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Background: Pupillary light reflex (PLR) assessment is an important neurological examination reflecting neurological deterioration in
severe stroke cases. This study investigated the impact of diurnal variation in the PLR using quantitative pupillometry in stable patients
with large hemispheric stroke.

Methods: We included 35 patients with large hemispheric stroke without neurological worsening, who were admitted to the neuro-
logical intensive care unit between April 2017 and November 2021. Quantitative pupillometry was performed every 4 hours. Pupillom-
eter parameters of maximum pupil size, percentage of constriction (%CH), latency (LAT), constriction velocity (CV), dilation velocity
(DV), maximum constriction velocity (MCV), and neurological pupil index (NPi) score were recorded. We evaluated changes in the pup-
illometer parameters over time using linear mixed model analysis.

Results: The diurnal variations revealed that the following parameters were significantly higher at 04:00 than at 20:00: maximum pu-
pil size (right [Rt]: 3.59 vs. 3.21 mm, P<0.001; left [Lt]: 3.51 vs. 3.18 mm, P<0.001), %CH (Rt: 31.48 vs. 25.72, P<0.001; Lt: 31.42 vs.
24.98, P<0.001), CV (Rt: 1.97 vs. 1.68 mm/sec, P<0.001; Lt: 1.98 vs. 1.65 mm/sec, P<0.001), and DV (Rt: 0.97 vs. 0.84 mm/sec, P<0.001;
Lt: 0.94 vs. 0.82 mm/sec, P=0.001). However, no significant diurnal variations were observed in the NPi values.

Conclusion: Pupillary dynamics based on quantitative pupillometer parameters, including the NPi, demonstrated diurnal variations
over 24 hours in large hemispheric stroke patients without neurological worsening. However, all changes in the pupillometer parame-
ters were within normal ranges.

Keywords: Pupil disorder; Circadian rhythm; Stroke

INTRODUCTION

Pupillary light reflex (PLR) assessment is a crucial neurological
examination in neurologically critical patients. A quantitative pup-

illometer allows quantitative and objective assessment of the

PLR. Therefore, it is widely accepted as a reliable and standard
tool for assessing the PLR during neurological examination in the
neurological intensive care unit (neuroICU) [1-4]. An acute
change in the PLR based on the pupillometer is an early indicator

of increased intracranial pressure (ICP) or worsening intracranial
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pathology. Additionally, significant deterioration in the pupillom-
eter parameters, including the neurological pupil index (NPi), has
been linked to worsening ICP or midline shift [5-7].

Pupillary reactivity, including pupil size, is influenced by the
sleep cycle, circadian rhythm, changes in autonomic nervous sys-
tem status, and ambient light levels, which could show diurnal
variations [8-13]. Therefore, changes in the PLR or pupil size
could be due to the time-of-day effect. However, the extent of the
effects of the diurnal factors on the interpretation of PLR remains
unclear in patients with large stroke in the neuroICU. The time-
of-day effect has rarely been considered on the PLR based on
the pupillometer parameters assessed over 24 hours in patients
with large hemispheric stroke and stable neurological symp-
toms. Therefore, this study aimed to investigate the variations in
pupillometer parameters at different time points over 24 hours
in large hemispheric stroke patients without neurological deteri-

oration.

METHODS

Study population

This retrospective study initially screened 65 patients, who were
admitted to the neuroIlCU between April 2017 and November
2021 for large hemispheric stroke (ischemic or hemorrhagic) and
were evaluated using a pupillometer. The exclusion criteria were
as follows: (1) neurological worsening during monitoring
(n=18), (2) posterior circulation stroke (n=35), and (3) missing
values in the serial PLR data (n="7), depending on the neurologi-
cal condition and time interval of neurological assessment. Finally,
35S patients with anterior circulation stroke were included in the
analyses and evaluated using an automated pupillometer during

monitoring.

Baseline characteristics and clinical information

‘We analyzed the clinical information and demographic variables,
including age, sex, and vascular risk factors such as hypertension,
diabetes mellitus, dyslipidemia, coronary artery disease, atrial
fibrillation, history of stroke, and pre-stroke functional status. The
patients” diagnoses and lesion sites were assessed during admis-
sion. Neurological severity was evaluated using the Glasgow
Coma Scale (GCS) at admission and every 4 hours during moni-
toring. Moreover, information regarding sedation therapy was col-

lected during the monitoring period.

Measurement of quantitative pupillary reactivity
When the neurological symptoms were stable, quantitative pupil
assessment was performed using NPi-100 Pupillometer (Neu-
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rOptics Inc.) every 4 hours by neurointensivists or neurolCU
nurses in charge of the standard care of patients. The pupillometer
parameters of maximum pupil size, percentage of constriction
(%CH), constriction velocity (CV), maximum constriction ve-
locity (MCV), dilation velocity (DV), latency (LAT), and NPi in
the right and left eyes were recorded at 0:00, 4:00, 8:00, 12:00,
16:00, and 20:00 [1,2,4]. The values recorded at 20:00 were con-
sidered as the baseline, as the lights were turned off at 00:30 in the
neurolCU. The pupillometer parameters were then paired with
the GCS scores at each time point.

Statistical analysis

Baseline characteristics and clinical information were used for de-
scriptive analysis. Nominal data are presented as frequencies (%),
normally distributed continuous variables as means * standard
deviations, and non-normally distributed continuous variables as
medians and interquartile ranges (IQRs). We compared the pup-
illometer parameters according to the lesion side of the stroke (ip-
silateral side or contralateral side). Additionally, the change in the
pupillometer parameters at different times during monitoring was
analyzed using a linear mixed model with a random intercept
model for repeated measures analysis, adjusting the GCS score at
each time point of pupillary reactivity measurement as the fixed
factor. Statistical significance was set at P-value < 0.05. All statisti-
cal analyses were conducted using IBM SPSS ver. 25.0 (IBM
Corp.), Statistical Analysis Software 9.4 (SAS Institute Inc.), and
GraphPad Prism (version 9, GraphPad Software).

RESULTS

Among the 3S included patients (mean age, 69.5 years; 62.9%
men), 951 measurements of quantitative bilateral pupillary assess-
ment were performed and analyzed. The baseline characteristics
and clinical information are described in Table 1. Regarding diag-
nosis, 62.9% (n=22) of the patients had ischemic stroke, and the
rest had hemorrhagic stroke. The median initial GCS score at ad-
mission was 10 (IQR, 9-12). Functional independence before
the index stroke was observed in 60.0% of the patients (modified
Rankin Scale score =0) (Table 1).

For the automated pupillometer parameters, the median num-
ber of pupillary measurements was 25 (IQR, 14-26) during the
monitoring period. When comparing the pupillometer parame-
ters between the lesion and contralateral sides, none of the param-
eters differed significantly, except the maximum pupil size. The
maximum pupil size was significantly larger on the contralateral
side than on the ipsilateral side at all times, although the difference
was within 0.3 mm (Table 2). Table 3 shows the pupillometer
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Table 1. Baseline characteristics of the patients

Table 2. Pupillometer parameters during the 24-hour monitoring

Variable Value (n=35) period according to the lesion side

Age (yr) 69.5+15.0 Time points Ipsilateral side Contralateral side P-value

Male 22 (62.9) Maximum pupil size (mm)

Stroke type 0:00 3.35+1.05 3.60+1.13 0.043
Ischemic stroke 22 (62.9) 4:00 3.42+0.97 3.69+1.06 0.012
Hemorrhagic stroke 13 (37.1) 8:00 3.13£0.82 3.42+0.90 0.005

Lesion side 12:00 3.1210.84 3.38+0.96 0.017
Right 14 (40.0) 16:00 3.15%£0.80 3.43+0.89 0.003
Left 16 (45.7) 20:00 3.08+0.82 3.31£0.98 0.030
Bilateral 5(14.3) CH (%)

Initial GCS score 10 (9-12) 0:00 27.19+9.88 27.73£10.63 0.629

Hypertension 18 (51.4) 4:00 31.12+8.53 31.72+9.48 0.520

Diabetes mellitus 13 (37.1) 8:00 25.32+9.42 27.40+10.00 0.066

Dyslipidemia 8(22.9) 12:00 25.47+9.45 27.3249.84 0.1m

Atrial fibrillation 13 (37.1) 16:00 26.35£9.20 27.01£10.54 0.545

Previous stroke 15 (42.9) 20:00 25.13+9.98 25.54+10.32 0.729

Coronary artery disease 4(11.4) LAT (sec)

Previous mRS score=0 21 (60.0) 0:00 0.26+0.05 0.27£0.05 0.080

Sedation during monitoring 5(14.3) 4:00 0.26+0.06 0.26+0.05 0.939

Number of pupillometer assessments 25 (14-36) 8:00 0.27+0.05 0.27+0.04 0.565

Values are presented as meanstandard deviation, number (%), or median 12:00 0.27£0.05 0.27+0.06 0.954

(interquartile range). 16:00 0.27+0.05 0.2740.06 0.879

GCS, Glasgow Coma Scale; mRS, modified Rankin Scale. 20:00 0.27+0.05 0.2740.05 0.545

CV (mm/sec)
0:00 1.77£0.89 1.85+0.95 0.422
4:00 1.93£0.82 2.01+£0.84 0.355
variables over 24 hours. Regarding the maximum pupil size, the 8:00 1.66+0.94 1.83+0.98 0.129
baseline pupil size at 20:00 did not differ between the right and 12:00 1.68+0.89 1.83+0.90 0.172
left pupils. At all monitoring times over 24 hours, the change in 16:00 1.730.87 1.84+0.97 0.289
th . i size sh d a sioni ¢ diurnal iati (P 20:00 1.62+£0.93 1.71£0.98 0.441
e maximum pupil size showed a significant diurnal variation MOV (mm/sed

for linear trend; right [Rt]: P<0.001, left [Lt]: P=0001) The 0:00 3.00+1.28 3.10+1.34 0.460

maximum pupil size bilaterally was significantly larger at 0:00 and 4:00 3.32+1.18 3.46+1.31 0.304

4:00 (Rt: 3.56%1.09 mm and 3.59+1.03 mm; Lt: 3.40£1.10 mm 8:00 271£1.30 2.99+1.39 0.082

and 3.51%1.02 mm, respectively) than at 20:00 (Rt: 3.21£0.93 12:00 276£125 - 297%126 0177

) ) 16:00 2.78+1.23 2.89+1.42 0.452
mm; Lt: 3.18£0.89 mm) (Table 3, Fig. 1). The baseline %CH val- 20:00 9 66+1.40 9 78+1.49 0.469

ues were similar in the bilateral pupils. As observed in the maximum DV (mm/sec)
pupil size, the %CH values were higher at 0:00 and 4:00 (Rt: 0:00 0.90+0.39 0.92+0.40 0.549
27.48+10.00 and 31.48£8.65; Lt: 27.56+ 1051 and 31.42%9.45, 4:00 0.930.40 098049 0266
8:00 0.83+0.39 0.86+0.39 0.538

: . . + . +
respectively) than at 20:00 (Rt: 25.72+9.86, Lt: 24.98 £10.45), 12:00 0.81+0.34 0.8940.40 0,082
with a significant diurnal variation observed (P for linear trend; Rt: 16:00 0.88+0.36 0.92+0.38 0.324
P<0.001, Lt: P<0.001) (Table 3, Fig. 1). The LAT did not differ 20:00 0.82+0.40 0.8420.40 0.700
at any time point, regardless of the side. No significant differences NPi score

in the baseline bilateral CV and MCV were observed at 20:00. 0:00 4.32+0.57 4.22+0.60 0.140
L . 4:00 4.49+0.38 4.40+0.51 0.051
The CVand MCV at 0:00 and 4:00 were significantly higher than 8:00 4.44+036 4364042 0.061
the baseline values at 20:00, whereas those during the daytime did 12:00 4.40+0.44 4.33+0.52 0.223
not change significantly. There were significant diurnal variations 16:00 4.42+0.44 4.33+0.45 0.063
20:00 4.40+£0.44 4.30+£0.52 0.084

in the CV (P for linear trend; Rt: P<0.001, Lt: P=0.001) and
MCYV (P for linear trend; Rt: P<0.001, Lt: P<0.001) over 24
hours (Table 3, Fig. 1). The DV at baseline did not differ signifi-
cantly between the right and left sides. Moreover, it showed a sim-

ilar time trend as observed for the aforementioned parameters.
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Values are presented as meanzstandard deviation.
CH, constriction; LAT, latency; CV, constriction velocity; MCV, maximum
constriction velocity; DV, dilation velocity; NPi, neurological pupil index.
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Table 3. Change in the pupillometer parameters of acute stroke patients during 24 hours

Time points Right eye P-value” Left eye P-value?
Maximum pupil size (mm)
20:00 (Baseline) 3.21+£0.93 (ref) 3.1840.89 (ref)
0:00 3.56%1.09 0.001 3.40+1.10 0.024
4:00 3.59+1.03 <0.001 3.51+£1.02 <0.001
8:00 3.35+0.88 0.313 3.21+£0.86 0.794
12:00 3.26+0.89 0.433 3.24+0.92 0.757
16:00 3.37£0.86 0.115 3.21+0.86 0.502
P for linear trend <0.001 0.001
CH (%)
20:00 (Baseline) 25.72+9.86 (ref) 24.98+10.45 (ref)
0:00 27.48+10.00 0.001 27.56+10.51 <0.001
4:00 31.4848.65 <0.001 31.42+9.45 <0.001
8:00 26.67+£9.13 0.122 25.80+£10.16 0.340
12:00 26.42+9.61 0.349 26.47+9.81 0.461
16:00 27.13+£9.60 0.282 26.24+10.18 0.391
Pfor linear trend <0.001 <0.001
LAT (sec)
20:00 (Baseline) 0.26+0.04 (ref) 0.27+0.05 (ref)
0:00 0.26%£0.05 0.557 0.26£0.05 0.814
4:00 0.26+0.04 0.355 0.26+0.07 0.327
8:00 0.274£0.04 0.310 0.27+0.05 0.630
12:00 0.27+0.05 0.078 0.27+0.06 0.559
16:00 0.27+0.05 0.134 0.27+0.05 0.795
P for linear trend 0.062 0.400
CV (mm/sec)
20:00 (Baseline) 1.68+0.94 (ref) 1.65+0.97 (ref)
0:00 1.83+0.89 0.007 1.80£0.95 0.023
4:00 1.974+0.80 <0.001 1.98+0.85 <0.001
8:00 1.78£0.93 0.234 1.70£1.00 0.805
12:00 1.73+£0.85 0.31 1.78+0.94 0.397
16:00 1.82+0.91 0.129 1.75+0.94 0.437
P for linear trend <0.001 0.001
MCV (mm/sec)
20:00 (Baseline) 2.81+£1.42 (ref) 2.65+1.50 (ref)
0:00 3.00%£1.32 0.016 2.98+1.42 0.007
4:00 3.36%1.22 <0.001 3.35%+1.36 <0.001
8:00 2.91+£1.29 0.492 2.78+1.43 0.469
12:00 2.84+1.21 0.800 2.88+1.36 0.350
16:00 2.89+1.31 0.787 2.80+1.41 0.455
P for linear trend <0.001 <0.001
DV (mm/sec)
20:00 (Baseline) 0.84+0.41 (ref) 0.8240.40 (ref)
0:00 0.90+0.42 0.026 0.88+0.42 0.143
4:00 0.974£0.50 <0.001 0.944+0.40 0.010
8:00 0.87+0.40 0.264 0.84+0.38 0.669
12:00 0.82+0.37 0.882 0.85+0.41 0.865
16:00 0.91+£0.37 0.100 0.87£0.40 0.318
P for linear trend 0.002 0.038
NPi score
20:00 (Baseline) 4.36+0.46 (ref) 4.33+0.53 (ref)
0:00 4.22+0.60 0.070 4.32+0.56 0.473
4:00 4.4440.43 0.017 4.45+0.48 0.003
8:00 4.3740.39 0.716 4.40£0.40 0.145
12:00 4.36+0.47 0.573 4.38+0.50 0.459
16:00 4.3340.50 0.277 4.37+0.48 0.766
Pfor linear trend 0.718 0.040

Values are presented as meantstandard deviation.

ref, reference; CH, constriction; LAT, latency; CV, constriction velocity; MCV, maximum constriction velocity; DV, dilation velocity; NPi, neurological pupil
index.

All P-values are calculated using a linear mixed-effect model with a random intercept model for repeated measures analysis. ? P-value for mean difference
between 20:00 (baseline) time and each time point in 24 hours.

72 https://doi.org/10.18700/jnc.230030



Journal of Neurocritical Care

= 5 - Rt max 50 P<0.001 in Rt = RtCH 0.35 - RELAT
£ P<0.001 in Lt LtCH Lt LAT
y 4 -m- Lt max 10 - -u- 0.30 .
X _
= 3 = ]
2 30 2 025
£ 2 ‘ &) <
E | P<0.001 in Rt 20 0.20 P=0.062 in Rt
= P=0.001 in Lt P=0.400 in Lt
= 0 T T T T T T 10 T T T T T 0.15 T T T T T T
20 0 4 8 12 16 20 0 4 12 16 20 0 4 8 12 16
Time (hr) Time ( Time (hr)
3 5
= RtCV = RtMCV ~* RtDV
T _a -a- LtMOV 1.5 = LDV
g2 g )
4 £3 g
£ 210
£ £, £
S I g 05 B!
"P;<0.001 in Tt 1 P<0.001 in Rt P=0.002 in Rt
=0.001 in Lt P<0.001 in Lt P=0.038 in Lt
0 T T T T T T 0 T r r T r 0.0 T —T In T T T
20 0 4 8 12 16 20 0 4 12 16 20 0 4 8 12 16
Time (hr) Time (hr) Time (hr)
5.0
~* RtNPi
-m- Lt NPi
v 45
o
3
e
Z 40
P=0.718n Rt
P=0.040 in Lt
3.5 T T T T T

20 0 4 8 12 16
Time (hr)

Fig. 1. Variations in the pupillometer parameters over 24 hours: (A) maximum pupil size, (B) percentage of constriction (%CH), (C) latency
(LAT), (D) constriction velocity (CV), (E) maximum constriction velocity (MCV), (F) dilation velocity (DV), (G) neurological pupil index (NPi).
Quantitative pupillometry was performed every 4 hours using the NPi-100 pupillometer. Significant diurnal variations are observed in the
maximum pupil size, %CH, CV, MCV, and DV during the 24-hour period. The pupillometer parameters, including maximum pupil size, %CH,
CV, MCV, and DV show a gradual increase after 20:00 (baseline); the values recorded at 04:00 AM are the highest, whereas those recorded
at 20:00 are the lowest. P-value in right (Rt) and left (Lt): Pfor linear trend. *P<0.05.

The DV at 0:00 and 4:00 was higher than that at 20:00, with a sig-
nificant diurnal variation (P for linear trend; Rt: P=0.002, Lt:
P=0.038) (Table 3, Fig. 1). The baseline NPi scores were similar
on the right (4.36 £ 0.46) and left (4.33£0.53) sides (P=0.564).
No significant diurnal variations were observed in the right NPi
score, although the left NPi score changed significantly over time;
the left NPi score at 4:00 was higher than that at 20:00. Among
the patients, five (14.3%) were administered dexmedetomidine
during the monitoring period. We found that the trend of the PLR
changes (largest pupil size at 04:00 and smallest size at 20:00) did
not differ between the patients with and without dexmedetomidine
treatment, suggesting that the dynamics of the pupillary variables
were not affected by the use of dexmedetomidine (Supplementary
Table 1).

https://doi.org/10.18700/jnc.230030

DISCUSSION

This study identified the time-of-day effect on pupillary parame-
ters in large hemispheric stroke patients with stable neurological
conditions. The maximum pupil size, %CH, CV, MCV, and DV
were significantly higher during the night than during the day or
evening; however, no sudden drop or significant change was iden-
tified in the pupillary parameters during the 24-hour monitoring.
Serial pupil examination is a basic but critical neurological ex-
amination performed in the neuroICU. In particular, quantitative
assessment of the PLR using an automated pupillometer is a reli-
able and objective method for monitoring pupillary reactivity.
Pupillometer assessment parameters, such as the NPi and CV; are
reportedly sensitive to changes in neurological deterioration,
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which allows rapid diagnosis and evaluation of intracranial pathol-
ogy and outcomes that assist in clinical decision-making following
acute brain injuries [1-4,6,7,14-16]. Pupillometer parameters on
the ipsilateral and contralateral sides were similar. However, the
maximum pupil size was larger on the contralateral side than on
the ipsilateral side. The maximum pupil size was within the nor-
mal range, and the observed difference between the contralateral
and ipsilateral sides (less than 0.3 mm) was within the range of
physiological anisocoria [17]. Changes in the PLR over 24 hours
are influenced by lighting, circadian phase, balance in sympathetic
and parasympathetic pathways, and sleepiness in everyday envi-
ronments [13,18,19]. Previous studies investigating pupillary re-
activity and pupil size over time have shown that pupil size in-
creases at night, possibly due to alterations in the amount of light
or changes in the circadian rhythm [8-10,19-21]. In contrast, oth-
er studies revealed that pupil size is dependent on the degree of
sleepiness rather than the circadian phase [10,20,21]. Similarly,
the relationship between pupillary dynamics and the time-of-day
effect remains unclear, and no studies have investigated the diur-
nal variation in the pupillary parameters based on the pupillome-
ter assessment of neurologically stable patients with large hemi-
spheric stroke. This study revealed that pupil size was significantly
larger at night, especially at 04:00, than during the day or evening
(baseline value at 20:00), which corroborates the results of previ-
ous studies [8,9]. The pupillary parameters, including %CH, CV;
MCYV, and DV, gradually increased after 20:00; the highest values
were recorded at 4:00 and the lowest at 20:00 over 24 hours, and
these values could be associated with changes in pupil size. How-
ever, all pupillometer parameters had symmetric normative values
with small oscillations over 24 hours.

Pupillary reactivity over 24 hours in large hemispheric stroke
patients could be affected by modified circadian rhythms, light,
and stimuli secondary to the environment in the neuroICU
[18,19,22,23]. The circadian rhythm is affected by external stimu-
li, and critically ill patients commonly experience disrupted physi-
ological circadian rhythms. Potential factors contributing to alter-
ations in circadian rhythmicity in neuroICU patients include noc-
turnal light exposure, noise, altered feeding schedules, disease se-
verity, scheduled nursing care, and sedative medications [22-24].
Therefore, pupil dynamics in the neurolCU may have been affect-
ed by the neuroICU environment influencing the patients’ circa-
dian rhythms [18,19,22-25]. Additionally, pupil dynamics during
the 24-hour cycle could be influenced by ambient light levels in
the neuroICU. Ambient light levels in the neuroICU are usually
controlled using artificial light with minimal sunlight impact [26].
Therefore, the schedule for turning lights on and off should be
considered when interpreting the results. At our center, the lights
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were dimmed from 0:30 to 6:00 and switched on and maintained
at the same level for the remaining time. The changes in the light
level during the night might have affected the maximum pupil size
and robust pupillary constriction response at 4:00. However, the
trend of %CH showed an increase at 0:00 compared to the base-
line value at 20:00 before the light level decreased, which suggests
that the pupillary changes were not merely due to alterations in
ambient light. Furthermore, the amount of sedative medication
should be considered when interpreting changes in the PLR in
the neurolCU [1,23]. In this study, the trends of the pupillometer
parameters over time were similar in patients treated with and
without sedative drugs.

This study has several limitations. First, this was a retrospec-
tive study with a small number of patients; therefore, an unmea-
sured bias may exist. Second, we did not evaluate the actual cir-
cadian rhythms in individual patients by assessing the melatonin
levels. However, all patients were subjected to the same light and
dark cycles in the same neurolCU environment. Third, we did
not evaluate the intensity of ambient light in the neuroICU,
which may have affected the pupillary reactivity. However, the
light-on/light-off timings were regular and similar for all the pa-
tients. Therefore, the time-of-day effect related to light intensity
on the changes in the PLR was similar for all included patients.
Fourth, the level of consciousness and sedative drugs may have
affected the PLR dynamics during the monitoring period.
Therefore, we adjusted the GCS score at each time point for
PLR monitoring using a linear mixed model analysis to mini-
mize these effects.

Moreover, treatment with sedation demonstrated similar time
trends in the PLR of patients over 24 hours. Fifth, medical condi-
tions and underlying diseases, such as retinopathy associated with
diabetes mellitus, have the potential to affect the pupillometer pa-
rameters. Finally, the results were based on neurocritically ill pa-
tients who required repetitive pupillary assessments. Changes in
pupillary dynamics may differ among healthy individuals. Addi-
tionally, most patients had a large hemispheric stroke, which may
have affected the results. However, we do not think that the
changes in pupillary values were merely due to alterations in neu-
rological conditions because none of the patients experienced
neurological worsening over the monitoring period, and the NPi
scores did not deteriorate even with larger pupil sizes.

In conclusion, diurnal variations occurred in the pupillometer
parameters over 24 hours in large hemispheric stroke patients
who were in a stable neurological condition. However, all changes
were within the normal ranges, with small oscillations. Therefore,
transient changes in the PLR and physiological changes within
normal ranges may be acceptable during neurological monitoring

https://doi.org/10.18700/jnc.230030
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in neurologically critical patients. Additionally, serial monitoring
of the PLR, regardless of the development of significant changes,
could be a helpful tool for the neurological monitoring of large
hemispheric stroke patients. Further large-scale studies are re-
quired to elucidate the relationship between the PLR parameters

and time over 24 hours.
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