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BACKGROUND: To assess patients with indirect carotid-cavernous fistulas (CCF) for evidence of hypercoagulable state (HS) by
combination of comprehensive medical questionnaire and laboratory testing.
METHODS: Patients with confirmed diagnosis of CCF treated between 2003 and 2019 were included and administered a
questionnaire screening for HS risk factors and undergone laboratory investigations which included complete blood count (CBC),
prothrombin time (PT), partial thromboplastin time (PTT), fibrinogen, antiphospholipid antibodies (lupus anticoagulant and
anticardiolipin antibody titres), Factor V Leiden, prothrombin, protein C, protein S, antithrombin III, homocysteine, prothrombin
G20210, CALR and JAK2 mutation screening. Participants with abnormal laboratory testing and/or past history of ischemic stroke,
atrial fibrillation, cancer or hypercoagulability-associated hereditary disorders were deemed to have HS.
RESULTS: Twenty-two patients were enrolled. Seventeen were women and the mean age at diagnosis was 60. Fourteen (64%) had
evidence of HS: six on medical history, three with laboratory evidence and five with both. Eight (36%) had current abnormal
hypercoagulability markers. One had a diagnosis of Klippel–Trenaunay Syndrome, but no others had evidence of hereditary
thrombophilia. Nine were on anti-coagulation initiated after diagnosis of stroke or atrial fibrillation discovered on average 5.5 years
after the diagnosis of CCF.
CONCLUSION: A total of 64% percent of patients with previous indirect CCF had evidence of underlying HS indicating that
hypercoagulability might play a role in the pathogenesis of CCF. The results support need for comprehensive testing for underlying
HS in patients with indirect CCFs to better identify, manage, and prevent further thromboembolic events.
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INTRODUCTION
Carotid cavernous fistulas (CCFs) are among the most frequently
encountered cranial arteriovenous shunts by ophthalmologists.
Direct CCFs are high-flow shunts between the internal carotid
artery (ICA) and the cavernous sinus (CS) and are almost always
due to trauma. Indirect CCFs are low-flow shunts between the
dural branches of the ICA or external carotid artery (ECA) or both
and CS and their aetiology is not entirely clear. CCFs commonly
cause a well-recognized constellation of symptoms of orbital
venous stasis due to backflow of venous blood from the
cavernous sinus to the orbit: proptosis, chemosis, conjunctival
arterialization, diplopia, increased intraocular pressure and
decreased visual acuity [1–3]. If untreated, they can lead to
compressive optic neuropathy, venous stasis retinopathy, chor-
oidal detachment, and rarely venous strokes due to rupture of
cortical veins filled with arterialized blood.
Indirect CCFs are a subtype of brain dural arteriovenous fistulas

(DAVFs) and are thought to form due to a combination of venous
thrombosis, venous hypertension, angiogenesis, and arterial wall
defects [4–6]. The sequence of the causative events is debatable,
with one hypothesis being that venous thrombosis leads to
venous hypertension and ischemia thus triggering angiogenesis
[5–8]. While animal studies support this notion [4], there are no

clinical studies evaluating whether dural sinus thrombosis (DST)
precedes DAVF formation, is a consequence of it, or co-occurs with
DAVF formation secondary to a yet undiscovered mechanism [5].
An association of hypercoagulable state (HS) with DAVFs has been
suggested in prior studies, with one hypothesis being that HS may
predispose patients to DST and subsequent DAVF formation [7].
Hypercoagulability risk factors for venous thromboembolic

events (VTE) can be divided into three categories: situational,
inherited and acquired [9, 10]. Situational risk factors are well-
defined, transient clinical circumstances that are associated with
greater VTE risk while they are present and for a short period after
their resolution. These include surgery, prolonged immobilization,
oral contraceptive pill (OCP) use, hormone replacement therapy
(HRT), pregnancy, cancer chemotherapy and heparin-induced
thrombocytopenia (HIT) [9]. Inherited risk factors include condi-
tions causing disruption of coagulation homeostasis, resulting in
greater thrombin generation and increased risk of clinical VTE.
They include genetic mutations and polymorphisms that result in
natural anticoagulant deficiencies (e.g., protein C, protein S or
antithrombin), inherent abnormalities of procoagulant factor
accumulation (e.g. prothrombin G20210A), coagulation factor
resistance to inactivation by a natural anticoagulant (e.g., Factor
V Leiden), and JAK2 mutations associated with polycythaemia
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vera, essential thrombocythemia, and other myeloproliferative
disorders. Acquired risk factors include medical conditions or non-
hereditary hematologic abnormalities that interfere with haemos-
tasis. These include inflammatory bowel disease, nephrotic
syndrome, vasculitis, presence of antiphospholipid antibodies,
paroxysmal nocturnal haemoglobinuria, hyperviscosity syn-
dromes, myeloproliferative disorders, and cancer. Hyperhomocys-
teinemia and elevated levels of factor VIII are examples of risk
factors that can be either acquired or have a genetic predisposi-
tion [9].
A recent study by Polster et al. demonstrated that 15 out of 17

patients with DAVFs had a co-existing HS [11]. However, patients
with CCFs were poorly and inconsistently represented among
previously published cohorts. Given the hypothesized association
of HS with future risk of thromboembolic events [11, 12], we
assessed the largest cohort of patients with indirect CCFs to date
for evidence of HS by a combination of comprehensive medical
history assessment and laboratory testing.

METHODS
Study design
A descriptive, investigational study based on a retrospective cohort.
The study was approved by the University of Toronto Health Sciences

Research Ethics Board.

Patient selection
Between 2003 and 2019, 70 patients were diagnosed and treated for CCF
at the University Health Network, a University of Toronto associated
hospital. Of these, 55 had indirect CCFs and were considered for
enrollment into the study.
Inclusion criteria was restricted to individuals over 18 years of age with

previously confirmed diagnosis of indirect CCF on neuro-imaging (CT or
MR angiography, Digital Subtraction Angiography (DSA) or cerebral
angiogram) who were available for follow-up to complete a detailed
hypercoagulable questionnaire and undergo laboratory work-up.

Data acquisition
All enrolled patients completed a clinical questionnaire inquiring about
their smoking history, medication history (specifically inquiring about oral
contraceptive therapy (OCT), hormone replacement therapy (HRT), and
anticoagulants use), and past medical history (specifically inquiring about
previous history of cancer, stroke, VTE, previous history of surgery or
immobilization). All participants had a panel of laboratory investigations
which included CBC, PT, PTT, D-dimer, Fibrinogen, antiphospholipid
antibodies (lupus anticoagulant and anticardiolipin antibody titres), Factor
V Leiden, prothrombin, protein C, protein S, antithrombin III, homocysteine,
and prothrombin G20210 and JAK2 mutation screening.
Risk of hypercoagulability included hereditary risk factors known to

predispose or cause VTE, situational risk factors such as surgery with
immobilization greater than 2 weeks, pregnancy within 2 years preceding
CCF diagnosis, use of HRT or OCT for 5 consecutive years or longer within 2
years preceding CCF diagnosis, and cancer-related treatment within 2
years preceding CCF diagnosis. Acquired risk factors included any medical
condition known to be associated with thrombo-embolic disease.
A patient was defined as being a hypercoagulable state based on

laboratory results if they had an abnormal results in any one of the
following: antiphospholipid antibodies (lupus anticoagulant and antic-
ardiolipin antibody titres), Factor V Leiden, prothrombin, protein C, protein
S, antithrombin III, homocysteine, and prothrombin G20210 and JAK2
mutation screening. A patient was defined as being in a HS based on
history if they had a positive history of any one of: stroke, atrial fibrillation,
cancer, hormone replacement therapy (HRT). One patient was categorized
as being in HS based on history of a Klippel Trenaunay Syndrome, a
congenital vascular malformation syndrome with a high rate of VTE. Last, a
patient was defined as being in HS state if they met either laboratory or
history criteria above.

Data analysis
Data was captured onto a standardized excel data collection spreadsheet
and descriptive statistics, such as measures of centrality (mean, median,

mode) for continuous variables as well as ratios or percentages, were
employed. Mann–Whitney testing was used to compare the time interval
from diagnosis of CCF to hypercoagulability assessment between patients
with a medical history of HS and those without. Where applicable, Fisher’s
exact testing was used to compare proportions. A p value of 0.05 or less
was considered to be of statistical significance.

RESULTS
Patient sample
Twenty-two patients out of a total of fifty-five patients with
indirect CCFs treated at the same institution between 2003 and
2019 fulfilled inclusion criteria and underwent hypercoagulability
assessment. Mean age at CCF diagnosis was 59.4 years and 17
(77%) of patients were female.

Clinical questionnaire risk factors for hypercoagulability
Eleven patients (50%) had a history compatible with HS (Tables 1,
2): 1 with underlying hereditary risk factor, 9 with acquired risk
factors and 1 with a situational risk factor. 5 patients were current
or past smokers. Of the 17 female patients, 14 had a history of
previous pregnancy but none occurred within 4 years of CCF
diagnosis. 3 had a history of previous miscarriage, with 2 out of 3
reporting recurrent pregnancy loss. Four patients had a history of
cancer but no history of metastasis. 2 were diagnosed and treated
before CCF diagnosis. Of these 2 patients, 1 was diagnosed with
left pheochromocytoma and underwent left adrenalectomy while
the other was diagnosed with cancer of the vocal cords diagnosed
~6 years prior to CCF diagnosis and underwent radiation therapy
only. Of the remaining 2 patients, 1 had a diagnosis of endometrial
cancer diagnosed ~5 years after CCF diagnosis and underwent
hysterectomy with bilateral oophorectomy while the other patient
was diagnosed with right breast cancer diagnosed approximately
8 years after CCF diagnosis and underwent lumpectomy and
lymph node removal followed by radiation therapy and
chemotherapy.

Table 1. Characteristics of 22 patients in the study.

Category Value Notes

Age (mean+ SEM) 59.4 ± 2.7

Female 17 (77%)

Interval between CCF diagnosis
and this assessment, years
(mean+ SEM)

6.1 ± 0.94

Dyslipidaemia 11 (50%)

Hypertension 13 (59%)

Diabetes 5 (23%)

Smoking 5 (23%)

Prior DVT/PE 1 (4.5%)

Medical history of
hypercoagulable state

1 (50%)

Atrial fibrillation 4 (18%)

Stroke 3 (14%)

HRT 1 (4.5%)

Cancer 4 (18%)

Syndrome 1 (4.5%) Klippel trenaunay
syndrome, C-spine
venous epidural
pouch thrombosis

Laboratory evidence of
hypercoagulable state

8 (36%) See Table 3 for
summary

Anti-coagulation 9 (41%) 8/9 initiated after
CCF diagnosis
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Fourteen patients underwent some form of non-cancer related
surgery but all reported an immobilization period of <1 week
post-operatively. One patient had a history of Klippel-Trenaunay
Syndrome (KTS) (a hereditary vascular malformation-related
syndrome) but none others had a history of hereditary thrombo-
philic disease. Atrial fibrillation (AF) was present in 4 patients and
history of previous stroke was reported in 3. Nine patients were
currently on or had a history of being on anticoagulation therapy.
There were no patients with a history of pulmonary embolism (PE)
or deep vein thrombosis (DVT). Although 1 of 22 patients
confirmed a history of previous heparin therapy in the past, none
were ever diagnosed with heparin-induced thrombocytopenia.

Presence of hypercoagulable state on laboratory blood
investigation
Eight (36%) patients had abnormal hypercoagulability markers
with moderately elevated homocysteine (HC) levels (between 15
and 30mcmol/L) in 4, and positive anti-cardiolipin antibody
(ACLA) titers in 4. Of the 4 patients with elevated ACLA titres, 3
were female and 1 reported a history of miscarriage. There was no
patient with elevated levels of Protein S or C. Zero patients (of 17
tested) had HIT platelet factor 4 antibodies and none tested
positive for hereditary thrombophilias (Table 3).

Prevalence of hypercoagulable state based on both clinical
history and laboratory investigation
Altogether, 14 (64%) patients had evidence of current and past HS
based on clinical and/or laboratory criteria. Of the 8 patients with
positive laboratory findings, 6 also had a positive history for
hypercoagulability risk factors.

CCF diagnosis precedes discovery of hypercoagulable state
Nine patients in the cohort were on anti-coagulant medication.
For 8 of these the indication to start anti-coagulation was
discovered after CCF diagnosis. This delay was substantial,
averaging 5.5 years and ranging from 0.6 to 13.3 years. The 2
patients with the longest delays had strokes. The rest were anti-
coagulated because of a new diagnosis of atrial fibrillation or a
hereditary condition. Concordant with this data, 11 patients with a
medical history compatible with HS were diagnosed with CCF
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Table 3. Genetic markers and laboratory parameters in patients with
indirect CCFs.

Marker Number and percent abnormal

Homocysteine 4 (18%)

PT 0

APTT 1 (4.5%)

INR 0

Platelet Count (x109/L) 0

Protein C 2 (9%)

Protein S 2 (9%)

Anti-cardiolipin Ab 4 (18%)

Antithrombin III 1 (4.5%)

Prothrombin 0

Lupus Anticoagulant 0

Factor V Leiden 0

Prothrombin G20210 0

JAK2 0

CALR 0

HIT Plt factor 4 0 (5 not tested)

NA not applicable.

T.J. Patel et al.

1984

Eye (2022) 36:1982 – 1987



more remotely than those who did not (8.7 years vs. 3.5 years,
Mann–Whitney test, P= 0.001) (Fig. 1). Taken together, this data
strongly suggests that a diagnosis of CCF implies an underlying
hypercoagulable state.

Age comparison in those with and without evidence of
hypercoagulable state
Patients with evidence of underlying HS were not significantly
older than those with no evidence of underlying hypercoagul-
ability (95% CI [−10.7, 18.7], p= 0.549), suggesting age did not
have a detectable effect on developing HS in this cohort. Similarly,
patients with evidence of underlying HS did not differ from those
without any evidence of underlying HS by age at which CCF was
diagnosed (95% CI [−14.3, 15.2], p= 0.95).

DISCUSSION
Indirect CCFs represent a subgroup of DAVFs which are low flow
fistulas with more gradual onset [2]. The pathogenesis of DAVFs
and CCFs is multifactorial and postulated to involve hypercoagul-
able predisposition [5–7]. We hypothesized that patients with
indirect CCFs have an underlying or associated HS, as previous
studies reported this relationship in patients with DAVF [5–7]. By
systematically evaluating the largest cohort of patients with
indirect CCFs to date, we found that an overwhelming proportion
of patients (72.7%) had evidence of HS.
Laboratory evidence of hypercoagulability has been detected at

highly variable rates among previously published patient cohorts
with DAVF. The variable proportions and limited subgroup analysis
of patients with indirect CCFs in those cohorts makes it difficult to
compare them to our study population. However, in a case-control
study of 18 patients with DAVFs, 12 of whom had CCF, Izumi et al.
detected elevated D-dimer levels in 88.9% preoperatively [13].
Notably, D-dimer levels tended to increase immediately post-
treatment, and then decreased to control levels after 1 year with
subsequent decline over long-term follow-up, suggesting that
hypercoagulability in DAVF may be a transient state. In our study,
D-Dimer levels were elevated in a smaller proportion (n= 6, 27%)
of patients, consistent with a more remote history of CCF
treatment than that in Izumi et al. However, our results also
suggest that D-dimer levels may remain elevated for a protracted
period of time after indirect CCF treatment, as the mean time from
CCF treatment to laboratory testing was 6.1 years (range: 0.4–15.1
years).

Antiphospholipid syndrome is an acquired thrombophilia
known to be associated with VTE and stroke [14]. Risk of
thrombosis is dependent on the type and number of antipho-
spholipid antibodies present. Lupus anticoagulant holds 6–11 fold
increased risk while presence of anticardiolipin antibodies (ACLA)
holds a 1.6–3.2 fold increased risk of VTE [9, 14]. Furthermore,
antiphospholipid antibodies are present in about 9% of patients
with a history of miscarriage, in 14% with history of stroke and in
11% with myocardial infarction [14]. We identified the presence of
raised titres of ACLA in 4 (18%) patients in our study. Of these, 1
patient had a history of previous miscarriage and AF while another
had a history of cancer and AF.
Hyperhomocysteinemia is associated with a 2–4 fold increased

risk for VTE [9]. In patients with associated methylenetrahydrofo-
late (MTHFR) polymorphisms in the C677T gene, the risk is higher.
Elevated homocysteine levels were found in 4 (18%) of our
patients, similar to prior reports evaluating patients with DAVF
[11, 15].
Prior studies estimate the incidence of hereditary thrombophi-

lias in patients DAVF to be between 10% and 40% [11, 12, 15–18].
Although early studies rarely assessed >20 patients, two recent
cohorts totaling 281 patients with DAVF, 47 of whom had CCF,
detected the prothrombin G20210A mutation in 6–18% cases,
Factor V Leiden in 3–8%, and MTHFR in 15% [12, 18]. However,
these studies did not distinguish between direct or indirect CCFs,
nor was a comprehensive assessment of hypercoagulability
performed. Nevertheless, such estimates are in keeping with 5-
and 10-fold increase in frequency of DAVF in patients with Factor
V Leiden and prothrombin G20210A mutations [17]. In our study
sample of 22 patients with indirect CCF, none of the patients had
evidence of hereditary thrombophilia despite testing for Factor V
Leiden and prothrombin G20210A mutations in addition to more
recently described mutations (JAK2 and CALR) associated with
hypercoagulable state. While this could be secondary to the
relatively small sample size, it might suggest that hereditary
thrombophilias are less common in patients with indirect CCFs
[17].
After completion of an extensive questionnaire, we identified

50% of patients in our study who had risk factors for HS, such as
atrial fibrillation, stroke, cancer, and a hereditary vascular disorder.
History of current or previous smoking was reported in 5 patients,
4 of whom also had independent risk factors for a HS. However,
due to the small study population and lack of supportive
literature, we did not consider smoking a risk factor for HS.

Fig. 1 CCF diagnosis precedes discovery of hypercoagulable state. a Patients with a medical history compatible with a hypercoagulable
state have had their procedure more remotely than those who didn’t. Mann–Whitney Test, α < 0.05. b Time delay for initiating anticoagulation
in patients with CCF.
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Presence of cancer is an established risk factor for a HS and VTE
[9, 11] while prevalence of underlying HS in patients with DAVFs
has been established to be higher when compared with the
general population [5–7]. Thus, screening for cancer in patients
with evidence of a HS (such as in cases with DAVF) is considered
reasonable clinical practice. Although Polster et al. found that
cancer was very common in their series of patients with DAVFs
[11], cancer history was reported in only 18.2% (n= 4) of patients
in our cohort. It is possible that this discrepancy stems from small
sample sizes in both studies or suggests patients with indirect
CCFs are distinct from those with DAVFs. In any case, prevalence
of cancer increases independently with age [9, 11]. Therefore,
results from both Polster et al. and this cohort should be
interpreted with caution, as both study populations were
predominantly older with mean age of 62 and 60, respectively.
PE and DVT are common presentations of VTE in patients with

underlying HS which constitute the third most common
cardiovascular disease [9]. None of the patients in our study had
a confirmed history of previous PE or DVT.
There were a large number of patients within this cohort with

known vascular risk factors such as dyslipidemia, hypertension
and diabetes mellitus (Table 1) which may contribute to the risk
factor profile for patients with CCF.
The most significant limitation of this study was its small sample

size given the nature of the prevalence of indirect CCFs. In
addition, it suffers from selection and survival biases as only a
subset of patients who were available and consented to
participate in the study were included and it was not control-
based. Due to the retrospective cohort of patients having already
been diagnosed and treated for CCF, data related to laboratory
investigations for HS at time of initial presentation is lacking and,
thus, trend analysis is deficient.
However, when combining results from the clinical history and

laboratory testing, we detected evidence of HS in an over-
whelming majority of patients (64%) who were treated for indirect
CCF (n= 14) in the past. These results support the hypothesis that
underlying HS is common in patients with indirect CCFs and
validate the recommendation that all patients with indirect CCF
should undergo laboratory testing for underlying HS. Our study
adds to the growing evidence base that DAVFs are associated with
HS. Critically, nine patients were on anti-coagulation therapy, with
8 of those starting medication for an indication discovered on
average 5.5 years after CCF diagnosis. Such a delay may risk
irreversible consequences of HS, such as stroke or MI. Identifying
HS early and treating it is important in preventing further
cardiovascular events and mitigating risk for patients with
indirect CCFs.

CONCLUSION
We describe the presence of risk factors for HS in the largest
cohort of patients with indirect CCFs to date. Our results indicate
that patients with indirect CCFs have a very high prevalence of HS
and contributes to increasing evidence that DAVFs are associated
with HS. This study supports the need for all patients with newly
diagnosed indirect CCFs to undergo a comprehensive hypercoa-
gulability screen in order identify and mitigate the risk of future
thrombo-embolic events.

SUMMARY
What was known before

● Carotid-cavernous fistulas are the most common arterio-
venous shunts encountered by ophthalmologists who are
often the one diagnosing this condition. Most ophthalmolo-
gists in any sub-specialty will encounter a patient with CCF in
their practices. While the aetiology of indirect CCF formation is

poorly understood, recent work has suggested that hypercoa-
gulability plays an important role in pathogenesis. Prevalence
of hypercoagulable state (HS) has been evaluated in patients
with brain dural arterio-venous fistulas recently, however, no
study has specifically looked at this relationship in a subset of
patients with CCF.

What this study adds

● We describe the presence of risk factors for HS in the largest
cohort of patients with indirect CCFs to date. Our results
indicate that patients with indirect CCFs have a very high
prevalence of HS and contributes to increasing evidence that
DAVFs are associated with HS. This study supports the need
for patients with newly diagnosed indirect CCFs to undergo a
comprehensive hypercoagulability screen in order to identify
and mitigate the risk of future thrombo-embolic events.
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