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Background  Anisocoria (unequal pupil size) has been 

defined using cut points ranging from greater than 0.3 

mm to greater than 2.0 mm for absolute difference in 

pupil size. This study explored different pupil diameter 

cut points for assessing anisocoria as measured by quan-

titative pupillometry before and after light stimulus. 

Methods  An exploratory descriptive study of international 

registry data was performed. The first observations in 

patients with paired left and right quantitative pupillome-

try measurements were included. Measurements of pupil 

size before and after stimulus with a fixed light source 

were used to calculate anisocoria.

Results  The sample included 5769 patients (mean [SD] 

age, 57.5 [17.6] years; female sex, 2558 patients [51.5%]; 

White race, 3669 patients [75.5%]). Anisocoria defined 

as pupil size difference of greater than 0.5 mm was pres-

ent in 1624 patients (28.2%) before light stimulus; 645 

of these patients (39.7%) also had anisocoria after light 

stimulus (P < .001). Anisocoria defined as pupil size differ-

ence of greater than 2.0 mm was present in 79 patients 

(1.4%) before light stimulus; 42 of these patients (53.2%) 

also had anisocoria after light stimulus (P < .001).

Discussion  The finding of anisocoria significantly differed 

before and after light stimulus and according to the cut 

point used. At most cut points, fewer than half of the 

patients who had anisocoria before light stimulus also 

had anisocoria after light stimulus. 

Conclusion  The profound difference in the number of 

patients adjudicated as having anisocoria using different 

cut points reinforces the need to develop a universal 

definition for anisocoria. (American Journal of Critical 

Care. 2023;32:402-409)
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Clinicians use different 
definitions for anisocoria.

E
valuation of the pupillary light reflex (PLR) is part of the standard neurologic assess-
ment for patients with known or suspected intracranial pathology.1 Quantitative pup-
illometry (QP) is expanding clinical science research on PLR beyond the assessment 
of neurocritically ill patients.2-4 Anisocoria, the absolute difference in left and right 
pupil diameter (pupil size), has been suggested as an important clinical biomarker.5,6 

However, the definition of anisocoria is imprecise. Little evidence describes how QP can help 
define anisocoria and assess neurologically ill patients for anisocoria. Nurses, more than members 
of other professions, are tasked with frequent assessment of patients with neurologic injury.7,8

Anisocoria is a disorder characterized by unequal 
pupil size. The term anisocoria is a combination of 
Greek and Latin. The prefix an- (“without” or “not”), 
combined with iso (“equal”), kore (“doll” or “pupil”), 
and the Latin suffix -ia, forms the word anisocoria to 
indicate an abnormal condition.9 Both historically 
and in current practice, clinicians have used differing 
definitions for anisocoria, with absolute difference in 
pupil size classified by cut points ranging from greater 
than 0.3 mm to greater than 2.0 mm.5,10-13 Because 
anisocoria is pivotal to the diagnosis of specific neuro-
logic conditions and has been linked to neurologic 
worsening and pharmacologic effects, providing cli-
nicians with a deeper understanding of this clinical 
finding is vital.14-18 Missing from the literature is a 
summary of absolute differences in pupil size in a 
large cohort of neurologically injured patients 
before and after pupillary light exposure. 

The low reliability inherent in human estimation 
of pupil size and reactivity is not present with QP.19,20 
Whereas different light intensities may produce false-
positive results,21 QP provides a consistent light source 
and an objective measure of PLR components, includ-
ing pupil size before and after light stimulus.22 Using 
QP to measure pupil size increases the accuracy and 
consistency of pupil measurements between clinicians 

and may also increase the reliability of detecting aniso-
coria.19,23 Differences in PLR between the right and 
left eye, particularly differences detectable only with 
QP, have significant clinical implications.24,25 

Identifying PLR changes, including the presence 
of anisocoria, may aid in diagnosis and treatment 
of neurologic injury.26 One study showed that nurses 
did not identify anisocoria in 50% of cases in which 
it was identified using QP.26 Another study showed 
that anisocoria was more prevalent in patients under 
varied lighting condi-
tions.21 The nursing pro-
fession has increasingly 
adopted evidence-based 
practices.27 Finding evi-
dence often requires long-standing, traditional prac-
tices to be explored with a fresh perspective.28-30 The 
primary aim of this study was to assess the frequency 
of anisocoria as measured by QP using different cut 
points for absolute difference in pupil size before 
and after exposure to a light stimulus. This informa-
tion will aid in the development of future evidence-
based guidelines.

Methods      
This descriptive analysis used data from the 

Establishing Normative Data for Pupillometer 
Measurements in a Neuro-Intensive Care Unit 
(END-PANIC) registry.19,31 The END-PANIC registry 
is ongoing and approved by the institutional review 
board at each site. The registry has enrolled more 
than 6000 patients admitted to neuroscience inten-
sive care units at 1 hospital in Japan, 1 hospital in 
Germany, and 4 hospitals in the United States. To 
reduce repeated-measures bias, a separate analysis 
data set limited to the first observed PLR values for 
each patient was extracted from the END-PANIC 
registry. Inclusion criteria required that paired left 
and right QP values were obtained less than 5 min-
utes apart. Patients with a history of eye disease, 
such as cataract and glaucoma, were not excluded 
because these conditions do not influence Neuro-
logical Pupil index (NPi) values.32,33
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The fi rst pupillometry 
measurement for each 
patient was analyzed.

The QP devices used in this registry were the NPi-
200 and NPi-300 (NeurOptics Inc). The NPi-100, 
NPi-200, and NPi-300 have high interdevice reliabil-
ity.34,35 These QP devices use a digital camera with a 
built-in infrared light source to brighten the patient’s 
eye and record images at 30 frames per second. The 
NPi-300 emits the following intensities of light (in 
radiometric units): 0 μW, 1 μW, 10 μW, 50 μW, 121 
μW, and 180 μW. The duration of the measurement 
is 3 to 41 seconds. The results are immediately dis-
played for the clinician and stored on a microchip 
implanted in the device. Data are then available for 
upload into the electronic health record.36

Anisocoria before light stimulus was defi ned as 
the absolute difference between the left and right pupil 
diameters (in millimeters) before exposure to a light 
stimulus. This measurement is labeled “size” on the 
NPi-300. The formula |sizeleft eye − sizeright eye| was 
used to derive anisocoria before light stimulus for 
all QP measurements. Anisocoria after light stimu-

lus was defi ned as the absolute 
difference between the left and 
right pupil diameters (in milli-
meters) after exposure to a 
light stimulus. This measure-
ment is labeled “min” on the 
NPi-300. The formula |minleft 

eye − minright eye| was used to derive anisocoria after 
light stimulus for all QP measurements. The presence 
of anisocoria before and after light stimulus was then 
evaluated using the following cut points for absolute 

difference in pupil diameter: greater than 0.5 mm, 
greater than 0.7 mm, greater than 1.0 mm, greater 
than 1.5 mm, and greater than 2.0 mm.

Statistical analyses were completed using SAS 
statistical software for Windows, version 9.4 (SAS 
Institute). Values were reported as mean (SD) or fre-
quency (percentage) unless otherwise noted. P values 
of less than .05 were considered signifi cant. Demo-
graphic data and values for anisocoria before and 
after light stimulus were analyzed using descriptive 
statistics. The McNemar test was used to model the 
paired binomial distributions (anisocoria present vs 
absent) at each cut point. An omnibus test using 
generalized linear models was used to examine fre-
quencies of combinations of anisocoria before and 
after light stimulus: (1) neither before nor after light 
stimulus, (2) both before and after light stimulus, (3) 
only before light stimulus, and (4) only after light 
stimulus (see Figure). To be maximally conservative, 
we also included anisocoria either before or after 
light stimulus as a possible observation.

Results      
A total of 5769 patients met the inclusion criteria 

of paired (left and right) pupil measurements. Patients 
had a mean age of 57.5 (17.6) years. The largest demo-
graphic sectors in the sample were 2558 patients (51.5%) 
who identifi ed as female, 3669 (75.5%) who identifi ed 
as White, and 4369 (89.2%) who identifi ed as non-
Hispanic (Table 1). Hospital stays ranged from 0 to 
242 days (median [IQR], 6 [3-14] days). Intensive care 

 Figure  Four possible observations of anisocoria.

Before light stimulus After light stimulus Scoring

Anisocoria 

only 

after light stimulus

Anisocoria 

only before 

light stimulus

Anisocoria 

before and after 

light stimulus

Anisocoria

not present

Stimulus

Olson 32_6pgs.indd   404 10/4/23   1:39 PM



www.ajcconline.org    AMERICAN JOURNAL OF CRITICAL CARE, November 2023, Volume 32,  No. 6         405

unit stays ranged from 0 to 177 days (median [IQR], 
3 [1-8] days).

The presence of anisocoria before and after light 
stimulus for the 5 different cut points of anisocoria is 
shown in Table 2. Anisocoria before light stimulus was 
most common when defined as an absolute difference 
in pupil size of greater than 0.5 mm (1624 patients 
[28.2%] and least common when defined as an abso-
lute difference in pupil size of greater than 2.0 mm 
(79 patients [1.4%]). Anisocoria after light stimulus 
was most common when defined as an absolute 
difference in pupil size of greater than 0.5 mm (885 
patients [15.3%] and least common when defined 
as an absolute difference in pupil size of greater than 
2.0 mm (74 patients [1.3%]). For the cut point of 
greater than 0.5 mm, 645 of the 1624 patients (39.7%) 
who had anisocoria before light stimulus also had 
anisocoria after light stimulus (P < .001). For the cut 
point of greater than 2.0 mm, 42 of the 79 patients 
(53.2%) who had anisocoria before light stimulus 
also had anisocoria after light stimulus (P = .55).

Table 3 shows observations of anisocoria using 
the 5 different cut points for the 5 possible combina-
tions of anisocoria in each patient: (1) neither before 
nor after light stimulus, (2) either before or after light 
stimulus, (3) only before light stimulus, (4) only after 
light stimulus, and (5) both before and after light 
stimulus. Frequencies of patients with anisocoria 
ranged from 32 patients (0.6%) to 1864 patients 
(32.3%). The least frequent observation was 32 patients 
(0.6%) who had anisocoria only after light stimulus, 
based on the anisocoria cut point of greater than 
2.0 mm. Among patients with anisocoria, the most 
frequent observation was 1864 patients (32.3%) 
who had anisocoria either before or after light stimu-
lus, based on the anisocoria cut point of greater 
than 0.5 mm.

Discussion      
This study included the largest available sample 

of in-hospital pupil size measurements using QP. We 
found that the incidence of anisocoria ranges widely 
according to the cut point used. Anisocoria is present 
more often when a smaller difference in pupil sizes is 
required. A smaller difference is more easily detected 
by QP than by human observation. Human observa-
tions of anisocoria before and after light stimulus also 
lack consistency. Our results provide new insight into 
the use of QP to improve the reliability of PLR exam-
inations and also build a foundation for biomarker 
discovery research regarding PLR components as 
indicators of neurologic function.4,13,15,37-39 Agree-
ment upon the definition of anisocoria (including 

cut points) before and after light exposure is an 
important next step in research. 

Our finding that anisocoria is present in 0.6% 
to 32.3% of patients, depending on the cut point 
used, extends previous reports in the literature.13,21,40 

Table 1
Patient demographics and baseline 
variables (N = 5769)

Variable

Age, mean (SD), y (n = 5753)

Admission NIHSS score, mean (SD)

ICU length of stay, mean (SD), d

Hospital length of stay, mean (SD), d

Sex

 Female

 Male

 Not given

Race 

 Black

 Asian

 White

 American Indian/Alaska native

 Pacific Islander

 Other

Ethnicity

 Not Hispanic

 Hispanic

 Not given

Hunt and Hess score

 1

 2

 3

 4

 5

Intracerebral hemorrhage score

 0

 1

 2

 3

 4

 5

 6

Diagnosis

 Acute ischemic stroke

 Subarachnoid hemorrhage

 Intracerebral hemorrhage

 Tumor

 Spinal injury

 Trauma

 Other

   Seizure

History of eye disease

 No

 Yes

  57.5 (17.6)

 12.1 (10.4)

   6.0 (8.2)

 10.3 (12.3)

 2558 (51.5)

 2398 (48.3)

     11 (0.2)

   647 (13.3) 

   217 (4.5)

 3669 (75.5)

      9 (0.2)

      3 (0.1)

  313 (6.4)

4369 (89.2)

  480 (9.8)

    47 (1.0)

    54 (21.5)

    50 (19.9)

    56 (22.3)

    53 (21.1)

    38 (15.1)

    60 (17.5)

    77 (22.4)

    70 (20.4)

    75 (21.9)

    47 (13.7)

    13 (3.8)

      1 (0.3)

   811 (16.7)

  556 (11.4)

  488 (10.0)

 1142 (23.5)

  238 (4.9)

  327 (6.7)

  988 (20.3)

  319 (6.6)

5005 (86.8)

  764 (13.2)

No. (%) of patientsa

Abbreviations: ICU, intensive care unit; NIHSS, National Institutes of Health Stroke Scale.
a 

Unless otherwise indicated. Percentages are calculated from the total number of 
patients with data available in each category.
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About a third (32.3%) of 
patients had anisocoria 

either before or after 
light stimulus.

The use of a nonuniversal cut point limits compari-
son with findings of published reports that used a 
different cut point. The broad range of findings for 

the prevalence of anisoco-
ria (3.1%-17.4%,40 12.8%,14 
13%,5 20%,41 41%,11 63%,12 
and 73%21), which are based 
on various definitions of 
anisocoria and various con-
ditions, reduces clinicians’ 
ability to accurately detect 

anisocoria. This inconsistency also confounds the abil-
ity of clinician scientists to examine this phenomenon. 
Not surprisingly, anisocoria is more frequently detected 
by QP when the cut point is smaller (eg, at least a 

0.5-mm absolute difference in pupil size) than when 
a larger cut point is required (eg, at least a 2.0-mm 
absolute difference). Correctly identifying pupil size 
by subjective assessment is difficult; without QP, it 
would be harder for clinicians to identify anisocoria 
in small pupils than in large pupils.19,20 Our finding 
of the high rate of anisocoria using a cut point of 
greater than 0.5 mm likely reflects the advantage of 
QP accuracy. Very few studies have reported anisocoria 
using QP, and to our knowledge, this is the first study 
to examine anisocoria after light stimulus.5 

Although the amount and duration of light stim-
ulus were preset by the manufacturer of the QP devices, 
real-world sampling did not control for light condi-
tions during pupil assessment.42 In addition to the 

Table 2
Presence of anisocoria before and after light 
stimulus at different cut points

Cut point: absolute difference 
in left and right pupil size, mm

>0.5

 Yes

 No

  >0.7

 Yes

 No

>1.0

 Yes

 No

>1.5

 Yes

 No

>2.0

 Yes

 No

a 
Percentages for yes values in this column are calculated from the total number of yes values before light stimulus for that cut point. 

b 
McNemar test of binomial response (presence of anisocoria) in paired observations before and after light stimulus. 

<.001

<.001

<.001

<.001

  .55

  645 (11.2)

5124 (88.8)

  346 (6.0)

5423 (94.0)

  189 (3.3)

5580 (96.7)

    86 (1.5)

5683 (98.5)

    42 (0.7)

5727 (99.3)

  885 (15.3)

4884 (84.7)

  500 (8.7)

5269 (91.3)

  275 (4.8)

5494 (95.2)

  136 (2.4)

5633 (97.6)

    74 (1.3)

5695 (98.7)

1624 (28.2)

4145 (71.8)

  978 (17.0)

4791 (83.0)

  460 (8.0)

5309 (92.0)

  178 (3.1)

5591 (96.9)

    79 (1.4)

5690 (98.6)

P b
Both before and 

after light stimulusa
After light 
stimulus

No. (%) of patients with anisocoria present (N = 5769)

Before light 
stimulus

Cut point: absolute difference 
in left and right pupil size, mm

Table 3
Observations of anisocoria at different cut points

>0.5 

>0.7 

>1.0 

>1.5 

>2.0 

a 
All P values <.001.

645 (11.2)

346 (6.0)

189 (3.3)

  86 (1.5)

  42 (0.7)

240 (4.2)

154 (2.7)

  86 (1.5)

  50 (0.9)

  32 (0.6)

979 (17.0)

632 (11.0)

271 (4.7)

  92 (1.6)

  37 (0.6)

3905 (67.7)

4637 (80.4)

5223 (90.5)

5541 (96.0)

5658 (98.1)

1864 (32.3)

1132 (19.6)

  546 (9.5)

  228 (4.0)

  111 (1.9)

Only before 
light stimulus

Both before and 
after light stimulus

Only after 
light stimulus

Either before or 
after light stimulus

No. (%) of patients with anisocoria observed (N = 5769)a

Neither before nor 
after light stimulus
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Using different cut points 
to define anisocoria 
limits generalizability.

many different cut points used to define anisocoria, 
descriptions of best practices vary in regards to the 
lighting conditions under which the pupil should 
be examined. Published criteria include complete 
darkness, ambient light, both darkness and light, 
and varied suggestions for the duration of each light 
condition before assessment.18,21,43 Although a large 
portion of the population has anisocoria in low light, 
one cannot assume that those with anisocoria in 
ambient light will also have anisocoria detected in 
low light.21 Pupil accommodation occurs when a 
person focuses vision on objects at different dis-
tances, so unilateral visual acuity may influence 
anisocoria. Measurements of QP are made by varied 
clinical teams with different levels of experience.42,44-46 
Our decision to use real-world data enhances the 
external validity of our findings. Moreover, in inten-
sive care units, recommendations for near-total 
darkness can rarely be followed.47

Our results confirm the presence of anisocoria 
after light stimulus. This measure was first reported 
in 2021 by Nyancho et al,14 who found that anisoco-
ria after light stimulus was associated with higher 
morbidity than was anisocoria in ambient light.In 
our study, a relatively small proportion of patients 
met the definition of anisocoria both before and 
after light stimulus at any given cut point. Anisoco-
ria has no agreed-upon definition, and QP provides 
a more precise measure of pupil size difference than 
was previously available.34,35 This study was designed 
not to explore outcomes but rather to explore the exis-
tence of this phenomenon. Future research should 
examine persistent anisocoria using various cut points.

Limitations      
One limitation of our study is the inability to 

determine if patients had anisocoria before admis-
sion or if they had new-onset anisocoria. Another 
limitation is that the END-PANIC study data came 
primarily from sites in the United States. However, 
the sample was large and included data from Asian 
and European sites. The exploration of anisocoria 
after light stimulus is novel and not well studied. 
It is possible that analyzing percentage change in 
size, rather than absolute size difference, would pro-
duce different results. However, we found that some 
patients without anisocoria before light stimulus 
had anisocoria after light stimulus, which suggests 
that using an absolute cut point value is not a limit-
ing factor in finding anisocoria. The data were not 
linked to changes in hemodynamic status or medi-
cation use because this information was not available 
in the registry. Future prospective studies examining 

PLR and anisocoria may benefit from including 
hemodynamic status as a predictor variable. 

Conclusion      
Using different anisocoria cut points (>0.5 mm, 

>0.7 mm, >1.0 mm, >1.5 mm, and >2.0 mm) results 
in anisocoria being identified in significantly different 
numbers of patients. The presence of anisocoria before 
light stimulus does not predict the presence of aniso-
coria after light stimulus. In health care, documenting 
physiologic responses under 
different conditions (eg, 
blood pressure measured 
while sitting and standing 
or heart rate measured 
before and after activity) 
is often valuable. Our results 
suggest that reporting pupil size both before and 
after light stimulus is beneficial. Our results also 
suggest the potential for new research into anisoco-
ria as a biomarker of injury.
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SEE ALSO 
For more about pupillometry, visit the AACN Advanced 
Critical Care website, www.aacnacconline.org, and read 
the article by Scarboro and McQuillan, “Traumatic Brain 
Injury Update” (Spring 2021).
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