on the degree of 

parasympathetic activation. 100 means a high parasympathetic modulation (low 

stress level = low risk of pain) and 0 means extremely low parasympathetic 

modulation (high stress level = high risk of pain).  

  

Pain assessments were made in three conditions for each patient: 1) at rest, before 

any procedure ; 2) during the procedure of care ; and 3) after the procedure. Design 

of the study was shown in figure 5. 
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Figure 5. Design of the study 

Pain was measured by two different ways : 1) clinically, using the Behavioral Pain Scale 
(BPS) performed by a clinical investigator, 2) electrophysiologically, using the Analgesia 
Nociception Index (ANI). BPS was used independently to the ANI that was continuously 
recorded at an acquisition frequency of 60 Hz. ANI data were subsequently extracted and 
analyzed by an independent research investigator based on the timing indicated by the 
clinical investigator on the ANI monitor. The two ANI values provided by the monitor were 
analyzed after data extraction: 1) Mean ANI, an average of ANI values made over the 
previous 4 min, and 2) Instant ANI, an average of ANI values made over a shorter period of 
time (64 s). Pain assessments were made in three conditions for each patient: 1) at rest, 
before any procedure ; 2) during the procedure of care ; and 3) at rest, after the procedure. 
To take into consideration that ANI provides a measure during a period of time (4 min and 64 
s for Mean and Instant ANI, respectively), minimal ANI values were determined within 5 min 
after the end of the procedure to take into account all the procedure; in the same way, after 
procedure’s ANI values were determined 10 min after the end of the procedure to avoid any 
procedure’s overlapping. 
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2.3.4.2. Demographic and medical data 

 

Age, gender, height and weight, co-morbidities, and reason for admission to the ICU 

were recorded. Simplified Acute Physiological Score II (SAPS II) score [30] and 

Sequential Organ Failure Assessment (SOFA) score [31] were calculated within 24-

hrs after ICU admission. Body Mass Index (BMI) was calculated as the ratio (kg/m2) 

between weight (kg) and height squared (m2). Type and doses of sedatives and 

analgesic drugs were collected before any procedures, as well as physiological 

parameters (heart and respiratory rates, systolic, diastolic and mean arterial blood 

pressure, pulse oximetry) that were continuously measured through bedside. In 

addition to mechanical ventilator setting, Tidal volume was calculated as the ratio 

(ml/kg) between Tidal volume (ml) and Ideal Body Weight (kg) determined by usual 

formula [32]. Vigilance level was measured by investigators using the Richmond 

Agitation Sedation Scale (RASS) [24-26]. 

2.3.5. Statistical analysis 

2.3.5.1. Validity of ANI compared to BPS (Primary endpoint) 

2.3.5.1.1. Discriminant validation 

 

Discriminant validation was determined by comparing ANI obtained during different 

situations and stimuli, i.e. at rest and during a procedure (dressing change, turning, 

suctioning). The same method was used for BPS score. Mann-Whitney-Wilcoxon’s 

test was used to test the difference between two different situations. 

2.3.5.1.2. Correlation with BPS  

 

Spearman’s test was used to measure the correlation between Mean or Instant ANI 

values and BPS scores. 
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2.3.5.1.3. Statistical measurements of ANI’s performance  

 

Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value were 

calculated  according to standardized definitions [33, 34]. To determine relevant 

thresholds of Mean and Instant ANI values, Receiving Operator Characteristics 

(ROC) curves were constructed based on the definition of pain by a BPS ≥ 5 

according to previous definition of “at least moderate pain intensity” and validity 

studies [3, 22, 23]. BPS was used as the Gold standard to measure pain in the 

present population of ICU patients unable to communicate according to guidelines 

[15, 35, 36]. With the Critical Care Pain Observation Tool (CPOT) [37], BPS has 

demonstrated the best psychometric properties among different behavioural pain 

tools [16, 38], and an important responsiveness highlighting its advantage for 

research [16]. To compare ANI and BPS, ROC curves were constructed using the 

procedure as the Gold standard. The Delong’s test for paired data was used to 

compare the area under the curve (AUC) for ANI to the AUC for BPS. 

2.3.5.2. Variables associated with ANI value 

 

A mixed regression model was used to determine which baseline patients’ variables 

would be associated with a greater or a lower ANI value by univariate and 

multivariate analysis. Variables whose p value were under 0.10 (univariate analysis) 

were considered for a multivariate analysis. Stepwise selection was used to 

determine the final regression model (according to the Bayesian Information 

Criterion). 

2.3.5.3. Power analysis 

 

The number of patients needed to be included for analysis was determined according 

to the primary endpoint. Expecting ANI to have a sensitivity of at least 80% based on 

previous data in patients studied in a postanesthesia care unit [21], and expecting 

that 75% of patients would have a BPS ≥ 5 during a procedure of care [23], with an 

estimation of ± 7% (half-distance of the 95% Confidence Interval), 102 paired 

measurements of ANI and BPS were necessary for each procedure of care. 
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2.3.5.4. Presentation of data 

 

Quantitative data are shown as medians and 25th-75th percentiles. A p-value of ≤0.05 

was considered statistically significant. Data were analysed using the SAS software 

version 9.2 (SAS Institute, Cary, NC) and the R software version 3.2.3. 

2.4. Results 

 

During the study period, a total of 969 measurements of pain were done in the 110 

patients included in the analysis. A consort flow chart of patient enrolment is shown in 

Figure 6. The 103 intubated patients were assessed for pain (BPS and ANI) before, 

during and after 103 turnings, 103 dressing changes and 103 tracheal suctioning. 

The 7 non intubated patients were assessed for pain during 7 turnings and 7 

dressing changes (Figure 6). Table 1 summarises patients’ demographic and medical 

characteristics. 
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Figure 6. Study flow chart 
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Table 1 

Demographic and medical characteristics of the 110 patients included for analysis 

 

 

Medical history and characteristics upon admission 

to ICU  

 

 

Age (years) 61 [51-68] 

Sex (F/M) 34/76 

Body Mass Index (kg.m-2) 25 [22-30] 

Body Mass Index ≥ 30 kg.m-2, n (%) 27 (25%) 

Arterial Hypertension, n (%) 42 (38%) 

Diabetes, n (%) 24 (22%) 

Chronic pain syndrome, n (%) 

Reason for admission to the ICU 

14 (13%) 

   Medical, n (%) 58 (53%) 

   Surgical (from operating room), n (%) 43 (39%) 

   Surgical (from ward), n (%) 9 (8%) 

SAPS II score 47 [36-58] 

SOFA score  9 [6-12] 

  

Characteristics upon enrolment into the study   

Time between admission to ICU and enrolment (days) 2 [1-5] 

Vigilance status  

   Median RASS level -1.50 [-3.00 ; -

1.00] 

   RASS level= 0, n (%) 13 (12%) 

   RASS level> 0, n (%) 2 (2%) 

   RASS level< 0, n (%)  95 (86%) 

Physiological parameters  

   Heart Rate (b/min) 90 [70-101] 

   Systolic arterial pressure (mmHg 127 [116-139] 

   Diastolic arterial pressure (mmHg) 64 [57-70] 

   Mean arterial pressure (mmHg) 86 [78-92] 

   Respiratory Rate (b/min) 20 [16-24] 

   Oxygen saturation (%) 99 [97-100] 

     To be continued 
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Therapeutics 

 

Invasive mechanical ventilation, n (%) 103 (94%) 

   Assist Control Volume, n/N (%) 37/103 (36%) 

   Pressure Support Ventilation, n/N (%) 66/103 (64%) 

   Tidal volume (ml/kg of Ideal Body Weight) 7 [6-9] 

   Plateau pressure (cm H2O) 16 [14-22] 

   Positive End Expiratory Pressure (cm H2O) 6 [5-8] 

Vasopressors, n (%) 51 (46%) 

   Dose (µg.kg-1.min-1) 0.2 [0.1-0.4] 

Sedation, n (%) 58 (53%) 

    Propofol, n/N (%) 53/58 (91%) 

        Dose (µg.kg-1.min-1) 21.5 [16.4-34.5] 

    Midazolam, n/N (%) 4/58 (7%) 

        Dose (µg.kg-1.min-1) 2.9 [2.3-4.5] 

    Ketamine, n/N (%) 1/58 (2%) 

        Dose (µg.kg-1.min-1) 8.0 [8.0-8.0] 

Analgesia, n (%) 71 (65%) 

Sufentanil, n/N (%)¶  30/71 (42%) 

        Dose (µg.kg-1.h-1) 0.1 [0.1-0.2] 

WHO’s step I-II analgesics  

    Acetaminophen, n/N (%)¶ 14/71 (20%) 

        Dose (mg.kg-1.d-1)    51.9 [47.1-64.5] 

    Nefopam, n/N (%)¶ 25/71 (35%) 

        Dose (mg.kg-1.d-1) 1.6 [1.4-1.9] 

    Tramadol, n/N (%)¶ 26/71 (37%) 

        Dose (mg.kg-1.d-1) 5.1 [4.4-6.5] 

  
  

 

 

Continuous data are expressed in median [25th-75th percentiles]. 
RASS: Richmond Agitation Sedation Scale 
* Major opioids included sufentanil (n=30) and remifentanil (n=1) 
¶ Percent sum differs from 100% because some patients might receive several analgesics. 
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2.4.1. Discrimant validation 

 

Figure 7 shows the median scores of Mean ANI, Instant ANI and BPS according to 

different situations. There was a significant change in measurements provided by 

each of the 3 pain tools (p=0.04 to p < 0.001), except for Mean ANI during the 

dressing change (p=0.35). Mean and Instant ANI decreased while BPS increased 

during the three procedures. When the medians and inter-quartile ranges measured 

during the procedures were compared to those measured before or after the 

procedures, it appeared that Instant ANI was the most discriminative pain tool while 

Mean ANI was poorly discriminative (Figure 7).  
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Figure 7. Median values of “mean” ANI, “instant” AN I and BPS before, during and after three different care procedures 

This figure shows the median scores of the 3 tools according to different situations: before, during and after 3 different care procedures: a 
dressing change of a central venous or arterial catheter (all patients, n=110), a patient’s turning for washing and changing sheets (all 
patients, n=110) and an endotracheal suctioning in intubated patients (n=103). The rights figures show pooled data from the three 
procedures. There was a significant decrease in mean ANI and instant ANI during the procedure compared to before and after the 
procedures, except for mean ANI during the catheter’s dressing change (NS). BPS significantly increased during each of the three 
procedures. Considering the box plots, instant ANI demonstrates a good discriminative validity during procedures while mean ANI was 
poorly discriminative. ANI: Analgesia Nociceptive Index; BPS: Behavioral Pain Scale 
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2.4.2. Correlation of ANI with BPS  

 

Figure 8 shows the correlation between BPS and each type of ANI measurement 

(Mean ANI and Instant ANI). The correlation between BPS and Mean ANI was low 

but significant (r = – 0.11; 95% CI – 0.05 to – 0.17; p<0.001). The correlation 

between BPS and Instant ANI was more important than for the Mean ANI but only 

moderate (r = – 0.30 (95% CI – 0.37 to – 0.25); p<0.001). 

2.4.3. Measurements of ANI’s performance 

 

Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value were 

calculated according to relevant thresholds of Mean and Instant ANI values 

determined by analysis of ROC curves (Figure 9). BPS was used as the Gold 

Standard to define pain. 

 

The ROC curve for the Mean ANI was closed to the central line with an Area Under 

the Curve (AUC) of 0.57 (95% CI: 0.53 to 0.62). AUC for the Instant ANI was more 

important:  0.73 (95% CI: 0.68 to 0.77). For an Instant ANI threshold of 42.5, the 

sensitivity and specificity were 61.4% and 77.4%, respectively, the positive predictive 

value was 37.0%, and the negative predictive value was 90.4%.
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Figure 8.  Correlation between ANI and BPS 

This figure shows the correlation graph between mean ANI and BPS (left panel) and instant 
ANI and BPS (right panel). Both demonstrated significant but low to moderate correlations 
with BPS (Spearman’s test). Instant ANI demonstrated a better correlation than mean ANI. 
All 969 paired measurements of ANI and BPS were taken into account for analysis.  
ANI: Analgesia Nociceptive Index; BPS: Behavioral Pain Scale 
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Figure 9. Receiver operating characteristics (ROC) curves for ANI associated with pain 
defined by a BPS score ≥ 5 

All 969 paired measurements of instant ANI and BPS were included for analysis. 
ROC curve for mean ANI (left panel) demonstrated that mean ANI was poorly predictive of 
pain defined by a BPS ≥ 5 (sensitivity 61.4%, specificity 51.5%, positive predictive value 
21.3%, negative predictive value 86.2%, at a mean ANI threshold of 62.5). ROC curve for 
instant ANI (right panel) demonstrated that instant ANI was more predictive than mean ANI 
(sensitivity 61.4%, specificity 77.4%, positive predictive value 37.0%, negative predictive 
value 90.4%, at an instant ANI threshold of 42.5). ANI: Analgesia Nociceptive Index; BPS: 
Behavioral Pain Scale; AUC: Area under the curve 
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To compare the capacity of Instant ANI and BPS to change during a given 

procedure, the ROC curves were also constructed using each of the three 

procedures as the Gold standard. The AUCs were not significantly different between 

Instant ANI and BPS for turning and suctioning (Figure 10). For dressing change, 

Instant ANI had a significantly greater AUC than the BPS (Figure 10). 
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Figure 10 . Receiver operating characteristics (ROC) curves f or BPS and “Instant” ANI associated 

with procedures 

All paired measurements of BPS and instant ANI obtained before during and after each of the three 
procedures of care (catheter’s dressing change: n=330 paired measurements; turning: n=330 paired 
measurements; endotracheal suctioning: n=309 paired measurements) were included for analysis. 
All 969 paired measurements of instant ANI and BPS were taken into account for analysis. 
Instant ANI was more predictive of dressing change than BPS (right panel, p<0.001 for comparison between 
areas under the curves, Delong’s test). No significant difference was shown between Instant ANI and BPS 
for prediction of turning (middle panel) and suctioning (right panel). 
Thresholds determined by ROC analysis for dressing change, turning and suctioning were ≤ 45.5, 42.5 and 
42.5 for Instant ANI, and ≥ 4, 4 and 5 for BPS, respectively. 
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2.4.4. Variables associated with ANI values 

 

Table 2 shows univariate and multivariate analysis of variables associated with 

Instant ANI values. The timing of measurement (before and after the procedures 

compared to during the procedure) was independently associated with a greater ANI 

value, as well as 3 demographic or medical variables (age, obesity, and severity of 

illness) and 3 therapeutic variables (assist controlled ventilation, vasopressors use, 

and analgesia with acetaminophen). Two physiological variables were independently 

associated with a lower ANI value: RASS level, and respiratory rate. 
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Table 2 

Univariate and multivariate analysis of variables a ssociated with “Instant” ANI values 

 

 

 
Univariate analysis 

 

 
Multivariate analysis 

 

Variable Estimate Standard 
Error 95% CI Pr > |t| Estimate Standard 

Error 95% CI Pr > |t| 

 
Age (1 year) 

 
0.21 

 
0.05 

 
0.12 

 
0.31 

 
<0.001 

 
0.22 

 
0.04 

 
0.14 

 
0.30 

 
< 0.001 

Sex M 
Sex F 

Ref 
-1.04 

  
1.59 

  
-4.16 

  
2.08 

  
0.51 

  
  

  
  

  
  

  
  

  
  

BMI < 30 kg.m-2 

BMI ≥ 30 kg.m-2 
Ref 
8.23 

 
1.69  

 
4.91  

 
11.55  

 
<0.001  

Ref 
8.78  

 
1.42  

 
6.00  

 
11.57  

 
<0.001 

Hypertension : No 
Hypertension : Yes 

Ref 
5.03 

 
1.50 

 
2.08 

 
7.98 

 
<0.001       

Diabetes : No 
Diabetes : Yes 

Ref 
3.18 

 
1.79 

 
0.32 

 
6.69 

 
0.07       

Chronic pain : No 
Chronic pain: Yes 

Ref 
2.97 

 
2.20 

 
-1.35 

 
7.29 

 
0.18      

Type of ICU admission 
Surgical from ward Ref                   

Surgical from OR -0.63 2.79 -6.11 4.85 0.82           
Medical  -2.28 2.73 -7.65 3.08 0.40           

SAPS II score (1 point) 0.15 0.05 0.06 0.24 <0.001 0.17 0.04 0.08 0.25 < 0.001 

SOFA score (1 point) 0.13 0.18 -0.22 0.49 0.47           

RASS (1 point) -2.34 0.67 -3.64 -1.03 <0.001 -1.25 0.63 -2.48 -0.01 0.04 
Heart Rate (1 b/min) -0.09 0.04 -0.16 -0.02 0.01 

     
Mean Arterial Blood 
Pressure (1 mmHg) 

-0.27 0.06 -0.39 -0.15 <0.001   
 

      

Respiratory Rate 
(1 b/min) 

-0.43 0.10 -0.63 -0.22 <0.001  -0.29 0.09  -0.47  -0.11  0.002 

Oxygen saturation (1%) -0.08 0.34 -0.74 0.58 0.81           

Ventilatory support 
 

                  

Not intubated Ref 
    Ref          

Pressure support 7.47 3.63 0.35 14.58 0.04 4.24  3.22   -2.08 10.56  0.19  

Assist control ventilation 11.29 3.72 0.3.99 18.58 0.003 8.71  3.43   1.97 15.45  0.02  
Tidal volume (1 ml/kg of 
Ideal body weight) 

0.27 0.36 -0.43 0.98 0.45           

Plateau airway pressure 
(1 cmH2O) 

0.16 0.18 -0.20 0.53 0.38           

Positive End Expiratory 
Pressure (1 cmH2O) 

1.44 0.39 0.68 2.21 <0.001 
     

Vasopressors : No Ref         Ref 
    

Vasopressors : Yes 6.91 1.45 4.06 9.76 <0.001 2.74 1.34 0.11 5.38 0.04 
Norepinephrine dose 
(1µg.kg-1.min-1) 

 
-1.59 

 
3.38 

 
-8.22 

 
5.05 

 
0.64 

          

 
 

To be continued 
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TABLE 2. Univariate and multivariate analysis of va riables associated with “Instant” 

ANI values 

This table shows the variables associated with Instant ANI values bu univariate and 
multivariate analysis. Only variables for which a p value was < 0.10 were taken into account 
for multivariate analysis. If a qualitative variable has a positive (negative) estimate number 
this means that ANI value increases (decreases) when the variable is present. If a 
continuous variable has a positive (negative) estimate number this means that ANI value 
increases (decreases) for every unity of the continuous variable. 
BMI: Body Mass Index; ICU: Intensive Care Unit; SAPS II: Simplified Acute Physiological 
Score II; SOFA: Sequential Organ Failure Assessment score; RASS: Richmond Agitation 
Sedation Scale 

Variable  Estimate 
Standard 

Error 
 

95% CI Pr > |t| Estimate Standard 
Error 95% CI Pr > |t| 

 
Sedation : No 

 
Ref 

                  

Sedation : Yes 1.31 1.47 -1.57 4.20 0.37           
propofol : No Ref                   
propofol : Yes 3.06 1.46 0.19 5.94 0.04           
midazolam : No Ref                   
midazolam : Yes -4.46 3.88 -12.07 3.15 0.25           
propofol dose 
(1µg.kg-1.min-1) -0.03 0.06 -0.14 0.09 0.68           

midazolam dose 
(1µg.kg-1.min-1) -1.27 0.99 -3.28 0.74 0.21           

Analgesia : No Ref                   
Analgesia : Yes 3.72 1.54 0.70 6.74 0.02           
acetaminophen : No Ref         Ref          
acetaminophen : Yes 3.77 2.18 -0.50 8.05 0.08 5.66  1.82  2.09  9.24  0.002  
nefopam : No Ref                   
nefopam : Yes 0.85 1.75 -2.58 4.27 0.63           
tramadol : No Ref                   
tramadol : Yes -1.07 1.71 -4.43 2.29 0.53           
major opioids : No Ref                   
major opioids : Yes -0.11 1.62 -3.29 3.07 0.95           
acetaminophen dose 
(1mg.kg-1.d-1) -0.02 0.14 -0.30 0.26 0.88           

nefopam dose 
(1mg.kg-1.d-1) -6.18 3.49 -13.05 0.69 0.08           

tramadol dose 
(1mg.kg-1.d-1) -2.32  0.89 -4.08  -0.56  0.01           

sufentanil equivalent 
dose (1µg.kg-1.h-1) -15.29 5.86 -26.82 -3.76 0.01 

  
    

 
Type of procedure 
Turning 

 
Ref 

                  

Suctioning 0.92 1.81 -2.63 4.46 0.61           

Dressing change 2.98 1.78 -0.50 6.47 0.09           
Timing 
During the procedure 

 
Ref 

                  

Before the procedure 23.76 1.55 20.71 26.80 <.001 23.05 1.48 20.13 25.96 <.001 
After the procedure 24.89 1.55 21.84 27.94 <.001 24.23 1.48 21.32 27.14 <.001 
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2.5. Discussion 

 

The main findings of this study are that Instant ANI is effective to detect pain during 

nursing procedures in critically ill patients. Instant ANI changes more frequently than 

BPS during dressing change and is moderately but significantly correlated with BPS. 

An Instant ANI ≥ 43 has a negative predictive value of 90% to not be associated with 

a BPS ≥ 5. Several medical, physiological and therapeutic parameters independently 

impact on ANI value. Contrary to Instant ANI, Mean ANI is not a reliable tool to detect 

pain in ICU patients. 

 

Pain is one of the most stressful events experienced by patients during their ICU stay 

[39-41]. Along with delirium, pain is one other neuropsychological event for which an 

accurate management is highly recommended in ICU patients [15].  Improved pain 

management based on an accurate assessment of patient’s pain intensity is 

associated with better patient outcomes [1, 8-10]. Sequential studies using the BPS 

performed in surgical and medical ICUs reported that a multidisciplinary (nurse and 

physician) protocol to diagnose and manage pain, agitation and delirium was 

associated with a reduced duration of mechanical ventilation [1, 10], ICU acquired 

infections [1], length of stay in ICU and hospital as well as 30-day mortality [10]. A 

large multicenter observational study in 1,144 mechanically ventilated patients, in 

whom BPS was the most frequently used tool, showed that pain assessment was 

associated with reduced duration of mechanical ventilation and length of stay in ICU 

[9]. That could be explained in part by a reduced use of sedatives and a greater use 

of analgesics [9], as also shown after for the implementation of the other well 

validated behavioural pain tool, the CPOT [42, 43]. These studies suggested that 

standardising pain assessment in critically ill patients could allow for a better match 

between analgesics requirements and administration. Therefore, pain management 

is highly challenging in the ICU setting and determining the most valid and reliable 

tool is paramount before any implementation of an analgesia protocol into a 

multidisciplinary team [15]. Team’s preference regarding the choice of a pain tool 

should also be taken into account but a consensus is difficult to reach because of the 

subjective nature of these tools [16].  
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Electrophysiological monitoring of pain should be considered for the management of 

pain to avoid issues related to inter-rater agreement, especially in the ICU setting 

where a high number of caregivers work together sharing the same patients. Also 

some of the electropysiological tools, such as videopupillometry, are more sensitive 

to detect physical stimulations than clinical behavioural tools [44]. However, the 

literature is contrasted regarding the ability of videopupillomtry to detect pain related 

to nursing procedures in ICU patients [45]. Contrary to videopupillometry, ANI is an 

electrophysiological tool that allows a continuous monitoring of pain. The present 

study shows that ANI has the best discriminant property compared to BPS, showing 

that the medians and interquartile range of values were more clearly different during 

procedures than during rest times (Fig. 7). ANI is also more sensitive than BPS to 

change during some procedures (dressing change) but it changes very closely to 

BPS during patients’ turning and tracheal suctioning (Fig. 10). The two latter 

procedures are the most common painful procedures experienced by the patient 

during the ICU stay [3, 13, 46-48]. A multidisciplinary quality-improvement study 

based on clinical pain tools along with an analgesia protocol showed that decreased 

incidence in severe pain while turning ICU patients was associated with decreased 

adverse outcomes [4]. Thus, future studies should measure the impact of analgesia 

protocols based on the ANI monitoring compared to the standard of care (BPS or 

CPOT). If ANI is more sensitive than BPS, this could lead to an increased use of 

analgesics and a decreased use of sedatives. In addition to a better patients’ 

analgesia, this could also improve patients’ outcomes because sedatives are 

associated with delirium [49, 50] as well as prolonged mechanical ventilation and 

length of stay in ICU and hospital [15, 51]. In the other hand, a too sensitive pain tool 

might be associated with an overuse of analgesics included opioids and their related 

side-effects. Such randomized control trials would answer the question of which 

strategy has the best benefit/risk ratio for the patients. They will also take into 

account the feasibility for ICU teams to follow protocols based either on subjective or 

objective pain tools.  

 

The main limit of ANI is that heart rate variability is an indirect unselective measure of 

stress, including various sources of stress such as pain but also anxiety and fear. A 

recent study in 20 healthy volunteers reported a significant decrease in ANI values 

after different types of nociceptive stimuli including a placebo stimulation or even the 
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information of the stimulation alone without any effective stimulation [52]. Thus, ANI 

is dependant of patient’s awareness. Heart rate variability has been used recently in 

this way to constructed a prototype aimed at monitoring sedation in ICU patients [53]. 

The present study shows that ANI decreases as the RASS level increases, i.e. when 

patient’s awareness increases (Table 2). This has not been showed before because 

the only recent study already published in ICU patients by Broucqsault-Dedrie et al. 

excluded lightly sedated patients, enrolling 41 deeply sedated patients [19]. In this 

study, ANI significantly changed during the procedure (turning) without any significant 

correlation between ANI and BPS [19]. This could be explained by the inclusion of 

comatose patients in whom pain behaviour is drastically impaired [44]. Studies 

assessing the psychometric properties of BPS enrolled mostly non comatose non 

communicant patients, such as patients who are lightly sedated or patients with 

delirium [16, 23]. Pain is probably more important to treat in non comatose patients 

because the patient’s consciousness of pain is more likely, with a possible link 

between pain and other stressors such as anxiety, insomnia and delirium [41]. 

Another explanation is that ANI would be modified by delirium or impaired cognition 

but a study showed that heart rate variability was not significantly different in ICU 

patients with and without delirium [54]. 

 

The present study showed other factors that were independently associated with ANI 

(Table 2). ANI value was significantly lower when respiratory rate increased. This is 

consistent with the nature of ANI that decreases when pain, stress response, and 

sympathic tone increase. Beside, ANI is determined by changes in the 

parasympathic tone related to ventilation cycle (sinus arhythmia) [28, 29]. The 

consequence is that ANI needs a respiratory rate ≥ 10 b/min to be accurate, the case 

in patients enrolled in our study. Heart rate variability is determined mostly by 

changes in intrathoracic pressures rather than respiratory rate [29]. In the present 

study, airway pressures and Tidal volume were not independently associated with 

ANI values contrary to respiratory rate and spontaneous ventilation (extubated 

patients or patients in pressure support ventilation). In all, the association shown 

between ANI value and respiratory rate could be explained by a higher stress 

response in patients breathing spontaneously [55] and/or with a higher respiratory 

rate. 
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In the other hand, ANI increased with acetaminophen use, age and obesity. 

Acetaminophen use could be explained because of a significant analgesic effect in 

ICU patients [56] but also because patients only treated by acetaminophen would be 

less likely to have pain before the study time than patients receiving more effective 

analgesics [13]. In other words, the most effective analgesia can be associated with a 

greater pain intensity in observational non randomized studies [13]. The association 

between age, obesity and ANI could be explained by an impaired regulation of the 

neurovegetative system (dysautonomy) in older and/or obese patients. However, if 

there is a statistical trend in univariate analysis in the association between ANI and 

potential cofactors related to dysautonomy (hypertension and/or diabetes), only age 

and obesity were significant after multivariate analysis (Table 2). Greater ANI values 

could be explained by greater pain thresholds in older [57] as well as in obese 

patients [58]. Broucqsault-Dedrie’s study also found that age was independently 

associated with ANI [19]. However, obesity was not assessed. Obese patients may 

experience lower pain intensity because of a protective effect of fat against pressure 

pain [59], or a possible anti-nociceptive state related to hormonal changes related to 

obesity [60]. Finally, ANI increased with severity of illness, and the use of 

vasopressors, as previously reported in the Broucqsault-Dedrie’s study [19]. As in 

this study, patients receiving vasopressors in the present study had a significantly 

lower RASS level than others: -2 [-3 to -1] vs. -1 [-2 to -1], p < 0.001. This could 

explain that the most critically ill patients were also more sedated with a decrease 

perception of stress. However, vasopressors use was independently associated with 

higher ANI in the present study after adjustment on RASS level. Other factors like 

sepsis might explain this result as heart rate variability is modified early in infected 

patients [61]. 

 

Our study has several limitations. As mentioned above, because of the observational 

design of the study, explanation of factors associated with ANI can only generate 

some hypotheses pending the results of physiological studies that would address 

these questions. Also, randomized controlled trials are mandatory to measure the 

impact of ANI compared to behavioural pain tools that are presently recommended 

but less sensitive than electrophysiological methods to detect changes during 

procedures. Thirdly, because ANI provides a value calculated on a large period of 

time (1 to 4 min), the moderate correlation between ANI and BPS could be explained 
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by a possible imperfect match between the time of pain measurement with the BPS 

and the time of measure by ANI recording. 
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3. CONCLUSIONS 

 

Contrary to anaesthesia care, Mean ANI is not a reliable tool to detect pain in 

critically ill patients and should not be used in the ICU setting. On the other hand, 

Instant ANI is effective to detect pain during common procedures of care in ICU 

patients (turning, tracheal-suctioning). Instant ANI is more sensitive to change during 

smaller stimulations (dressing change) than recommended clinical behavioural pain 

tools such as the BPS.   

 

In addition to age, obesity, severity of illness, use of vasopressors and mechanical 

ventilation that significantly impact ANI value and need further physiological studies 

to explain this association, ANI significantly decreased with a higher patient’s 

awareness. This could be explained in part that the fact that ANI measures 

unselective sources of stress included pain and anxiety. Therefore, randomized 

controlled trials are needed to measure the impact of a sedation-analgesia protocol 

based on ANI compared to recommended behavioural pain tools (standard of care) 

on the sedative use and its related outcomes (delirium, duration of mechanical 

ventilation, length of stay in the hospital). However, pending the results of such 

studies, ANI can already be used when clinical tools cannot be used, i.e. in patients 

receiving neuromuscular-blocking-agents. An Instant ANI equal or superior to 43 

should be targeted in these patients because of a negative predictive value of 90% to 

not be associated with pain. 
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L’index analgésie-nociception (ANI) peut-il être ut ilisé en lieu et place des échelles comportementale s de 

douleur (BPS) chez les patients de réanimation ? 

 

Introduction : L’évaluation de la douleur est associée à une diminution de la consommation de sédatifs, une meilleure 
analgésie et un meilleur pronostic en réanimation. Elle reste néanmoins un défi, et tout particulièrement chez les patients non 
communicants. 
L’utilisation d’échelles comportementales est recommandée pour ces patients, mais leur emploi nécessite des efforts soutenus 
pour sensibiliser et entraîner les équipes de réanimation, avant et après leur mise en œuvre, du fait de la nature subjective de 
ces outils cliniques.  
Cette étude a pour but d’évaluer la validité et la performance d’un outil électrophysiologique fondé sur l’analyse spectrale de la 
variabilité de la fréquence cardiaque, l’ANI, qui varie de 0 (tonus parasympathique minimal, réponse maximale au stress et à la 
douleur) à 100 (tonus parasympathique maximale, réponse minimale au stress et à la douleur).  
 
Matériel et Méthode : La douleur a été évaluée par un enquêteur de recherche clinique en utilisant le BPS avant, pendant et 
après les procédures de soins ordinaires, chez des patients non comateux sévèrement malades, c’est à dire avec un RASS ≥-3, 
qui étaient dans l’impossibilité d’auto-évaluer leur douleur. Les ANI Instantané et Moyen ont été enregistrés en continu et 
analysés a posteriori en aveugle. Des tests non-paramétriques ont été utilisés pour l'analyse statistique. 
 
Résultats : 969 évaluations de la douleur ont été effectuées sur 110 patients (94% d’intubés, 46% sous vasopresseur). 
Contrairement à l’ANI Moyen qui a montré des propriétés psychométriques faibles pour détecter la douleur, l’ANI Instantané 
s’est révélé un bon outil discriminatoire. Il était corrélé modérément mais significativement avec le BPS (r=–0.30; 95%CI –0.37 à 
–0.25; p<0.001). Pour un seuil d’ANI Instantané de 42.5, la sensibilité, la spécificité, les valeurs prédictives positives et 
négatives étaient respectivement de 61.4%, 77.4%, 37.0%, et 90.4%. L’ANI Instantané n’évoluait pas sensiblement 
différemment pendant la mobilisation et la broncho-aspiration par rapport au BPS, mais il était modifié de manière plus 
significative lors des changements de pansements.  
La valeur de l’ANI instantané augmentait avec l’âge, l’obésité, et la gravité de la maladie, ainsi qu’avec la mise sous ventilation 
artificielle, l’utilisation de vasopresseurs ou de paracétamol. Sa valeur diminuait de manière indépendante avec l’augmentation 
du RASS ou de la fréquence respiratoire. 
 
Conclusion : L’ANI instantané a démontré de bonnes propriétés pour détecter la douleur durant la mobilisation pour la toilette 
et la broncho-aspiration chez des patients critiques de réanimation. En attendant un essai contrôlé randomisé comparant les 
protocoles de sédation et d’analgésie basés sur l’ANI par rapport aux échelles comportementales recommandées, l’ANI peut 
être utilisé quand les outils cliniques ne peuvent l'être, c’est à dire chez les patients recevant des agents bloquant la jonction 
neuromusculaire. 
 
Mots clés : DOULEUR ; DOULEUR ÉVALUATION ; ANALGESIE ; DELIRIUM ; SOINS INTENSIFS ; RÉANIMATION 
 
 

Analgesia Nociception Index for the assessment of p ain in critically ill patients 
 
 
Purpose:  Pain assessment is associated with a decreased use of sedatives, better analgesia and important outcomes in 
Intensive-Care-Unit (ICU) patients but remains challenging, particularly in non-communicative patients. The use of a behavioural 
pain tool is recommended in these patients but needs sustained efforts to educate and train the ICU team before and after 
implementation because of the subjective nature of these clinical tools. This study measured the validity and performance of an 
electrophysiological tool based on the spectral analysis of heart rate variability, the Analgesia Nociception Index (ANI) which 
varies from 0 (minimal parasympathetic tone, maximal stress response and pain) to 100 (maximal parasympathetic tone, 
minimal stress response and pain). 
   
Methods:  Pain was assessed by a research investigator using the Behavioral-Pain-Scale (BPS) before, during and after routine 
care procedures in critically ill non-comatose patients, i.e. with a Richmond-Agitation-Sedation-Scale (RASS)≥-3 who were 
unable to self-report their pain. Mean and Instant ANI were continuously recorded and blindly analyzed a-posteriori. Non-
parametric tests were used for statistical analysis. 
 
Results:  969 assessments of pain were performed in 110 patients (94% intubated, 46% under vasopressors). Instant ANI was 
the most discriminative pain tool contrary to Mean ANI that demonstrated poor psychometric properties to detect pain. It was 
moderately but significantly correlated with BPS (r=–0.30; 95%CI –0.37 to –0.25; p<0.001). For an Instant ANI threshold of 42.5, 
the sensitivity, specificity, positive and negative predictive values were respectively 61.4%, 77.4%, 37.0%, and 90.4%. Instant 
ANI had no significantly different ability to change during turning and tracheal-suctioning of the patient compared to BPS but it 
changed significantly more importantly during patients’ dressing change, compared to the BPS. Instant ANI value increased 
independently with age, obesity and severity of illness, as well as controlled mechanical-ventilation, vasopressors use and 
analgesia. Its value independently decreased when RASS and respiratory rate increased. 
 
Conclusions:  Instant ANI demonstrated good properties to detect pain during turning and tracheal suctioning in critically ill 
patients. Pending a randomized controlled trial comparing sedation-analgesia protocols based on ANI compared to actually 
recommended behavioral-pain-tools, ANI can be used when clinical tools cannot be used, i.e. in patients receiving 
neuromuscular-blocking-agents. 
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