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Abstract

Background: Tonsil surgery causes significant and challenging postoperative pain. The Analgesia Nociception Index (ANI)

and videopupillometry are two techniques of interest to monitor nociception in adults and may predict postoperative

morphine requirements. We hypothesised that these techniques could predict the need for morphine after tonsillectomy

in children. The main objective was to assess the prognostic significance of ANI and videopupillometry, measured at the

end of surgery, on morphine consumption determined by a Face, Legs, Activity, Cry, Consolability (FLACC) scale score >3
in the Post Anesthesia Care Unit (PACU).

Methods: A single-centre, prospective, interventional study evaluating children between 2 and 7 yr old undergoing tonsil

surgery was performed. ANI and videopupillometry with tetanic stimulation were measured under general anaesthesia 4

min after the end of the surgical procedure. Each child was evaluated every 10 min by a nurse using the FLACC scale in

the PACU and blinded to the measurements performed in the operating theatre.

Results: Eighty-nine children were analysed and 39 (44%) received morphine in the PACU. Neither ANI values nor vid-

eopupillometry values were predictive of postoperative morphine consumption (areas under the receiver operating

characteristic curve 0.54, 95% confidence interval [CI; 0.42e0.65], and P¼0.57; and 0.52, 95% CI [0.41e0.63], and P¼0.69,

respectively). Neither ANI values nor videopupillometry values were correlated to the maximum FLACC scale score in the

PACU with r¼0.04 (P¼0.71) and r¼0.06 (P¼0.57), respectively.

Conclusions: Neither ANI nor videopupillometry performed at the end of surgery can predict morphine consumption in

the PACU in children undergoing tonsillectomy.
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Tonsillectomy is one of the most common surgical procedures

in children1 and remains associated with significant post-

operative morbidity.2 Postoperative pain after this surgery

remains challenging and undertreated,3 resulting in increased

health service requirements.4 In contrast, inappropriate use of

morphine increases the risk of postoperative hypoxaemia.5

Despite standardised scales, pain assessment in children re-

mains challengingwith a high heterogeneity depending on age

and brainmaturation.6 Moreover, treatments are more limited

compared with adults and mainly include non-opioid drugs

followed by opioids, as codeine is contraindicated for anal-

gesia in young children.7,8

Tools developed to monitor the depth of analgesia intra-

operatively have shown potential interest in the assessment

or prediction of postoperative pain.9,10 The Analgesia Noci-

ception Index (ANI) analyses the balance between nociception

and anti-nociception according to the heart rate variability

with the respiratory cycle,11 whereas videopupillometer uses

the change in pupil diameter in response to a nociceptive

stimulus.12 However, none of these devices has been studied

to predict the need for postoperative analgesia in children. We

hypothesised that ANI measurement or videopupillometry at

the end of surgery predicts postoperative nociceptive status.

Thus, the aim of the study was to assess the prognostic

significance of ANI and videopupillometry to predict the need

for morphine requirements after tonsil surgery in children.

The secondary objectives were to assess the correlation be-

tween the values of ANI and the pupillometer and the highest

Face, Legs, Activity, Cry, Consolability (FLACC) scale score

recorded in the PACU.
Methods

In this single-centre interventional study performed between

December 2018 and December 2019, each patient was included

for 24 h after written informed consent of the parents. The

study was approved by a French ethics committee (Comit�e de

Protection des Personnes Ile de France IV no. 2018/61; trial regis-

tration NCT 03698565).

All children from 2 to 7 yr old scheduled for tonsil surgery

and affiliated to or receiving Social Security were eligible.

Whenever ANI and videopupillometer measurements were

not possible, children were excluded from the study (i.e.

neurological disease, eye disease, arrhythmia, chronic treat-

ment with opioids, and contraindication to NSAIDs or any

treatment affecting the autonomic nervous system [atropine,

neostigmine, beta blocker, and droperidol]).

Children were secondarily excluded from the study after

parents gave informed consent if their skin impedance was

too high, which precluded analysis using a videopupillometer,

or when they received one of the following drugs before ANI or

videopupillometer measurements: atropine, neostigmine,

beta blocker, antipsychotic, and morphine.
Protocol

The pre-inclusion visit took place during the anaesthesia

consultation. The anaesthesiologist checked the eligibility

criteria and provided oral and written information to the

parents and to the child in a manner appropriate for their age.

Children were included during the preanaesthetic visit. The

surgical techniques of tonsillectomy or tonsillotomy were at

the discretion of the surgeon. Anaesthetic induction was by

inhalation of sevoflurane 6% and nitrous oxide 50%, followed
by i.v. injection of propofol 2 mg kg�1 and alfentanil 20 mg kg�1.

After orotracheal intubation, anaesthesia was maintained

with inhaled sevoflurane targeted at a 1.3 minimal alveolar

concentration (MAC). Ketamine 0.2 mg kg�1, paracetamol 15

mg kg�1, and ketoprofen 1 mg kg�1 were administered to

provide analgesia before the end of surgery. All children

received dexamethasone 150 mg kg�1 as anti-emetic prophy-

laxis. Further doses of alfentanil were at the discretion of the

anaesthesiologist.
Post-surgical measurements

At the end of surgery, general anaesthesia was maintained for

4 min without stimulating the child to obtain an averaged

measurement of ANI (MetroDoloris Medical Systems, Lille,

France). At the end of 4 min, the mean ANI (mANI) was

collected. Afterwards, the Pupillary Pain Index (PPI) in

response to a tetanic stimulation of the ulnar nerve was

recorded with videopupillometry (AlgiScan, IDMed, Marseille,

France). PPI measures the changes in pupillary dilation in

response to a continuously increasing electric stimulus of 1 s

from 10 to 60 mA until 13% of pupillary variation is reached.

The stimulus is then stopped, and the PPI score is calculated by

the device. Scores vary from 1 (when pupillary dilation is <5%
despite maximal tetanic stimulation intensity) to 10 (when

pupillary dilation rises above 13% with 10 mA).13

The FLACC scale score14 was assessed blinded to the ANI

and pupillometry values every 10 min for an hour by an in-

dependent nurse in the PACU. Morphine was administered at

the dose of 0.1 mg kg�1 if the FLACC scale score was >3, fol-
lowed by 0.025 mg kg�1 boluses every 5 min as required.

Adverse events were recorded for 24 h after surgery.
Statistics

We estimated that 30% of patients would receive morphine in

the PACU (FLACC score >3) based on previous observations in

our patients. Thus, considering an alpha risk of 5%, a beta risk

of 20%, and an expected area under the receiver operating

characteristic (ROC) curve of 0.8, at least 74 patients should be

analysed. We estimated the proportion of subjects that could

not be analysed at 20%, such that 93 patients would be

required to be included in the study.

Categorical variables were expressed as numbers and per-

centages and were compared using the c2 test. Continuous

variables were expressed as medians with their 25th and 75th

percentiles and compared using the ManneWhitney test.

The area under the ROC curve with its 95% confidence in-

tervals (CIs) of the morphine requirement in the PACU was

calculated according to the values of the mANI and PPI score

collected 4 min after the end of surgery.

Correlations between the maximum FLACC scale score,

mANI, and the PPI values were calculated with the Pearson or

Spearman correlation coefficient, as appropriate. Statistical

significance was defined as P<0.05.
Analyses were performed using SAS (version 7.1; SAS

Institute, Cary, NC, USA) and JASP (version 0.16; University of

Amsterdam, Amsterdam, The Netherlands).
Results

Study population

Between December 2018 and December 2019, 2535 children

were managed in the operating theatres of the Limoges



Table 1 Patient characteristics at inclusion and post-surgical
complications. *Median [25the75th percentiles], n (%).

Patient characteristics n¼89*

Age 5 [4e6] yr
Male 47 (53%)
ASA score
1 65 (73%)
2e3 24 (27%)
Size 110 [101e120] cm

Weight 18 [16e22] kg
History and related diseases, n (%)
Sleep apnoea 38 (43)
Obesity 1 (1)
Passive smoking 10 (11)
Asthma 15 (17)

Premedication
Midazolam 79 (89%)
Dose 0.1 [0.1e0.1] mg kg�1

Surgical techniques, n (%)
Tonsillectomy by coblation 45 (50)
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University Hospital for all types of surgery (Fig. 1). Among

these patients, 137 underwent tonsil surgery for the first time.

Forty children were over 7 yr, and parents denied consent for

four. Finally, 93 children with a median age of 5 [4e6] yr were

included (Fig. 1; Table 1). Four were subsequently excluded

from the analysis: three received a therapy contraindicated in

the study protocol and one was older than 7 yr. Forty-seven

(53%) were male, median height of 110 [101e120] cm, and

weight of 18 [16e22.0] kg. Sixty-five (73%) were scored ASA 1

and 24 (27%) ASA 2 and 3 (Table 1). Medical history included

sleep apnoea syndrome in 38 children (43%), obstructive res-

piratory disorder in 15 (17%), and passive smoking in 10 (11%).

There were similar numbers of tonsillotomy and tonsillec-

tomy procedures (Table 1).

Fifty-eight patients (65%) received a single injection of

alfentanil, whereas 31 (35%) needed a second dose. The me-

dian time elapsed between videopupillometry or ANI assess-

ment and the last alfentanil dose was 29 [23e38] min in

patients with a single dose of alfentanil and 16 [11e20] min in

patients requiring a second injection (Table 2).

Tonsillectomy by electrocautery 44 (50)

Postoperative complications, n (%)
Bleeding 3 (3)
Transfusion 0 (0)
Surgical revision 1 (1)
Laryngospasm 0 (0)
Postoperative nausea/vomiting 14 (15)
Pain management in the PACU

The maximum median FLACC scale score measured in the

PACUwas 1 [0e5] (Table 3). Thirty-nine patients (44%) received

morphine in the PACU, whereas the median total dose of
Exclusion criteria
Age > 7 n=1

Atropin administration n=2
Sufentanil administration n=1

n=4

Other Surgery
n=2398

Age > 7 years n=40
Opposition to participate n=4

n=44

Analysed
n=89

Included patients
n=93

Eligible population
n=137

Surgery between December
2018 and 2019

n=2535

Fig 1. Flow chart of the study.

Table 2 Anaesthesiology protocol and assessment by the
Analgesia Nociception Index (ANI) and videopupillometry.
*Median [25the75th percentiles], n (%).

Drugs n¼89*

Acetaminophen 89 (100%)
Ketoprofen 89 (100%)
Ketamine 89 (100%)
Alfentanil 89 (100%)
Alfentanil dose 20 [19e21] mg kg�1

Alfentanil second injection 31 (35%)
Alfentanil second injection dose 10 [8e11] mg kg�1

Time between ANI and
videopupillometer
assessments and last alfentanil
injection

24 [17e34] min

Time between ANI and
videopupillometer assessments
and alfentanil injection in patients
without second injection

29 [23e38] min

Time between ANI and
videopupillometer assessments
and second alfentanil injection

16 [11e20] min

Total anaesthesia duration 30 [24e36] min

ANI assessment
Patients with ANI assessment 81 (91%)
Mean ANI at 4 min 55 [48e66]
Instant ANI at 4 min 59 [49e70]

Pupillometry assessment
Patients with videopupillometry
assessment

87 (98%)

Pupillary Pain Index score at 4 min 2 [1e2]
Pupillary diameter variations at 4
min

6 [2e10]%



Table 3 Pain assessment and morphine use in the PACU. *Time of admission in the PACU. FLACC, Face, Legs, Activity, Cry, Consol-
ability; ** Number of patients after admission in PACU at different time point.

H*þ0 min,
n¼89**

Hþ10 min,
n¼89**

Hþ20 min,
n¼86**

Hþ30 min,
n¼85**

Hþ40 min,
n¼84**

Hþ50 min,
n¼66**

Hþ60 min,
n¼47**

FLACC scale score (/10) 0 [0e0] 0 [0e0] 0 [0e0] 0 [0e3] 0 [0e4] 0 [0e3] 0 [0e0]
Patients with morphine
administration, n (%)

1 (1) 3 (3) 11 (13) 18 (22) 23 (27) 15 (23) 4 (9)

Heart rate (beats min�1) 111 [100e123] 116 [107e130] 119 [107e130] 115 [105e130] 112 [105e125] 112 [105e124] 110 [98e120]
Mean BP (mm Hg) 60 [56e68] 68 [60e75] 74 [64e81] 75 [69e83] 80 [69e87] 73.5 [66e81] 73 [69e78]
Ventilatory frequency
(cycles min�1)

25 [20e33] 25 [21e34] 25 [20e34] 24 [20e36] 23.5 [20e31] 22 [18e27] 24 [18e31]
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morphine administrated in this subset of patients was 0.11

[0.11e0.13] mg kg�1. The first dose of morphine was injected

with a median time of 30 [20e40] min after PACU admission.

The proportion of children receiving morphine was not

dependent on the surgical technique, by coblation or electro-

cautery (40% vs 47%; P¼0.5), and nor was the maximum FLACC

scale score (0 [0e5] vs 3 [0e5]; P¼0.2). Two patients had a FLACC

scale score �3 but received morphine, and two patients had a

FLACC scale score >3 and did not receive morphine. Post-

operative bleeding occurred in three patients, including one

requiring surgical intervention (Table 1). The proportion of

patients developing postoperative nausea/vomiting was not
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Fig 2. Comparison of the discriminatory power of the mean Analgesia

eopupillometry with regard to the PACU morphine prescription. AUC,
statistically different between those who did not receive

morphine compared with those who did (six patients [12%] vs

8 [21%]; P¼0.2).
Diagnostic value of ANI and videopupillometry for
postoperative morphine consumption

Neither themANI nor the PPI score was predictive ofmorphine

requirements in the PACU (mANI AUC¼0.54, 95% CI

[0.42e0.65], and P¼0.57; PPI score AUC¼0.52, 95% CI

[0.41e0.63], and P¼0.69) (Fig. 2). There was no correlation be-

tween the maximum FLACC scale score assessed in the PACU
54
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1

0.50 0.75 0.90 1.00
pecificity

n ANI score PPI score

AUC Mean ANI score: 0.54
95% CI [0.42-0.65]
AUC PPI score: 0.52
95%CI [0.41-0.63]

Nociception Index (mANI) vs the Pain Pupillary Index (PPI) of vid-

area under the curve; CI, confidence interval.
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and the mANI, or the PPI measured at the end of surgery

(r¼0.04, 95% CI [e0.26/0.18], and P¼0.71; and r¼0.06, 95% CI

[e0.15/0.29], and P¼0.57, respectively) (Fig. 3). Similarly, there

was no correlation between the dose of morphine and the

other variables assessed with the ANI and the video-

pupillometer (Fig. 3). Similar results were obtained when

considering only patients receiving a single dose of alfentanil

(Supplementary Fig 1).
Discussion

In this pragmatic interventional single-centre study conduct-

ed in children, neither the ANI nor videopupillometry imme-

diately after surgery predicted morphine consumption in the

PACU. None of the values obtained with the different devices

at the end of surgery was correlatedwith themaximumFLACC

scale score assessed or the morphine consumption in the

PACU.

The ANI monitor is a noninvasive tool collecting repro-

ducible values based on the analysis of the nociception/anti-

nociception balance through the analysis of changes in heart

rate.11 In adults, ANI measured immediately before tracheal

extubation has been correlatedwith the numerical rating scale

of pain obtained within 10 min after PACU admission, with an

ANI threshold below 50, over which morphine is needed, with

a sensitivity and a specificity of 86%.9 In children, mANI has

shown a good predictive value for postoperative opioid
requirements when measured at the same time of the FLACC

scale assessment, whereas the instant ANI analysis was not

correlated with the FLACC scale score.10 In our study, mANI

was measured whilst the children remained under general

anaesthesia with sevoflurane at the same concentration as

during the surgery. As sevoflurane decreases the activity of the

sympathetic nervous system and modulates the baroreflex, it

may have resulted in underestimation of nociception after

awakening.15

The variation in pupil diameter when applying a noci-

ceptive stimulus using the videopupillometer has been

validated during surgery, reflecting opioid infusion during

general anaesthesia.16,17 In our study, the use of the video-

pupillometer could not predict the postoperative need for

morphine. Increasing the concentration of sevoflurane can

indeed decrease pupil dilatation for the same nociceptive

stimulation and with constant opioid concentration.18

However, such a decrease appears from 1.9 MAC sevo-

flurane in prepubertal children, which is higher than the

targeted MAC in the present study.19 In the same way,

alfentanil use may have had a significant impact on the

measurements made by videopupillometry, as it stimulates

the parasympathetic nucleus resulting in miosis.20 The me-

dian time lag between the last alfentanil dose and the vid-

eopupillometry measurement was 24 min, which is less than

the half-life of alfentanil and might have influenced the

videopupillometry values. As videopupillometry requires
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tetanic stimulus, it cannot be done in awake children. Ly-Liu

and Reinoso-Barbero21 performed the assessment just before

extubating the patients with a MAC between 0.3 and 0.5,

with a good correlation with the Llanto, Actitud,

Normorrespiraci�on, Tono Postural y Observaci�on Facial scale

score performed 10 min after tracheal extubation. Because a

painful stimulus applied just before extubation increases the

risk of laryngospasm,22 we decided to perform the mea-

surement when the children were still under general

anaesthesia. Neice and colleagues12 showed a moderate

correlation between the magnitude of pupillary unrest under

ambient light and the response to opioid therapy in adults.

However, it did not predict the final consumption of opioids

in PACU. Finally, most of the children in our study had a low

PPI score, potentially explained by a combined effect of

drugs on pupil reflex.18e20 Accordingly, videopupillometry

does not seem useful under general anaesthesia to predict

morphine consumption after surgery.

Our study had several limitations. First, different surgical

techniques were used, which might have created a bias. Spe-

cifically, coblation tonsillectomy was associated with less

postoperative pain.23 However, the proportion of children

receiving postoperative opioids in our study was unaffected by

the surgical technique. Second, assessment of the FLACC scale

might have been overestimated by its anxiety component,

which is not taken into account by this scale. Anxiety and fear

seem to increase the FLACC scale score, as they modify chil-

dren’s facial expression and behaviour.24 Babl and col-

leagues25 showed that children had a high FLACC scale score

before undergoing an anxiety-provoking invasive procedure. A

combined use of different self-assessment scales, such as the

WongeBaker FACES® Pain Rating Scale, could have helped to

better discriminate anxious children from those who suffered

physical pain.26
Conclusions

Analgesia monitoring techniques using ANI and video-

pupillometry at the end of tonsillectomy surgery were not able

to predict postoperative morphine consumption and pain

status of children.
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