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Abstract

Background: COVID-19 was associated with an
increased number of patients with mucormycosis
(MCR), followed by septic cavernous sinus thrombosis
(SCST). We evaluated the association between
anticoagulation (AC) and mortality/morbidity of
COVID-19-associated MCR (CAM)-induced SCST.
Methods: In this retrospective study, neurological
sequelae, functional outcomes, and in-hospital
mortality were compared between AC receivers and

non-receivers. In addition, the association between AC
and survivability was examined.

Results: Twenty-nine patients (17 male; mean age:
51.27 years) with CAM-induced SCST were included in
the study. The median intervals between COVID-19
and MCR, and COVID-19 and SCST were 19 and 27
days, respectively.
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Among AC recipients, the interval between SCST and
AC initiation was 18 days, with an AC duration of
37 days. Baseline and management-related
characteristics were comparable between AC
recipients and non-recipients (P > 0.050). AC receivers
(n =15) and non-receivers (n = 14) did not significantly
differ in terms of the proportion of sequelae (6/15 vs.
5/14; P = 1.000), complete recovery (2/15 vs. 4/14;
P = 0.687), and in-hospital mortality (3/15 vs. 3/14;
P > 0.999). Nevertheless, AC recipients had a longer
hospital stay (72.0 vs. 35.5; P = 0.016). AC-related
characteristics (AC receiving, type, early initiation, and
duration) were not significantly different between
survivors and non-survivors, or between recovered and
disabled patients.

Conclusion: In our study, CAM-induced SCST in-
hospital mortality/morbidity did not differ between AC
receivers and non-receivers. AC characteristics were
not different between survivors and non-survivors, or
recovered and disabled patients. However, the small
sample size may have limited the ability to detect
significant differences, leading to inconclusive results.

Introduction

Septic cavernous sinus thrombosis (SCST) is an
extremely rare condition, with an estimated
mortality rate of 20 to 30% and a neurological
sequelae rate of nearly 50%.! Despite its high
mortality and morbidity, SCST treatment is mostly
based on experts' opinions and some retrospective
conflicting studies, owing to its rarity and the lack
of randomized controlled trials (RCTs) in this
regard.! Due to the absence of venous valves
within the connections to and from the cavernous
sinus structures, infections may spread to the
cavernous sinuses via the ophthalmic veins or the
emissary veins connected to the pterygoid venous
plexus.! Defects in the adjacent soft tissues or
bones (i.e., defects in the thin bone separating the
sphenoid and cavernous sinuses) are another route
for the spreading of infection to the cavernous
sinuses.! The infection will subsequently act as a
potent thrombosis stimulator, either directly by
releasing prothrombotic factors or indirectly as a
result of toxin-induced tissue damage.l? Important
structures, including cranial nerves III, 1V, V
(V1 and V2 branches), and VI, internal carotid
artery (ICA), and sympathetic nerve plexus pass
through the cavernous sinuses, resulting in
neurologic manifestations of their involvement.!
Bacterial pathogens such as Staphylococcus aureus
and Streptococcus species are the most common
organisms responsible for SCST, accounting
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for more than 70% of cases.>* Fungal etiologies
such as Aspergillus, Schizophyllum commune,
Rhizopus species, and Mucor species are less
commonly reported; they are mostly observed in
immunocompromised patients.3>

Mucormycosis (MCR) is caused by a group of
fungi from the Mucorales scientific order,
including Rhizopus and Mucor species.> The
incidence rate of MCR varies between 0.005 and
1.7 per million population globally, rising to
140 per million population in India [Mucormycosis
(who.int)]. During the coronavirus disease
2019 (COVID-19) pandemic caused by the
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which led to significant mortality
and morbidity in low and middle-income
countries,®1®  MCR incidence considerably
increased.!”-?! Steroid-mediated and SARS-CoV-2-
mediated immunosuppression are assumed to be
the major underlying reasons for this increase.?
COVID-19-associated MCR (CAM) affected many
people in India?’?-% and Iran.?6?” Rhino-orbito-
cerebral mucormycosis (ROCM) is the most
prevalent clinical presentation of CAM,2.28 with an
overall mortality rate of 25 to 62%.% This fulminant
condition affects the nasal cavity, paranasal
sinuses, orbits, and intracranial structures.2128
SCST can occur as a consequence of ROCM
through the spreading of the infection across the
orbital apex or paranasal sinuses, predominately
ethmoid and/or sphenoid sinuses, to the adjacent
cavernous sinuses.?283033 ROCM patients with
brain, cavernous sinus, or carotid involvement
have especially poorer prognoses.?

Currently, there is no standard treatment
guideline for the management of patients with
SCST.! Although stabilization, acute resuscitation,
and treatment of the underlying infection are the
mainstay of treatment,3% there is no consensus
regarding other treatment aspects, including the
use of anticoagulation (AC).33 The majority of the
evidence supporting AC for SCST treatment arises
from previous case reports, and very few studies
have been conducted in this regard during recent
years.! From a theoretical point of view, AC can
prevent thrombosis propagation, inhibit platelet
function, exert anti-inflammatory properties, and
promote  antibiotic = penetration into the
thrombus.1334 On the other hand, it is suggested
that the thrombus might play a protective role by
confining the infection and preventing septic
thrombi dissemination.?* Additionally, there are
few reports of intracranial or systemic hemorrhagic
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events after AC in patients with SCST.3657

In light of this information, we were looking for
an answer to this question: Can AC reduce SCST
mortality/ morbidity? First, we assessed the
association between AC and CAM-induced SCST
mortality/morbidity. =~ Then, we compared
survivors with non-survivors, as well as patients
who achieved complete recovery (modified
Rankin Scale [mRS]: 0-1) with those who survived
with disability (mRS: 2-5) in terms of AC-related
characteristics. The importance and originality of
this study are that (a) it explores an extremely rare
and life-threatening condition, (b) to date, various
aspects of SCST management (i.e., AC) have
remained highly controversial, hence the need for
real-world evidence, (c) the few available studies
have mostly investigated SCST due to bacterial
causes, with the majority dating back to before the
year 2000, and (d) due to the rarity of SCST, it is
unlikely that prospective studies with sufficient
sample sizes will be conducted in the future to
guide the treatment.

Materials and Methods

Study design and ethics statement: Figure 1
provides an overview of this retrospective cohort
study design. The study was conducted at a
tertiary referral academic hospital complex,
affiliated with Tehran University of Medical
Sciences, Tehran, Iran. Due to the lack of standard
treatment guidelines, AC administration, as well
as its type and therapy duration for each patient,
was performed at the discretion of the attending
neurologist and infectious disease specialist. The
follow-up period started with patients” admission
to the hospital with MCR symptoms and ended
with their death or hospital discharge. Using a

End point of the retrospective

Start of follow-up period

I

standardized checklist, patients” medical records
were objectively extracted and analyzed. The Delta
variant (B.1.617.2) of COVID-19 was the dominant
variant in Iran at the time of this study.3 This study
was approved by the local Institutional Review
Board (IR.TUMS.NLREC.1400.059) and followed
the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement
(https:/ /www.equator-network.org/reporting-
guidelines/strobe/). Patients’ anonymity was
protected, and participants signed written informed
consent forms for participation and publication
according to the Declaration of Helsinki.?

Due to their nature, retrospective cohort studies
are prone to selection and information bias, as well
as confounding factors.*0 To address the selection
bias and obtain a representative sample, we
consecutively included ‘all’ eligible patients
during the study period, irrespective of the
treatment group (AC receivers vs. non-receivers)
or the patient's outcomes  (sequelae/
complications, functional outcomes, and
mortality). In other words, the selection of either
exposed (received AC) or non-exposed (not
received AC) groups was not based on the patients’
outcomes. To address the information bias,
medical record retrievers and persons involved in
evaluating the patients” outcomes were blinded to
the research question. To reduce inaccuracies in
data collection from medical records, we
conducted a verification process in which data
initially gathered by neurology residents was
reviewed by expert attending neurologists. To
address the confounding factors, various patient-
related, disease-related, and management-related
prognostic factors were examined for possible
confounding effects, but no confounding effects
were detected (Please see the “Results” section).

SARS-CoV-2 ; A
e Hospital admission
pOSItIZ;lty/pCt(?VS'D'lg with MCR symptoms

CST symptoms

SCST definite

diagnosis Discharge/death

Figure 1. Study design

)

End of follow-up period

Start point of the retrospective cohort study

SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; COVID-19: Coronavirus disease-2019; MCR: Mucormycosis;
CST: Cavernous sinus thrombosis; SCST: Septic cavernous sinus thrombosis
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Study population: Using consecutive sampling,
all patients with the following criteria were
considered eligible to be included: (a) adult
patients, who were (b) admitted to the hospital
between March 2021 and December 2021, (c) with
a confirmed diagnosis of MCR using
histopathologic identification and culture of the
specimen collected during endoscopic sinus
biopsy,? (d) with a confirmed history of COVID-
19 (positive microbiologic testing and compatible
examination/imaging findings*!) within 60 days
prior to MCR presentation, with (e) clinically and
radiologically  confirmed cavernous sinus
thrombosis  (CST)! using contrast-enhanced
magnetic resonance imaging (MRI) (suggested as
the most sensitive imaging modality for SCST
diagnosis!). It is of note that the two-month
interval between SARS-CoV-2 positivity / COVID-
19 symptoms and the onset of MCR was chosen
based on the intervals suggested by recent
evidence (i.e., 5 to 14 days,? two to three weeks,?
20.73 £ 12.65 days,*? and 28 days?).

The exclusion criteria were (a) patients who,
despite receiving AC, did not achieve activated
partial thromboplastin time (aPTT) therapeutic
range, and (b) patients with non-CAM (having
negative or suspected COVID-19 history).

Study measures and objectives: The primary
objective of the study was to compare AC receivers
and non-receivers in terms of the following
features: (a) clinical/radiological neurological and
extracerebral sequelae/complications (altered
level of consciousness [LOC], new focal neurologic
deficits [FNDs], new cerebral ischemic infarcts,
new or worsening intracranial hemorrhage [ICH],
new intracranial abscess, as well as extracerebral
thrombotic or hemorrhagic events), (b) length of
hospital stay, (c) functional outcomes at discharge
according to the mRS score,$ and (d) CAM-
induced SCST in-hospital mortality. To further
evaluate our research question, our secondary
objectives were to find out whether survivors and
non-survivors, as well as individuals who
completely recovered (mRS: 0-1) and those who
survived with disability (mRS: 2-5) differ in terms
of AC-related characteristics (AC receiving, type,
early initiation, and in-hospital therapy duration).

Medical records were retrospectively reviewed
by neurology residents for the following
information: (a) age and sex, (b) MCR predisposing
factors (diabetes mellitus [DM], receiving
glucocorticoids [GC] for COVID-19 treatment,
underlying malignancy, and other

https://cjn.tums.ac.ir

K. Amani, et al.

immunocompromised conditions?), (c) presenting
manifestations  (visual impairment, FNDs
attributed to the local compression of cranial
nerves [ophthalmoplegia due to III, IV, and VI
cranial neuropathy, as well as numbness, pain, or
paresthesia in trigeminal territory due to V1 and
V2 branches neuropathy], altered LOC, and other
FNDs [aphasia, motor deficit, and sensory deficit]),
(d) additional initial neuroradiologic findings in
brain MRI/computed tomography (CT) other than
CST (cerebral ischemic infarcts, ICH, and
intracranial abscess), (e) critical intervals (intervals
between the onset of COVID-19 symptoms and
MCR onset, COVID-19 symptoms and SCST
presentation, SCST presentation and its definite
diagnosis, SCST presentation and receiving AC,
and MCR presentation and debridement surgery),
(f) AC-related characteristics (AC type
[unfractionated heparin (UFH), low molecular
weight heparin (LMWH), or direct oral
anticoagulants (DOACs)], interval between SCST
presentation and AC initiation, and in-hospital AC
therapy duration), (g) other management-related
characteristics (antifungal therapy, anticonvulsant
therapy, and debridement surgery), and (h)
patients” outcomes  (sequelae/complications,
length of hospital stay, functional outcomes at
discharge, and in-hospital mortality).

Complete recovery, surviving with disability,
and death were defined as mRS scores 0-1, 2-5, and
6, respectively.®3 Early AC initiation was defined as
initiating AC within 7 days of CST manifestation.
Radiological neurological sequelae were assessed
using brain MRI or CT.

All statistical analyses were conducted using
SPSS software (Version 26, IBM Corp., Armonk,
NY, USA). The normality of variables was assessed
using the Shapiro-Wilk test and quantile-quantile
plot. Categorical data were presented as frequency
(percentage). Symmetric numeric data were
summarized using mean * standard deviation
(SD). Asymmetric data were described by median
[interquartile range (IQR)]. The relation between
group and categorical variables was evaluated
using Fisher's exact test. The independent t-test
and exact Mann-Whitney U test were used to
compare the distribution of numeric variables
between groups. P-values of less than 0.05 were
considered statistically significant. No data were
missing, and there was no loss to follow-up.

Results

Frequency of cavernous sinus thrombosis in
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patients with rhino-orbito-cerebral MCR: Figure
2 illustrates the flow diagram of participants.
Among 244 patients with confirmed MCR,
32 patients had clinical and radiological evidence
of CST, 3 of whom were excluded for the following
reasons: not achieving aPTT therapeutic range,
despite receiving AC (n = 2), and negative history
of COVID-19 (n = 1). Therefore, a total of 29
patients with CAM-induced SCST were included
in the study.

We found a CST frequency of 13.1% among
244 patients with ROCM (32/244).

Patients' demographic and baseline clinico-
radiological characteristics

Individual demographic, clinico-radiological,
AC-related, and outcome-related characteristics of
all patients are presented in detail in table 1.

Total cohort: Table 2 provides the cohort
characteristics and compares these characteristics
according to the patients’ AC status. Seventeen
patients (58.6%) were men, and the mean age at
diagnosis was 51.27 + 11.41 years (age range: 20-72
years). According to the National Institute of
Health (NIH) guideline pertaining to COVID-19
severity categories,* all patients exhibited severe
to critical manifestations of underlying COVID-19
infection. The median interval between COVID-19

symptoms and MCR onset was 19 days [IQR: 11.0,
25.0] (range: 4-56 days), and the median interval
between COVID-19 symptoms and SCST
manifestations was 27 days [IQR: 18.5, 36.0] (range:
6-180 days). There was a median of 7 days
[3.5, 30.0] between SCST initial manifestations and
its definite diagnosis. MCR predisposing factors
included DM (75.9%), receiving GC for COVID-19
treatment (58.6%), other immunocompromised
conditions such as end-stage renal disease
(ESRD) and inflammatory bowel disease (IBD)
(6.9%), and underlying malignancy (3.4%).
Patients mostly manifested with trigeminal
neuropathy/ophthalmoplegia (89.7%) and visual
impairment (75.9%). Cerebral ischemic infarction
(20.7%) and intracranial abscess (13.8%) were the
most common initial neuroradiologic findings in
brain MRI/CT (other than CST). Baseline
demographic and clinico-radiological features
were balanced between the treatment groups, and
no possible confounding effects were detected.

Anticoagulated patients: Fifteen out of 29
patients (51.7%) were anticoagulated (mean age:
49.80 £ 10.30 years, male: 8/15). The median
duration between COVID-19 infection and the onset
of MCR and SCST manifestations was 18 [11.0, 30.0]
days and 30 [17.0, 53.0] days, respectively.

Patients admitted between March 2021 and December 2021 with a confirmed
diagnosis of MCR (n = 244)

Patients with clinical and radiological evidence of CST (n = 32)

Not achieving aPTT therapeutic range (n = 2)

Suspected/negative history of COVID-19 (n = 1)

Total number of included patients with CAM-induced SCST (n = 29)

Anticoagulant receivers (n = 15)

Figure 2. The flow diagram of participants

Anticoagulant non-receivers (n = 14)

MCR: Mucormycosis; CST: Cavernous sinus thrombosis; aPTT: Activated partial thromboplastin time; COVID-19:
Coronavirus disease-2019; CAM: COVID-19 associated mucormycosis; SCST: Septic cavernous sinus thrombosis
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Table 1. Characteristics of 29 patients with COVID-19-associated-mucormycosis-induced septic cavernous sinus thrombosis (SCST)

K. Amani, et al.

Demographic and clinico-radiological characteristics

AC-related characteristics

Sequelae/complications and outcomes

Sex Age Predisposing factors Presenting manifestations Radiologic AC Early Duration®  Clinical sequelae/ Radiological Outcome
(year) findings* initiation complication sequelae/
complication?
F 51 COVID-19, Visual impairment, Trigeminal NL DOACs No 22 No new sequelae No new Discharged
Receiving GC, DM  neuropathy/ ophthalmoplegia, sequelae (mRS =3)
Other FNDs%altered LOC
F 28 COVID-19, DM Visual impairment, Trigeminal NL DOACs No 104 No new sequelae No new Discharged
neuropathy/ophthalmoplegia sequelae (mRS =2)
F 45 COVID-19, Visual impairment, Trigeminal  Ischemic infarcts DOACS Yes 60 Extracranial left ~ New ischemic  Discharged
Receiving GC, DM neuropathy/ophthalmoplegia, ICA thrombosis, infarcts (mRS =2)
Other FNDs/altered LOC PTE
M 51 COVID-19 Visual impairment, Trigeminal NL DOACs Yes 81 No new sequelae No new Discharged
neuropathy/ophthalmoplegia sequelae (MRS =2)
34 COVID-19 Visual impairment, Trigeminal Abscess LMWH No 40 No new sequelae No new Discharged
neuropathy/ophthalmoplegia sequelae (MRS =2)
M 47 COVID-19, Other  Visual impairment, Trigeminal  Ischemic infarcts, LMWH Yes 55 New FND New ICH Discharged
IC conditions neuropathy/ophthalmoplegia, Abscess (MRS =2)
Other FNDs/altered LOC
F 56 COVID-19, Trigeminal NL UFH No 37 No new sequelae No new Discharged
Receiving GC neuropathy/ophthalmoplegia sequelae (MRS =2)
M 46 COVID-19, Visual impairment, Trigeminal NL UFH No 38 No new sequelae No new Discharged
Receiving GC, DM neuropathy/ophthalmoplegia sequelae (mRS = 3)
M 60 COVID-19, DM,  Visual impairment, Trigeminal NL UFH Yes 25 altered LOC No new Death
Underlying neuropathy/ophthalmoplegia, sequelae
malighancy Other FNDs/altered LOC
M 50 COVID-19, DM Visual impairment, Trigeminal Abscess UFH No 18 No new sequelae No new Discharged
neuropathy/ophthalmoplegia sequelae (mRS =3)
66 COVID-19, Visual impairment NL UFH No 14 No new sequelae No new Discharged
Receiving GC, DM sequelae (mRS =1)
F 48 COVID-19, DM Visual impairment, Trigeminal  Ischemic infarcts UFH Yes 22 altered LOC No new Death
neuropathy/ophthalmoplegia, sequelae
Other FNDs/altered LOC
F 56 COVID-19, Visual impairment, Trigeminal NL UFH Yes 37 altered LOC, New ischemic Death
Receiving GC, DM neuropathy/ophthalmoplegia New FND infarcts
F 65 COVID-19, Trigeminal NL UFH Yes 29 Extracranial left No new Discharged
Receiving GC, DM neuropathy/ophthalmoplegia ICA thrombosis sequelae (mRS =1)
44 COVID-19, DM Visual impairment, Trigeminal NL UFH No 47 No new sequelae  New ischemic  Discharged
neuropathy/ophthalmoplegia infarcts (mRS =2)
M 47 COVID-19, Visual impairment NL None N/A N/A No new sequelae No new Discharged
Receiving GC, DM sequelae (mRS =2)
Curr ] Neurol, Vol. 23, No. 1 (2024) 49
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Table 1. Characteristics of 29 patients with COVID-19-associated-mucormycosis-induced septic cavernous sinus thrombosis (SCST) (continue)

Demographic and clinico-radiological characteristics

AC-related characteristics

Sequelae/complications and outcomes

Sex Age Predisposing factors Presenting manifestations Radiologic AC Early Duration™  Clinical sequelae/ Radiological Outcome
(year) findings* initiation complication sequelae/
complication?
F 55 COVID-19, Visual impairment, Trigeminal NL None N/A N/A No new sequelae No new Discharged
Receiving GC, DM neuropathy/ophthalmoplegia sequelae (mRS = 3)
M 72 COVID-19, Visual impairment, Trigeminal NL None N/A N/A New FND New ischemic  Discharged
Receiving GC, DM neuropathy/ophthalmoplegia infarcts (mRS =5)
F 54 COVID-19, DM Trigeminal Ischemic infarcts None N/A N/A altered LOC No new Death
neuropathy/ophthalmoplegia sequelae
M 20 COVID-19, DM Visual impairment, Trigeminal  Ischemic infarcts, None N/A N/A No new sequelae No new Discharged
neuropathy/ophthalmoplegia ICH, Abscess sequelae (MRS =2)
M 50 COVID-19, Visual impairment, Trigeminal ~ Ischemic infarcts None N/A N/A altered LOC, New Death
Receiving GC, DM neuropathy/ophthalmoplegia, New FND intracranial
Other FNDs/altered LOC abscess
M 65 COVID-19, Visual impairment, Trigeminal NL None N/A N/A No new sequelae No new Discharged
Receiving GC, DM neuropathy/ophthalmoplegia sequelae (mRS =1)
F 62 COVID-19, Trigeminal NL None N/A N/A No new sequelae No new Discharged
Receiving GC, DM neuropathy/ophthalmoplegia sequelae (mRS =0)
F 64 COVID-19, Trigeminal NL None N/A N/A altered LOC, Not Death
Receiving GC, DM neuropathy/ophthalmoplegia New FND performed™
M 60 COVID-19, Visual impairment, Trigeminal NL None N/A N/A No new sequelae No new Discharged
Receiving GC, DM neuropathy/ophthalmoplegia sequelae (MRS =2)
M 38 COVID-19 Trigeminal NL None N/A N/A No new sequelae No new Discharged
neuropathy/ophthalmoplegia sequelae (mRS =1)
M 52 COVID-19, DM Visual impairment, Trigeminal NL None N/A N/A altered LOC, No new Discharged
neuropathy/ophthalmoplegia oral mucosal sequelae (MRS =2)
bleeding
M 43 COVID-19, Visual impairment, Trigeminal NL None N/A N/A No new sequelae No new Discharged
Receiving GC neuropathy/ophthalmoplegia sequelae (mRS =3)
F 55 COVID-19, Other FNDs NL None N/A N/A No new sequelae No new Discharged
Receiving GC, sequelae (mRS =0)

Other IC conditions

CAM: COVID-19 associated mucormycosis; COVID-19: Coronavirus disease 2019; SCST: Septic cavernous sinus thrombosis; F: Female; M: Male; AC: Anticoagulation; GC: Glucocorticoids; DM:
Diabetes mellitus; IC: Immunocompromised; mRS: Modified rankin scale; LOC: Level of consciousness; ICH: Intracranial hemorrhage; FND: Focal neurologic deficit; UFH: Unfractionated heparin;
LMWH: Low molecular weight heparin; DOACSs: Direct oral anticoagulants; ICA: Internal carotid artery; PTE: Pulmonary thromboembolism; N/A: Not applicable

fInitial neuroradiologic findings in brain MRI/CT other than CST, Radiological sequelae assessment using brain neuroimaging (MRI or CT), $Other FNDs: FNDs other than trigeminal
neuropathy/ophthalmoplegia, “In-hospital therapy duration, *“Did not perform due to the patient’s unstable condition, following altered LOC and new FND.
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Table 2. Patients' demographic, clinico-radiological, and management-related characteristics according to anticoagulation (AC) status

Characteristics All (n = 29) AC receivers (n = 15) AC non-receivers (n = 14) Pt
Baseline characteristics
Sex (male) 17 (58.6) 8 (53.3) 9 (64.3) 0.710
Age (years) 51.27 £11.41 49.80 + 10.30 52.64 + 13.08 0.519
COVID-19 onset to MCR onset (days) 19.0 [11.0, 25.0] 18.0 [11.0, 30.0] 19.0 [13.0, 24.0] 0.878
COVID-19 onset to SCST onset (days) 27.0 [18.5, 36.0] 30.0[17.0, 53.0] 26.5[19.8, 34.0] 0.810
SCST onset to SCST diagnosis (days) 7.0 [3.5, 30.0] 17.0 [2.0, 31.0] 7.0 [3.8, 32.0] 0.983
MCR predisposing factors
DM 22 (75.9) 11 (73.3) 11 (78.6) >0.999
Receiving GC as COVID-19 treatment 17 (58.6) 7 (46.7) 10 (71.4) 0.264
Underlying malignancy 13.4) 1(6.7) 0(0) 1.000
Other immunocompromised conditions 2 (6.9) 1(6.7) 1(7.1) >0.999
Presenting manifestations
Visual impairment 22 (75.9) 13 (86.7) 9 (64.3) 0.215
Trigeminal neuropathy/ophthalmoplegia 26 (89.7) 14 (93.3) 12 (85.7) 0.598
Aphasia/ motor deficit/sensory deficit/ altered LOC 6 (20.7) 5(33.3) 1(7.1) 0.169
Initial neuroradiologic findings in brain MRI/CT other than CST
Cerebral ischemic infarcts 6 (20.7) 3(20.0) 3(21.4) >0.999
ICH 1(3.4) 0 (0) 1(7.1) 0.483
Intracranial abscess 4 (13.8) 3(20.0) 1(7.1) 0.598
AC-related characteristics (n = 15)
SCST onset to AC initiation (days) N/A 18.0[7.0, 42.0] N/A N/A
Early AC initiation (yes) N/A 7 (46.7) N/A N/A
AC therapy duration (days)* N/A 37.0[22.0, 55.0] N/A N/A
Other management-related characteristics
Antifungal therapy duration (days)* 49.0 [27.5, 83.0] 66.0 [39.0, 92.0] 35.0[14.5, 70.8] 0.055
Debridement surgery 28 (96.6) 15 (100) 13 (92.9) >0.999
MCR onset to debridement surgery (days) 14.0[5.0, 27.0] 16.0 [5.0, 27.0] 9.0 [4.0, 31.0] 0.489
Anticonvulsant therapy 5(17.2) 2 (13.3) 3(21.4) 0.651

Categorical data are presented as numbers (%). Symmetric numeric data are summarized by mean + standard deviation (SD) and asymmetric numeric data are described
using median [IQR].

IQR: Interquartile range; P: Probability value; AC: Anticoagulant; COVID-19: Coronavirus disease-2019; MCR: Mucormycosis; SCST: Septic cavernous sinus thrombosis;
GC: Glucocorticoids; LOC: Level of consciousness; MRI: Magnetic resonance imaging; CT: Computed tomography; ICH: Intracranial hemorrhage; N/A: Not applicable;
DM: Diabetes mellitus

fP-value of the comparison between AC receivers and non-receivers, fIn-hospital therapy duration
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There was a 17-day delay [2.0, 31.0] between
the onset of SCST and its definite diagnosis in
this subgroup of patients. DM and a history of
receiving GC were present in 11/15 and
7/15 patients, respectively. Trigeminal
neuropathy/ophthalmoplegia (14/15) and visual
impairment (13/15) were the most common
manifestations. Initial neuroimaging evaluations
revealed cerebral ischemic infarcts and intracranial
abscesses in 3/15 and 3/15 patients, respectively.

Non-anticoagulated patients: Fourteen out of
29 patients (48.3%) did not receive AC treatment
(mean age: 52.64 = 13.08 years, male: 9/14). The
median duration from COVID-19 infection to MCR
and SCST manifestations was 19.0 [13.0, 24.0] and
26.5[19.8,34.0] days, respectively. In this subgroup
of patients, there was a delay of 7.0 [3.8, 32.0] days
between the onset of SCST symptoms and the
definitive diagnosis. Among these patients, 11/14
had DM, and 10/14 had a history of receiving GC.
The most common manifestations were trigeminal
neuropathy/ophthalmoplegia in 12/14 patients
and visual impairment in 9/14 patients. Initial
neuroimaging assessments revealed cerebral
ischemic infarcts in 3/14 patients, ICHin1/14, and
intracranial abscesses in 1/14 patients.

Patients' management-related characteristics

Total cohort: All patients received antifungal
therapy, with a median in-hospital therapy
duration of 49 days [27.5, 83.0]. All patients except
one underwent debridement surgery, with a
median interval of 14 [5.0, 27.0] days following the
onset of MCR symptoms. The unstable condition
of one patient (patient 24) did not permit surgery,
and she passed away 14 days after admission
(Table 1). Moreover, 5 (17.2%) patients received
anticonvulsant therapy. Except for AC status, there
was no significant difference in management
approaches between AC receivers and non-
receivers, indicating no possible confounding
effects (Table 2).

Anticoagulated patients: Individual AC-related
characteristics are presented in table 1. Of the
15 anticoagulated patients, 9, 4, and 2 received
UFH, DOACs, and LMWH, respectively. The
median interval between SCST symptoms and AC
initiation was 18 days [IQR: 7.0, 42.0], and 7/15
AC-receivers were anticoagulated within a week
from SCST onset. The median in-hospital AC
therapy duration was 37 days [IQR: 22.0, 55.0]
(Table 2). All AC receivers received antifungals
with a median duration of 66.0 [39.0, 92.0] days.
Additionally, all underwent debridement surgery
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within a median of 16.0 [5.0, 27.0] days of MCR
manifestations. Anticonvulsant therapy was
administered in 2/15 patients.

Non-anticoagulated patients: All patients
received antifungal medication for a median
duration of 35.0 [14.5, 70.8] days. Furthermore,
except for one individual, all patients underwent
debridement surgery within a median timeframe
of 9.0 [4.0, 31.0] days after the appearance of MCR
symptoms. Anticonvulsant therapy was given to
3/14 patients.

Patients' outcomes

Total cohort: Table 3 indicates the total
cohort outcomes and compares patients’
outcomes according to their AC status.
Sequelae/complications occurred in 37.9% of
patients, with altered LOC (24.1%) and new FNDs
(17.2%) being the most frequent clinical sequelae,
and new cerebral ischemic infarction (13.8%) being
the most frequent neuroradiological sequelae. The
overall median length of hospitalization was
54 days [29.0, 77.5]. Most of the patients (58.6%)
survived with disability, and 20.7% achieved
complete recovery at hospital discharge. The
overall in-hospital mortality rate was 20.7%. AC
receivers and non-receivers did not significantly
differ in terms of clinical and neuroradiological
sequelae/complications (P > 0.999). The median
length of hospitalization was significantly longer
in AC receivers (P = 0.016). No significant
differences were observed between AC receivers
and non-receivers in terms of in-hospital mortality
rate (P > 0.999), and functional outcomes at
discharge (P = 0.687).

Anticoagulated patients: Sequelae/
complications were observed in 6 of the 15 AC
receivers. Among AC receivers, none had
extracerebral hemorrhagic events, while 1 case, who
had received LMWH, presented a new ICH and was
discharged with a slight disability (mRS = 2) (Table
1; patient 6). The median length of hospitalization
was 72.0 [46.0, 95.0] days. Complete recovery was
achieved in 2/15 patients and 10/15 were
discharged with disabilities. Additionally, 3 out of
15 AC receivers were deceased.

Non-anticoagulated  patients:  Sequelae/
complications occurred in 5 of 14 AC non-
receivers. Among the AC non-receivers, one
patient had an extracerebral hemorrhagic event
(Table 1; patient 27 with oral mucosal bleeding),
and none had extracerebral thrombotic events.
The median length of hospitalization was 35.5
[16.3, 56.8] days.
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Table 3. Patients' outcomes according to anticoagulation (AC) status

Outcome All (n =29) AC receivers  AC non-receivers pt
(n=15) (n=14)

Clinical and neuroradiological™ sequelae/complications
Any 11 (37.9) 6 (40.0) 5 (35.7) >0.999
Altered LOC 7(24.1) 3(20.0) 4 (28.6) 0.682
New FND 5(17.2) 2(13.3) 3(21.4) 0.651
New cerebral ischemic infarcts™ 4 (13.8) 3(20.0) 1(7.1) 0.598
New intracranial abscess™ 1(3.4) 0 (0) 1(7.1) 0.483
New or worsening ICH™ 1(3.4) 1(6.7) 0(0) >0.999
Extracerebral hemorrhagic events 1(3.4) 0 (0) 1(7.1) 0.400
Extracerebral thrombotic events 2 (6.9) 2 (13.3) 0(0) 0.483

Length of hospitalization and functional outcomes at discharge
Hospital stay (days) 54.0[29.0, 77.5] 72.0[46.0,95.0] 35.5[16.3,56.8] 0.016"
Total cohort mRS (n = 29) 0.687
Complete recovery (mRS: 0-1) 6 (20.7) 2 (13.3) 4 (28.6)
Disability (mRS: 2-5) 17 (58.6) 10 (66.7) 7 (50.0)
Death (mRS: 6) 6 (20.7) 3(20.0) 3(21.4)
Survivors’ mRS* (n = 23) 0.371
Complete recovery (mRS: 0-1) 6 (26.1) 2 (16.7) 4 (36.4)
Disability (mRS: 2-5) 17 (73.9) 10 (83.3) 7 (63.6)

CAM-induced SCST-related mortality
In-hospital mortality 6 (20.7) 3 (20.0) 3(21.4) > 0.999

Categorical data are presented as numbers (%). Asymmetric numeric data are described using median [IQR].

IQR: Interquartile range; P: Probability value; AC: Anticoagulation; LOC: Level of consciousness; FND: Focal neurologic
deficit; ICH: Intracranial hemorrhage; mRS: Modified Rankin scale; CAM: COVID-19 associated mucormycosis; COVID-
19: Coronavirus disease-2019; SCST: Septic cavernous sinuous thrombosis

fP-value of the comparison between AC receivers and non-receivers, *This variable is only defined for survivors (n = 23),
“Significant at P-value < 0.05, "Radiological sequelae assessment using brain neuroimaging (MRI or CT)

Complete recovery was achieved in 4/14
patients, and 7/14 were discharged with
disabilities. Additionally, 3 out of 14 AC non-
receivers were deceased.

Patients' AC-related characteristics according to
functional outcomes and mortality status

As shown in table 4, no significant difference
was found Dbetween the survivors and
non-survivors in terms of receiving AC (12 of
23 survivors vs. 3 of 6 non-survivors; P > 0.999),
AC type (P = 0.684), in-hospital AC therapy
duration (39.0 vs. 25.0 days; P = 0.247), and the
proportion of patients with early AC initiation
(4 of 12 AC receivers who survived vs. 3 of 3 AC
receivers who did not survived; P = 0.077).

Similarly, the comparison between patients
with complete recovery and those surviving with
disability yielded no significant difference in terms
of AC-related characteristics, including receiving
AC (2 of 6 recovered patients vs. 10 of 17 disabled
patients; P = 0.371), AC type (P = 0.636), early AC
initiation proportion (1 of 2 AC receivers who
recovered vs. 3 of 10 AC receivers who were
disabled; P > 0.999), and in-hospital AC therapy
duration (21.5 vs. 43.5 days; P = 0.086).

https://cjn.tums.ac.ir

Discussion
Figure 3 illustrates a summary of the present
research. In this study, we found no significant
relation between AC and MCR-induced SCST
mortality and  morbidity  (clinical and
neuroradiological sequelae/complications, as well
as functional outcomes at discharge). Furthermore,
we observed no significant differences between
survivors vs. non-survivors and recovered vs.
disabled patients in terms of receiving AC, AC
type, early AC initiation, and in-hospital AC
therapy duration. Among AC receivers, a new ICH
was developed in one patient, and no systemic
hemorrhage was observed. Hereafter, we discuss
our findings within the context of literature related
to CAM, MCR-induced SCST, and controversial
issues surrounding AC in SCST, respectively.
COVID-19 associated MCR: Consistent with
previous studies, we observed male and middle-
aged predominancies in patients with CAM.2.%
We found a median interval of 19 days between the
COVID-19 onset and MCR symptoms, which was
in agreement with previous studies, suggesting
intervals varied between 5 to 21 days between

admission for COVID-19 and MCR symptoms
onset.19.20,24,25,42
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Table 4. Patients' anticoagulation-related characteristics according to functional outcomes and mortality status

Variable Mortality (n = 29) Functional outcomes' (n = 23)
Survivors Non-survivors P Recovered Disabled P
(n=23) (n=6) (n=6) (n=17)
Receiving AC 12 (52.2) 3 (50.0) >0.999 2 (33.3) 10 (58.8) 0.371
AC Type UFH: 6 (50.0) UFH: 3 (100) 0.684 UFH: 2 (100) UFH: 4 (40.0) 0.636
LMWH: 2 (16.7) LMWH: 0 LMWH: 0 LMWH: 2 (20.0)
DOACSs: 4 (33.3) DOACs: 0 DOACs: 0 DOACS: 4(40.0)
Early AC initiation 4 (33.3) 3 (100) 0.077 1 (50) 3 (30) >0.999
AC duration 39.0[23.8,58.8] 25.0[22.0,8] 0.247 21.5[14.0,8] 43.5[33.3,65.3] 0.086
(days)*

Categorical data are presented as numbers (%). Asymmetric numeric data are described using median [IQR].
IQR: Interquartile range; P: Probability value; AC: Anticoagulation; UFH: Unfractionated heparin; LMWH: Low molecular weight

heparin; DOACs: Direct oral anticoagulants

This variable is only defined for survivors (n = 23), recovered (mRS: 0-1), and disabled (MRS: 2-5). fIn-hospital therapy duration,

8IQR is not available due to the sample size

Joshi et al. reported a longer median interval of
28 days.?0 In corroboration with previous studies,
our findings indicated DM and GC intake as the
most common CAM predisposing factors.20.21,2425
At the initial neuroradiologic examination,
cerebral ischemic infarcts were observed in nearly
one-fifth of our patients. Similarly, there are
reports of large vessels and lacunar cerebral
infarcts in patients with CAM.31,32

MCR-induced SCST: Before the COVID-19
pandemic, studies dealing with SCST secondary to
MCR were mainly based on case reports.4-48
During the pandemic, a sudden increase was
observed in MCR infections,?4° resulting in a
considerable increase in its cerebrovascular
complications, such as the SCST 3132 A retrospective

study in a large Indian tertiary hospital reported
only 25 cases of SCST with fungal etiologies during
a 15-year period (2002-2017).# However, in the
present study, we reported 29 patients with
MCR-induced SCST in less than a year.

Reviewing the literature indicates few studies
focusing on CAM-induced SCST.21:242832 Recent
single-center and multicenter series suggested that
cavernous sinus thrombosis/invasion is among
the most predominant CNS involvements in
patients with ROCM.21.2550 Nevertheless, there are
inconsistencies in the reported frequencies of CST
secondary to COVID-19-associated ROCM; 7.0%,20
10.08%,2> 18.36%,21 and 28.0%0 have been
reported. The corresponding value in our study
was 13.1% among patients with ROCM.

Underlying comorbidities
Steroid-mediated

SARS-CoV-2 mediated >
Y

Backgromd

’ COVID-19 H Immunosuppression ]—% Rhino-orbitocerebral mucormycosis H Septic cavernous sinus thrombosis

Research question

Eliminating the possible
protective roles of the thrombus

Can anticoagulation help reduce morbidity/mortality of CAM-induced SCST?

Intracranial hemorrhage o of thrombl
Inhibition of platelet function
Sy a8 risks T ————Suggested benefits

Antl-inflammatory properties

Promoting antiblotic penetration
into the thrombus

Main findings

[ Anticoagulant receivers vs. non-receivers ]
[ Complications ] [ 40% vs. 35.7% ] [ P = 1.000 ]
( Mortality ] ( 20% vs. 21.4% | P = 1.000 |

Figure 3. Research summary

SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; COVID-19: Coronavirus disease-2019; CAM:
COVID-19 associated mucormycosis; SCST: Septic cavernous sinus thrombosis
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In line with the current estimated SCST
mortality rate of 20-30%,! we found an in-hospital
mortality rate of 20.7% in patients with
CAM-induced SCST. A lower mortality rate of
8.3% (1/12) in patients with non-CAM-induced
SCST was reported by van der Poel et al.5!

AC in SCST: The focus of our study was to
assess the AC effects in the management of
patients with CAM-induced SCST. A PubMed
search, using the search query “(Cavernous Sinus
Thrombosis [MeSH Terms]) AND (Anticoagulants
[MeSH Terms])” revealed that the majority of the
available evidence comes from older studies,53644
and very few studies have recently dealt with AC
safety/efficacy in  patients with SCST.5!
Additionally, those few studies had mainly
investigated SCST due to bacterial causes, and the
management of patients with fungal causes has
scarcely been investigated.5!

Currently, there is no consensus nor are there
any RCTs for guiding SCST treatment,! hence the
necessity of reporting real-world observations of
this life-threatening condition. In the absence of
RCTs and the relatively small sample sizes of the
retrospective studies, Caranfa and Yoon suggested
that extrapolating knowledge from cerebral venous
sinus thrombosis (CVST) may appear reasonable.!
Studies have suggested the acceptable safety and
efficacy of AC in CVST .52 Nevertheless, we found
no significant differences between AC receivers and
non-receivers in terms of sequelae/complications
(40.0% vs. 35.7%), in-hospital complete recovery
rates (13.3% vs. 28.6%), and in-hospital mortality
rates (20.0% vs. 21.4%). Nevertheless, it is important
to remember that when the sample size is small,
there is reduced statistical power to identify true
differences between groups; thus, caution must be
taken in interpreting the findings. Compared to AC
non-receivers, ~AC  receivers had longer
hospitalization, possibly due to the longer time
required for the adjustment of AC dose and
regimen. We also observed that survivors and non-
survivors, as well as completely recovered patients
and those surviving with disability did not
significantly ~differ in terms of AC-related
characteristics, suggesting that AC, even when
started early, did not significantly affect
SCST-related mortality and morbidity.
Nevertheless, some previous studies by Southwick
et al.,% Levine et al.,* and Weerasinghe and Lueck®
suggested that if started early, AC might be
associated with lower mortality, morbidity, or both.

Southwick et al. reviewed 86 patients with

https://cjn.tums.ac.ir
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SCST between 1940-1984, 32% of which had
received heparin.? According to the authors,
mortality was lower among patients who received
heparin in comparison to those who did not
(14% vs. 36%; P < 0.05). They suggested that AC
must be considered as an adjuvant therapy only if
there is no evidence of cortical venous infarction.3¢
In contrast, Levine et al. studied seven patients
with SCST and cases reported between 1941 and
1988, and found no significant difference in
mortality rates between AC receivers and
non-receivers.* However, they reported that early
AC was associated with reduced morbidity (vision
loss, stroke, ophthalmoplegia, hypopituitarism,
and focal seizures), while delayed use provided no
further benefit.* Reviewing 88 patients with SCST
reported between 1980-2015, Weerasinghe and
Lueck found a considerably greater percentage of
full recovery (53.6% vs. 32.0%) and lower mortality
(12% vs. 28%) in patients treated with AC.
However, they reported no considerable difference
in the number of patients surviving with disability
between the two groups (34% vs. 40%).> Wang
et al. conducted a review of seven patients with
CST secondary to sphenoid sinusitis, reported
between 2001 and 2013, and included a new patient
observed in their department.> They reported that
compared to AC non-receivers, patients who had
received intravenous/oral AC (6 of 8 patients) had
a better prognosis, without ICH occurrence.?
Reporting 12 patients with SCST between 2005 and
2017, of whom 7 were anticoagulated, van der Poel
et al. suggested the safety of AC in these patients.5!
According to the authors, none of the patients
treated with AC developed hemorrhagic
complications.’? However, this study did not
compare the efficacy outcomes between AC
receivers and non-receivers.’® Rebelo et al.
reviewed 11 pediatric patients with thrombotic
complications of head and neck infections between
2009 and 2013, all of whom were anticoagulated
with LMWH.> Patients developed extracranial
and intracranial thrombi, including thrombus of
the transverse (n = 3), sagittal (n = 1), sigmoid
(n = 6), and cavernous (n = 2) sinuses.>* Within a
median of 3.4 months, thrombus improvement or
resolution occurred in 10/11 patients, with no
AC-related adverse events (AEs).%* Although
remaining controversial, the authors suggested
that AC benefits might outweigh the risks.>

AC type and duration in SCST: Attempts to find
the AC of choice and the optimal therapy duration
have also yielded inconsistent results.! Continuous
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heparin infusion is generally the recommended
AC therapy, based on limited data.? Accordingly,
UFH was administered to the majority of our
patients.  Consistently, Bhatia and Jones
suggested the use of UFH in the early phases of
the treatment, as it is more easily reversed.3
There are very few reports of LMWH being
administered in patients with SCST.35* Rebelo et
al. reported no AC-related AEs in 11 patients with
thrombotic complications of head and neck
infections who were treated with LMWH,
including 2 patients with CST.>* However, there
are also anecdotal reports of hemorrhagic sequelae
in patients with septic lateral sinus thrombosis on
LMWH.%56 In our study, two patients were treated
with LMWH, one of whom developed a new ICH.

The optimal AC therapy duration of 3-6 months
was recommended by van der Poel et al.,5! while
some other experts believe that radiologic evidence
of thrombus resolution is the treatment goal, which
might be achieved within 6 weeks.3* Southwick
recommend continuing AC until observing
significant improvement in infection and SCST
clinical signs/symptoms (periorbital edema, fever,
leukocytosis, etc.).?

Limitations: This study was faced with several
potential limitations. First, as with previous
studies, the potential limitation of a small sample
size might have lowered the power of statistical
test results, the possibility of performing
multivariate tests, and the study's generalizability.
Therefore, the outcome analyses should be
interpreted with caution, and no definite scientific
conclusions should be made. Indeed, the small
sample size may limit the ability to detect
significant differences between AC receivers and
non-receivers, leading to inconclusive results.
Second, we did not randomize the assignment of
patients to receive AC or not, which could
introduce confounding variables and affect the
validity of the results. The decision to administer
AC may have been influenced by various factors,
including the severity of the condition, the
presence of comorbidities, and individual
physician preferences. However, the evaluation of
various patient-related, disease-related, and
management-related factors did not reveal any
confounding effects. Third, certain potential
confounding factors were not taken into account,
such as the extent of MCR involvement or specific
details regarding the concurrent use of other
therapeutic interventions alongside AC. Fourth,
this study exclusively encompassed patients from
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a specific group diagnosed with SCST induced by
CAM. As a result, the generalizability of these
findings to wider populations or diverse clinical
contexts, such as SCST with bacterial causes or
patients without a previous history of COVID-19,
may be constrained. Moreover, out-of-hospital
follow-ups were not evaluated in this study.

Prospective and larger studies are required to
determine whether AC is associated with reduced
SCST mortality or morbidity, as well as to identify
the optimal treatment regimens. However, while
we encourage future studies to consider using
RCTs or propensity score matching to mitigate the
potential bias introduced by this non-randomized
assignment, conducting studies with a sufficient
sample size for such a rare condition, designed
specifically to answer this question, will be
exceedingly labor- and time-intensive and
extremely unlikely to take place. Subsequently,
while deciding on the most effective treatment
approaches, neurologists must still rely on expert
opinions and evidence from retrospective studies.!
In our retrospective study, we carefully considered
and addressed all sources of potential bias or
imprecision (please see the “Materials and
Methods” section). Notably, since we relied on
objective medical records for data collection, the
possibility of recall bias is minimized, as the data is
documented contemporaneously without reliance
on memory. Altogether, despite its drawbacks, we
believe our observations contribute to the limited
body of evidence in this field.

Conclusion

AC use in the management of SCST remains highly
controversial. Our observations indicated no
considerable difference between AC receivers and
non-receivers in either mortality or morbidity of
SCST. Additionally, survivors and non-survivors,
as well as patients with complete recovery and
those surviving with disability did not
significantly differ in terms of AC-related
characteristics (i.e., receiving AC, AC type, early
AC initiation, and in-hospital AC therapy
duration). However, it is necessary to keep in mind
that statistical power declines with decreasing
sample size, necessitating a cautious approach to
the interpretation of results due to the diminished
ability to identify true differences across groups.
With respect to the limited evidence and scattered
nature of this field of research, a thorough
systematic review (and meta-analysis, if
applicable) of studies evaluating AC in SCST
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management from its inception to date would be

this study.

fruitful to address a variety of debatable questions
in this regard.
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