PERIOPERATIVE MEDICINE

Prediction of Movement to Surgical Stimulation by
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ABSTRACT

Background: Individual assessment of the amplitude of a physiologic reflex evoked by a standardized noxious test (SNT)
before surgical stimulation has been suggested to predict movement upon the forthcoming surgical stimulation. This study
aimed to compare the ability of pupillary dilatation reflex amplitude (PDRA) evoked by an SNT and estimated remifentanil
effect-site concentration (Ce) to predict movement upon surgical stimulation.

Methods: Eighty female patients were anesthetized for vacuum aspiration with propofol (Ce 4 pg/ml) and remifentanil.
Remifentanil Ce was randomized to 0, 1, 3, or 5ng/ml. SNT was a 60-mA, 5-s, 100-Hz tetanus applied on median nerve
before cervix dilatation. PDRA was calculated as the difference in pupillary diameter after and before SN'T. Movement upon
cervix dilatation was recorded by an independent observer. Ability of PDRA and estimated remifentanil Ce to discriminate
movers from non-movers during cervix dilatation was measured as the area under the receiver operating characteristics curve.

Results: Twenty-one of the 76 patients analyzed moved during cervix dilatation. Mean PDRA (x1 SD) evoked by SNT
was 2.0+ 1.2mm in movers and 0.6+0.7 in non-movers (P < 0.0001). Remifentanil Ce was 0.2 +0.4ng/ml in movers and
3.0+ 1.7 in non-movers (P < 0.0001). Area under the receiver operating characteristics curve for PDRA was 0.90 (95% ClI,
0.83 to 0.96) and for remifentanil Ce 0.94 (0.89 to 0.98), without any significant difference between the two areas.

Conclusions: PDRA evoked by an SNT is as accurate as the estimated remifentanil Ce to predict movement upon cer-

vix dilatation. PDRA could be valuable when estimated opioid Ce is not available or reliable. (ANESTHESIOLOGY
2015; 122:985-93)

HE most scientifically grounded approach to predict

movement or hemodynamic response to noxious stim- What We Already Know about This Topic
ulations during surgery under total general anesthesia relies e The likelihood of response to noxious stimulation during sur-
on pharmacokinetic—pharmacodynamic models for opioids gery under total intravenous anesthesia can be predicted us-

ing pharmacokinetic-pharmacodynamic models

S, ) L. h . e Alternatively, the balance between nociception and antinoci-
synergistic interactions between opioids and hypnotics and ception can be assessed in anesthetized patients by deter-

give a population-based statistical prediction of response to mining the amplitude of a physiologic reflex evoked by a stan-
a given stimulus. dardized noxious test

An alternative approach to predict movement or hemo- What This Article Tells Us That Is New
dynamic response to noxious stimulations is based on the . .
e Seventy-six women scheduled for an operative procedure re-

individual assessment of the amplitude of a physiologic reflex quiring cervical dilation were anesthetized with a target propofol
evoked by a standardized noxious test (SN'T).%> The ampli- effect-site concentration of 4 ug/ml with a randomly assigned

tude is defined as the difference between the measured vari- remifentanil effect site concentration of 0, 1, 3, or Sng/m

able after application of the SNT and the measured variable Pupillary dilatation refiex amplitude in responss to a standard-
ized noxious test predicted movement response upon cervical

and hypnotics.' These models take into consideration the

before the SN'T. For instance, Shimoda ez a/.* demonstrated dilation as accurately as the estimated remifentanil effect site
that the amplitude of the skin vasomotor reflex evoked by an concentration

electrical SNT was correlated to the hemodynamic response

to laryngoscopy in patients anesthetized with sevoflu-  reported that the amplitude of the Hoffmann or H reflex
rane, nitrous oxide, and fentanyl. Similarly, Rehberg ez a/> elicited by an electrical SN'T was correlated to the occurrence
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of movement in patients anesthetized with sevoflurane. The
complexity of the measurements of these reflexes has so far
precluded their use in daily clinical practice.

In anesthetized patients, a noxious stimulus evokes a pupil-
lary dilatation reflex, mediated by an inhibition of the parasym-
pathetic system.® Use of the amplitude of the pupillary dilatation
reflex evoked by an SNT to individually assess the nociception/
antinociception balance involves that reflex amplitude changes
in a predictable way both when applying an experimental noci-
ceptive stimulus and when administering opioids. These two
requirements are fulfilled for the pupillary dilatation reflex. First,
a linear relationship is observed between pupillary dilatation
reflex amplitude (PDRA) and the intensity of the electrical cur-
rent used during the SN'T.# Second, a predictable relationship
is observed between PDRA and opioid concentration. Larson
et al’ reported a decreasing exponential relationship between
PDRA and measured plasma alfentanil concentration. Bar-
vais et al.'® described a linear decreasing relationship between
PDRA and estimated effect-site remifentanil concentration.’
The pupillary dilatation reflex evoked by an SNT is now easily
recorded with portable videopupillometers.'"'> One may there-
fore hypothesize that PDRA evoked by an SNT before surgi-
cal stimulation in anesthetized patients may predict movement
upon the forthcoming surgical stimulation.

The primary aim of this study was therefore to compare the
ability of PDRA evoked by an SNT before surgical stimulation
and estimated remifentanil effect-site concentration (Ce) to
predict movement upon subsequent surgical stimulation. The
secondary aim was to estimate PDRAs associated with 50 and
95% probabilities of nonmovement upon surgical stimulation

Materials and Methods

'The study was approved by the Institutional Review Board of
Hotel-Dieu Hospital (“Comité de Protection des Personnes,
Ile-de-France 17), Assistance Publique-Hépitaux de Paris,
Paris, France. Written informed consent was obtained from
each patient. The study was conducted in Bichat-Claude
Bernard Hospital, Paris.

Patients

Inclusion criteria were women undergoing planned vacuum
aspiration for abortion or miscarriage under general anesthesia.
Noninclusion criteria were as follows: age less than 18 yr, Amer-
ican Society of Anesthesiologists physical status greater than 2,
requirement for endotracheal intubation, regular medication
with [-blocker, anxiolytic, antidepressant or opioid, alcohol or
drug abuse, body mass index greater than 30 kg/m?, history of
eye disease or eye surgery, diabetes, and hypertension.

Study Design

Patients were asked to participate in the study on the morn-
ing of surgery when they arrived in the outpatient clinic.
They were recruited when two of the three investigators
were available (J.G., N.G., M.P). Once included, patients
were randomized to one of the four following groups of
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remifentanil Ce: 0, 1, 3, or 5ng/ml. Randomization used
a computer-generated random number sequence in blocks
of eight patients, and group allocation used sealed opaque
envelopes. The envelope was opened in the operating room
by the attending anesthesiologist. A summary of the experi-
mental timeline is presented in figure 1.

Definition of Outcome and Predictors
The outcome was the occurrence of movement upon surgical
stimulation (i.e., cervix dilatation). Movement was defined
as a purposeful movement of the left upper limb, movement
of the lower limbs, cough, or laryngospasm. It was recorded
by an investigator blinded to both remifentanil Ce and
pupillary assessment results.

The variables considered as potential predictors of move-
ment upon surgical stimulation were assessed by an investi-
gator blinded to remifentanil Ce. They were as follows:

- DPDRA defined as the difference between the high-
est pupillary diameter (PD) recorded during the 10-s
period after the SN'T and PD before the SN'T.

- Heart rate (HR), systolic blood pressure (SBP), and
bispectral index (BIS) amplitudes defined as the dif-
ference between the highest value among three val-
ues recorded after SN'T and the mean of three values
recorded before SNT.

- Predicted remifentanil Ce with Minto model.!>'4

Anesthesia Protocol

Patients undergoing abortion received 400-pg sublingual
misoprostol on the morning of surgery according to hospital
practice guidelines. No anxiolytic medication was given.

On arrival in the operating room, a 20-gauge intravenous
catheter was inserted on the left upper limb. A triple lumen
extension tube (Octopus3®; Vygon, France) was directly con-
nected to the catheter with one lumen devoted to propofol infu-
sion and one lumen devoted to remifentanil infusion. Patients
were monitored with intermittent noninvasive blood pressure,
5-lead electrocardiogram, pulse oximetry, and BIS (BIS Vista®;
Covidien, USA) on the right forehead. The smoothing interval
for BIS analysis was 15 s. Three measurements of baseline HR,
SBE, and BIS performed 30 s apart were recorded.

Anesthesia was induced and maintained with effect-site
target-controlled infusions of propofol (Schnider model)
and remifentanil (Minto model) administered with the Base
Primea® infusion device (Fresenius-KABI, France).!>'> The
attending anesthesiologist who opened the sealed envelope
programmed the infusion pump. Intravenous lidocaine to
decrease pain caused by propofol infusion was not allowed.
Propofol infusion (10 mg/ml) was started at a Ce of 4 pug/ml.1¢
Remifentanil infusion (20 pg/ml) was simultaneously started
at the randomized Ce. Remifentanil Ce was unchanged until
surgical stimulation. If loss of consciousness (LOC) defined
by loss of the eyelash reflex was not obtained when target Ce
for both remifentanil and propofol were attained, the attend-
ing anesthesiologist could increase propofol Ce by 1 pg/ml
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INDUCTION AND MAINTENANCE OF ANESTHESIA

Ce propofol: 4 ug/ml
Ce remifentanil: randomization to 0, 1, 3 or 5 ng/ml

STANDARDIZED NOXIOUS TEST

Right median nerve electrical stimulation (60 mA 5-s 100 Hz tetanus)
= Heart rate, systolic blood pressure, bispectral index and pupillary diameter
before and after the test recorded by an investigator blinded to remifentanil Ce

SURGICAL STIMULATION

Cervix dilatation
= Patient’s movement assessed by an investigator blinded to remifentanil Ce

Fig. 1. Summary of the experimental timeline. Ce = effect-site concentration.

increments until LOC occurred. Once LOC was obtained,
propofol Ce was unchanged until surgical stimulation. During
anesthesia, manual face-mask ventilation was used with 100%
oxygen. No administration of drugs known to alter pupil size
or reactivity such as atropine or droperidol was allowed before
SNT and surgical stimulation.

At least 2 min after target propofol and remifentanil Ce
had been achieved, three measurements of HR, SBP, and BIS
were performed 30 s apart followed by application of SNT
on the right median nerve. The three measurements of HR,
SBP, and BIS were repeated over a 90-s time period after the
SNT, 30 s apart. The time period of 90 s was selected based
on previous studies that demonstrated that the peak response
of HR, an HR variability-derived index (“Analgesia Nocicep-
tion Index”), and an electroencephalographic-derived index
(“Composite Variability Index”) to an electrical 50-Hz,
30-s, 50- to 70-mA stimulation of the ulnar nerve under
propofol-remifentanil anesthesia occurred within 90 s of the
stimulation.!”~1?

During surgical stimulation defined as the dilatation of
the cervix, the occurrence of movement was recorded. In
case of movement, surgical stimulation was stopped.

Standardized Noxious Test and Measurement of PD

PD was measured with an infrared portable dynamic vid-
eopupillometer (AlgiScan®, IDMed Company, France). The
sampling frequency was 67 Hertz (i.e., a PD recorded every
15 ms) and precision 0.05 mm."! The pupillometer was com-
bined with an electrical stimulator.
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The noxious stimulation consisted of a 60-mA, 5-s, 100-
Hz tetanus applied on the right median nerve through two
skin electrodes. It was applied at least 2min after target Ce
for both propofol and remifentanil were obtained. PD was
recorded during 10 s after the end of the tetanus.

To avoid the influence of ambient lighting on PD, the
pupillometer included a preformed silicone membrane sur-
rounding the orbit under investigation. The contralateral eye
was closed with an adhesive tape. Artifact during pupil scan
was detected by visual inspection of the recording. A scan
with artifacts was discarded, and the scan was repeated at
least 1 min after the discarded one.

Statistical Analysis

Results are expressed as means (+ 1SD) or numbers (%).
When indicated, 95% confidence interval (CI) was cal-
culated. The statistical analysis was performed with R
version 3.0.2 (R Foundation for Statistical Computing,
Austria).

The size of this study was based on a convenience sample
of 20 patients in each group of remifentanil Ce. Compari-
sons across the four groups of remifentanil Ce used ANO-
VAs or chi-square tests. Comparisons of HR, SBR, BIS, and
PD before and after SNT used paired Wilcoxon tests. Com-
parisons of HR amplitude, SBP amplitude, BIS amplitude,
and PDRA evoked by SNT and remifentanil Ce between
movers and non-movers upon surgical stimulation used
unpaired Wilcoxon tests. The ability of HR amplitude, SBP
amplitude, BIS amplitude, PDRA, and remifentanil Ce to
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discriminate movers from non-movers upon surgical stimu-
lation was assessed with the area under the receiver operating
characteristics curve (AUC). Comparison of the AUCs used
the DeLong method.?® The difference between two AUCs
and its 95% CI was estimated by bootstrap resampling
(B =2000) and the percentiles method.

‘The probability of movement (P) upon surgical stimula-
tion as a function of PDRA evoked by SNT was estimated
with a logistic regression model. The binary dependent vari-
able was the occurrence of movement, and the independent
variable was the logarithm of PDRA. Calibration of the
model used a calibration plot with PDRA divided in four
groups based on quartiles (first quartile: PDRA <0.18 mm;
second quartile: 0.18 mm < PDRA < 0.53 mm; third quar-
tile: 0.53 mm < PDRA < 1.42 mm; fourth quartile: PDRA
>1.42mm). PDRA associated with a 50% probability of
nonmovement (PDRA50 corresponding to P = 0.5) upon
surgical stimulation was calculated as follows*!:

p

1-p
b

log
logPDRAS50 =

—a

where Pis 0.5, 2 the estimated intercept of the logistic model,
and & the estimated slope of the logistic model. PDRA
associated with a 95% probability of nonmovement was
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calculated similarly with P = 0.05. The 95% CI of PDRA50
and PDRA95 were estimated by bootstrap (B = 2000) and
the percentiles method. A similar analysis was made for
remifentanil Ce to estimate IC50 and 1C95.

Results

Between February 7, 2013, and October 22, 2013, 80 patients
were included. One patient in each group of remifentanil Ce
was excluded: one for laryngospasm before SN'T (group 0 ng/
ml), one for occlusion of remifentanil infusion line (group
1 ng/ml), one for faulty skin contact with stimulation elec-
trodes (group 3 ng/ml), and one for thoracic rigidity requiring
a decrease in remifentanil Ce (group 5ng/ml). Characteristics
of the 76 analyzed patients are presented in table 1.

The mean time elapsed between start of propofol and
remifentanil infusions and SN'T was 11 + 8 minutes. Statisti-
cally significant changes of HR, SBP, BIS, and PD (tables 2
and 3) were observed upon SNT. For the four groups of remi-
fentanil Ce combined, the relative variation was 33 +37%
for PD, 2+ 6% for SBP, 4+9% for HR, and -4+ 15% for
BIS. Even with a remifentanil Ce of 3 and 5 ng/ml, a statisti-
cally significant increase in PD was observed upon SNT.

The mean time elapsed between SNT and surgical
stimulation was 11+5min. Twenty-one patients had
movements upon surgical stimulation (27.6%): 16 in the
0 ng/ml group, five in the 1 ng/ml group, and zero in the 3
and 5 ng/ml groups. Comparisons of HR amplitude, SBP

Table 1. Characteristics of the 76 Patients and of the Four Groups of Remifentanil Effect-site Concentration

All Patients  Group Ong/ml  Group 1ng/ml  Group 3ng/ml  Group 5ng/ml

(n=76) (n=19) (n=19) (n=19) (n=19) P Value*
Age (yr) 28+6 29+6 27+6 27+7 29+7 0.49
Height (cm) 166+7 167 +6 1647 1677 166+6 0.36
Weight (kg) 63+11 65+11 63+12 62+9 62+12 0.81
BMI (kg/m?) 22.9+3.8 23.5+4.2 23.4+4.0 22.3+3.1 22.6+4.0 0.67
Surgical procedure 0.22
Abortion 67 (88%) 16 (84%) 17 (89%) 19 (100%) 15 (79%)
Miscarriage 9 (12%) 3 (16%) 2 (11%) 0 (0%) 4(21%)
On arrival in the operating room
Systolic blood pressure (mmHg) 11012 108+13 10715 1118 11512 0.23
Heart rate (/min) 78+13 77+13 75+16 78+11 83+13 0.34
Bispectral index 96+3 96+3 95+4 96+3 95+2 0.44
Time elapsed between start of propofol 11+8 12+4 14+15 8+3 10+3 0.16
and remifentanil infusions and SNT (min)
Time elapsed between SNT and surgical 11+5 12+6 11+3 114 12+6 0.93
stimulation (min)
Estimated propofol concentration (ug/ml) 4.2+0.5 4.4+£0.8 4.3+0.5 4.1+0.2 4.1+0.3 0.17
at loss of consciousness
Estimated propofol concentration at loss of 0.1
consciousness (ug/ml)
4.0 64 (84%) 15 (79%) 14 (74%) 18 (98%) 17 (89%)
5.0 8 (11%) 1(5%) 4 (21%) 1(5%) 2 (11%)
5.5 1(1%) 0 (0%) 1 (5%) 0 (0%) 0 (0%)
6.0 3 (4%) 3(16%) 0 (0%) 0 (0%) 0 (0%)

Results are presented as mean (+ 1 SD) or number of patients (%).

* P value for comparison across the four groups of remifentanil concentration.

BMI = body mass index; SNT = standardized noxious test.

Anesthesiology 2015; 122:985-93
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Table 2. Heart Rate, Systolic Blood Pressure, and Bispectral Index Values before and after the Standardized Noxious Test in the 76
Patients and in the Four Groups of Remifentanil Effect-site Concentration

All Patients Group 0ng/ml Group 1ng/ml Group 3ng/ml Group 5ng/ml
(n=76) (n=19) (n=19) (n=19) (n=19)

SBP (mmHg)

Before SNT 87+9 90+9 91+9 83+8 83+5

After SNT 88+9 93+10 94+9 82+6 85+5

Amplitude 1+6 2+5 3+8 -1+5 2+5

P value* 0.018 0.03 0.09 0.23 0.055
HR (/min)

Before SNT 69+12 75+10 69+15 63+8 68+10

After SNT 72+13 82+11 7217 64+6 69+11

Amplitude 3+6 7+9 2+6 1+3 1+3

P value* 0.0001 0.0023 0.063 0.60 0.10
BIS

Before SNT 47+12 45+11 49+11 50+11 44 +14

After SNT 45+12 47+13 4712 46+11 40+12

Amplitude -2+7 2+9 -2+6 -4+5 -5+7

P value* 0.002 0.64 0.15 0.01 0.007

The amplitude is the difference between the value after the standardized noxious test and the value before the standardized noxious test. Results are

expressed as mean (x1 SD).

* P value for comparisons between after and before SNT within each group of remifentanil concentration.
BIS = bispectral index; HR = heart rate; SBP = systolic blood pressure; SNT = standardized nociceptive test.

Table 3. Pupillary Diameter before and after the Standardized Noxious Test in the 76 Patients and in the Four Groups of Remifentanil

Effect-site Concentration

All Group Group Group Group
Patients Ong/ml  1ng/ml 3ng/ml  5ng/mi
(n=76) (n=19) (=19 (=19 (n=19) PValue* Ovs.1 Ovs.3 Ovs.5 1vs.3 1vs.5 3vs. 5
PD before 2.8+0.9 4.0+1.0 2.6+0.5 2.3+0.2 2.2+0.3 <0.0001 <0.0001 <0.0001 <0.0001 0.29 0.14 0.57
SNT (mm)
PD after 3.7+1.7 5712 41x15 27+06 24+05 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 0.39
SNT (mm)
PDRA (mm) 1.0+1.1 1.8+0.9 1.6+1.3 0.4+06 0.2+0.4 <0.0001 0.92 <0.0001 <0.0001 0.0002 <0.0001 0.91
P valuet <0.0001 <0.0001 <0.0001 0.0001 0.0001 — — — — — — —

The amplitude or PDRA is the difference between the PD after the SNT and the PD before the SNT. Results are expressed as mean (+1 SD).
* P value for comparisons across the four groups of remifentanil effect-site concentration. T P value for comparison between after and before SNT within

each group of remifentanil effect-site concentration.

PD = pupillary diameter; PDRA = pupillary dilatation reflex amplitude; SNT =

amplitude, BIS amplitude, and PDRA evoked by SNT
and remifentanil Ce between movers and non-movers
upon surgical stimulation are presented in table 4. For
the four groups of remifentanil Ce combined, a signifi-
cant difference was observed between movers and non-
movers for SBP amplitude, BIS amplitude, PDRA, and
remifentanil Ce (table 4). The highest discriminative abil-
ity was observed for remifentanil Ce, with an AUC of
0.94 (95% CI, 0.89 to 0.98) and PDRA with an AUC of
0.90 (95% CI, 0.83 to 0.96), indicating an excellent dis-
crimination for both variables (fig. 2). No significant dif-
ference was observed between these two AUCs (P = 0.29;
mean difference = 0.04 [95% CI, -0.03 to 0.12]). Similar
results were observed for remifentanil Ce and PDRA for
patients with a remifentanil Ce <3 ng/ml (groups 0, 1, and
3ng/ml combined) and for patients with a remifentanil
Ce <1 ng/ml (groups 0 and 1 ng/ml combined).

Anesthesiology 2015; 122:985-93

standardized noxious test.

The relationships between PDRA and remifentanil Ce
and the probability of movement are presented in figure 3.
PDRA associated with a 50% probability of nonmovement
upon surgical stimulation was 1.39mm (95% CI, 0.96 to
2.20) and PDRA95 0.29 mm (95% CI, 0.17 to 0.55). For
remifentanil Ce, IC50 was 0.62ng/ml (95% CI, 0.30 to
0.97) and IC95 1.69 ng/ml (95% CI, 1.05 to 2.33).

Discussion

In this study, PDRA evoked by an SNT was as accurate as
the estimated remifentanil Ce to predict movement response
upon surgical stimulation.

PDRA evoked by an SNT had a higher relative varia-
tion (+33%) than HR, blood pressure, and BIS. This higher
dynamic range than the traditionally used hemodynamic
parameters is in accordance with previous studies.?>?* Larson
et al.? reported that the relative variation of PDRA evoked

989 Guglielminotti et al.

¥202 UdJel €1 uo 1senb Aq ypd'#L000-0 00505 | 0Z/S08581/S586/S/2Z | /4pd-01o1e/ABO|0ISaUISaUE/WOD JIBYIIBA|IS ZESE//:diY WO papeojumoq



oo ®
@ N
313299
— R OF| ©2 «©
.8 © 2| S Y
T 5 ™~ <g [SHSIES)
85 | |l two
E=47} £ © oo ©
B c = oo o
EQ £
<% 87 *GJ
x N~ o
o Q2 [t} 3|l o ©
2o e glecee
£3 c oo o
T E © Q
= )
og -
] — n =
oz S dN| —o0
25 S HH o+
m c (%] o O <
s ® g =<
o2 I¢)
S © =
=3 O] » =
[o} ©
£= cow| YOO
< c o= | 2+ o+
S z2e |-
) E L I
==
0 +=
(/)(1) —_ e~~~
o Q oN Y
oo ® @© 9
38 5|3%¢%
o [©] N A W0
o < o
=0 2| S
o= s <w|lssgo
L2 = o =l s o
o< ! © o
28 £ oo o
e =
a8 gl .
@ O =) 1 o~ 0
Te c S| ©m
D= <
£ ® gl ece9
B o oo o
£38 g e
< -
oW v »n —
ot .
© = o o~n| o
g @ S 2 e+
€ £ g 2 ~
C
§g | sl ==
T e (O]
= ©
o X%
"-CE éh‘,g < © ©
go S| #HH
NO ™
38 “Ec i
'_
[2R%)
935 —~— =
3 o~ ®
2.8 NN @
2 R : R
89 ol 229
oZ O3] o ©
(il O N0
Y — <v|lcScgo
55 X 2 N
> & v Qo
235 I oo o
§Ec| £
sne | E X
Q_wﬁ = %
o= 2 =l vwo
£ c < S| QL
59 — > 3 .
282 | T al
o)
383| &8
£=Zal © Qe
Q= 1) ol o ©
5o S 2 HH o+
+ + o} < N
L8| &l ==
sz | ©
cEuw
S o= o
$EG toe| v~ ©
‘-<‘E S = | H oH OH
S z 9 [N
o 2= ISR |
=
So€E
© o
gctt S
[eqieiN T
2820 cE
TTH EE
50% 383
32° 5309
S < 2= 2
x= 2%
<+ 5 © EE
oL S Es§
oo E a
© C = cm P
F cw T unm

Anesthesiology 2015; 122:985-93

0.90 (0.83-0.96)
0.94 (0.89-0.98)

<0.0001
<0.0001

0+1.2
2+0.4

0.7 2.

0.6+

0.85 (0.76-0.95)
0.90 (0.83-0.97)

<0.0001
<0.0001

0+1.2

2.

0.8+0.8

0.73 (0.57-0.90)
0.79 (0.66-0.92)

0.014

0+1.2
0.2+0.4

1.2+£0.8
0.8+0.4

PDRA (mm)

0.

3.0+1.7

+0.4

0.2

2.0+1.1

0.0004

Remifentanil Ce (ng/ml)

P valuet

0.29

0.38

0.58

The amplitude is the difference between the value after the standardized noxious test and the value before the standardized noxious test. Results are expressed as mean + 1SD.

* P value for comparison between non-movers and movers. 1 P value for comparison of AUCs for PDRA and remifentanil Ce.

AUC

systolic blood pressure.

pupillary dilatation reflex amplitude; SBP =

heart rate; PDRA =

effect-site concentration; HR =

bispectral index; Ce

area under the receiver operating characteristics curve; BIS =

990

Prediction of Movement and Pupillary Reflex

by an electrical SNT on the abdominal skin in anesthetized
adults is larger than the changes in HR or blood pressure.
Similar results were reported by Constant et 2/.* in children.
The observed increase in PD evoked by the SNT in the 3 and
5 ng/ml remifentanil groups also suggests that high remifen-
tanil concentrations may not preclude the use of PDRA to
assess the nociception/antinociception balance.!

The ability of HR, SBP, or BIS amplitudes to discrimi-
nate movers from non-movers upon surgical stimulation was
low as indicated by an AUC less than 0.7. These values are
in the range of the previously reported ones.'”"1%2425 On the
contrary, the AUC for PDRA was 0.9, indicating an excel-
lent discriminative ability for a test.”> It was not different
from the AUC of remifentanil Ce. Because PDRA was not
superior to remifentanil Ce in predicting movement upon
surgical stimulation, the potential added value of measur-
ing the nociception/antinociception balance with PDRA
in clinical practice when the estimated Ce of remifentanil
is available may be questioned. However, PDRA may be
particularly useful in two situations. The first situation is
when estimation of opioid Ce is not available. For instance,
whereas many target-controlled infusion for intravenous
anesthetics have been approved in Europe, they have not yet
been approved by the Food and Drugs Administration in
the United States.? In this setting, we suggest that the opi-
oid infusion rate could be targeted to keep PDRA below the
PDRA95 (0.29 mm) that is greater than 95% of the clinical
effect.26

sion rate within a specified range of PDRA should be evalu-

However, the benefit of targeting an opioid infu-

ated in a validation study. The second situation is in patients
where large variability in pharmacokinetics is expected, such
as extreme age, extreme weights, or shocked patients.”’”* In
these situations, models may result in overdosage with the
risk of hypotension or underdosage with the risks of move-
ment or hemodynamic reaction. In the current study, only
healthy young patients were included, and the generalizabil-
ity to these specific situations requires further investigations.

Some limitations can be addressed to this study. First,
some drugs used during anesthesia such as dopaminergic
receptor antagonists (droperidol) or anticholinergic drugs
(atropine) are known to alter pupil size and block the pupil-
lary dilatation brought about by noxious stimuli. The use
of these drugs should be avoided or delayed until the end
of anesthesia.”” Second, the PDRA95 used movement upon
surgical stimulation as an endpoint. Because the blockade of
the hemodynamic response to a noxious stimulus requires
higher opioids concentration than the blockade of move-
ment, titrating opioid concentration on the PDRA95 pre-
sented may not ensure the lack of hemodynamic response.*
Third, surgical stimulation was defined by cervical dilata-
tion and not by skin incision, owing to the characteristics
of the surgical procedure. Generalizability of the results
requires further validation in other types of surgical pro-
cedures. Fourth, the design of this proof of concept study
precludes the analysis of the interactions between propofol
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Fig. 2. (A) Boxplots of pupillary dilatation reflex amplitude (PDRA) evoked by the standardized noxious test (SNT) and movement
upon surgical stimulation. The thick horizontal line indicates the median, the limits of the box the 25th and 75th percentiles, and
the whiskers the extreme values. The unfilled dots represent the individual values. (B) Boxplots of remifentanil effect-site concen-
tration (Ce) and movement upon surgical stimulation. (C) Receiver operating characteristic curve for PDRA evoked by the SNT
and movement upon surgical stimulation. (D) Receiver operating characteristic curve for remifentanil Ce and movement upon
surgical stimulation. AUC = area under the receiver operating characteristic curve.

and remifentanil in producing immobility by using a fixed
propofol Ce. Although an increase in propofol Ce was per-
mitted if LOC was not obtained at 4 pg/ml, only 12 patients
(16%) required such an increase. In addition, the mean pro-
pofol Ce was not statistically different across the four groups
of remifentanil Ce. To assess the possible hypnotic—opioid
interactions in the current study, we calculated the Noxious
Stimulation Reactivity Index described by Luginbiihl ez /3!
The index was significantly higher in movers upon surgi-
cal stimulation compared with non-movers (79.6+6.5 vs.

Anesthesiology 2015; 122:985-93 991

61.0+11.4, P < 0.0001). The AUC for the index was 0.93
(0.87;0.98) and not statistically different from the AUC for
remifentanil Ce (0.94 [0.89;0.98]). These results suggest
that taking into consideration hypnotic—opioid interactions
in this study would not have improved the prediction. Fifth,
we did not use electronic acquisition of hemodynamic and
electroencephalographic data in the current study. The 30-s
interval between recordings after the SN'T was based on the
minimal interval between two noninvasive blood pressure
measurements. We may have therefore missed the maximum
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Fig. 3. (A) Relationships between pupillary dilatation reflex amplitude (PDRA) evoked by the standardized noxious test and the
probability of movement upon surgical stimulation. The thick black line indicates the probability of movement upon surgical
stimulation and the two dashed lines its 95% confidence interval. The red points indicate the observed frequencies of move-
ment for each quartile of PDRA with its 95% confidence interval. The individual observations are represented by blue points with
1 for movers and 0 for non-movers. (B) Relationships between remifentanil effect-site concentration (Ce) and the probability of
movement upon surgical stimulation. IC = inhibitory concentration.

change in the surrogate markers that may have underesti-
mated their real performance.

In conclusion, PDRA evoked by SNT is as accurate as
remifentanil Ce to predict movement response upon surgi-
cal stimulation. Monitoring PDRA during anesthesia could
help the anesthesiologist in the decision-making regarding
the adaptation of opioids effect-site concentration.
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