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Abstract

Study Hypothesis/Objective: This prospective cohort study aimed to assess whether

and to what extent different quantitative pupillometry (QP) metrics are associated

with different intoxicant drug classes as well as investigate the potential benefit of

QP as a tool in the rapid assessment of clinically intoxicated patients in the emergency

department (ED).

Methods: Between February 25, 2019 and April 24, 2021, 325 patients were enrolled

in the EDs of the Hospital of the University of Pennsylvania (HUP) and Penn Presbyte-

rianMedicalCenter (PPMC). Patients deemed clinically intoxicatedor inwithdrawal by

an attending emergency physician were considered for eligibility. Patients <18 years

old, with a chief complaint indicative of head trauma or stroke or without a urine drug

screen (UDS) positive for drugs of abuse were excluded. QP data were also collected

from a cohort of 82 healthy control subjects.

Results: Neurological Pupil index (NPi) values did not vary significantly between con-

trol and study groups nor between study group patients with a UDS positive for

opioids. With exception of latency of constriction, all other QP metrics for the study

groupwere depressed relative to controls (P< 0.005).

Conclusions: This work demonstrated the feasibility of QP measurement in the

ED, finding that NPi remains unaffected by clinical intoxication and therefore can

potentially be used for ED patient evaluationwithout risk of confounding by key intox-

icants of abuse. Future work will evaluate the value of QP as a means of rapid and

reproducible neurological assessment to identify various pathologies.
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1 INTRODUCTION

1.1 Background and importance

Alcohol and other substance intoxication accounts for more than

4 million emergency department visits annually1–3 and thus repre-

sents a major diagnostic and treatment burden in emergencymedicine

practice. With an average 95,000 alcohol-related fatalities annually4

and nearly 80% of the 100,000+ drug overdose deaths involving

opioids in 2021 alone,5 emergency medical services (EMS) agen-

cies and EDs face challenges associated with the rapid assessment,

treatment, and monitoring for intoxication. Furthermore, the evalu-

ation of causes of mental status changes because of stroke, infec-

tion, or metabolic derangements may be confounded by coincident

intoxication.

Quantitative pupillometry (QP) represents the automated, elec-

tronic measurement of pupillary size and light reactivity, including

variables such as constriction velocity, latency, and more. The well-

known association of pupillary response with neurologic pathways has

supported theuseofQPas a routinely employed andeffectivemeasure

in the assessment and prediction of outcomes for patients with diverse

pathologies spanning traumatic brain injury and other neurological

issues.6–10

Already widely in use in critical care settings and with documented

applications in the detection of neurological injuries and determina-

tion of efficacy of different interventions, QP may present value to

emergency clinicians as a non-invasive, rapid, and precise diagnos-

tic approach for use in the detection and treatment of intoxicated

patients.WhetherQP can be used to assess patients for intoxication or

from ethanol or key drugs of abuse, and whether QPmeasurements of

mental status changewould bemade unreliable because of intoxicated

states, remains unknown.

1.2 Goals of this investigation

This prospective cohort feasibility study aimed to assess whether and

towhat extent differentQPmetrics are associatedwithdifferent intox-

icant drug classes as well as provide insight into potential benefits of

QP as a tool in the rapid assessment of ED patients.

2 METHODS

2.1 Study design and setting

BetweenFebruary25, 2019andApril 24, 2021, patientswereprospec-

tively enrolled in the EDs of the Hospital of the University of Penn-

sylvania (HUP) and Penn Presbyterian Medical Center (PPMC), both

tertiary academic hospitals in Philadelphia. University of Pennsylva-

nia Institutional Review Board approval was granted to conduct this

study.

The Bottom Line

Quantitativepupillometry (QP) is amethod tomeasurepupil-

lary size and reactivity. QP was measured in 325 patients

with suspected drug intoxication. No statistical differences

in the Neurological Pupil Index were noted between those

with intoxication versus control patients. This study demon-

strated feasibility of using QP in the emergency department.

2.2 Selection of participants

Adult patients deemed clinically intoxicated or in withdrawal, as

reflected in the electronic health record and with a urine drug screen

(UDS) positive for ethanol, opioids, or other key drugs of abuse were

considered for eligibility. Inclusion criteria were verified by chart

review before analysis. Exclusion criteria included (1) age <18 years

or (2) a chief complaint indicative of head trauma or stroke, to avoid

possible confounders that might affect QP measurement owing to

intoxicants. QP data also were collected from a cohort of healthy con-

trol subjects selected among credentialed ED staff including residents,

medical students, attending physicians, and research personnel.

2.3 Measurements

Upon subject identification, QP data were collected by trained

research assistants using the NeurOptics NPi-200 Pupillometer (Neu-

rOptics, Inc., Irvine, CA, USA) according to standard operating proce-

dures. The NeurOptics NPi-200 pupillometer (NeurOptics, Irvine, CA,

USA) is a Food andDrugAdministration-approved, hand-held, infrared,

photographic device that enables measurement of QP metrics. The

device is positioned at a consistent distance from the subject, after

which a beam of light is administered over a 3-second interval during

which images of the pupil are captured at a rate ofmore than 30 frames

per second and subsequently analyzed. The device has been well eval-

uated for the replicability, precision, and accuracy of its measurements

in various settings.11–15

Collected metrics included (1) maximum pupil diameter (Sizemax),

(2) minimum pupil diameter (Sizemin), (3) constriction % or percent-

age change (CH %), (4) constriction velocity, (5) maximum constriction

velocity, (6) latency of constriction (LAT), (7) dilation velocity, and

(8) the Neurological Pupil index (NPi)—a composite metric taking into

account the other 7 measurements. QP measurements are compared

against a reference set from healthy individuals and used to generate

Z-scores that are ultimately combined to generate the NPi value, using

a proprietary algorithm. TheNPi ranks pupil reactivity on a scale from0

to5,with a0value representing anon-reactive, immeasurable, or other

atypical response.Values less than3.0havebeenvalidated as abnormal

or “sluggish;” whereas, those above are considered normal.16
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UDS data collected as part of clinical care were abstracted

from the emergency medical record for patients deemed clinically

intoxicated by ED physicians. Clinically intoxicated patients were des-

ignated either opioid positive or opioid negative on the basis of UDS

results. The screening assay used incorporates a Beckman platform

immunoassay with positive results reflexed for further confir-

mation by mass spectrometry. The screening includes tests for

amphetamines, barbiturates, benzodiazapines, cocaine metabolites,

ethanol, methadone, opiates (including oxycodone and fentanyl),

phencyclidine, and tetrahydrocannibinol (THC).

All data were stored in an electronic, Health Insurance Portability

and Accountability Act-compliant clinical database (REDCap, Vander-

biltUniversity) and reviewedmonthly by study coordinators for quality

assurance purposes.

2.4 Analysis

Left and right eye QP metrics were averaged for analysis. Differences

inQPmeasures between clinically intoxicated subjects and the control

group as well as differences between opioid +/- groups were assessed

using 1-tailed t tests.

3 RESULTS

3.1 Characteristics of study subjects

A total of 325 patients were enrolled during the recruitment period.

Patients were excluded if lacking a UDS to provide biochemical confir-

mation of specific intoxicants or subsequently deemed not intoxicated

(n = 174). Those with incomplete measurements (ie, data collected

from only 1 eye or interruptions affecting data quality) were also

removed from consideration (n = 32). This yielded a final data set of

119 patients. QP data were also collected from a cohort of 82 healthy

control subjects.

The study cohort had amedian age of 38 years (Q1= 28; Q3= 50.5)

and was 34% female. A total of 55% presented with single substance

intoxication and 45% with polysubstance intoxication. Ethanol intoxi-

cation was present in 82% of the study population; opioids, THC, and

cocaine were the next most prevalent intoxicants (29%, 25%, and 23%,

respectively). The control grouphad amedian age of 28 years (Q1=25;

Q3=33) andwas66%female.Control group subjects, all EDstaff,were

healthy, alert, and oriented and self-reported lack of intoxicant use, in

accordance with standing hospital policies (Table 1).

3.2 Main results

Relative to the control group (without intoxication), individualQPmet-

rics for the study group of clinically intoxicated patients confirmed by

UDS findings varied significantly (P < 0.005) for all 7 metrics. With

TABLE 1 Study population and control group select demographics
and UDS correlates

Item

Patients

(n, %)

Controls

(n, %)

Gender

Female 41 (34) 54 (66)

Age, y

18–35 53 (45) 65 (79)

36–50 35 (29) 14 (17)

50+ 31 (26) 3 (4)

Intoxication status

Single substance intoxication 66 (55)

Polysubstance intoxication 53 (45)

Lab confirmed intoxicants

Opioids 35 (29)

Cocainemetabolites 28 (24)

Barbiturates 5 (4)

Benzodiazapines 25 (21)

Phencyclidine 12 (10)

Tetrahydrocannibinol 30 (25)

Amphetamines 7 (6)

Ethanol 98 (82)

Abbreviation: UDS, urine drug screen

exception of LAT, all measures were depressed in the study group

relative to the controls. However, the composite NPi values did not

vary significantly between control and study groups (4.31 ± 0.32 vs

4.29 ± 0.49, P = 0.81), suggesting that NPi values remain independent

of intoxication status (Table 2).

When specifically evaluated in the context of opioid intoxication, no

significant difference in QPmetrics, including NPi, was found between

patients with or without a UDS positive for opioids (Table 3). For

example, the composite NPi values were statistically indistinguishable

(4.22± 0.52 vs 4.32± 0.48, P= 0.31).

4 LIMITATIONS

As a feasibility study of ED-based QP, this work may be underpow-

ered and warrants additional investigation to confirm associations and

trends between QPmeasures, intoxication severity, and specific intox-

icants. Polysubstance intoxication in a substantial fraction of the study

cohort may also have introduced confounding variables into the analy-

sis. Patients were enrolled and QP data collected only over the course

of their ED stay and; therefore, we did not obtain subsequent QP

measurements of non-intoxicated “baseline” state as internal controls.

Given feasibility issues and that this study made use of laboratory

tests ordered as part of clinical care as opposed to research-specific

testing, control subjects were not subject to UDS testing that patient
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TABLE 2 Differences in mean quantitative pupillometrymetrics (Control vs clinically intoxicated)

MeanValues± SD

Pupillarymeasurement Abbreviation

Controls

[n= 82]

Clinically intoxicated

with UDS correlate

[n= 119] P value (t test)

Neurological Pupil Index NPI 4.31 ± 0.32 4.29 ± 0.49 0.81

Max diameter (mm) SizeMax 4.33 ± 0.76 3.55 ± 1.20 <0.05

Min diameter (mm) SizeMin 2.85 ± 0.45 2.51 ± 0.69 <0.05

Percentage of change CH% 33.80 ± 5.86 27.15 ± 10.02 <0.05

Constriction velocity (mm/sec) CV 2.75 ± 0.78 1.99 ± 1.17 <0.05

Max constriction velocity (mm/sec) MCV 4.11 ± 1.05 2.97 ± 1.46 <0.05

Latency of constriction (sec) LAT 0.23 ± 0.02 0.26 ± 0.07 <0.05

Dilation velocity (mm/sec) DV 1.13 ± 0.33 0.88 ± 0.43 <0.05

Abbreviation: UDS, urine drug screen

TABLE 3 Differences in mean quantitative pupillometrymetrics by presence/absence of opioids

MeanValues± SD

Pupillarymeasurement Abbreviation

Positive for opioids only

[n= 35]

Negative for opioids

[n= 84] P value (t test)

Neurological Pupil Index NPI 4.22 ± 0.52 4.32 ± 0.48 0.31

Max diameter (mm) SizeMax 3.38 ± 1.18 3.62 ± 1.20 0.33

Min diameter (mm) SizeMin 2.46 ± 0.68 2.53 ± 0.69 0.61

Percentage of change CH% 24.56 ± 8.40 28.23 ± 10.47 0.07

Constriction velocity (mm/sec) CV 1.74 ± 0.91 2.09 ± 1.26 0.14

Max constriction velocity (mm/sec) MCV 2.70 ± 1.40 3.08 ± 1.48 0.20

Latency of constriction (sec) LAT 0.25 ± 0.04 0.26 ± 0.08 0.46

Dilation velocity (mm/sec) DV 0.80 ± 0.46 0.91 ± 0.41 0.24

subjects received. Lack of intoxicant usage among control subjects was

self-reported andmay underrepresent prevalence.

5 DISCUSSION

Our prospective evaluation of QPmetrics in intoxicated adult patients

found (1) that Neurological Pupil Index is independent of intoxicants,

and (2) that QP can be used in the evaluation of patients in the ED

without risk of confounding by intoxicants such as opioids. This finding

supports the notion that QP may play a role in the assessment of ED

patients with neurologic complaints, the subject of future work, with

the knowledge that confounding from intoxicants may beminimal.

Although clinical intoxication did affect pupil size and other indi-

vidual metrics of dynamic pupillary function, our study found that

intoxicants did not alter the composite metric, the NPi. A sensitiv-

ity analysis was performed excluding measurements collected from

patients with positive UDS screens but exhibiting withdrawal symp-

toms, which similarly did not show a significant difference in mean NPi

values (data not shown). These findings suggest that NPi may be a use-

ful indicator of neurologic function irrespective of intoxicated states

including those attributed to opioids. Future work will be required

to assess the potential role of QP for rapid and standardized assess-

ment of patients with potential cerebrovascular accidents and other

neurologic causes of mental status changes.

Other work has examined applications for QP in various clinical

settings and suggested its value in the critical care neurological assess-

ment of patientswith known stroke, cardiac arrest, and traumatic brain

injury.17–19 Our findings are consistent with recent work demonstrat-

ing that NPi remained unchanged in the presence of varying levels of

remifentanil.20 In our cohort, which included patients with intoxica-

tion fromanundifferentiated rangeof synthetic andnatural opioids,we

similarly observed an insignificant effect on NPi values. To our knowl-

edge, this study represents the first evaluation of the use of QP in a

cohort of clinically intoxicated ED patients.

NPi represents a summarymetric, built on analgorithmsynthesizing

other component measurements of pupillary function. Thus, NPi pro-

vides a single standardized metric that may inform a comprehensive

assessment of pupillary, and correspondingly neurological, function

and response. Although significant differences in NPi and other QP
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metrics have been identified among neurocritical care patients of

different age groups and gender,21 we are not aware of studies indi-

cating differences for different demographic groups in good health.

The lack of association between NPi and intoxication state suggests

that although it cannot act as a substitute for standard laboratory

toxicology testing, intoxicants are unlikely to cloud a neurological

assessment by QP. Depressed values for other QP measures in study

patients relative to controls suggest that serial measurements may

be useful in monitoring mental status changes and/or in the initial

assessment of intoxicated patients in the ED or prehospital emergency

care.

ED-based assessment of patients with altered mental status is lim-

ited in current practice by the use of subjective evaluation coupled

with the variable availability and time associated with serum and lab-

oratory testing. Qualitative assessment of pupils with hand-held light

sources are subject to variable interpretation by assessors.22 This also

hinders the comparison of multiple measurements over time. There-

fore, QP may fill an unmet need, if future work confirms its utility as

an early diagnostic tool for other pathologies unrelated to alcohol or

other substance use. Quantitative measures may also provide added

value in terms of data standardization and reduce variability in inter-

pretation across medical teams and shift changes during longitudinal

care of patients with brain injuries, as shown in prior work.11–15

Our work has demonstrated the feasibility of QP measurement in

the ED setting. Our key finding, that NPi remains unaffected by intox-

ication, raises the possibility of future work to evaluate the value of

QP as a means of rapid and reproducible neurological assessment to

identify various pathologies (eg, traumatic brain injury or cerebrovas-

cular accident). Further researchwill be required to identify preciseuse

cases and associations betweenNPi and specific diagnoses.
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