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Evaluation of pupil diameter for pain assessment in interventional
headache management

Girisimsel tedavi uygulanan bas agrilarinda pupil capinin degerlendirilmesi

Resul YILMAZ," ©© Gokhan KOCADAG," ©© Sule ARICAN," ©© Mustafa OZDEMIR,? ©© Ruhiye REiSLIi,?
Sema TUNCER UZUN?

Summary

Objectives: Pain is a subjective experience. Besides, sensory, affective and behavioral responses, and autonomic response
are part of pain response to noxious stimuli. Evaluation of pupil diameter by pupillometry has been used as an alternative
method for pain assessment. In algologic procedures like interventional headache management have not been addressed in
the literature. Herein, we investigated changes in pupil diameter during interventional headache management as an objective
method for pain assessment.

Methods: Demographic data of the patients were collected before the bilateral major occipital nerve blockage (MONB) pro-
cedure. Numeric rating score (NRS) and pupil diameter measurements by pupillometer were recorded before MONB. Standard
MONB procedure was applied to all patients. Pain assessment and pupillary diameter measurements were obtained after
nerve blockage.

Results: Twenty-eight patients were included in this study. Mean age was 41.03+12.63 years. There is no difference between
the hemodynamic parameters before and after the procedure. Post-procedure NRS and pupil diameter values were signifi-
cantly lower than pre-procedure values. There was a positive correlation between changes in NRS scores and changes in the
right and left pupil diameters.

Conclusion: There was a significant correlation between NRS score and pupil diameter in patients who underwent MONB.
Monitoring of pupil diameter can be used for pain assessment during headache treatment. Evaluation of pupil diameter is a
new approach in pain palliation. Future research is needed to study the effect of other parameters, that is, gender, age, origin
of pain, acute, and chronic pain on pupil diameter and to evaluate its application in different algological procedures.
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Ozet

Amag: Agri, 6znel bir deneyimdir. Duyusal, duygusal ve davranissal tepkilerin yani sira otonomik tepki, agrili uyaranlara ve-
rilen tepkinin bir parcasidir. Pupil capinin pupillometre ile degerlendirilmesi, agr degerlendirmesi icin alternatif bir yontem
olarak kullanildi. Bu ¢calismada, girisimsel bas agrisi yonetimi sirasinda agri degerlendirmesi icin pupil capindaki degisiklikler
arastirildi.

Gereg ve Yontem: Bilateral major oksipital sinir blokaji (MONB) islemi 6ncesi hastalarin demografik verileri toplandi. Numerik
derecelendirme puani (NRS) ve pupillometre ile g6z bebegdi ¢api dlctimleri, MONB'den 6nce kaydedildi. Tim hastalara standart
MONB prosediirii uygulandi. Sinir blokaji sonrasi agr degerlendirmesi ve pupil capi dl¢timleri alindi.

Bulgular: Calismaya 28 hasta dahil edildi. Hastalarin yas ortalamasi 41,03+12,63 yil idi. islem éncesi ve sonrasi hemodinamik
parametreler arasinda fark yoktu. islem sonrasi NRS ve g6z bebegi capi degerleri islem 6ncesi degerlerden 6nemli élciide dii-
stiktd. NRS puanlarindaki degisiklikler ile sag ve sol g6z bebedi caplarindaki degisiklikler arasinda pozitif bir iliski vardi.
Sonug: MONB uygulanan hastalarda NRS skoru ile g6z bebegi capi arasinda anlamli bir iliski vardi. Bas agrisi tedavisi sirasinda
agri degerlendirmesi icin goz bebegdi capinin izlenmesi kullanilabilir. Pupil capinin degerlendirilmesi agri palyasyonunda yeni
bir yaklagimdir. Cinsiyet, yas, agrinin kaynagd, akut ve kronik agri gibi diger parametrelerin g6z bebegi capi tizerindeki etkisini
incelemek ve farkli algolojik prosedirlerde uygulanmasini degerlendirmek icin gelecekteki arastirmalara ihtiyag vardir.

Anahtar sozcukler: Agri; agrinin degerlendirilmesi; pupil capi; pupillometre; major oksipital sinir bloku.
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Evaluation of pupil diameter for pain assessment in interventional headache management

Introduction

Pupillary diameter, iris size, is controlled by the ac-
tivities of antagonistic muscles; sphincter pupillae
and dilator pupillae. Sphincter pupillae, innervated
by the cholinergic fibers of the parasympathetic sys-
tem, leads to pupillary constriction. In contrast, di-
lator pupillae is innervated by the adrenergic fibers
of the sympathetic system which leads to pupillary
dilatation. As a result of the opposing activities and
innervations of these muscles, pupil dilation is used
as an index for sympathetic system activity. Pupillary
dilation reflex (PDR) is a robust reflex that controls
pupil diameter in response to light intensity. Audi-
tory and painful stimuli mediate pupil dilatation in
awake subjects by sympathetic activation of dila-
tator muscle.” Changes in pupillary diameter are
clinically associated with pain and pupillometric
measurements can be used to evaluate analgesics
efficacy in in anesthesia practice.?*!

Pain is a subjective experience. Besides, sensory, af-
fective and behavioral responses, and autonomic re-
sponse are part of pain response to noxious stimuli.
4 Sympathetic system activation results in increased
heart rate, tachypnea, and pupil dilatation as a re-
sponse to noxious stimuli.®! Recent advances in
technological capabilities have enabled the mea-
surement of pupil diameter and pain evaluation.
Evaluation of pupil diameter by pupillometry have
been used as an alternative method for pain assess-
ment.*° Measurement of pupil diameter in algo-
logic procedures like interventional headache man-
agement have not been addressed in the literature.
Herein, we investigated changes in pupil diameter
during interventional headache management as an
objective method for pain assessment.

Material and Methods

Setting and Participants

Ethical approval for this study was obtained from
(the Local Ethics Committee, Tirkiye) (Number:
2021/3388) according to the Declaration of Helsinki.

Thirty patients older than 18 years who underwent
bilateral major occipital nerve blockage (MONB)
for headache treatment were enrolled in this study.
Headache disorders are classified and diagnosed
according to International Headache Society 2018
guidelines™ and patients who had primary head-
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ache included in the study. Patients younger than 18
years, abnormal pupil reading, or abnormal pupil re-
activity according to neurological pupil index (NPI),
patients who had a history of substance abuse and
addiction, secondary headache, psychiatric disor-
ders, intracranial pathologies, motor deficits, perior-
bital or facial edema, ocular disease, anticholinergic
drug usage, deteriorating condition, high morbidi-
ties or orientation-coordination problems, and pa-
tients who underwent emergent procedures were
excluded from this study.

Informed consent including detailed information
about the procedure was obtained from each partici-
pant. Information concerning the trial was explained
both orally and in a written form to all patients and
a written consent form was signed by each patient.
Demographic data of the patients were collected be-
fore the procedure. Numeric rating score (NRS) and
pupil diameter measurements by pupillometer (Pu-
pillometer NPi-200, NeurOptics, USA) were recorded
before MONB. Standard MONB procedure was ap-
plied to all patients. Pain assessment and pupillary
diameter measurements were obtained 5 min after
nerve blockage.

MONB

MONB was performed in each patient by the same
anesthesiologist using the same technique. Hemo-
dynamic measurements (heart rate, blood pressure,
and pulse oximetry) were recorded. Ultrasound-
guided nerve block was applied in the sitting po-
sition after appropriate skin disinfection. Local
anesthesia was applied using 25-gauge needle af-
ter locating the occipital artery and nerve. 7.5 mg
(0,375%) bupivacaine, 10 mg (1%) prilocaine, and 2
mg dexamethasone were used for local anesthesia.
Ultrasound was used for visualizing local anesthetic
solution delivery to ensure proper distribution.

Evaluation of Pupil Diameter

During the measurements, portable infrared pupil-
lometer device (Pupillometer NPi-200 ™, NeurOptics,
USA) was used to assess pupil diameter. Pupil diam-
eter and NPI values were measured automatically
with the pupillometer. Since pupil diameter can vary
depending on ambient illumination and the point at
which the patient focuses his gaze, scotopic condi-
tions were provided to optimize the measurements.
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Table 1. Hemodynamic values of patients, before and after major occipital nerve block (n=28)

Before MONB (meanxSD) After MONB (meanzSD) P
Heart rate (beat/min) 85.07+£17.96 85.29+15.88 0.967
Peripheral oxygen saturation (%) 95.75+2.44 97.43+3.52 0.062
Systolic blood pressure (mmHg) 155.39+21.98 157.25+20.73 0.763
Diastolic blood pressure (mmHg) 91.14+11.09 91.54+10.08 0.904
Mean blood pressure (mmHg) 113.82+13.49 115.54+12.40 0.679
MONB: Major occipital nerve block; SD: Standard deviation; *: P<0.05 is statistically significant.
Table 2. Comparison of pupil diameter, NPI, and NRS
NRS (MeanxSD) Pupil diameter NPI

Right (Mean£SD) Left (MeanxSD) Right (MeanxSD) Left (MeanzSD)
Before MONB 3.82+2.63 4.76+1.08 4.64+1.08 4.04+0.46 4.06+0.46
After MONB 1.60+1.66 4.18+1.13 4.03+1.08 4.21+0.36 4.27+0.33
p-value *<0.001 *0.006 *0.003 *0.008 *0.006

MONB: Major occipital nerve block; NPI: Neurological Pupil Index; NRS: Numeric Rating Scale; SD: Standard deviation; *: P<0.05 is statistically significant.

Table 3. Correlation analysis between numeric rating
scale change and right and left pupil diameter

changes
1 2 3

1.NRS change

r 1 0.464** 0.465*

p 0.013***  0.013***
2. Right pupil diameter changes

r 1 0.837**

p <0.007***

3. Left pupil diameter changes
r 1

p

*:The correlation is significant at the 0.05; **: The correlation is significant
at the 0.01; ***: P<0.05 is statistically significant.

The light-insulated silicone collar of the device isolat-
ed the measured eye from ambient light. The oppo-
site side of the eye was closed with a thick cover and
isolated. Besides, hemodynamic measurements, pre-
and post-procedure measurements of NRS score,
and left and right pupil diameter were recorded. The
NPI measurement range is 3.0-4.9 and results out of
this range are considered abnormal pupil reactivity.
Furthermore, a difference in NPI between right and
left pupils of =0.7 can also be considered an abnor-
mal pupil reading.
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Statistical analysis

Data were analyzed using SPSS 18.00 (the Sta-
tistical Package for the Social Sciences, Inc., Chi-
cago, IL). Continuous variables were presented as
meanzstandard deviation and percentages (%).
Categorical variables were presented as numbers
and percentages. Kolmogorov-Smirnov test was
used for testing normal distribution of the data.
Mann-Whitney U-test was used for analyzing con-
tinuous variables. Dependent t-test was used for
repeated measures. p-values <0.05 (p<0.05) were
considered statistically significant.

Results

Thirty patients (between 18 and 76 years) were in-
cluded in this study. Two patients were excluded
since the difference between NPl measurements was
higher than 0.7. Of these subjects, ten were male and
18 were female. Mean age was 41.03+12.63 years.
Except of headache, 20 patients (71.4%) had no oth-
er underlying comorbidities. Hemodynamic param-
eters before and after the procedure are summarized
in Table 1. Post-procedure NRS and pupil diameter
values were significantly lower than pre-procedure
values. Pupil diameter, NPI, and NRS scores are sum-
marized in Table 2. There was a positive correlation
between changes in NRS scores and changes in the
right and left pupil diameters (Table 3).
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Discussion

A decrease in pupil diameter was associated with
pain palliation in patients who underwent MONB for
headache treatment.

Headache is a very common condition among
adults. Headache disorders are classified and diag-
nosed according to International Headache Soci-
ety 2018 guidelines."™ Headache disorders impose
a noticeable burden including impaired quality of
life, productivity impairment, and reduced daily-life
activity.'""'# Chronic headache was associated with
impaired quality of life, reduced workplace produc-
tivity, and work absenteeism in the previous reports.
013151 ack of knowledge among health-care provid-
ers regarding effective treatment modalities and
underestimation of pain by patients hinders proper
management of headache. In addition to effective
treatment options, objective methods for evaluating
treatment effectiveness are required. In this study,
the diagnosis and classification of headache was
planned according to the International Headache
Society Guidelines-2018. The primary headache pa-
tients were included in the study.

MONB is a procedure involving injecting local anes-
thetics to block the afferent signals from sensory re-
gions innervated by major occipital nerve.'® MONB
is a widely used peripheral nerve block procedure for
headache treatment.'”? Combination of bupivacaine
or lidocaine and corticosteroids was associated with
rapid-onset anesthesia and reduced pain intensity
and duration.l®?2 Patients who underwent MONB in
daily clinical practice were included in our study.

PDR is a sympathetic reflex that mediates pupillary
dilatation in response to painful stimuli.”*’ Measure-
ment of pupil diameter was used for evaluating an-
esthetic agents during general anesthesia. Larson
et al.”” showed that alfentanil attenuates PDRin re-
sponse to noxious stimuli. Negative correlation was
detected between plasma alfentanil concentra-
tions and pupillaray dilation degree.?*?! Similarly,
increased remifentanil concentrations were associ-
ated with decreased PDR in healthy subjects under
propofol anesthesia. PDR changes were prominent
than changes in hemodynamic parameters in chil-
dren under sevofluran and 50% nitric oxide anes-
thesia 22628
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Pupillometric monitorization reduced intraop-
erative remifentanil and post-operative morphine
consumption in a randomized controlled study.>”
Pupillometric monitorization can be used as a reli-
able method to evaluate post-operative analgesia
and as an index for pain intensity.”® Unlike previ-
ous studies, we included patients who applied
with headache complaint to algology clinic in our
study. We detected a decrease in NRS scores and
pupil diameter in patients who underwent MONB
for headache treatment. There was a positive cor-
relation between changes in pupil diameter and
NRS scores. These results are compatible with the
previous reports on the relation between pain and
pupil diameter in perioperative settings.

Analysis of pupillary functions with infrared pupil-
lometry reduces observer bias, enables noninvasive
evaluation of pupil dimensions and reactivity, and
ensures reliable repeatability of measurements.
NPI scores above 3 are considered normal. Scores
below 3 indicates abnormal/sluggish pupillary re-
flex, while 0 score indicates non-reactive or atypical
pupillary reflex. A difference in NPI of 0.7 or more
between right and left pupil measurements reduc-
es the reliability of measurements and decreases
NPI values response to noxious stimuli.®3°3" Two
patients were excluded from our study since NPI
difference was >0.7 in consecutive measurements.
We also noticed a decrease in NRS scores and an
increase in NPI scores after nerve block.

Appropriate diagnosis and management of pain
begins with proper evaluation of patient’s pain.
Regular monitoring is essential for the evaluation
of pain intensity and treatment response. Patient’s
report of pain and hemodynamic parameters,
that is, heart rate and blood pressure are used
while monitoring pain.’*? There was no significant
change in hemodynamic parameters before and
after nerve block, while there was a significant
decrease in NRS scores and pupil diameter in our
patients. Other parameters may be inadequate
and measurement of pupil diameter can be used
as an alternative method for pain assessment. Our
findings suggest that pupillometry use in pain
management protocols may facilitate objective
measurement of pupil diameter and can be used
in clinical practice.
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Baseline pupil diameter can be affected by the in-
teraction between the sympathetic and parasympa-
thetic nervous systems and several factors such as
ambient light, visual compliance, and drug interac-
tions. Although there was no relationship between
baseline pupil size and first NRS score, a significant
correlation between analgesia and changes in pupil
diameter was previously reported.®*¥! We avoided
using antiemetics such as dopaminergic receptor
antagonists and anticholinergic drugs in our patients
due to their effects on pupil diameter. To minimize
measurement errors, pre-procedure and post-proce-
dure measurements were taken in the same environ-
ment and completed by the same anesthesiologist.

There is no evidence of the effect of local anesthetics
on pupil diameter. Pupil diameter was not affected in
patients who received regional anesthesia-analgesia
and was suggested as a reliable method for pain as-
sessment.*4

There were many limitations in this study. Although it
is easy to measure pupil diameter with pupillometry,
it is prone to practitioner errors. Simultaneous mea-
surement of NPI scores obtained during pupil diame-
ter measurement can be used to evaluate the reliabil-
ity of the measurements. Data of two patients were
outside predetermined reference values and were
excluded from analysis. The aim of this study was to
evaluate outpatients; thus, it was difficult to standard-
ize study group. Patients with acute and chronic head-
ache were enrolled in this study, so we were unable to
evaluate the difference between these groups. Finally,
Although the effect of anxiety on pain perception is
widely discussed, there is no consensus in the litera-
ture.?>*1 However, individuals with moderate-to-se-
vere anxiety have been reported to have larger pupil
diameters than those with or without mild anxiety.
40 However, in this study, the anxiety level of the pa-
tients was not evaluated during pupil measurements.

Conclusions

There was a significant correlation between NRS score
and pupil diameter in patients who underwent MONB.
Monitoring of pupil diameter can be used for pain as-
sessment during headache treatment. Evaluation of
pupil diameter is a new approach in pain palliation.
Future research is needed to study the effect of other
parameters, that is, gender, age, origin of pain, acute,
and chronic pain on pupil diameter and to evaluate its
application in different algological procedures.
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