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Abstract

Purpose To recognize dysfunctions in the autonomic nervous system (ANS) with changes in dynamic and static pupillary
responses in patients who recovered from coronavirus disease-2019 (COVID-19)

Methods One month after recovery from COVID-19, patients were subjected to eye examinations. Pupillary responses were
measured using a pupillometry system. Dynamic pupil parameters (i.e., pupil contraction amplitude, pupil dilatation latency,
pupil contraction latency, pupil dilatation duration, pupil dilatation velocity, pupil contraction duration, pupil contraction
velocity, resting pupil diameter [PD]) and static pupil parameters (i.e., mesopic PD, scotopic PD, high photopic PD, and
low photopic PD) were registered.

Results Although high photopic and scotopic PDs were significantly higher in patients recovering from COVID-19 than in
healthy controls (P =0.04 and P =0.002), no statistically significant difference was found in mesopic and low photopic PD
(P=0.19 and P=0.41). Regarding dynamic pupillometry parameters, resting PD and pupil contraction velocity (P=0.04 and
P=0.02, respectively) were significantly higher in patients recovering from COVID-19 than in healthy controls (P <0.001
and P <0.001, respectively), whereas pupil dilatation latency and pupil contraction duration were lower in these patients than
in healthy controls (P=0.01 and P=0.008, respectively). No significant differences in pupil contraction amplitude, pupil
dilatation duration, pupil contraction latency, and pupil dilatation velocity were found between the study groups (P=0.93,
P=0091, P=0.42, and P=0.48, respectively).

Conclusion Pupil responses, which are controlled by the ANS, were impaired in patients recovering from COVID-19.
Pupillometry shows promise as a non-invasive, easy-to-apply diagnostic technology for detecting autonomic dysfunction in
patients recovering from COVID-19.

Clinical trial registration Not applicable.

This article is part of a topical collection on Perspectives on
COVID-19

> Atthm Armagan Demirtag
atilimdemirtas77 @gmail.com

Department of Ophthalmology, Faculty of Medicine, Dicle
University, Diyarbakir, Turkey

Department of Ophthalmology, Izmir Tepecik Training
and Research Hospital, Health Sciences University, Izmir,
Turkey

@ Springer


http://orcid.org/0000-0002-3591-721X
http://orcid.org/0000-0002-6504-8385
http://orcid.org/0000-0002-8206-781X
http://orcid.org/0000-0001-5742-1293
http://orcid.org/0000-0001-8856-0528
http://orcid.org/0000-0003-3346-3290
http://orcid.org/0000-0003-2348-4856
http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-021-05209-w&domain=pdf

2822 Graefe's Archive for Clinical and Experimental Ophthalmology (2021) 259:2821-2826

Key messages:

What is known:

e Studies have shown that patients with COVID-19 develop autonomic dysfunction.

What we found:

® The results of our study showed that pupil responses, which are controlled by autonomic nervous system, were

impaired in patients recovering from COVID-19.

®  An automatic pupillometry system can be used as a non-invasive, easy-to-apply diagnostic technology for

detecting autonomic dysfunction in patients recovering from COVID-19.

Keywords COVID-19 - Static dynamic pupillometry - Autonomic nervous system

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is responsible for coronavirus disease-2019
(COVID-19) [1].

COVID-19 causes critical morbidity and mortality with
the onset of severe viral pneumonia progressing to acute res-
piratory distress syndrome and multiorgan system disorder
[2]. The most serious consequences have been reported in
patients with COVID-19 with diabetes mellitus, hyperten-
sion, cerebrovascular disease, and coronary heart disease
[3].

Neurological symptoms are common in patients with
COVID-19 and may be due to either direct damage to tissues
or indirect mechanisms, such as cytokine release. In later
stages, severe conditions, such as inflammatory diseases or
stroke, can occur. Of 841 patients with COVID-19, 57.4%
developed various neurological symptoms, and neurological
complications were the prime reason for death in 4.1% of the
participants. A common feature of the previously described
pathogenic coronavirus is neurotropism [4—8].

SARS-CoV-2 can reach the central nervous system
through upper nasal passages or circulation. SARS-CoV-2
enters cells via the angiotensin-converting enzyme receptor
2 (ACE2). Endothelium, glial cells, and neurons expressing
ACE2 can make these cells potential targets [9].

Pupillary light reflex (PLR) is defined as the constriction
and subsequent dilation of the pupil in response to light.
It occurs as a result of the antagonistic effects of the iris
sphincter and dilator muscles. PLR is under the control
of the autonomic nervous system (ANS). Pupil dilation is
innervated by the sympathetic nervous system, whereas
pupil contraction is innervated by the parasympathetic nerv-
ous system. Thus, PLR parameters can be employed as indi-
cators of sympathetic or parasympathetic functions [10, 11].
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Pupillary responses can be affected by a wide range of
disorders. The dynamics of PLR can be affected by parasym-
pathetic stimulation and inhibition, sympathetic stimulation,
and neurotransmitter release [12-17].

This study aimed to investigate the detection of autonomic
dysfunction by dynamic and static pupillary responses in
patients recovering from COVID-19 with the aid of auto-
matic pupillometry.

Materials and methods

In this study, 60 patients recovering from COVID-19 and 40
healthy controls were examined. The study protocol adhered
to the provisions of the Declaration of Helsinki. Approval
was obtained from the Ethics Committee (decision date:
November 26, 2020, no. 367). Written informed consent
was acquired from all patients.

The study included patients with a positive polymerase
chain reaction (PCR) test due to COVID-19 and those who
exhibited pneumonic infiltration but recovered from treat-
ment. The inclusion criteria were the presence of mild
pneumonia and the absence of pulmonary involvement in
outpatients. In all patients, PCR and blood tests were per-
formed, computed tomography images were taken, and their
treatments were then arranged. Among these patients, those
with signs of severe inflammation in blood tests (e.g., low
lymphocyte count; high C-reactive protein [CRP], D-dimer,
and ferritin levels) were hospitalized, treated, and followed-
up. All patients were administered with an oral loading dose
(2x 1600 mg) and a 5-day maintenance dose (2x 600 mg)
of favipiravir.

The PCR test of all included patients was negative.
Patients whose symptoms and signs improved and showed
a negative PCR test were considered cured. Patients who
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recovered from COVID-19 were included in the study
after two subsequent negative PCR tests performed at a
1-month interval. One month after recovery from COVID-
19, patients underwent eye evaluations by the Department
of Ophthalmology. Complete ophthalmological examina-
tions were performed for all patients. Patients with sys-
temic diseases (e.g., diabetes mellitus, and neurological
and cardiovascular diseases); with a history of using eye
drops and systemic medications; with iris pupil pathology,
glaucoma, and pseudoexfoliation; with a cylindrical error
of > 1.0 diopter and a spherical error of > +3.0 or< —3.0
diopters; and with previous intraocular surgery or inflam-
matory disease were excluded from the study. The control
group consisted of age- and gender-matched individu-
als who did not have any systemic disease. They had no
previous symptoms and were negative for both PCR and
antibody tests. Antibody testing of the control group was
performed on a Roche Cobas e 601 device (Roche Diagnos-
tics, Germany) with the original kits after two-level qual-
ity control. The results obtained from Roche Cobas e 601
was given as reactive or non-reactive and as cutoff values
(cutoff index, COI). COI < 1.0 and non-reactive results are
interpreted as negative for anti-SARS-CoV-2 antibodies,
and COI > 1.0 and reactive results are interpreted as posi-
tive for anti-SARS-CoV-2 antibodies. Only one eye of each
participant was analyzed to avoid individual variations.
The white blood cell (WBC), neutrophil, lymphocyte,
CRP, D-dimer, and ferritin levels of the patients with
COVID-19 at disease onset were obtained from hospital
records. Reference values for WBC, neutrophil, lympho-
cyte, CRP, D-dimer, and ferritin were 3.7-10.1 X 103/pL,
1.63-6.96 x 10%/uL, 1.09-2.99 x 10/puL, 0-0.5 mg/dL,
0.08-0.583 mg/dL, and 10-291 ng/mL, respectively.

Pupillometry measurements

Pupillary measurements were made approximately 1 month
after recovery, when the second negative PCR was obtained
in the healed patients. In the control group, pupillary meas-
urements were taken immediately after negative PCR and
antibody test results were obtained.

Static and dynamic pupillometry measurements were
performed by a single clinician. Dynamic and static pupil-
lary responses were measured under different light condi-
tions by using an automatic pupillometry system (MonPack
One; Metrovision, Pérenchies, France). Static pupillometry
measurements were taken under several illumination levels
to measure pupil size in scotopic (0.1 cd/m?), mesopic (1 cd/
m?), low photopic (10 cd/m?), and high photopic (100 cd/
m?) vision conditions.

All measurements were made at similar times, and
three consecutive measurements were made. Dynamic
pupil parameters (i.e., pupil contraction amplitude, pupil

contraction latency, pupil contraction velocity, pupil dila-
tation latency, pupil dilatation velocity, pupil dilatation
duration, pupil contraction duration, resting pupil diam-
eter [PD]) and static pupil parameters (i.e., scotopic PD,
high photopic PD, mesopic PD, and low photopic PD)
were measured. The average of three measurements was
taken and recorded.

Statistical analysis

SPSS version 26.0 (IBM Corp., Armonk, NY) was used for
all statistical analyses. Demographic data were calculated
using descriptive statistics. The compatibility of numerical
data to normal distribution was tested with the Shapiro-
Wilks test. Relationships between categorical variables were
tested with chi-square tests. Continuous variables were com-
pared by independent t-tests. The results were evaluated at
a 95% confidence interval and P <0.05 significance level.

Results

Of the 60 patients recovering from COVID-19 in
this study, 35 (58.3%) were men, and 25 (41.7%)
were women. The control group was composed of 18
(45.0%) women and 22 (55.0%) men. The mean age of
the patients recovering from COVID-19 was similar to
that of the healthy control group (37.65 +7.06 years
and 37.50 +6.39 years, P=0.92). The average ferritin,
D-dimer, and CRP levels in patients recovering from
COVID-19 were 98.98 + 114.30 ng/mL, 0.34 +0.24 mg/
dL, and 0.85 + 1.03 mg/dL, respectively. The average
WBC, neutrophil and lymphocyte counts in the patients
recovering from COVID-19 were 6.9 +3.40, 4.34 +3.20,
and 1.92 + 1.05 x 10°/uL, respectively (Table 1).

Although scotopic and high photopic PDs were sig-
nificantly higher in patients recovering from COVID-19
than in healthy controls (P =0.002 and P =0.04, respec-
tively), no statistically significant difference in mesopic
and low photopic PD was found (P=0.19 and P=0.41,
respectively) (Table 2). Regarding dynamic pupillometry
parameters, resting PD and pupil contraction velocity
(P=0.04 and P=0.02, respectively) were significantly
higher in patients recovering from COVID-19 than in
healthy controls (P <0.001 and P <0.001, respectively),
whereas pupil dilatation latency and pupil contraction
duration were lower in these patients than in healthy
controls (P=0.01 and P=0.008, respectively). No sig-
nificant differences in pupil contraction amplitude, pupil
contraction latency, pupil dilatation duration, and pupil
dilatation velocity were found between the study groups
(P=0.93,P=0.42, P=0.91, and P=0.48, respectively)
(Table 3).

@ Springer



2824 Graefe's Archive for Clinical and Experimental Ophthalmology (2021) 259:2821-2826

Table 1 Demographic and

. Characteristics Patients recovering from Healthy control P value
laboratory characteristics of the COVID-19 n=40
subjects included in the study =60
Age (years) 37.65+7.06 37.50+6.39 0.92%*
Sex
Female 25 (41.7) 18 (45.0) 0.66"
Male 35(58.3) 22 (55.0)
Ferritin (ng/mL) 98.98 +114.30 -
D-dimer (mg/L) 0.34+0.24 -
WBC (x 10%/uL) 6.9+3.40 -
Neutrophil (x 10%/pL) 4.34+3.20 -
Lymphocyte (x 103 /uL) 1.92+1.05 -
CRP (mg/dL) 0.85+1.03 -

Bold values indicate statistically significant P value (P <0.05). Continuous variables were given as
mean + standard deviation and categorical variables as count (%)

COVID-19, coronavirus disease-2019; WBC, white blood cell; CRP, C-reactive protein

“Independent r-test
TChi-square test

Discussion

In this study, we aimed to investigate whether ANS dysfunc-
tion occurs in patients recovering from COVID-19 through
changes in dynamic and static pupillary responses. ANS
function can be measured via PLR in various clinical appli-
cations [18]. In our study, both static and dynamic pupillom-
etry parameters were impaired in patients recovering from
COVID-19.

Postural orthostatic tachycardia syndrome is caused by
ANS dysfunction. This syndrome develops after acute stress
factors, such as viral illness [19-21]. Therefore, dysautono-
mia, including postural tachycardia, has been determined in
patients with COVID-19 [4, 22].

Some individuals with COVID-19 may develop chronic
severe fatigue; cognitive deceleration; autonomic disorders,
such as orthostatic intolerance; episodic hyperadrenergic

Table 2 Static pupillometry measurements of the subjects included in
the study

Pupil diameter (PD) Patients recover-  Healthy control P* value
(mm) ing from COVID- n=40

19

n=60
Scotopic PD 4.33+0.99 3.67+0.80 0.002
Mesopic PD 3.40+0.91 3.15+0.79 0.19
Low photopic PD 2.97+0.86 3.11+0.74 0.41
High photopic PD 2.71+0.78 2.47+0.33 0.04

Bold values indicate statistically significant P value (P <0.05). Con-
tinuous variables were given as mean =+ standard deviation

COVID-19, coronavirus disease-2019
“Independent 7-test
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fluctuations; and exaggerated postural tachycardia. Micro-
angiopathy and endothelial damage are possible mechanisms
responsible for dysotonomia in patients with persistent
symptoms following COVID-19 [23].

Fatigue appears to be a common manifestation in coro-
navirus infections, including SARS and Middle East res-
piratory syndrome, in post-illness stages [24, 25]. Neurally
mediated hypotension may be associated with chronic
fatigue symptoms [26].

A study revealed that parasympathetic and sympathetic
autonomic dysfunctions developed in 50% of patients
6 months after recovering from SARS. Moreover, 6 of 14
patients recovering from SARS (43%) had abnormal heart
rates during autonomic testing [25].

Cardiovascular complications, such as heart failure,
arrhythmias, and myocardial infarction, are common in
COVID-19. Sympathetic overactivation affects these condi-
tions more negatively, and sympathoactivation due to comor-
bidity may increase the morbidity/mortality of patients with
COVID-19 [27]. In a previous study, autonomic dysfunction
was measured with heart rate variability (HRV), the reduc-
tion of which was associated with morbidity and mortality
[28].

The increase in angiotensin II caused by COVID-19 in
proportion to viral load causes sympathoactivation to worsen
in comorbidities. Sympathetic overactivity can have a sub-
stantial harmful effect on patients with COVID-19 through
its effects on metabolism, heart, lungs, vessels, and/or
immune system. ACE1/ACE2 imbalance, cytokine release,
or changes in blood gases can further increase sympathetic
discharge in COVID-19 [29, 30].

In preclinical testing, vagal nerve stimulation causes
the repair of autonomic balance and the reduction of
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Table 3 Dynamic pupillgmetry Characteristics Patients recovering from Healthy control P*value

measurements of the subjects COVID-19 n=40

included in the study n=60
Resting diameter (mm) 4.56+0.0.96 4.20+0.49 0.04
Amplitude of pupil contraction (mm) 1.84+0.38 1.83+0.20 0.93
Latency of pupil contraction (ms) 172.80+37.56 167.12+18.72 0.42
Duration of pupil contraction (ms) 379.43 +100.06 432.15+£59.43 0.008
Velocity of pupil contraction 7.53+£1.55 6.99+0.75 0.02
Latency of pupil dilatation (ms) 552.78 £91.89 594.65 +£67.52 0.01
Duration of pupil dilatation (ms) 1719.41+£319.43 1725.37+109.79 0.91
Velocity of pupil dilatation (mm/s) 2.96+£0.68 3.04+£0.29 0.48

Bold values indicate statistically significant P value (P <0.05). Continuous variables were given as

mean =+ standard deviation

COVID-19, coronavirus disease-2019

“Independent r-test

proinflammatory cytokine levels in ischemic heart disease
[31].

Patients with COVID-19 and parasympathetic depriva-
tion due to comorbidities can experience rapid increases
in cytokine release because of the deficiency of functional
neuro-vagal anti-inflammatory reflex. In patients with
COVID-19, a cytokine storm is assumed to contribute to a
rapid pass to a decompensated state [32].

This study has some limitations. The number of
patients was low, as they were concerned about disease
transmission when they came for examination. In addi-
tion, the patients were not followed up in the long term;
therefore, we were unable to determine the duration of
autonomic dysfunction.

In our study, we observed impaired pupillary responses
that reflect autonomic dysfunction in patients recovering
from COVID-19. In addition to the effects of autonomic
dysfunction on COVID-19 morbidity, automatic pupillom-
etry can be helpful in determining the potential effects
of autonomic dysfunction due to COVID-19. Therefore,
an automatic pupillometry system can be used as a non-
invasive, feasible diagnostic technology for detecting auto-
nomic dysfunction in patients recovering from COVID-19.
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