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INTRODUCTION
At present, a considerable body of scientific evidence has accumulated indicating
that “...the SARS-CoV-2 virus, the causative agent of COVID-19, is capable of
inducing various forms of ocular involvement, including lesions of the retina and
optic nerve.” The course of the pandemic has demonstrated that the most severe
ophthalmic complication associated with coronavirus infection is COVID-19-
associated cavernous sinus thrombosis (CST). Under normal circumstances, CST
is an extremely rare condition; however, during the results of such studies are
expected to contribute significantly to the development of optimal clinical
guidelines and management algorithms, the implementation of which is an

important component of modern healthcare practice.

In the Republic of Uzbekistan, comprehensive measures aimed at
developing the healthcare sector and improving the quality of medical services—
aligned with international standards—are currently being implemented. Despite
the end of the acute pandemic phase, nationwide programs continue to address
complications of coronavirus infection and necrotic process within the
maxillofacial structures, especially in the orbit and paranasal sinuses—factors that
contribute significantly to high mortality rates. Given the substantial number of
clinical cases, the study of the pathomorphological features of orbital and ocular
involvement, correlated with the clinical presentation of this pathology, represents
a research area of high scientific and practical relevance.

Worldwide, research on ophthalmic complications of COVID-19 continues. A
special focus is directed toward the investigation of various aspects of the clinical
course, diagnostics, treatment and prevention of COVID-19-associated CST.
Despite the end of the acute pandemic phase, nationwide programs continue to
address complications of coronavirus infection. The strategic priorities include
the development and application of optimal methods for the treatment and
prevention of COVID-19 complications, using advanced imaging techniques in
combination with histopathological tissue analysis. The results of such studies are

expected to contribute significantly to the development of optimal clinical



guidelines and management algorithms, the implementation of which is an

important component of modern healthcare practice.

In the Republic of Uzbekistan, comprehensive measures aimed at developing the
healthcare sector and improving the quality of medical services—aligned with
international standards—are currently being implemented. Despite the end of the
acute pandemic phase, nationwide programs continue to address complications of
coronavirus infection. The strategic priorities include the development and
application of optimal methods for the treatment and prevention of COVID-19
complications, as well as “...the improvement of approaches to the control of
infectious diseases, particularly coronavirus infection, and the enhancement of
institutional and organizational frameworks of the sanitary-epidemiological
service under current complex conditions and in light of the acquired

experience...”.

The disability, and mortality associated with this severe complication.



CHAPTER I. CURRENT KNOWLEDGE ON OCULAR
INVOLVEMENT IN CORONAVIRUS INFECTION

§1.1. Fundamental Concepts of Coronavirus Infection and COVID-19

Mutations of SARS-CoV-2 resulting in new variants were detected in
multiple countries:— B.1.1.7 in the United Kingdom (early 2020),— B.1.526 in the
United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 (Delta) in
India (December 2020), becoming globally dominant by August 2021 due to a
40-60% increase in transmissibility,— B.1.1.529 (Omicron) identified in
Botswana and South Africa (November 2021), noted for exceptionally rapid
spread Early in the outbreak, both isolated case reports and clinical studies
documented ocular symptoms—most notably conjunctival hyperemia and
irritation—confirming that conjunctivitis may represent one of the ophthalmic
manifestations of SARS-CoV-2 infection. As the pandemic progressed,
accumulating evidence also linked COVID-19 to uveitis, retinal vascular
abnormalities, and a variety of neuro-ophthalmic disorders [17, 20, 22, 25, p.
2950].

During the 2003 outbreak of severe acute respiratory syndrome (SARS),
SARS-CoV was detected in tear samples from infected patients in Singapore.
Lack of ocular protection was identified as a major risk factor for transmission of
When the first systematic review was published, the U.S. Centers for Disease
Control and Prevention (CDC) reported 337,278 confirmed cases and 9,637
deaths. A little over a year later, by April 16, 2021, global mortality had exceeded
3 million. The progression underscored the severity of the pandemic: the first
million deaths occurred within 8.5 months of the initial fatal case in China, the
second million accumulated over the following 3.5 months, and the third within
an additional 3 months [42, p. 2470; 43; 44, p. 403].

Given this context, researchers aimed to consolidate current data on ocular
manifestations of COVID-19 to improve early recognition, refine diagnostic
approaches, and reduce transmission. SARS-CoV-2 is a novel, positive-sense
single-stranded RN A beta-coronavirus responsible for COVID-19, initially traced
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to an outbreak in Wuhan, Hubei Province, China. Direct contact with mucous
membranes—including the ocular surface—has been identified as a potential
route of infection [27, p. 722; 28, p. 1372; 31; 32, p. 750; 33; 35, p. 853].

Coronaviruses are known to cause severe ocular disease in animals, such as
anterior uveitis, retinitis, vasculitis, and optic neuritis in cats and rodents. By
contrast, ocular manifestations in humans are typically mild and infrequent,
although reports of eye involvement in COVID-19 patients continue to
accumulate. Definitive descriptions of ocular complications in MERS and SARS
remain limited, despite previous detection of SARS-CoV in ocular secretions.
Other human coronaviruses, however, are well-recognized causes of viral
conjunctivitis [40, p. 1176].

At the time of the initial publication (April 4, 2020), the World Health
Organization (WHO) reported 1,272,953 confirmed COVID-19 cases and 69,428
deaths globally, with 79,332 new cases registered within the preceding 24 hours
[41]. Another important alteration consisted of pronounced tissue edema, leading
to atrophy and disintegration of structural elements, while focal areas
demonstrated necrobiosis. Observations showed that the pigment cells of the
pigmented epithelium underwent atrophy and displacement, with some exhibiting
degeneration and necrobiosis. In the anterior margin of the connective-tissue layer
of the pigmented epithelium, coronavirus-induced changes included signs of
mucoid and fibrinoid swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.

In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

8



Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—-muscle layer, pigment cells were destroyed and fragmented,
and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.

When the first systematic review was published, the U.S. Centers for
Disease Control and Prevention (CDC) reported 337,278 confirmed cases and
9,637 deaths. A little over a year later, by April 16, 2021, global mortality had
exceeded 3 million. The progression underscored the severity of the pandemic:
the first million deaths occurred within 8.5 months of the initial fatal case in
China, the second million accumulated over the following 3.5 months, and the
third within an additional 3 months [42, p. 2470; 43; 44, p. 403].

By December 23, 2021, the United States had recorded 51,574,787
confirmed cases and 809,300 deaths. Globally, more than 276 million cases and
5,374,744 deaths had been reported. United Kingdom (early 2020),— B.1.526 in
the United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 the United
States had recorded 51,574,787 confirmed cases and 809,300 deaths. Globally,
more than 276 million cases and 5,374,744 deaths had been reported. [45, p. 167,
47, p. 222].

Mutations of SARS-CoV-2 resulting in new variants were detected in
multiple countries:— B.1.1.7 in the United Kingdom (early 2020),— B.1.526 in the

9



United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 (Delta) in
India (December 2020), becoming globally dominant by August 2021 due to a
40-60% increase in transmissibility,— B.1.1.529 (Omicron) identified in
Botswana and South Africa (November 2021), noted for exceptionally rapid
spread [47, p. 221; 49, p. 0736; 51, p. 1620; 52; 57; 58].

§1.2. Ophthalmic manifestations of coronavirus infection

Initial studies suggested that ocular manifestations of COVID-19 are
generally rare.. A meta-analysis conducted by Nasiri et al. in 2021 reported a
pooled prevalence of all ocular manifestations in 7,300 patients with COVID-19
of 11.03%, with conjunctivitis being the most common ocular condition (88.8%).
In the same meta-analysis, the most frequently reported symptoms were dry eye
or foreign body sensation (16%), eye redness (13.3%), tearing (12.8%), and
itching (12.6%) [59, p. 1050; 60; 61; 62].

A case series reported ocular symptoms in 12 of 38 hospitalized patients
with COVID-19 in Hubei Province, China, corresponding to 31.6%. Among these
12 patients, 3 had conjunctival hyperemia, 7 had chemosis, 7 epiphora, and 7
increased discharge. Notably, in one patient epiphora was the first presenting sign
of COVID-19. Of those with It is possible that local microbiologic and
immunologic conditions were altered by avascular changes induced by
thrombosis in the setting of SARS-CoV-2 infection [104, p. 1002; 106; 113, p.
1166]. Another important alteration consisted of pronounced tissue edema,
leading to atrophy and disintegration of structural elements, while focal areas
demonstrated necrobiosis. Observations showed that the pigment cells of the
pigmented epithelium underwent atrophy and displacement, with some exhibiting
degeneration and necrobiosis. In the anterior margin of the connective-tissue layer
of the pigmented epithelium, coronavirus-induced changes included signs of
mucoid and fibrinoid swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
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be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.

In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,
and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.

There are also increasing reports of concomitant invasive fungal rhino-
orbital mucormycosis co-infection in patients with COVID-19. These
opportunistic pathogens may thrive in the hypoxic respiratory environment
created by SARS-CoV-2, as hypoxia may facilitate their replication and
pathogenicity. Moreover, the use of steroids and immunosuppressive therapy in
severe COVID-19 can further compromise immune defenses and promote such
infections.

Patients with poorly controlled diabetes, particularly those with diabetic
ketoacidosis (DKA), are also at elevated risk for opportunistic infections.
Hyperglycemia and ketoacidosis create favorable conditions for the growth and
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proliferation of bacteria and other microorganisms, increasing infection risk. In
addition, patients with diabetes frequently exhibit impaired immune function,
further predisposing them to infection [9, p. 52; 17].

Singh et al. published a systematic review of 101 cases of COVID-19—
associated mucormycosis. Most patients were male (79%); 80% of these patients,
and nearly 60% of cases involved rhino-orbital disease [22; 25, p. 2963].

Another report described a 33-year-old woman who presented with orbital
compartment syndrome due to concurrent COVID-19 and fulminant
mucormycosis infection.

MRI-confirmed orbital myositis has also been reported in two separate
patients with COVID-19 without evidence of concomitant bacterial infection. The
authors proposed that possible mechanisms included either direct viral invasion
of the orbit or virus-induced autoimmunity.

Similar mechanisms were suggested by Diaz et al., who reported a case of
acute dacryoadenitis in a 22-year-old man with positive antibodies to SARS-CoV-
2 who developed partial ophthalmoplegia. Physicians at our university treated a
patient with typical signs and symptoms of dacryoadenitis coinciding with a
positive nasopharyngeal COVID-19 test. The patient responded to a slow taper of
systemic steroids over six weeks. A recently presented case series from our group
also highlighted biopsy-proven chronic dacryoadenitis in a 57-year-old man with
COVID-19 whose symptoms began one month after his viral illness. Other cases
in this series included idiopathic inflammation in an anophthalmic socket [27, p.
723; 28, p. 1373].

Lacrimal system. Epiphora has been described as an initial manifestation in
patients with COVID-19, presumably secondary to conjunctival inflammation.
Direct involvement of the nasolacrimal system or lacrimal sac has not yet been
reported.

Manifestations in neonates. Recent data support frequent ocular
manifestations of SARS-CoV-2 infection in neonates. In a study by Pérez-Chimal
et al. in Mexico, 15 neonates with positive nasopharyngeal RT-PCR tests were
identified. All of these neonates exhibited ocular findings, most commonly
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periocular edema (100%), followed by chemosis and hemorrhagic conjunctivitis
(73%) and ciliary injection (53%). Unique findings included corneal edema in 6
neonates (40%), rubeosis iridis with posterior synechiae in 1 neonate, and
posterior segment manifestations, including retinopathy of prematurity in 3 (20%)
neonates. Vitreous hemorrhage was observed in one term neonate, and subtle
cotton-wool spots were noted in two others [31, p. 1215; 33; 49; 58, p. 1295].

At present, It is possible that local microbiologic and immunologic
conditions were altered by avascular changes induced by thrombosis in the setting
of SARS-CoV-2 infection [104, p. 1002; 106; 113, p. 1166].

There are also increasing reports of concomitant invasive fungal rhino-
orbital mucormycosis co-infection in patients with COVID-19. These
opportunistic pathogens may thrive in the hypoxic respiratory environment
created by SARS-CoV-2, as hypoxia may facilitate their replication and
pathogenicity. Moreover, the use of steroids and immunosuppressive therapy in
severe COVID-19 can further compromise immune defenses and promote such
infections.

Patients with poorly controlled diabetes, particularly those with diabetic
ketoacidosis (DKA), are also at elevated risk for opportunistic infections.
Hyperglycemia and ketoacidosis create favorable conditions for the growth and
proliferation of bacteria and other microorganisms, increasing infection risk. In
addition, patients with diabetes frequently exhibit impaired immune function,
further predisposing them to infection [9, p. 52; 17].

Singh et al. published a systematic review of 101 cases of COVID-19—
associated mucormycosis. Most patients were male (79%); 80% of these patients,
and nearly 60% of cases involved rhino-orbital disease [22; 25, p. 2963].

Another report described a 33-year-old woman who presented with orbital
compartment syndrome due to concurrent COVID-19 and fulminant
mucormycosis infection.

MRI-confirmed orbital myositis has also been reported in two separate

patients with COVID-19 without evidence of concomitant bacterial infection. The
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authors proposed that possible mechanisms included either direct viral invasion
of the orbit or virus-induced autoimmunity.

Similar mechanisms were suggested by Diaz et al., who reported a case of
acute dacryoadenitis in a 22-year-old man with positive antibodies to SARS-CoV-
2 who developed partial ophthalmoplegia. Physicians at our university treated a
patient with typical signs and symptoms of dacryoadenitis coinciding with a
positive nasopharyngeal COVID-19 test. The patient responded to a slow taper of
systemic steroids over six weeks. A recently presented case series from our group
also highlighted biopsy-proven chronic dacryoadentitis in a 57-year-old man with
COVID-19 whose symptoms began one month after his viral illness. Other cases
in this series included idiopathic inflammation in an anophthalmic socket [27, p.
723; 28, p. 1373].

Lacrimal system. Epiphora has been described as an initial manifestation in
patients with COVID-19, presumably secondary to conjunctival inflammation.
Direct involvement of the nasolacrimal system or lacrimal sac has not yet been
reported.

Manifestations in neonates. Recent data support frequent ocular
manifestations of SARS-CoV-2 infection in neonates. In a study by Pérez-Chimal
et al. in Mexico, 15 neonates with positive nasopharyngeal RT-PCR tests were
identified. All of these neonates exhibited ocular findings, most commonly
periocular edema (100%), followed by chemosis and hemorrhagic conjunctivitis
(73%) and ciliary injection (53%). Unique findings included corneal edema in 6
neonates (40%), rubeosis iridis with posterior synechiae in 1 neonate, and
posterior segment manifestations, including retinopathy of prematurity in 3 (20%)
neonates. Vitreous hemorrhage was observed in one term neonate, and subtle
cotton-wool spots were noted in two others [31, p. 1215; 33; 49; 58, p. 1295].

In another observation, a 46-year-old man with mild respiratory symptoms
developed bilateral hemorrhagic conjunctivitis 5 days after a positive COVID-19
test. The left eye had been enucleated several years earlier due to melanoma.
Hemorrhagic conjunctivitis with chemosis and pseudomembrane formation on the
conjunctiva of the ocular prosthesis was also noted. Treatment with topical
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antibiotics led to resolution of symptoms within four weeks. No other symptoms
of COVID-19 were observed in this patient [120, p. 1023; 121; 122].

It should also Retina and choroid. A possible association between posterior
segment disease and COVID-19 infection has also been suggested. These
conditions have varied etiologies, including vascular, inflammatory, and neuronal
mechanisms. ACE2 and TMPRSS2 receptors, which are highly expressed in the
human retina, have become a focus of investigation. A recent case series of three
patients identified COVID-19 S and N proteins in retinal vascular endothelial cells
by immunofluorescence microscopy, indicating the presence of viral particles.
Cases of central retinal vein occlusion (CRVO) and central retinal artery occlusion
(CRAO) have also been reported in patients without typical systemic vascular risk
factors. The proposed mechanisms include complement-mediated inflammation
and virus-induced inflammatory processes leading to endothelial damage and a
microangiopathic state. A striking example was described by Walinjkar et al., who
reported CRVO in a 17-year-old girl with COVID-19. Yahalomi et al. presented a
similar case in a previously healthy 33-year-old patient. Several cases of CRAO
have also been documented, potentially related to virus-induced endothelial injury
and vasculitis [132; 133; 134; 135].

Furthermore, acute macular neuroretinopathy (AMN) and paracentral acute
middle maculopathy (PAMM) have been identified in the setting of COVID-19.
These conditions are characterized by ischemia of the deep retinal capillary plexus
and appear as hyperreflective changes at the level of the outer plexiform and inner
nuclear layers. In addition, two cases of retinopathy resembling Purtscher’s
retinopathy in patients with COVID-19 have been reported [136, p. 590].

Bottini et al. described a 59-year-old man who presented with multiple
bilateral cotton-wool spots localized in the posterior pole after a month-long
hospitalization for COVID-19 pneumonia complicated by multiorgan failure and
severe coagulopathy. It is possible that local microbiologic and immunologic
conditions were altered by avascular changes induced by thrombosis in the setting

of SARS-CoV-2 infection [104, p. 1002; 106; 113, p. 1166].
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There are also increasing reports of concomitant invasive fungal rhino-
orbital mucormycosis co-infection in patients with COVID-19. These
opportunistic pathogens may thrive in the hypoxic respiratory environment
created by SARS-CoV-2, as hypoxia may facilitate their replication and
pathogenicity. Moreover, the use of steroids and immunosuppressive therapy in
severe COVID-19 can further compromise immune defenses and promote such
infections.

Another important alteration consisted of pronounced tissue edema, leading
to atrophy and disintegration of structural elements, while focal areas
demonstrated necrobiosis. Observations showed that the pigment cells of the
pigmented epithelium underwent atrophy and displacement, with some exhibiting
degeneration and necrobiosis. In the anterior margin of the connective-tissue layer
of the pigmented epithelium, coronavirus-induced changes included signs of
mucoid and fibrinoid swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.

In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,
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and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.

Patients with poorly controlled diabetes, particularly those with diabetic
ketoacidosis (DKA), are also at elevated risk for opportunistic infections.
Hyperglycemia and ketoacidosis create favorable conditions for the growth and
proliferation of bacteria and other microorganisms, increasing infection risk. In
addition, patients with diabetes frequently exhibit impaired immune function,
further predisposing them to infection [9, p. 52; 17].

Singh et al. published a systematic review of 101 cases of COVID-19—
associated mucormycosis. Most patients were male (79%); 80% of these patients,
and nearly 60% of cases involved rhino-orbital disease [22; 25, p. 2963].

Another report described a 33-year-old woman who presented with orbital
compartment syndrome due to concurrent COVID-19 and fulminant
mucormycosis infection.

MRI-confirmed orbital myositis has also been reported in two separate
patients with COVID-19 without evidence of concomitant bacterial infection. The
authors proposed that possible mechanisms included either direct viral invasion
of the orbit or virus-induced autoimmunity.

Similar mechanisms were suggested by Diaz et al., who reported a case of
acute dacryoadentitis in a 22-year-old man with positive antibodies to SARS-CoV-
2 who developed partial ophthalmoplegia. Physicians at our university treated a
patient with typical signs and symptoms of dacryoadenitis coinciding with a
positive nasopharyngeal COVID-19 test. The patient responded to a slow taper of
systemic steroids over six weeks. A recently presented case series from our group
also highlighted biopsy-proven chronic dacryoadenitis in a 57-year-old man with
COVID-19 whose symptoms began one month after his viral illness. Other cases
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in this series included idiopathic inflammation in an anophthalmic socket [27, p.
723; 28, p. 1373]. Manifestations in neonates. Recent data support frequent ocular
manifestations of SARS-CoV-2 infection in neonates. In a study by Pérez-Chimal
et al. in Mexico, 15 neonates with positive nasopharyngeal RT-PCR tests were
identified. All of these neonates exhibited ocular findings, most commonly
periocular edema (100%), followed by chemosis and hemorrhagic conjunctivitis
(73%) and ciliary injection (53%). Unique findings included corneal edema in 6
neonates (40%), rubeosis iridis with posterior synechiae in 1 neonate, and
posterior segment manifestations, including retinopathy of prematurity in 3 (20%)
neonates. Vitreous hemorrhage was observed in one term neonate, and subtle

cotton-wool spots were noted in two others [31, p. 1215; 33; 49; 58, p. 1295].

Lacrimal system. Epiphorapresumably secondary to conjunctival
inflammation. Direct involvement of the nasolacrimal system or lacrimal sac has
not yet been reported.

Manifestations in neonates. Recent data support frequent ocular
manifestations of SARS-CoV-2 infection in neonates. In a study by Pérez-Chimal
et al. in Mexico, 15 neonates with positive nasopharyngeal RT-PCR tests were
identified. All of these neonates exhibited ocular findings, most commonly
periocular edema (100%), followed by chemosis and hemorrhagic conjunctivitis
(73%) and ciliary injection (53%). Unique findings included corneal edema in 6
neonates (40%), rubeosis iridis with posterior synechiae in 1 neonate, and
posterior segment manifestations, including retinopathy of prematurity in 3 (20%)
neonates. Vitreous hemorrhage was observed in one term neonate, and subtle
cotton-wool spots were noted in two others [31, p. 1215; 33; 49; 58, p. 1295].and
positive cultures for Streptococcus constellatus and Peptoniphilus indolicus—
bacteria that are typically absent from the orbit and upper respiratory mucosa. It
is possible that local microbiologic and immunologic conditions were altered by
avascular changes induced by thrombosis in the setting of SARS-CoV-2 infection

[104, p. 1002; 106; 113, p. 1166].
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There are also increasing reports of concomitant invasive fungal rhino-
orbital mucormycosis co-infection in patients with COVID-19. These
opportunistic pathogens may thrive in the hypoxic respiratory environment
created by SARS-CoV-2, as hypoxia may facilitate their replication and
pathogenicity. Moreover, the use of steroids and immunosuppressive therapy in
severe COVID-19 can further compromise immune defenses and promote such
infections.

Patients with poorly controlled diabetes, particularly those with diabetic
ketoacidosis (DKA), are also at elevated risk for opportunistic infections.
Hyperglycemia and ketoacidosis create favorable conditions for the growth and
proliferation of bacteria and other microorganisms, increasing infection risk. In
addition, patients with diabetes frequently exhibit impaired immune function,
further predisposing them to infection [9, p. 52; 17].

Singh et al. published a systematic review of 101 cases of COVID-19—
associated mucormycosis. Most patients were male (79%); 80% of these patients,
and nearly 60% of cases involved rhino-orbital disease [22; 25, p. 2963].

Another report described a 33-year-old woman who presented with orbital
compartment syndrome due to concurrent COVID-19 and fulminant
mucormycosis infection.

MRI-confirmed orbital myositis has also been reported in two separate
patients with COVID-19 without evidence of concomitant bacterial infection. The
authors proposed that possible mechanisms included either direct viral invasion
of the orbit or virus-induced autoimmunity.

Similar mechanisms were suggested by Diaz et al., who reported a case of
acute dacryoadentitis in a 22-year-old man with positive antibodies to SARS-CoV-
2 who developed partial ophthalmoplegia. Physicians at our university treated a
patient with typical signs and symptoms of dacryoadenitis coinciding with a
positive nasopharyngeal COVID-19 test. The patient responded to a slow taper of
systemic steroids over six weeks. A recently presented case series from our group
also highlighted biopsy-proven chronic dacryoadenitis in a 57-year-old man with
COVID-19 whose symptoms began one month after his viral illness. Other cases
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in this series included idiopathic inflammation in an anophthalmic socket [27, p.
723; 28, p. 1373].

Lacrimal system. Epiphorapresumably secondary to conjunctival
inflammation. Direct involvement of the nasolacrimal system or lacrimal sac has
not yet been reported.

Manifestations in neonates. Recent data support frequent ocular
manifestations of SARS-CoV-2 infection in neonates. In a study by Pérez-Chimal
et al. in Mexico, 15 neonates with positive nasopharyngeal RT-PCR tests were
identified. All of these neonates exhibited ocular findings, most commonly
periocular edema (100%), followed by chemosis and hemorrhagic conjunctivitis
(73%) and ciliary injection (53%). Unique findings included corneal edema in 6
neonates (40%), rubeosis iridis with posterior synechiae in 1 neonate, and
posterior segment manifestations, including retinopathy of prematurity in 3 (20%)
neonates. Vitreous hemorrhage was observed in one term neonate, and subtle
cotton-wool spots were noted in two others [31, p. 1215; 33; 49; 58, p. 1295].

§1.3. Fundamentals of the etiopathogenesis, clinical features, and

pathomorphology of cavernous sinus thrombosis

By December 23, 2021, the United States had recorded 51,574,787
confirmed cases and 809,300 deaths. Globally, more than 276 million cases and
5,374,744 deaths had been reported. United Kingdom (early 2020),— B.1.526 in
the United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 the United
States had recorded 51,574,787 confirmed cases and 809,300 deaths. Globally,
more than 276 million cases and 5,374,744 deaths had been reported. [45, p. 167,
47, p. 222].

Mutations of SARS-CoV-2 resulting in new variants were detected in
multiple countries:— B.1.1.7 in the United Kingdom (early 2020),— B.1.526 in the
United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 (Delta) in
India (December 2020), becoming globally dominant by August 2021 due to a
40-60% increase in transmissibility,— B.1.1.529 (Omicron) identified in
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Botswana and South Africa (November 2021), noted for exceptionally rapid
spread [47, p. 221; 49, p. 0736; 51, p. 1620; 52; 57; 58]. Another important
alteration consisted of pronounced tissue edema, leading to atrophy and
disintegration of structural elements, while focal areas demonstrated necrobiosis.
Observations showed that the pigment cells of the pigmented epithelium
underwent atrophy and displacement, with some exhibiting degeneration and
necrobiosis. In the anterior margin of the connective-tissue layer of the pigmented
epithelium, coronavirus-induced changes included signs of mucoid and fibrinoid
swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.

In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,
and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
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observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.

Examination of the ciliary body revealed the development of marked circulatory,
inflammatory, and destructive—necrotic alterations, which were most frequently
identified on histological sections (see Fig. 4.11). The circulatory disturbances
were characterized by dilation of blood vessels, tissue edema, and atrophy,
accompanied by hemorrhages in certain areas. As a result, compression,
deformation, and structural alterations were identified, leading to dystrophic and
necrotic changes in some of the muscular lamellae of the ciliary body. The muscle
fibers of the ciliary body were dilated and deformed; signs of mucoid and fibrinoid
swelling, as well as necrosis, were detected within its stroma. Detachment of the
ciliary body’s basal membrane from the sclera and its deformation were also
observed, caused by edema associated with fibrinoid swelling and fibrinoid

necrosis.

In some cases, the mesodermal portion of the ciliary body exhibited predominant
lymphoid infiltration and vascular atrophy (Fig. 4.12). As a result, signs of
dystrophy and destruction of pigment cells within the ciliary body were identified.
In the course of studying the pathomorphological changes occurring in the ocular
tissues as a result of SARS-CoV-2-related complications, special attention—
following the vascular layer—was directed to the retina. It was established that in
most cases, the retina became detached from the underlying choroid, accompanied
by extensive hemorrhage. Within the surrounding blood, lymphoid cells were
identified in addition to plasma cells and erythrocytes. The retina was found to be
deformed and focally condensed in certain areas (Fig. 4.13).

It should be noted that in various cases of retinal involvement, severe hemorrhages
were also detected within the choroid, along with profound tissue and cellular
alterations leading to destruction and necrosis (Fig. 4.14). The choroid and the
nuclear layers of the retina were also edematous, with destruction of cellular and
tissue structures, resulting in a disruption of normal histotopography. Similar

changes were observed in the outer plexiform and nuclear layers. The subsequent
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inner nuclear layer and internal limiting membrane showed deformed cell nuclei
clustered into large accumulations. The ganglion cell layer was extensively
damaged, with partial loss of neuronal cells, while the intercellular spaces became
edematous and vacuolated. The outer limiting membrane was not identifiable, and
the inner retinal layers were intermixed with blood, lacking any organized
structural pattern (Fig. 4.15). During microscopic examination of the optic nerve,
attention must be paid to its histotopographic architecture and structural
composition. The nerve fibers are surrounded by a thick outer sheath—the
epineurium—and each nerve fiber is encased by the perineurium, which consists
of specialized membranes containing sensory neuronal elements.

Microscopic evaluation of optic nerve fibers damaged as a result of venous sinus
thrombosis of the brain in the context of COVID-19 revealed that the external
epineurial sheath, composed of connective tissue and associated cells, was
edematous and had lost its normal histotopography. Both within and outside this
sheath, inflammatory infiltrates were present. Within the epineurium, areas of
pronounced dilation of nerve fibers were observed (Fig. 4.16).

Each nerve fiber bundle within the perineurium, formed by specialized
cells, demonstrated a reduction in volume due to dystrophic changes in the
perineurial cells. Cytoplasmic edema was identified in each fiber bundle,
indicating vacuolization. The nerve fibers were structurally damaged and
deformed.The sclera is a dense, tightly arranged, non-transparent outer coat of the
eyeball. Externally, it is connected to the venous vessels via the episclera. The
middle layer consists of fibrocytes and collagen fibers characteristic of the sclera.
Within the coat lies a thin layer of blood vessels containing pigmented
chromophore cells, which impart coloration to the structure.

United Kingdom (early 2020),— B.1.526 in the United States (November
2020),— B.1.525 in the United Kingdom and Nigeria (December 2020),— B.1.351
in South Africa (late 2020),— B.1.617.2 (Delta) in India (December 2020),
becoming globally dominant by August 2021 due to a 40—-60% increase in
transmissibility,— B.1.1.529 (Omicron) identified in Botswana and South Africa
(November 2021), noted for exceptionally rapid spread Early in the outbreak, both
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isolated case reports and clinical studies documented ocular symptoms—most
notably conjunctival hyperemia and irritation—confirming that conjunctivitis
may represent one of the ophthalmic manifestations of SARS-CoV-2 infection.
As the pandemic progressed, accumulating evidence also linked COVID-19 to
uveitis, retinal vascular abnormalities, and a variety of neuro-ophthalmic
disorders [17, 20, 22, 25, p. 2950].

During the 2003 outbreak of severe acute respiratory syndrome (SARS),
SARS-CoV was detected in tear samples from infected patients in Singapore.
Lack of ocular protection was identified as a major risk factor for transmission of
When the first systematic review was published, the U.S. Centers for Disease
Control and Prevention (CDC) reported 337,278 confirmed cases and 9,637
deaths. A little over a year later, by April 16, 2021, global mortality had exceeded
3 million. The progression underscored the severity of the pandemic: the first
million deaths occurred within 8.5 months of the initial fatal case in China, the
second million accumulated over the following 3.5 months, and the third within
an additional 3 months [42, p. 2470; 43; 44, p. 403].

Given this context, researchers aimed to consolidate current data on ocular
manifestations of COVID-19 to improve early recognition, refine diagnostic
approaches, and reduce transmission. SARS-CoV-2 is a novel, positive-sense
single-stranded RNA beta-coronavirus responsible for COVID-19, initially traced
to an outbreak in Wuhan, Hubei Province, China. Direct contact with mucous
membranes—including the ocular surface—has been identified as a potential
route of infection [27, p. 722; 28, p. 1372; 31; 32, p. 750; 33; 35, p. 853].

Coronaviruses are known to cause severe ocular disease in animals, such as
anterior uveitis, retinitis, vasculitis, and optic neuritis in cats and rodents. By
contrast, ocular manifestations in humans are typically mild and infrequent,
although reports of eye involvement in COVID-19 patients continue to
accumulate. Definitive descriptions of ocular complications in MERS and SARS
remain limited, despite previous detection of SARS-CoV in ocular secretions.
Other human coronaviruses, however, are well-recognized causes of viral
conjunctivitis [40, p. 1176].
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At the time of the initial publication (April 4, 2020), the World Health
Organization (WHO) reported 1,272,953 confirmed COVID-19 cases and 69,428
deaths globally, with 79,332 new cases registered within the preceding 24 hours
[41].

When the first systematic review was published, the U.S. Centers for
Disease Control and Prevention (CDC) reported 337,278 confirmed cases and
9,637 deaths. A little over a year later, by April 16, 2021, global mortality had
exceeded 3 million. The progression underscored the severity of the pandemic:
the first million deaths occurred within 8.5 months of the initial fatal case in
China, the second million accumulated over the following 3.5 months, and the
third within an additional 3 months [42, p. 2470; 43; 44, p. 403].

By December 23, 2021, the United States had recorded 51,574,787
confirmed cases and 809,300 deaths. Globally, more than 276 million cases and
5,374,744 deaths had been reported. United Kingdom (early 2020),— B.1.526 in
the United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 the United
States had recorded 51,574,787 confirmed cases and 809,300 deaths. Globally,
more than 276 million cases and 5,374,744 deaths had been reported. [45, p. 167,
47, p. 222].

Mutations of SARS-CoV-2 resulting in new variants were detected in
multiple countries:— B.1.1.7 in the United Kingdom (early 2020),— B.1.526 in the
United States (November 2020),— B.1.525 in the United Kingdom and Nigeria
(December 2020),— B.1.351 in South Africa (late 2020),— B.1.617.2 (Delta) in
India (December 2020), becoming globally dominant by August 2021 due to a
40-60% increase in transmissibility,— B.1.1.529 (Omicron) identified in
Botswana and South Africa (November 2021), noted for exceptionally rapid
spread [47, p. 221; 49, p. 0736; 51, p. 1620; 52; 57; 58]. Another important
alteration consisted of pronounced tissue edema, leading to atrophy and
disintegration of structural elements, while focal areas demonstrated necrobiosis.
Observations showed that the pigment cells of the pigmented epithelium
underwent atrophy and displacement, with some exhibiting degeneration and
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necrobiosis. In the anterior margin of the connective-tissue layer of the pigmented
epithelium, coronavirus-induced changes included signs of mucoid and fibrinoid
swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—-muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.

In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,
and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.
Examination of the ciliary body revealed the development of marked circulatory,
inflammatory, and destructive—necrotic alterations, which were most frequently
identified on histological sections (see Fig. 4.11). The circulatory disturbances
were characterized by dilation of blood vessels, tissue edema, and atrophy,
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accompanied by hemorrhages in certain areas. As a result, compression,
deformation, and structural alterations were identified, leading to dystrophic and
necrotic changes in some of the muscular lamellae of the ciliary body. The muscle
fibers of the ciliary body were dilated and deformed; signs of mucoid and fibrinoid
swelling, as well as necrosis, were detected within its stroma. Detachment of the
ciliary body’s basal membrane from the sclera and its deformation were also
observed, caused by edema associated with fibrinoid swelling and fibrinoid

necrosis.

In some cases, the mesodermal portion of the ciliary body exhibited predominant
lymphoid infiltration and vascular atrophy (Fig. 4.12). As a result, signs of
dystrophy and destruction of pigment cells within the ciliary body were identified.
In the course of studying the pathomorphological changes occurring in the ocular
tissues as a result of SARS-CoV-2-related complications, special attention—
following the vascular layer—was directed to the retina. It was established that in
most cases, the retina became detached from the underlying choroid, accompanied
by extensive hemorrhage. Within the surrounding blood, lymphoid cells were
identified in addition to plasma cells and erythrocytes. The retina was found to be
deformed and focally condensed in certain areas (Fig. 4.13).

It should be noted that in various cases of retinal involvement, severe hemorrhages
were also detected within the choroid, along with profound tissue and cellular
alterations leading to destruction and necrosis (Fig. 4.14). The choroid and the
nuclear layers of the retina were also edematous, with destruction of cellular and
tissue structures, resulting in a disruption of normal histotopography. Similar
changes were observed in the outer plexiform and nuclear layers. The subsequent
inner nuclear layer and internal limiting membrane showed deformed cell nuclei
clustered into large accumulations. The ganglion cell layer was extensively
damaged, with partial loss of neuronal cells, while the intercellular spaces became
edematous and vacuolated. The outer limiting membrane was not identifiable, and
the inner retinal layers were intermixed with blood, lacking any organized

structural pattern (Fig. 4.15). During microscopic examination of the optic nerve,
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attention must be paid to its histotopographic architecture and structural
composition. The nerve fibers are surrounded by a thick outer sheath—the
epineurium—and each nerve fiber is encased by the perineurium, which consists
of specialized membranes containing sensory neuronal elements.

Microscopic evaluation of optic nerve fibers damaged as a result of venous sinus
thrombosis of the brain in the context of COVID-19 revealed that the external
epineurial sheath, composed of connective tissue and associated cells, was
edematous and had lost its normal histotopography. Both within and outside this
sheath, inflammatory infiltrates were present. Within the epineurium, areas of
pronounced dilation of nerve fibers were observed (Fig. 4.16).

Each nerve fiber bundle within the perineurium, formed by specialized
cells, demonstrated a reduction in volume due to dystrophic changes in the
perineurial cells. Cytoplasmic edema was identified in each fiber bundle,
indicating vacuolization. The nerve fibers were structurally damaged and
deformed.The sclera is a dense, tightly arranged, non-transparent outer coat of the
eyeball. Externally, it is connected to the venous vessels via the episclera. The
middle layer consists of fibrocytes and collagen fibers characteristic of the sclera.
Within the coat lies a thin layer of blood vessels containing pigmented

chromophore cells, which impart coloration to the structure.
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CHAPTER II. MATERIALS AND METHODS

The study was conducted within the framework of the state applied research
project“Development of comprehensive measures for the diagnosis, treatment,
prognosis and prevention of COVID-19-associated cavernous sinus thrombosis”
(A-CC-202110145).
Clinical material was collected from November 2020 to August 2022 at the
Departments of Ophthalmology, Otorhinolaryngology, and Maxillofacial Surgery
of the Multidisciplinary Clinic of the Tashkent Medical Academy (TMA).

§2.1. Characteristics of the clinical material
H Mens H Womans

70,0%
59,4%

60,0% .
50,0% 47,3% vl 40,6%
40,0% 26,9%
30,0% 21.1% 23,1% 26,3%
20,0%

10,0% 5 29, 3,8% i I
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18-44 years 45-59 years 60-74 years 75-90 years Total

Figure 2.1. Distribution of patients by sex and age, %.
§ 2.2. Organization of the Study
The study design is presented in Figure 2.1.
The research consisted of three stages:

1. Stage I — Evaluation of the clinical characteristics of symptoms associated
with involvement of the orbital structures and the eyeball.

2. Stage II — Assessment of signs of orbital and ocular involvement using
specialized medical imaging techniques.

3. Stage IIl — Pathomorphological examination of material obtained after
surgical intervention, including fragments of orbital bone structures, soft
tissues of the orbit, and the eyeball.
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. Due to its complex neurovascular anatomy, cavernous sinus thrombosis

(CST) represents the most severe form of intracranial venous thrombosis.
The cavernous sinus is a paired anatomical structure located at the skull

base along the lateral surfaces of the sella turcica.

. Typically, the diagnosis is confirmed based on characteristic ophthalmic

manifestations such as ptosis, exophthalmos, ophthalmoplegia, and loss of
eyelid skin sensitivity. However, confirming the diagnosis only after these
symptoms become clinically evident may be excessively late for initiating
effective therapy. This delay is critical because the presence of such

symptoms reflects damage to the oculomotor nerves, which, in cases of

COVID-19-associated CST, is often irreversible.

. Given that conventional imaging modalities do not always allow reliable

visualization of the thrombus and that contrast enhancement may lead to
uneven distribution of contrast medium with potential misinterpretation of
the findings, a more detailed radiological protocol was proposed by Bilalov
E.N., Oripov O.L, Umarov R.Z. (2020).
This approach includes assessment not only of the cavernous sinus, but also
of the orbital veins and the orbital cavity. The technique utilizes specialized
T2 TSE and Dark Fluid T2 MRI sequences with thin slices ranging from
0.6 to 1.6 mm.

. High-resolution three-dimensional thin-slice acquisitions in T2 mode allow

visualization of individual cranial nerves within the cavernous sinus and
adjacent basal cisterns. TSE and Dark Fluid T2 sequences are routinely
used for imaging the orbits and optic nerves. Standard scanning parameters
typically include:
TR: 9000 ms, TE: 105 ms, TI: 2500 ms, FOV: 230 mm,
Matrix: 210 x 256, Flip angle: 180° Slice thickness: 3 mm,

Number of slices: 12, Scan time: 4 min 39 s.



Figure 2.2. Study Design
§ 2.3. Research Methods

All patients underwent a comprehensive set of clinical, laboratory, and

instrumental examinations.

components:

The standard examination protocol for each patient included the following

Ophthalmologic examination;

Otorhinolaryngological assessment, including endoscopic examination of

the nasal cavity and paranasal sinuses (PNS);

Maxillofacial surgical evaluation — assessment of the condition of the

teeth, hard palate, and maxilla, both visually and using CT data;

Neurological or neurosurgical consultation, including evaluation of the

fifth (V) and seventh (VII) cranial nerves (CN) and assessment of

encephalitic symptoms;

Instrumental investigations, which comprised:

o

o

o

o

MRI of the cerebral sinuses;

MRI of the orbit and optic nerve;

Multislice computed tomography (MSCT) of the cerebral sinuses;
MSCT of the maxillofacial region.

Laboratory investigations, including:

o

o

o

o

o

Complete blood count (CBC);

Urinalysis;

Biochemical blood analysis (ferritin, C-reactive protein (CRP),
procalcitonin, ALT, AST, glucose);

Coagulation profile;

D-dimer testing.

Consultations with specialists — endocrinologist, hematologist, or

intensivist — were conducted as clinically indicated.

2.3.1. Ophthalmologic Examination Methods
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The study enrolled patients with varying degrees of systemic severity, and

examinations were performed across different medical institutions and

departments. Consequently, the list of standard ophthalmological procedures

varied depending on the technical feasibility at each site.

Standard ophthalmic assessment included:

History taking and evaluation of complaints.

During anamnesis collection, specific attention was paid to:

patient age;

the relationship of symptoms to coronavirus infection—development of
symptoms during a confirmed COVID-19 illness or during hospitalization
in a COVID-19 treatment center;

laterality of the process (unilateral or bilateral);

timing of symptom onset;

potential triggers or precipitating factors.

External examination.

During inspection of the orbital region, the following parameters were

assessed:

presence of ptosis;

signs of periorbital cellulitis;

lagophthalmos;

exophthalmos;

chemosis.

To determine the degree of ptosis, the following classification was applied:
Partial ptosis — the upper eyelid margin is positioned at the upper third of
the pupil;

Incomplete ptosis — the eyelid margin reaches the mid-pupillary level;
Complete ptosis — the upper eyelid fully covers the pupil.

Assessment of cutaneous sensitivity in the paraorbital region.

This test was performed to evaluate the function of the ophthalmic branch

(V1) of the trigeminal nerve (cranial nerve V). Sensitivity was assessed by

standard comparative testing on symmetrical facial areas. Additionally, sensitivity
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of the zygomatic region and the presence of intraoral numbness—symptoms
frequently detected—were evaluated.

Assessment of extraocular motility.

Eye movements were examined using standard protocols to detect partial
or complete ophthalmoplegia. Facial muscle function was evaluated concurrently
to identify possible involvement of cranial nerve VII.

Visual acuity testing (Visometry).

In patients with stable systemic conditions, visual acuity was measured in
the ophthalmology office using the Golovin—Sivtsev charts, both without
correction and with optimal refractive correction.
In patients with severe systemic status, the examination was performed at the
bedside using Polyak optotypes.

Tonometry.

In the absence of chemosis or periorbital cellulitis, intraocular pressure was
measured using the Maklakov method.

Exophthalmometry.

Proptosis measurement was performed using the Hertel exophthalmometer
(Russia) (see Figure 2.1). The degree of globe protrusion was recorded in
millimeters.

To grade the severity of exophthalmos, the 1976 classification by V. G.
Baranov was applied:

o Grade I — exophthalmos from 15.0 £ 0.2 mm;
o Grade II — exophthalmos from 17.9 £ 0.2 mm;
o Grade Il — marked exophthalmos up to 22.8 = 1.1 mm.

Assessment of corneal sensitivity.

Performed using the standard technique by gently touching the cornea with
a fine cotton wisp or a single delicate fiber while manually holding the eyelids
open. The corneal response was graded using a “++++” scale to determine
sensitivity level.

Evaluation of pupillary light response and detection of mydriasis.

This was performed using a “Heine” (Germany) electric ophthalmoscope.

33



Direct ophthalmoscopy.
Conducted with a direct electric ophthalmoscope (Heine, Germany).
Biomicroscopy of the anterior segment.

In patients with severe systemic conditions, anterior segment

biomicroscopy was performed at the bedside using the handheld OP-2 electric

ophthalmoscope (Russia) equipped with biomicroscopic and diaphanoscopic

adapters.

In patients with stable physical status, the evaluation was performed in the

ophthalmology office using a slit lamp (FSL 211, Carl Zeiss, Germany).

B.

B
Figure 2.3. A. Huvitz HOCT-1F/1 optical coherence tomograph.

Fundus color imaging mode (FUNDUS).

C. Retinal cross-sectional scanning mode (OCT).

Optical coherence tomography was performed using the HOCT-1F/1

system manufactured by Huvitz (Republic of Korea) (see Figure 2.3). The

examination protocol included:
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High-resolution color fundus photography in FUNDUS mode, and
Cross-sectional retinal imaging (OCT mode) focused on the macular region
and the optic nerve head.

2.3.2. Radiological Assessment Methods



Due to its complex neurovascular anatomy, cavernous sinus thrombosis
(CST) represents the most severe form of intracranial venous thrombosis. The
cavernous sinus is a paired anatomical structure located at the skull base along the
lateral surfaces of the sella turcica.

Typically, the diagnosis is confirmed based on characteristic ophthalmic
manifestations such as ptosis, exophthalmos, ophthalmoplegia, and loss of eyelid
skin sensitivity. However, confirming the diagnosis only after these symptoms
become clinically evident may be excessively late for initiating effective therapy.
This delay is critical because the presence of such symptoms reflects damage to
the oculomotor nerves, which, in cases of COVID-19-associated CST, is often
irreversible.

Given that conventional imaging modalities do not always allow reliable
visualization of the thrombus and that contrast enhancement may lead to uneven
distribution of contrast medium with potential misinterpretation of the findings, a
more detailed radiological protocol was proposed by Bilalov E.N., Oripov O.I.,
Umarov R.Z. (2020).
This approach includes assessment not only of the cavernous sinus, but also of the
orbital veins and the orbital cavity. The technique utilizes specialized T2 TSE and
Dark Fluid T2 MRI sequences with thin slices ranging from 0.6 to 1.6 mm.

High-resolution three-dimensional thin-slice acquisitions in T2 mode allow
visualization of individual cranial nerves within the cavernous sinus and adjacent
basal cisterns. TSE and Dark Fluid T2 sequences are routinely used for imaging
the orbits and optic nerves. Standard scanning parameters typically include:
TR: 9000 ms, TE: 105 ms, TI: 2500 ms, FOV: 230 mm,
Matrix: 210 x 256, Flip angle: 180° Slice thickness: 3 mm,
Number of slices: 12, Scan time: 4 min 39 s.

The essence of the proposed technique lies in significantly reducing slice
thickness to enhance spatial resolution for detecting intraorbital pathology.
Imaging in this mode allows clear visualization of:

« thrombus formation within the orbital veins,
« orbital soft-tissue infiltrates,
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o optic nerve edema.
Advantages of this MRI protocol

o FEarly detection of cavernous sinus thrombosis before overt clinical
manifestation.

o No requirement for contrast agents, making the method more economical
and safer.

o Thin-slice acquisition enables identification of venous congestion or
thrombus in the projection of the affected orbital vein.

o Unlike MSCT, MRI avoids radiation exposure.

A International Patent Certificate for Utility Model (EU-01-003382) was
granted for this visualization method (see Fig. 2.5).

MRI evaluation for this study was performed using a Siemens 1.5-T high-
field scanner at the “AkfaMedLine” clinic.

Pathomorphological examination

Surgical specimens were collected intraoperatively. Due to its complex
neurovascular anatomy, cavernous sinus thrombosis (CST) represents the most
severe form of intracranial venous thrombosis. The cavernous sinus is a paired
anatomical structure located at the skull base along the lateral surfaces of the sella
turcica.

Typically, the diagnosis is confirmed based on characteristic ophthalmic
manifestations such as ptosis, exophthalmos, ophthalmoplegia, and loss of eyelid
skin sensitivity. However, confirming the diagnosis only after these symptoms
become clinically evident may be excessively late for initiating effective therapy.
This delay is critical because the presence of such symptoms reflects damage to
the oculomotor nerves, which, in cases of COVID-19-associated CST, is often
irreversible.

Given that conventional imaging modalities do not always allow reliable
visualization of the thrombus and that contrast enhancement may lead to uneven
distribution of contrast medium with potential misinterpretation of the findings, a
more detailed radiological protocol was proposed by Bilalov E.N., Oripov O.1.,
Umarov R.Z. (2020).
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This approach includes assessment not only of the cavernous sinus, but also of the
orbital veins and the orbital cavity. The technique utilizes specialized T2 TSE and
Dark Fluid T2 MRI sequences with thin slices ranging from 0.6 to 1.6 mm.

High-resolution three-dimensional thin-slice acquisitions in T2 mode allow
visualization of individual cranial nerves within the cavernous sinus and adjacent
basal cisterns. TSE and Dark Fluid T2 sequences are routinely used for imaging
the orbits and optic nerves. Standard scanning parameters typically include:
TR: 9000 ms, TE: 105 ms, TI. 2500 ms, FOV: 230 mm,
Matrix: 210 x 256, Flip angle: 180° Slice thickness: 3 mm,
Number of slices: 12, Scan time: 4 min 39 s.

§ 2.4. Statistical Analysis of the Obtained Data

Statistical processing of the study results was performed using Microsoft Excel
2019. Methods of medical variational statistics were applied, including
calculation of descriptive indicators such as the arithmetic mean of each
parameter, standard deviation for relative values (frequency, %), and the standard
error of the mean.
The statistical significance of differences between mean values was assessed
using Student’s t-test with estimation of the probability of error. Differences were
considered statistically significant at a confidence level of p < 0.05.
Data evaluation was conducted according to statistical approaches appropriate for

small sample sizes.

CHAPTER III. CLINICAL PROFILE OF OCULAR AND ORBITAL
INVOLVEMENT IN COVID-19-ASSOCIATED CAVERNOUS SINUS
THROMBOSIS

Due to its complex neurovascular anatomy, cavernous sinus thrombosis
(CST) represents the most severe form of intracranial venous thrombosis. The
cavernous sinus is a paired anatomical structure located at the skull base along the

lateral surfaces of the sella turcica.
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Typically, the diagnosis is confirmed based on characteristic ophthalmic
manifestations such as ptosis, exophthalmos, ophthalmoplegia, and loss of eyelid
skin sensitivity. However, confirming the diagnosis only after these symptoms
become clinically evident may be excessively late for initiating effective therapy.
This delay is critical because the presence of such symptoms reflects damage to
the oculomotor nerves, which, in cases of COVID-19-associated CST, is often
irreversible.

Given that conventional imaging modalities do not always allow reliable
visualization of the thrombus and that contrast enhancement may lead to uneven
distribution of contrast medium with potential misinterpretation of the findings, a
more detailed radiological protocol was proposed by Bilalov E.N., Oripov O.I.,
Umarov R.Z. (2020).
This approach includes assessment not only of the cavernous sinus, but also of the
orbital veins and the orbital cavity. The technique utilizes specialized T2 TSE and
Dark Fluid T2 MRI sequences with thin slices ranging from 0.6 to 1.6 mm.

High-resolution three-dimensional thin-slice acquisitions in T2 mode allow
visualization of individual cranial nerves within the cavernous sinus and adjacent
basal cisterns. TSE and Dark Fluid T2 sequences are routinely used for imaging
the orbits and optic nerves. Standard scanning parameters typically include:
TR: 9000 ms, TE: 105 ms, TI. 2500 ms, FOV: 230 mm,
Matrix: 210 x 256, Flip angle: 180° Slice thickness: 3 mm,
Number of slices: 12, Scan time: 4 min 39 s.
visual loss, or proptosis. In addition, otorhinolaryngologists, maxillofacial
surgeons, neurologists or neurosurgeons, hematologists, and intensivists may be
required in the care of these patients. Given that many affected individuals present
with severe systemic illness, the role of the intensivist is particularly important.
Thus, COVID-19-related CST represents a complex clinical challenge
encompassing multiple diagnostic and therapeutic dimensions. The
ophthalmologist’s role is not limited to diagnosing and documenting ocular signs;
in many cases, the ophthalmologist must also participate in decision-making
regarding conservative management strategies.
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Considering the above, the following sections also address the major risk factors
and clinical manifestations of COVID-19-associated CST beyond the orbital
structures.

§ 3.1. Clinical Characteristics of COVID-19-Associated CST in Patients
The scientific literature contains relatively few studies devoted specifically to
cavernous sinus thrombosis. Existing publications describe a range of clinical
forms of CST, which may vary depending on the anatomical location of the

affected segment of the sinus.
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Figure 3.1. Anatomical Structure of the Cavernous Sinus
The pattern of cranial nerve involvement varies according to the anatomical

location of the lesion along the wall of the cavernous sinus: The scientific
literature contains relatively few studies devoted specifically to cavernous sinus
thrombosis. Existing publications describe a range of clinical forms of CST, which
may vary depending on the anatomical location of the affected segment of the

sinus.

Anterior Cavernous Sinus Syndrome
Involvement of the
Posterior Cavernous Sinus Syndrome
When the posterior segments of the cavernous sinus are affected, the lesion
typically involves:

« cranial nerve VI, and

« all three divisions of the trigeminal nerve (V1, V2, V3).
The resulting clinical picture includes:

« diplopia,

« convergent paralytic strabismus,

« eyelid and conjunctival edema,

e prominent proptosis.

B Anterior cavernous sinus syndrome @ Middle cavernous sinus syndrome

Posterior cavernous sinus syndrome ' Complete cavernous sinus syndrome

75,6%

13,5%
5,4% 5,4%
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“Figure 3.2. Prevalence of clinical forms of COVID-19-associated

cavernous sinus thrombosis.”
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Analysis of the prevalence of various clinical forms of COVID-19-associated
cavernous sinus thrombosis (CST) demonstrated that in most cases (75.6%), a
complete cavernous sinus syndrome was observed, characterized by involvement
of all oculomotor nerves as well as the first and second branches of the trigeminal
nerve. The anterior cavernous sinus syndrome was identified in 5.4% of cases, the
middle cavernous sinus syndrome in 5.4% of cases, and the posterior cavernous
sinus syndrome in 13.5% of cases (Fig. 3.2). In syndromic variants of CST, the
pathological process typically proceeds with a milder clinical course, in most

cases with preservation of visual function and involvement of various cranial

nerves depending on their topographic location.
@ Unilateral process Bilateral process
84,3%
100,0%
80,0%
60,0% 15,6%
40,0%
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Figure 3.3. Frequency of pathological process extension to the contralateral
eye.
Analysis of clinical cases of cavernous sinus thrombosis (CST) demonstrated that
in 84.3% of cases, the pathological process was unilateral, whereas in 15.6% of
cases, the process extended to the opposite eye, resulting in bilateral CST (Fig.
3.3). An investigation of the prevalence of superior orbital fissure symptoms
showed that in 74 eyes affected by CST, classical components of the syndrome
were observed in more than 70% of cases, including reduced sensitivity of the
paraorbital skin, mydriasis, complete ophthalmoplegia, exophthalmos, and ptosis.

Partial ophthalmoplegia was detected in 24% of eyes with syndromic variants of
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CST (Fig. 3.4).

Venous plethora of the fundus _ 64,8%
Decreased sensatlop in the periorbital _ 70.2%
skin
vyarisis - [ .5
Partial ophthalmoplegia - 24,3%

Complete ophthalmoplegia _ 74,3%
Exophthatmos |G 7.

prosis - |G 725"

0% 20% 40% 60% 80%  100%

Figure 3.4. Frequency of symptoms of the superior orbital fissure (n = 74
eyes).

As is well known, two variants of clinical presentation can be distinguished
in cavernous sinus thrombosis (CST), each following certain characteristic
patterns: an aseptic (ischemic) variant, characterized by a slow progression of
symptoms, and a septic variant, in which symptoms appear abruptly and rapidly
worsen. Analysis of classical archival cases showed that the septic variant was
observed in 70% of cases, whereas the aseptic variant was present in 30%, and
these two forms could be clearly differentiated based on their clinical
manifestations.

However, analysis of symptoms and their progression in cases of COVID-19—
associated CST demonstrated that the clinical presentation of this condition
cannot be unequivocally assigned to either variant.

In the majority of patients in the main group, a purulent-inflammatory process
developed in the paranasal sinuses, progressing to a necrotic stage. Nevertheless,
identifying which pathological process was primary proved difficult due to the

simultaneous development of multiple symptoms.
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Special attention should be given to the intensity of symptoms of periorbital
cellulitis, reduced corneal sensitivity, and retinal edema. Analysis of archival data
suggests that most patients exhibited classic clinical manifestations of CST.

Thus, the analyzed CST cases demonstrate a distinctive clinical course.
They cannot be definitively classified as either aseptic or septic, as both a gradual
progression of symptoms—characteristic of the aseptic variant—and signs of
orbital phlegmon—suggestive of septic cavernous sinus thrombosis—were
observed. However, it remains difficult to determine which process was primary:
the development of purulent hemisinusitis with subsequent spread to the orbit, or
cavernous sinus thrombosis followed by the development of a purulent-necrotic
process in the paranasal sinuses.

E “Complete CST syndrome (56 eyes) ® “Syndromic variants (18 eyes)”
“Healthy eyes (54 eyes)”
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Figure 3.5. Structure of inflammatory process forms in the orbital
structures and the eyeball.

Subsequently, randomization of eyes in the overall sample (128 eyes) was
performed according to the type of pathological process into three groups:
complete CST syndrome, syndromic CST variants, and the group of healthy eyes.

Analysis of the frequency of inflammatory process forms in the orbit and
the eyeball showed that in 46% of eyes with complete CST, infiltrative

inflammation of the orbital contents was observed, confirmed by MRI findings.
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Orbital phlegmon developed in 17.8% of eyes. Inflammatory ocular pathologies
such as uveitis, endophthalmitis, and panophthalmitis occurred considerably less
frequently. It should be noted that none of these inflammatory forms were detected
in eyes with syndromic variants of CST (Fig. 3.5).

§ 3.2. Clinical characteristics of eyeball involvement in patients with
COVID-19-associated CST

Figure 3.6 illustrates the prevalence of individual clinical symptoms of
inflammatory lesions of the eyeball and its adnexa. Particular attention should be
paid to the relatively frequent development of inflammatory changes of the
eyelids, conjunctiva, and paraorbital fat.

The clinical presentation of complete CST syndrome was characterized by
predominance of conjunctival or mixed vascular injection. In 50% of eyes,
conjunctivitis manifested with purulent discharge. Corneal precipitates were
documented in more than 32.1% of eyes. Corneal erosion was noted in 10.7% of
eyes. Hypopyon was present in 8.9%, and hyphema in 7.1%. Vitreous
inflammation (vitritis) was observed in 25% of patients, which impeded
ophthalmoscopy. Periorbital cellulitis was also recorded in 19.6% of eyes.

In eyes with syndromic variants of CST, conjunctival injection was
observed in 75% of cases, pericorneal injection in 6.3%, purulent discharge in

12.5%, corneal precipitates in 6.3%, and vitritis in 12.5% of cases.
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Figure 3.6. Prevalence of ophthalmological symptoms of inflammatory

genesis.

Below are clinical examples of lesions of the eyeball structures in

patients with COVID-19-associated CST (Fig. 3.7).

“Corneal precipitates” “Uveitis”

Endophthalmitis Panophthalmitis
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“Figure 3.7. Clinical presentation of lesions of the eyeball structures in
patients with COVID-19-associated CST.”
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Figure 3.8. Ophthalmoscopic symptoms in patients with COVID-19-
associated CST.

Figure 3.8 presents the results of the evaluation of specific fundus changes
identified using ophthalmoscopy. In the eyes of patients with complete CST, the
most common findings included optic disc edema, small hemorrhages, and
pronounced signs of retinal ischemia manifested as the copper-wiring sign and the
cherry-red spot. In eyes with incomplete cavernous sinus thrombosis, the most

frequently observed changes were small hemorrhages and perivascular drusen

(Fig. 3.9).

Optic disc edema Multiple perivascular drusen
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“Signs of angiosclerosis (copper- “Signs of severe retinal ischemia
wiring sign)” (cherry-red spot sign)”
Figure 3.9. Characteristic ophthalmoscopic signs in eyes with COVID-

19-associated CST.

Fundus ophthalmoscopy was successfully performed in 75% of eyes with
complete CST. In the remaining cases, examination was not possible due to the
presence of vitritis, hypopyon, or pronounced corneal edema. Ophthalmoscopy
revealed the following signs: optic disc edema (67.8%); presence of perivascular
drusen (21.4%); cherry-red spot sign (26.7%), which was more frequently
observed in patients during the convalescent phase; small hemorrhages in the
equatorial region (53.5%); copper-wiring sign (28.5%); and diffuse retinal edema
(10.7%).

Fundus ophthalmoscopy was successfully performed in 87.5% of eyes with
syndromic variants of CST. The following signs were identified: optic disc edema
(31.3%); presence of perivascular drusen (50%); and small equatorial
hemorrhages (18.8%).

§ 3.3. Results of the assessment of the choroidal status using OCT
At the second stage of the study, we performed an evaluation of ocular structural
involvement using optical coherence tomography (OCT), which enables
assessment of morphological changes in cross-sectional scans of any retinal
region, and OCT angiography, which allows visualization of the retinal vascular

network at any layer without the use of contrast agents.

Figure 3.10. OCT and OCT-angiography findings.

Since retinal and optic nerve changes that develop as a result of CST are
not specific, the main focus of our study was directed toward the evaluation of the
choroid. This approach was also justified by multiple studies confirming the
presence of systemic vasculitis in COVID-19, which could manifest as alterations

in the thickness and structural characteristics of the choroid.
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Using OCT, an assessment of choroidal thickness was performed in eyes
with CST and in the healthy fellow eyes of the same patients. The results
demonstrated that eyes with the complete variant of CST exhibited marked
choroidal thickening. Eyes with partial (syndromic) CST also showed pronounced
thickening. It is noteworthy that even in the healthy eyes of these patients, the
mean choroidal thickness values were significantly higher than normal reference

values.

“Figure 3.11. Method for assessing choroidal thickness.”
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Figure 3.12. Comparative assessment of choroidal thickness, pm.

During the acquisition and analysis of angiographic findings in patients
with severe disease, a reduction in the mean capillary network density was
identified, primarily in the superficial vascular plexuses, across the entire inferior

parafoveal and perifoveal segments. Focal segmentations and vascular narrowing
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were also detected. The capillary diameter was reduced, the fan-shaped vascular
pattern was disrupted, and the mean vascular density was decreased.
However, in the peripapillary region, the anatomy and patency of the vessels in
all vascular plexuses remained unchanged. The outer plexuses and the
choriocapillaris layer showed no vascular abnormalities. A clinically significant
finding was the pathological thickening of all layers of the choroid, including the

choriocapillaris, Sattler’s medium-vessel layer, and Haller’s large-vessel layer.

In our study, we measured the subfoveal choroidal thickness on a horizontal
scan passing through the center of the foveola. This distance is measured from the
outer border of the retinal pigment epithelium to the inner border of the sclera in

this region.

§ 3.4. Results of orbital structure assessment in patients with COVID-
19-associated CST based on MRI findings

To evaluate orbital involvement, we used MRI in T2 TSE and Dark Fluid
T2 modes with thin slices (0.6—1.6 mm), previously proposed by Bilalov, Umarov,
and Oripov for early diagnosis of COVID-19-associated CST. The method is
based on the detection of early CST signs manifested as changes within the orbital

soft tissues.

Using this method, the following signs of orbital structural damage were

identified:

edema of para- and retrobulbar fat tissue;

dilation of the superior ophthalmic vein with T2 signal enhancement;
« edema of extraocular muscles;
« anterior displacement of the eyeball;

« heterogencous signal intensity of the cavernous sinus with hypointense

areas on T2;

« enlargement of the cavernous sinus projection;
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« enlargement of the optic nerve projection and the perineural subarachnoid

space.

“In the right orbit, an enlargement of  “In the right orbit, an enlargement of
the extraocular muscle projections is the projection of the superior
observed as a result of their edema. ophthalmic vein is noted, resulting
from a congestive process.”.

“In the left orbit, there is marked “In the left orbit, an enlargement of
edema of the orbital soft-tissue the optic nerve projection is observed,
structures accompanied by resulting from its edema.”.

pronounced exophthalmos.”

“Figure 3.13. Clinical examples of orbital structural alterations on MRI
images.”
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Figure 3.14. Prevalence of MRI signs of orbital involvement.
Graph 3.14 shows the frequency of the indicated orbital involvement signs in
complete and incomplete forms of cavernous sinus thrombosis (CST). It should
be noted that in the syndromic variants of CST, signs of orbital soft-tissue
involvement are also detected in an average of 65% of cases. This indicates that
despite the absence of severe functional impairments, patients still exhibit edema
of the parabular and retrobulbar fat, extraocular muscles, the optic nerve and its

soft sheath, as well as venous congestion in the superior ophthalmic vein.

Figure 3.15. Clinical presentation of orbital bone involvement on
MSCT.

Figure 3.15 demonstrates the pattern of orbital bone involvement in
COVID-19-associated CST. Bone structures of the orbit were most frequently
affected in the setting of a purulent-necrotic process, i.e., in cases of orbital
phlegmon. In such cases, the process most commonly began with necrotic
involvement of the medial orbital wall, where a defect subsequently formed,
leading to the development of a pathological communication with the ethmoidal
sinus. The presented images illustrate examples of a purulent-necrotic process

accompanied by disruption of the bony wall’s integrity.
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CHAPTER IV. RESULTS OF PATHOMORPHOLOGICAL
EXAMINATION

As 1s well known, two variants of clinical presentation can be distinguished in
cavernous sinus thrombosis (CST), each following certain characteristic patterns:
an aseptic (ischemic) variant, characterized by a slow progression of symptoms,
and a septic variant, in which symptoms appear abruptly and rapidly worsen.
Analysis of classical archival cases showed that the septic variant was observed
in 70% of cases, whereas the aseptic variant was present in 30%, and these two
forms could be clearly differentiated based on their clinical manifestations.
Damage to the endothelium of cerebral venous sinuses caused by the COVID-19
pathogen leads to the formation of platelet aggregates. This process results in
thrombosis within the venous vessels of the brain. Early symptoms include
headache, loss of consciousness, and seizures. From an ophthalmologic
perspective, eyelid and ocular edema, redness, and tenderness are observed,
followed by the development of exophthalmos. Among the possible complications
are cerebral infarction and stroke. Cavernous sinus thrombosis represents an
occlusion of the lumen of the cavernous sinus by a thrombus.
During the autopsy of a patient who died from COVID-19-associated CST,
pathological material (fragments of the cavernous sinus and cerebral vessels) was
obtained for the purpose of identifying the morphological basis of
thrombogenesis. The conclusions of the pathomorphological analysis of cerebral
vessels are presented below.
Pathomorphological examination revealed that some vessels exhibited endothelial
injury with detachment and exposure of the basement membrane. The micrograph
demonstrates the marginal arrangement of blood elements within the vessel
lumen, characterized by cellular adhesion and infiltration of the vessel wall by
leukocytes and lymphoid cells (Fig. 4.1).
In small cerebral vessels, fibrin strands were found within the lumen, forming a
dense network that occluded the vessel in a segmental pattern (Fig. 4.2). Venous

vessels exhibited pronounced stasis and erythrocyte sludging (Fig. 4.3),
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accompanied by thinning of the vascular wall and marked perivascular edema of

the brain parenchyma.

Figure 4.1. Marginal arrangement and adhesion of blood elements to the
vascular wall. Staining: H&E. Magnification: 10x40.

Figure 4.2. Formation of a fibrin thrombus in the lumen of an arteriole.
Staining: H&E. Magnification: 10x40.

Figure 4.3. Formation of an erythrocyte thrombus in the lumen of a venule.
Staining: H&E. Magnification: 10x40.

Figure 4.4. Formation of an occlusive thrombus in the lumen of an
arteriole. Staining: H&E. Magnification: 10x40.

Following coronavirus infection, coagulopathy develops in the cerebral
vessels in the form of thrombus formation (fibrin—platelet thrombi in arterial
lumens (Fig. 4.4), erythrocyte thrombi in venous vessels, and hyaline thrombi in
capillaries). As a result of coagulopathy and thrombus formation in vessels of
various calibers, the brain parenchyma develops edema, encephalomalacia, and
perivascular cerebral infarctions.

Based on the pathological findings, it can be concluded that coronavirus
infection affects the vascular system of the body. In particular, nearly all
components of the vascular system in the cerebral vessels are involved. Initially,
the endothelium i1s affected: due to viremia and toxemia, endothelial surface
damage occurs, characterized by dystrophic swelling of the cytoplasm followed
by detachment and exposure of the basal membrane. Subsequently, the basal and
elastic membranes, the muscular layer, and the adventitia of the vessel wall
become involved. Endothelial injury ultimately leads to thrombus formation.

§ 4.2. Results of the pathomorphological examination of orbital bone
fragments and soft tissues
SARS-CoV-2, the virus that causes COVID-19, affects the angiotensin-converting

enzyme 2 (ACE2) receptors expressed in the epithelium of the upper respiratory

tract, alveolar cells, alveolar monocytes, vascular endothelium, salivary gland
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epithelium, esophageal epithelium, macrophages, and various other cells that
possess receptors for this virus, demonstrating its pronounced polytropism.
SARS-CoV-2 is capable of active replication in the epithelial cells of the upper
respiratory tract. As a result, COVID-19 frequently presents with severe disease
progression characterized by acute respiratory distress syndrome (ARDS). This
severity is attributed to extensive viral replication in the bloodstream, immune
system dysfunction, hypoxia, and multiorgan damage involving the heart,
kidneys, lungs, esophagus, brain, and vascular system.

Expression of ACE2 receptors increases in the cells of various organs, leading to
more severe disease approximately two weeks after infection. The pathogenesis
of COVID-19 is defined by destructive—proliferative thrombovasculitis,
hypercoagulation, microangiopathy, and immune system dysfunction.

Patients develop a hyperergic immune response to SARS-CoV-2 infection,
resulting in a systemic inflammatory process involving the alveolar capillaries,
severe damage to other organs, and the possible development of septic shock.
The pathogenic and morphogenetic aspects of COVID-19 described above remain
insufficiently studied, particularly concerning areas rich in venous structures—
such as the cerebral venous sinuses, facial veins, nasal cavity, paranasal sinuses,
and orbital vasculature. In the tissues of these anatomical regions,
thrombovasculitis and hypercoagulation syndrome lead to necrotic changes and
inflammatory processes in the soft tissues.

Material for the pathomorphological analysis was obtained during surgical
intervention. The specimens consisted of fragments of the ethmoid and maxillary
bones, as well as orbital soft tissues. For morphological study, the material was
fixed in a 10% neutral buffered formalin solution for three days. Following
fixation, the tissue was rinsed in running water for at least two hours, dehydrated
in alcohols of increasing concentration and chloroform, and subsequently
embedded in paraffin wax.

Photographs of the prepared microscopic specimens and their descriptions are

presented in Figure 4.5.
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Figure 4.5 (A). Fragments of the ethmoid bone (medial orbital wall)
showing resorption and calcification.
Figure 4.5 (B). Fragments of the ethmoid bone (medial orbital wall)

containing an inflammatory infiltrate.

Figure 4.5 (C). Fragments of the ethmoid bone (medial orbital wall) with
extensive hemorrhages.
Figure 4.5 (D). Marked edema and destructive changes are observed in the

soft tissues of the orbit; the sinusoids are filled with mucus and exudate.

Figure 4.5 (E). Within the soft tissues, there are foci of inflammatory
granulation tissue containing thin-walled blood vessels.

Figure 4.5 (D). Within the soft tissues, there are foci of inflammatory
granulation tissue with fibrinoid necrosis of their walls and fibrin thrombi in
the lumen.

As is well known, two variants of clinical presentation can be distinguished
in cavernous sinus thrombosis (CST), each following certain characteristic
patterns: an aseptic (ischemic) variant, characterized by a slow progression of
symptoms, and a septic variant, in which symptoms appear abruptly and rapidly
worsen. Analysis of classical archival cases showed that the septic variant was
observed in 70% of cases, whereas the aseptic variant was present in 30%, and
these two forms could be clearly differentiated based on their clinical
manifestations.

Another important alteration consisted of pronounced tissue edema, leading to
atrophy and disintegration of structural elements, while focal areas demonstrated
necrobiosis. Observations showed that the pigment cells of the pigmented
epithelium underwent atrophy and displacement, with some exhibiting
degeneration and necrobiosis. In the anterior margin of the connective-tissue layer
of the pigmented epithelium, coronavirus-induced changes included signs of
mucoid and fibrinoid swelling within stromal vessels. The choroid occupies a
large area of the eye and includes the iris, ciliary body, and choroidea. It is

supplied by the posterior ciliary arteries, while the venous drainage system has a
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specific structure, with a large volume of blood passing through varicose-like
dilated veins, leading to frequent blood stasis. This, in turn, results in the retention
of microorganisms along with blood, creating conditions for the development of
inflammatory processes. Surrounding the choroidal capillaries is Bruch’s
membrane and a single layer of pigment epithelium, which separates the choroid
from the retina. The choroid is not firmly fused with the sclera, which often leads
to hemorrhages forming between them.

The choroid consists of five layers:
In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.
In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.
Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).
In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,
and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These

infiltrates were predominantly perivascular, and lymphocytic thrombi were
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observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.

§ 4.3. Pathomorphological findings of the ocular structures

In this study, tissues of the ocular globe were examined. The collected material
included conjunctival tissue, cornea, sclera, choroidal vessels, iris, ciliary body,
optic nerve, and retina.

Microscopic evaluation of the ocular structures in COVID-19-associated CST
revealed various pathological changes, including circulatory disturbances,

thrombosis, degeneration, and signs of inflammation.

4.3.1. Choroid
The choroid occupies a large area of the eye and includes the iris, ciliary

body, and choroidea. It is supplied by the posterior ciliary arteries, while the
venous drainage system has a specific structure, with a large volume of blood
passing through varicose-like dilated veins, leading to frequent blood stasis. This,
in turn, results in the retention of microorganisms along with blood, creating
conditions for the development of inflammatory processes. Surrounding the
choroidal capillaries is Bruch’s membrane and a single layer of pigment
epithelium, which separates the choroid from the retina. The choroid is not firmly
fused with the sclera, which often leads to hemorrhages forming between them.
The choroid consists of five layers:

1. Outer layer — connective tissue attached to the sclera

2. Layer of large vessels (Haller’s layer) — composed mainly of venous
vessels
Arterial layer of medium-sized vessels (Sattler’s layer)

Choriocapillaris layer

wn B~ W

Bruch’s membrane,

6. 2-3 um thick, separating the choroid from the retina
In the choroidal tissue, numerous thrombi were identified in venous vessels
traversing the sclera. The veins were paralytically dilated; their lumina contained
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thrombi (Fig. 4.6), dense fibrin clots filling the lumen, desquamation of
endothelial cells, lymphoid cells, and fragments of destroyed cells. The presence
of lymphocytic thrombi in the veins confirms SARS-CoV-2 infection. As a result,
the choroidal tissue exhibited dystrophic and necrobiotic alterations. Significant

scleral thickening was also noted, indicating the development of acute edema.

Figure 4.6. Fragment of the border zone between the sclera and the
choroid; fibrin and lymphocytic thrombi are identified within the lumen of
the vein. Staining: H&E. Magnification: 10x40.

The pigment epithelium located beneath the choroid exhibited dystrophy
and destruction, while the choriocapillaris vessels above it were dilated, resulting
in slowed blood inflow. The arterial blood vessels were also slightly dilated, and
the veins appeared more lucent; some were filled with erythrocytes, whereas
others contained plasma (Fig. 4.7), which indicated altered hemodynamics in the
atrophic tissues.

When the choroid was affected by the coronavirus, an immunopathological
reaction developed, characterized by the formation of a lymphoproliferative

infiltrate as a result of acute autoimmune injury within its tissues (Fig. 4.8).

Figure 4.7. The uveal tract of the eyeball showing pronounced signs of
circulatory disturbances, interstitial tissue edema, and tissue dystrophy and

necrobiosis. Staining: H&E. Magnification: 10x40..

Figure 4.8. The uveal tract of the eyeball showing lymphoid infiltration
across all layers. Staining: H&E. Magnification:
From the vascular layers. Venous vessels within the venous layer were markedly
dilated, some of them ruptured, with hemorrhages developing around them.
Necrobiotic degeneration and necrosis were observed in the tissues located
between the lymphoid infiltrates.
Since the pigment epithelium constitutes a component of the choroid, microscopic

examination revealed the following changes, the most prominent of which were
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marked dilation of blood wvessels, their congestion with blood, and

erythrodiapedesis.

Figure 4.9. Iris: marked vascular dilation, perivascular hemorrhages, tissue
edema, and lymphoid infiltration of the interstitial tissue. Staining: H&E.
Magnification: 10x40.

Another important alteration consisted of pronounced tissue edema, leading
to atrophy and disintegration of structural elements, while focal areas
demonstrated necrobiosis. Observations showed that the pigment cells of the
pigmented epithelium underwent atrophy and displacement, with some exhibiting
degeneration and necrobiosis. In the anterior margin of the connective-tissue layer
of the pigmented epithelium, coronavirus-induced changes included signs of
mucoid and fibrinoid swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary
contraction.

In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,

and muscle cells were in a state of involuntary contraction. In several cases,
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lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around

the blood vessels, and lymphocytic thrombi developed in some veins.

Figure 4.10. Iris: the outer and middle layers exhibit pronounced loose

lymphoid infiltration. Staining: H&E. Magnification: 10x40.

Examination of the ciliary body revealed the development of marked circulatory,
inflammatory, and destructive—necrotic alterations, which were most frequently
identified on histological sections (see Fig. 4.11). The circulatory disturbances
were characterized by dilation of blood vessels, tissue edema, and atrophy,

accompanied by hemorrhages in certain areas.

Figure 4.11. Ciliary body: extensive hemorrhages, foci of edema, and tissue
necrosis. Staining: H&E. Magnification: 10x40.

As a result, compression, deformation, and structural alterations were
identified, leading to dystrophic and necrotic changes in some of the muscular
lamellae of the ciliary body. The muscle fibers of the ciliary body were dilated
and deformed; signs of mucoid and fibrinoid swelling, as well as necrosis, were
detected within its stroma. Detachment of the ciliary body’s basal membrane from
the sclera and its deformation were also observed, caused by edema associated
with fibrinoid swelling and fibrinoid necrosis.

In some cases, the mesodermal portion of the ciliary body exhibited predominant
lymphoid infiltration and vascular atrophy (Fig. 4.12). As a result, signs of
dystrophy and destruction of pigment cells within the ciliary body were identified.

Figure 4.12. Ciliary body: lymphoid infiltration in the mesodermal layer;
pigment cells exhibit dystrophy and destruction. Staining: H&E.
Magnification: 10x40.
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4.3.2. Retina

In the course of studying the pathomorphological changes occurring in the ocular
tissues as a result of SARS-CoV-2—related complications, special attention—
following the vascular layer—was directed to the retina. It was established that in
most cases, the retina became detached from the underlying choroid, accompanied
by extensive hemorrhage. Within the surrounding blood, lymphoid cells were
identified in addition to plasma cells and erythrocytes. The retina was found to be
deformed and focally condensed in certain areas (Fig. 4.13).

It should be noted that in various cases of retinal involvement, severe hemorrhages
were also detected within the choroid, along with profound tissue and cellular

alterations leading to destruction and necrosis (Fig. 4.14).

Figure 4.13. Retina: complete detachment from the choroid with formation of
a hemorrhage between them. Staining: H&E. Magnification: 10x40.
Figure 4.14. Retina: pronounced edema leading to vacuolization, loosening,

and necrobiosis across all layers. Staining: H&E. Magnification: 10x40.
The choroid and the nuclear layers of the retina were also edematous, with
destruction of cellular and tissue structures, resulting in a disruption of normal
histotopography. Similar changes were observed in the outer plexiform and
nuclear layers. The subsequent inner nuclear layer and internal limiting membrane
showed deformed cell nuclei clustered into large accumulations. The ganglion cell
layer was extensively damaged, with partial loss of neuronal cells, while the
intercellular spaces became edematous and vacuolated. The outer limiting
membrane was not identifiable, and the inner retinal layers were intermixed with

blood, lacking any organized structural pattern (Fig. 4.15).

Figure 4.15. Retina: the ganglion cell layer and the internal limiting
membrane have undergone destruction and atrophy, with tissues intermixed
with blood elements. Staining: H&E. Magnification: 10x40.
4.3.3. Optic Nerve
During microscopic examination of the optic nerve, attention must be paid

to its histotopographic architecture and structural composition. The nerve fibers
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are surrounded by a thick outer sheath—the epineurium—and each nerve fiber is
encased by the perineurium, which consists of specialized membranes containing
sensory neuronal elements.

Microscopic evaluation of optic nerve fibers damaged as a result of venous sinus
thrombosis of the brain in the context of COVID-19 revealed that the external
epineurial sheath, composed of connective tissue and associated cells, was
edematous and had lost its normal histotopography. Both within and outside this
sheath, inflammatory infiltrates were present. Within the epineurium, areas of

pronounced dilation of nerve fibers were observed (Fig. 4.16).

Figure 4.16. Optic nerve: marked edema within the epineurium, displacement
of nerve fibers, and vacuolization of Schwann cells.
Staining: H&E. Magnification: 10x40.

Each nerve fiber bundle within the perineurium, formed by specialized
cells, demonstrated a reduction in volume due to dystrophic changes in the
perineurial cells. Cytoplasmic edema was identified in each fiber bundle,
indicating vacuolization. The nerve fibers were structurally damaged and
deformed.

4.3.4. Fibrous Tunic

The sclera is a dense, tightly arranged, non-transparent outer coat of the
eyeball. Externally, it is connected to the venous vessels via the episclera. The
middle layer consists of fibrocytes and collagen fibers characteristic of the sclera.
Within the coat lies a thin layer of blood vessels containing pigmented

chromophore cells, which impart coloration to the structure.

Figure 4.17. Sclera: loosening of all layers due to edema. Necrobiosis and
inflammatory infiltration.
Staining: H&E. Magnification: 10x40.
Microscopic examination of scleral changes resulting from cavernous sinus
thrombosis of the brain associated with COVID-19 revealed the following

alterations. Destructive and inflammatory processes were predominantly
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observed in all layers of the sclera (see Fig. 4.17). However, the outer coat—the
episclera—was affected most severely. In this region, the episcleral vessels were
markedly dilated, blood-filled, and showed signs of atrophy. This layer was
completely infiltrated, with the infiltrates composed mainly of lymphocytes and

histiocytes (Fig. 4.18).

Figure 4.18. Sclera: the episclera has undergone diffuse infiltration as a result
of the inflammatory process.Staining: H&E. Magnification: 10x40.
Figure 4.19. Sclera: proliferation of lymphocytic cells is observed around the
vascular wall. Staining: H&E. Magnification: 10x40.

The vascular walls of the episclera and the surrounding connective tissues also
underwent changes associated with fibrinoid swelling and fibrinoid necrosis, as
well as the formation of metachromatic inclusions containing
glycosaminoglycans. The vascular walls were infiltrated by lymphoid cells and
showed signs of atrophy (see Fig. 4.19).
The middle layer of the sclera, which contains fibrocytes and collagen fibers, also
exhibited edema and deformation primarily due to swelling of the collagen fibers.
The inner pigmented layer of the sclera likewise underwent changes, resulting in

the dispersion of pigment granules within its matrix.
4.3.5. Cornea.
In cases of cavernous sinus thrombosis resulting from COVID-19,

pathomorphological alterations were also identified in the cornea.
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Figure 4.20. Cornea: detachment of the stratified squamous epithelium,

stromal edema, loosening of collagen fibers.
Staining: H&E. Magnification: 10x40.

These alterations included the following: the corneal epithelium became
multilayered, the basal membrane was disrupted, and in some areas thick mucous
and fibrinous deposits and deformities were observed along the basal membrane.

In the middle (stromal) layer of the cornea, thick collagen fibers were noted,
some of which exhibited edema (Fig. 4.20), deformation, and enlargement.
Additionally, the corneal epithelium showed loss of integrity across the entire

surface, and the basal membrane was destroyed (Fig. 4.21).

65



Figure 4.21. Cornea: epithelial detachment and stromal edema.

Staining: H&E. Magnification: 10x40.

4.3.6. Conjunctiva

The conjunctiva is a multilayered mucous membrane that covers the surface
of the eye and contains a specialized lamina that ensures conjunctival mobility.

Beneath this lamina are located goblet cells.

In diseases associated with thrombosis of the cerebral venous sinuses
resulting from COVID-19, various pathological alterations were identified in the
conjunctiva, including changes related to circulatory disturbances and
inflammatory processes. This process is characterized by a lymphoproliferative

pattern and is primarily observed within the substantia propria.
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Figure 4.22. Conjunctiva.; lylhphoid ihﬁltrtion of the substantia propria of

the mucous membrane. Staining: H&E. Magnification: 10x40.

Figure 4.23. Conjunctiva: necrosis of the surface epithelium and the

substantia propria. Staining: H&E. Magnification: 10x40.

There was proliferation of blood vessels and mucosal cells, along with
lymphoid infiltration. In some areas, lymphoid infiltration appeared as well-
formed lymphoid follicles (Fig. 4.22), while in other regions of the conjunctiva
the infiltration by lymphocytes was less pronounced, particularly within the blood
vessels. The conjunctival surface epithelium became multilayered due to

acanthosis. Some cells showed cytoplasmic vacuolization. In certain cases, there
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was intense lymphoid infiltration in the substantia propria, necrosis of tissue cells,

and even necrosis of the epithelial covering on the surface (Fig. 4.23).
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CONCLUSION

According to the available scientific literature, cavernous sinus thrombosis
(CST) is considered one of the most severe complications associated with
inflammatory disorders of wvarious craniofacial regions, including the
maxillofacial area, the orbit, the ear, the paranasal sinuses, and the oral cavity.
Epidemiological data indicate that CST is rare, accounting for only 0.3—0.5% of
all thrombotic complications. Over the past two decades, only isolated cases have
been documented in major medical centers of developed European countries.
Most publications consist of clinical case descriptions or small case series; large-
scale clinical studies remain unavailable.

Despite the emergence of studies addressing CST in the context of COVID-
19, current knowledge about the mechanisms and clinical course of COVID-19-
associated CST remains limited. Several reports describe this complication during
coronavirus infection, but a comprehensive investigation involving a large patient
cohort has been conducted only in India. Those findings suggested that CST in
COVID-19 patients may be associated with fungal infection—primarily
mucormycosis. Based on this concept, CST may develop due to fungal invasion
of the facial, orbital, and intracranial structures in the setting of COVID-19.

Given the relatively high incidence of CST among patients recovering from
COVID-19 in our country, a series of studies addressing COVID-19-associated
CST was initiated. These investigations included the first detailed evaluation of
ophthalmic features of CST, the development of effective imaging approaches and
surgical access to the orbit, and analysis of neuro-ophthalmic manifestations and
necrotic complications involving facial structures in COVID-19-associated CST.
However, it should be emphasized that histopathological studies of orbital tissues
and ocular structures have not been previously conducted.

In light of the above, the considerable number of CST cases observed in our
national clinical practice provides a solid basis for conducting an in-depth,
comprehensive investigation of COVID-19-associated CST, including the

morphological aspects of ocular involvement.
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Aim of the Study pathological processes developing in the structures of the

eyeball and its adnexa in COVID-19-associated cavernous sinus thrombosis.

70

Objectives To achieve the aim, the following objectives were formulated:

o to analyze the clinical patterns of inflammatory involvement of ocular
structures in COVID-19-associated CST;

o to investigate the clinical and morphological features of purulent-
inflammatory processes in orbital structures using MRI;

« to evaluate clinical and morphological changes in ocular tissues based on
OCT and OCT-angiography findings;

« to provide a histopathological description of structural changes in orbital
bones and soft tissues in COVID-19-associated CST;

o to determine the morphological characteristics of intraocular structures
affected by COVID-19-associated CST.

« Another important alteration consisted of pronounced tissue edema, leading
to atrophy and disintegration of structural elements, while focal areas
demonstrated necrobiosis. Observations showed that the pigment cells of
the pigmented epithelium underwent atrophy and displacement, with some
exhibiting degeneration and necrobiosis. In the anterior margin of the
connective-tissue layer of the pigmented epithelium, coronavirus-induced
changes included signs of mucoid and fibrinoid swelling within stromal
vessels.

« Inthe middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—mnamely venous hyperemia and
hemorrhage. In the posterior pigment-muscle layer, pigment cells were
found to be destroyed and fragmented, while muscle cells were in a state of
involuntary contraction.

In some cases, lymphoproliferative immunopathological inflammation

developed within the pigmented epithelium. A dense lymphoid infiltrate

appeared in the anterior connective-tissue layer of the pigmented epithelium
around the interstitial tissues and vessels. Lymphoid infiltrates were found

predominantly around blood vessels, and lymphocytic thrombi were observed



in some veins. Microscopic examination of the pigmented epithelium, which
forms part of the uveal tract, revealed several abnormalities, the most notable
of which were pronounced vascular dilation, vascular congestion, and
extravasation of blood into surrounding tissues (see Fig. 4.9).In the middle
mesodermal layer, rich in vessels, significant circulatory disturbances such as
venous hyperemia and hemorrhage were detected. In the posterior pigment—
muscle layer, pigment cells were destroyed and fragmented, and muscle cells
were in a state of involuntary contraction. In several cases, lymphoproliferative
immunopathological inflammation was noted within the pigmented
epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed
around the blood vessels, and lymphocytic thrombi developed in some veins.

MethodsThe diagnostic methods used in the study included: general
ophthalmic examinations (visometry, ophthalmoscopy, biomicroscopy), advanced
imaging techniques (optical coherence tomography and OCT-angiography),
radiological methods (magnetic resonance imaging), and histopathological
examination of tissue specimens.

The study consisted of three sequential stages.
At the first stage, the clinical characteristics of orbital and ocular involvement
were evaluated.
At the second stage, structural changes in the orbit and the eyeball were assessed
using advanced medical imaging methods.
At the third stage, histopathological examination was performed on specimens
of orbital bone fragments, soft tissues, and ocular structures obtained during
surgical intervention.

Clinical observations demonstrated that the analyzed cases of CST
exhibited a distinctive and variable clinical course. These cases could not be
unequivocally classified as either aseptic or septic. Some patients presented with
a gradual progression of symptoms typical of aseptic thrombosis, whereas others
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exhibited clinical signs consistent with orbital cellulitis, suggestive of septic CST.
It remained challenging to determine the primary pathological event—whether
purulent hemisinusitis spread to the orbit, or whether CST occurred first,
subsequently complicated by necrotizing infection of the paranasal sinuses.

Subsequently, all eyes in the cohort (128 eyes) were randomized into three
groups according to the form of pathological involvement:

1. complete CST syndrome,
2. syndromic variants of CST,
3. unaffected (healthy) eyes.

Analysis of the frequency of inflammatory manifestations in the orbit and
the eyeball showed that 46% of eyes with complete CST demonstrated infiltrative
inflammation of orbital contents, confirmed by MRI. Orbital phlegmon was
diagnosed in 17.8% of eyes. Inflammatory disorders such as uveitis,
endophthalmitis, and panophthalmitis were significantly less common.
Importantly, none of these severe inflammatory manifestations were observed in
eyes with syndromic variants of CST.

Because CST-related changes in the retina and optic nerve are generally
nonspecific, the primary focus of this study was directed toward evaluating the
choroid. This decision was further supported by mounting evidence of systemic
vasculitis in COVID-19, which could manifest as alterations in the thickness and
architecture of the choroid. Using OCT, choroidal thickness was measured in
CST-affected and contralateral healthy eyes of the same patients. The results
demonstrated marked choroidal thickening in eyes with complete CST. Eyes with
partial syndromic variants also showed significant thickening. Notably, even in
clinically healthy eyes of the same patients, mean choroidal thickness values were
significantly higher than reference norms.

OCT-angiography in patients with severe CST revealed a reduction in the
density of the superficial capillary plexus, predominantly affecting the inferior
parafoveal and perifoveal sectors. Focal segmentations and narrowing of the
vascular network were observed. Capillary diameter was reduced, the normal
radial vascular pattern was disrupted, and overall vessel density was decreased.
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Nevertheless, in the peripapillary region, vascular anatomy and perfusion
remained preserved across all plexuses. No abnormalities were detected in the
choriocapillaris or deeper choroidal layers. A clinically significant finding was the
pathological thickening of all choroidal layers, including the choriocapillaris,
Sattler’s layer, and Haller’s layer.

It should also be emphasized that syndromic CST variants exhibited signs
of orbital soft-tissue involvement in approximately 65% of cases. This indicates
that, despite the absence of profound functional impairment, patients frequently
presented with edema of the parabular and retrobulbar fat, extraocular muscles,
the optic nerve and its sheath, as well as venous congestion of the superior
ophthalmic vein.

The bony structures of the orbit were most commonly affected in cases
complicated by a purulent-necrotic process—namely, orbital phlegmon.
Typically, the process began with necrotic destruction of the medial orbital wall,
which subsequently developed a structural defect, forming an abnormal
communication with the ethmoidal sinus. The provided imaging examples
demonstrate progressive necrotizing involvement with loss of continuity of the
orbital bone.

During the Another important alteration consisted of pronounced tissue
edema, leading to atrophy and disintegration of structural elements, while focal
areas demonstrated necrobiosis. Observations showed that the pigment cells of
the pigmented epithelium underwent atrophy and displacement, with some
exhibiting degeneration and necrobiosis. In the anterior margin of the connective-
tissue layer of the pigmented epithelium, coronavirus-induced changes included
signs of mucoid and fibrinoid swelling within stromal vessels.

In the middle mesodermal layer, which is rich in blood vessels, pronounced
circulatory disturbances were identified—namely venous hyperemia and
hemorrhage. In the posterior pigment—muscle layer, pigment cells were found to
be destroyed and fragmented, while muscle cells were in a state of involuntary

contraction.

73



In some cases, lymphoproliferative immunopathological inflammation developed
within the pigmented epithelium. A dense lymphoid infiltrate appeared in the
anterior connective-tissue layer of the pigmented epithelium around the interstitial
tissues and vessels. Lymphoid infiltrates were found predominantly around blood
vessels, and lymphocytic thrombi were observed in some veins.

Microscopic examination of the pigmented epithelium, which forms part of the
uveal tract, revealed several abnormalities, the most notable of which were
pronounced vascular dilation, vascular congestion, and extravasation of blood
into surrounding tissues (see Fig. 4.9).

In the middle mesodermal layer, rich in vessels, significant circulatory
disturbances such as venous hyperemia and hemorrhage were detected. In the
posterior pigment—muscle layer, pigment cells were destroyed and fragmented,
and muscle cells were in a state of involuntary contraction. In several cases,
lymphoproliferative immunopathological inflammation was noted within the
pigmented epithelium. A dense lymphoid infiltrate was identified in the anterior
connective-tissue layer surrounding interstitial tissues and vessels. These
infiltrates were predominantly perivascular, and lymphocytic thrombi were
observed in several veins (Fig. 4.10). Lymphoid infiltrates mainly formed around
the blood vessels, and lymphocytic thrombi developed in some veins.
Histopathological analysis demonstrated that COVID-19 produces widespread
vascular injury throughout the body. In the cerebral vasculature, virtually all
structural components of the vascular system were affected. The earliest
pathological change involved endothelial damage: viral dissemination (viremia)
and toxin-mediated injury led to cytoplasmic swelling of endothelial cells,
followed by their detachment and exposure of the underlying basement
membrane. Subsequently, the basement membrane, elastic lamina, smooth-
muscle layer, and adventitia became involved. Endothelial destruction triggered
active intravascular thrombogenesis.

Additional material for histopathological assessment consisted of fragments of the

ethmoid and maxillary bones as well as soft tissues of the orbit. These samples
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were obtained during surgical intervention. consistent with the findings of this
study.

The present investigation also included ocular tissues: conjunctiva, cornea, sclera,
choroidal vessels, iris, ciliary body, optic nerve, and retina. Microscopy of ocular
structures in COVID-19—-associated CST revealed multiple pathological changes,
including circulatory disturbances, thrombosis, cellular injury, and inflammatory
reactions.

In the choroid, numerous venous thrombi were identified in vessels traversing the
sclera. The veins were markedly dilated and filled with dense fibrin clots
accompanied by endothelial desquamation, lymphoid elements, and fragmented
cellular debris. The presence of lymphocytic thrombi strongly supported a viral
etiology. Choroidal tissues showed pronounced dystrophic and necrobiotic
changes. Significant thickening of the sclera was also noted, reflecting acute
edema. Exposure of the choroid to SARS-CoV-2 initiated a pronounced immune-
mediated response characterized by lymphoproliferative infiltration secondary to
acute autoimmune-like tissue injury.

The choroid and nuclear layers of the retina exhibited edema, and the architecture
of cellular layers was severely disrupted, compromising normal histotopography.
Similar degenerative alterations were present in synaptic and nuclear layers. The
inner nuclear layer and internal limiting membrane demonstrated clusters of
deformed nuclei. The ganglion cell layer was destroyed, neuronal elements were
partially lost, and the intervening spaces showed edema and vacuolization. The
internal limiting membrane was no longer discernible, and retinal layers were
intermixed with extravasated blood without structural organization.

Microscopic examination of the optic nerve emphasized assessment of its
histotopographic arrangement. Nerve fibers are normally surrounded by a dense
epineurial sheath, and each fiber is enclosed by perineurial layers composed of
specialized supportive cells. In CST-related optic nerve injury, the epineurium
exhibited severe edema, loss of structural organization, and infiltration both

within and around the sheath. Pronounced dilation of nerve fiber bundles was
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observed within the epineurium, reflecting significant axonal and Schwann-cell

njury.
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CONCLUSIONS
1. The clinical features of the inflammatory process in ocular structures in
COVID-19—associated cavernous sinus thrombosis (CST) are
characterized by pronounced polymorphism, with predominant

involvement of the choroidal vasculature and retinal layers.

2. Orbital involvement in COVID-19-associated CST is marked by early
manifestations of infiltrative inflammation and soft-tissue edema—
observed in more than 90% of eyes with the complete CST syndrome and
in more than 50% of eyes with syndromic variants, according to MRI

findings.

3. It was established that COVID-19-associated CST leads to a significant
thickening of all choroidal layers (p < 0.05) in eyes with the complete CST
syndrome and its syndromic variants (479.4 um and 387.6 um, respectively,
on OCT). Vascular angioarchitecture demonstrated loosening and structural
disorganization. Importantly, choroidal thickening was also identified in
clinically unaffected, contralateral eyes (310.3 pum), indicating that the
emerging pachychoroidal vasculopathy reflects a systemic pathological

Process.

4. Histopathological analysis of ocular tissues demonstrated that COVID-19—
associated CST induces a specific inflammatory response within the
vascular walls of the choroid, iris, and ciliary body, characterized by the
formation of lymphocytic thrombi. These changes promote further
circulatory disturbances, edema, and necrobiotic degeneration across all

structures interconnected with the uveal tract.

77



78

PRACTICAL RECOMMENDATIONS

1. It is recommended to apply the presented clinical description and semiotic
profile of inflammatory lesions of the eyeball in patients with COVID-19—
associated cavernous sinus thrombosis during routine clinical assessment

of individuals presenting with this complication.

2. It is advisable to perform continuous clinical monitoring of the fellow,

ostensibly healthy eye, with particular attention to the condition of the
choroid and retina, in patients diagnosed with COVID-19-associated

cavernous sinus thrombosis.

3. It is recommended to incorporate MRI findings when evaluating the

likelihood of infiltrative inflammation and/or soft-tissue orbital edema in
cases of syndromic variants of partial cavernous sinus thrombosis

associated with COVID-19.
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LIST OF ABBREVIATIONS
ACE — angiotensin-converting enzyme
WHO — World Health Organization
ONH - optic nerve head
ELISA — enzyme-linked immunosorbent assay
CT — computed tomography
MRI — magnetic resonance imaging
OCT - optical coherence tomography
PNS — paranasal sinuses
PCR — polymerase chain reaction
CRP — C-reactive protein
CCST — cavernous sinus thrombosis
MFA — maxillofacial area
MFCS — maxillofacial surgeon

FESS — functional endoscopic sinonasal surgery
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