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Abstract

Purpose

Patient-reported long-term follow-up after endovascular treatment of indirect carotid cavern-

ous fistulas is important, but rarely addressed in literature. We report on this issue with a

special focus on the patient’s view and its impact on the indication evaluation process.

Methods

We retrospectively reviewed the records of all patients (n = 33) with a minimum follow-up

interval of at least 36 and up to 166 months after endovascular treatment of an indirect

carotid cavernous fistula (Barrow B-D) at our institution (treated from 01/2003 to 06/2015).

We determined treatment details including primary therapy success and complication rate

and quote the patient’s subjective perception of the long-term treatment success using a

standardized interview form.

Results

As a primary result the fistula was completely occluded in 25/33 cases (76%), while a down-

grading was achieved in 8/33 (24%) of the cases. Secondary occlusion was observed in

three out of eight patients (38%). In the long-term interview (response rate: 91%, median fol-

low-up interval: 114 months) 87% of the patients reported high satisfaction with the long-

term therapy result. Endovascular treatment achieved a sustainable relief from all eye-

related symptoms in 89% and from pulsatile tinnitus in 57% of the cases.

Conclusions

In addition to good results in terms of angiographic and clinical cure, endovascular treatment

is also perceived as beneficial by most of the patients. This is another important argument in

favor of an endovascular treatment.
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Introduction

Carotid cavernous sinus fistulas (CCF) are abnormal arteriovenous shunt connections

between the carotid circulation and the cavernous sinus. They are commonly classified into

four types (A-D) according to Barrow [1]. Whereas a Type A CCF is a direct arteriovenous

shunt, the Types B-D present as an indirect communication between dural branches of the

carotid arteries through the wall of the cavernous sinus (idCCF). The prognosis and endovas-

cular treatment methods of both entities significantly differ [2–5].

Symptoms of an idCCF include paresis of some combinations of the cranial nerves III, IV

and VI, periorbital or retro-orbital pain, and conjunctival chemosis [6]. Exophthalmos, ele-

vated intraocular pressure (IOP), and a decrease of the visual acuity can be observed as well.

An idCCF is associated with serious morbidity, threatening blindness, stroke, and cerebral

hemorrhage in up to 30% to 40% of lesions associated with retrograde venous drainage to the

cerebral veins (CVD) [7,8].

Endovascular techniques as a treatment option for idCCF have emerged over the past years

and there are some publications on the complication and success rates of this method [8–10].

But whereas indication to treat is indisputable in fistulas associated with cortical venous drain-

age (CVD), neurologic deficits, intradural hemorrhage, venous thrombosis, or altered mental

status [8] any other clinical presentation of an idCCF only offers a relative treatment indica-

tion. Some authors even recommend to manage these lesions expectantly awaiting potential

spontaneous closure of the fistula [4,8,11,12].

In these constellations and especially when consulting elderly patients whether to treat or

not, it is not only about good angiographic results–rather an intervention is only justified if a

sustainable subjective improvement of the patient’s condition is to be expected.

This aspect of patient reported outcome is little addressed in the interventional radiologic

literature. In this work we report on this issue by evaluating the subjective satisfaction of 33

patients with a minimum of 36 months follow-up after endovascular therapy of an idCCF. We

aim to add another patient-centered perspective to the indication finding process.

Material and methods

Study population

We reviewed the PACS, the electronic database and the paper based medical documentation

of our hospital to identify all patients who received endovascular treatment of a CCF Barrow

Type B-D (idCCF) at the neuroradiology department of our institution from 01/2003 to 06/

2018. From these we included all cases with a minimum of 36 months follow-up period

(treated from 01/2003 to 06/2015).

Evaluation criteria

All patient records were reviewed to determine the clinical symptoms at the time of initial pre-

sentation and during the follow-up period. The imaging material was re-analyzed in detail by

two experienced neuroradiologists (LE and GF, 8 and 16 years of experience respectively). The

vascular treatment approach, materials used, and any complications related to the intervention

with regard to vessel dissections, thromboembolic events, hemorrhages, infarctions, lasting

disabilities and death were recorded [10].

To determine the primary success rate, the final angiographic result of the last endovascular

session was assigned to one of four categories: (1) complete occlusion (CO), (2) downgrading

(D), (3) unchanged (U), (4) upgrading (UP, = increased AV-shunt volume).
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Downgrading (D) was defined as a reduction of the AV-shunt volume in digital subtraction

angiography compared to the state prior to the intervention. Residual AV-shunt volume had

strictly to be confined to the sinus and must not have involved the cortical veins (= no evidence

for cortical venous drainage, CVD) [10].

To evaluate the long-term success and patient reported outcome a self-designed standard-

ized questionnaire was sent to all patients. We asked them about their clinical symptoms on

admission, at the time of discharge and at the time of the interview. Finally, a summary state-

ment on the development of their fistula-related symptoms over time by choosing one out of

three categories (“better”, “equal”, “worse”) was requested and a free-comment text field was

provided (S1 File, [10]).

Interventions

All endovascular interventions were performed by trained neuroradiologists on a biplane neu-

roangiography suite (Neurostar Top or Axiom Artis zee biplane, both Siemens AG, Healthcare

Sector, Erlangen, Germany) [10].

Data collection and statistical analysis

All data was collected in a custom-designed database using standard software (Access 2010;

Microsoft, Redmond, WA, USA). All statistical analysis was performed using MS Excel 365

(Microsoft, Redmond, WA, USA).

Ethics statement

The ethics committee of our institution approved this study (ID: 204–15, Ethikkommission

bei der LMU München). Written informed consent to participate in this study was provided

by all patients.

The authors LE, MP and GF are employed by a commercial company ‘Radiologie Augs-

burg-Friedberg ÜBAG’–an owner-managed provider of diagnostic radiological services in the

German healthcare system. The funder provided support in the form of salaries for authors

LE, MP and GF, but did not have any additional role in the study design, data collection and

analysis, decision to publish, or preparation of the manuscript. The specific roles of these

authors are articulated in the ‘author contributions’ section. The authors state, that there are

no competing interests between their employment in the ‘Radiologie Augsburg-Friedberg

ÜBAG’ and this publication. Additionally this does not alter our adherence to PLOS ONE poli-

cies on sharing data and materials.

Results

Study population

We retrospectively identified and analyzed 33 patients (23 female / 10 male) with a minimum

of 36 months follow-up after endovascular treatment of an idCCF at our institution (treated

from 01/2003 to 06/2015). Median age at the time of treatment was 66 years (range: 20-84y).

Two patients already had undergone unsuccessful treatment attempts in other hospitals (1x

insufficient coil embolization, 1x particle embolization followed by iatrogenic ischemic stroke)

(Table 1).

Initial symptoms & treatment details

Chemosis, exophthalmos, retroorbital pain and / or ophthalmoplegia was documented in 31/

33 patients (94%) prior to the intervention. In 22/33 cases (67%) the visual acuity was
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Table 1. Patient data & treatment details.

Pat

ID

Pat

Sex

Date

treatment

Patient age

(treatment)

Symptoms prior to treatment

as documented in the medical

records

Treatment

sessions

Catheters

placed

Approach

used for

treament

Material Primary

result

Complication

#1 F 04/2003 66 Exophthalmos, chemosis,

retroorbital pain, pulsatile

tinnitus

1 TA/TV TV COILS /

HISTO

CO None

#2 F 05/2003 65 Exophthalmos, chemosis,

retroorbital pain, pulsatile

tinnitus

1 TA/TV TA/TV COILS /

HISTO

CO None

#3 F 06/2003 63 Exopthalmos, diminished

visual acuity

1 TA/TV TV COILS /

HISTO

CO None

#4 M 09/2004 53 Exophthalmos, chemosis,

diminished visual acuity,

elevated IOP

1 TA/TV TV COILS /

HISTO

D None

#5 M 09/2004 73 Exophthalmos, chemosis,

diminished visual acuity

1 TA/TV TV COILS /

HISTO

D None

#6 M 06/2005 54 Exophthalmos, chemosis,

diminished visual acuity,

abducens nerve palsy, elevated

IOP

1 TA/TV TV COILS /

HISTO

D None

#7 F 12/2005 63 Exophthalmos, chemosis,

diminished visual acuity

1 TA/TV TV COILS /

HISTO

CO None

#8 M 01/2006 54 Exophthalmos, chemosis,

diminished visual acuity,

abducens and trochlaris nerve

palsy, diplopia

1 TA/TV TV COILS /

GLUEBRAN

CO None

#9 F 03/2006 79 Exophthalmos, chemosis,

diminished visual acuity,

pulsatile tinnitus

1 TA/TV TV COILS /

GLUEBRAN

CO None

#10 M 07/2006 20 Exophthalmos, chemosis,

elevated IOP

1 TA/TV TV COILS /

GLUEBRAN /

ONYX

CO None

#11 F 08/2006 49 Exophthalmos, chemosis,

diminished visual acuity,

pulsatile tinnitus

1 TA/TV TV COILS CO None

#12 F 06/2007 59 Headache, diminished visual

acuity, elevated IOP, abducens

nerve palsy, CVD

1 TA/TV TV COILS CO None

#13 F 06/2007 76 Exophthalmos, chemosis 1 TA TA GLUEBRAN D None

#14 F 10/2007 83 Diminished visual acuity,

pulsatile tinnitus, extensive

AV-shunt with right

hemispheric steal and

fluctuating neurologic deficits

1 TA TA ONYX /

BALLOON

CO None

#15 F 08/2008 66 Exophthalmos, chemosis,

pulsatile tinnitus

1 TA/TV TV COILS CO None

#16 M 09/2008 48 Exophthalmos, chemosis,

diminished visual acuity

2 TA/TV TV COILS / ONYX CO None

#17 F 01/2009 69 Exophthalmos, chemosis,

pulsatile tinnitus

1 TA/TV TV COILS CO None

#18 F 05/2010 79 Exophthalmos, chemosis 1 TA TA ONYX SO None

#19 F 07/2010 75 Exophthalmos, chemosis,

diminished visual acuity,

elevated IOP

1 TA TA ONYX SO None

#20 F 03/2011 73 Exophthalmos, chemosis,

diplopia, pulsatile tinnitus

1 TA/TV TV COILS SO None

(Continued)
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diminished. 9/33 patients presented with an elevated IOP (27%). In 14 out of 33 cases (42%) a

pulsatile tinnitus was documented. Two patients (6%) presented with intracranial hemorrhage

due to cortical venous drainage, of which one suffered from an epileptic state upon admission.

Cortical venous drainage was angiographically present in 7/33 cases (21%) (Table 1).

31/33 patients were treated in a single endovascular procedure (94%), while in 2 cases (6%)

two treatment sessions were performed (Table 1).

29/33 patients (88%) had a venous and arterial access, while 4/33 patients (12%) only had

an arterial access. The approach finally used for the embolization was the transarterial catheter

Table 1. (Continued)

Pat

ID

Pat

Sex

Date

treatment

Patient age

(treatment)

Symptoms prior to treatment

as documented in the medical

records

Treatment

sessions

Catheters

placed

Approach

used for

treament

Material Primary

result

Complication

#21 M 03/2012 66 Pulsatile tinnitus 1 TA/TV TV COILS D Permanent

unilateral

abducens paresis

#22 F 11/2012 78 Exophthalmos, chemosis,

diminished visual acuity,

elevated IOP, CVD

1 TA/TV TV COILS CO None

#23 M 03/2013 49 Exophthalmos, chemosis,

diminished visual acuity,

pulsatile tinnitus

1 TA/TV TV COILS CO None

#24 F 06/2013 81 Exophthalmos, chemosis,

diminished visual acuity,

diplopia, CVD

1 TA/TV TV COILS CO None

#25 F 09/2013 84 Exophthalmos, chemosis,

diminished visual acuity,

ptosis, elevated IOP

1 TA/TV TV COILS CO None

#26 M 09/2013 61 Exophthalmos, chemosis,

diminished visual acuity,

elevated IOP, CVD, partial

thrombosis of the cavernous

sinus

1 TA/TV TV COILS CO None

#27 F 02/2014 83 Exophthalmos, chemosis,

diminished visual acuity

1 TA/TV TV COILS CO None

#28 F 02/2014 82 Exophthalmos, chemosis,

diminished visual acuity,

pulsatile tinnitus

1 TA/TV TV COILS CO None

#29 F 04/2014 72 Diminished visual acuity,

oculomotoric nerve palsy,

ptosis

1 TA/TV TV COILS CO None

#30 F 07/2014 71 Exophthalmos, chemosis,

headache, abducens nerve

palsy, CVD

1 TA/TV TV COILS CO None

#31 F 07/2014 61 Exophthalmos, chemosis,

diminished visual acuity,

pulsatile tinnitus

1 TA/TV TV COILS CO None

#32 M 11/2014 50 Exophthalmos, chemosis,

diminished visual acuity,

diplopia, elevated IOP,

pulsatile tinnitus, CVD

1 TA/TV TV COILS CO None

#33 F 06/2015 55 Exophthalmos, chemosis,

CVD, pulsatile tinnitus

2 TA/TV TA/TV COILS /

GLUEBRAN

CO None

Abbreviations: TA = Transarterial, TV = Transvenous, HISTO = Histoacryl, IOP = intraocular pressure, CVD = cortical venous drainage, AV = arteriovenous,

CO = complete occlusion, D = Downgrade, SO = Secondary Occlusion

https://doi.org/10.1371/journal.pone.0231261.t001
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(TA) in 4/33 patients (12%), the transvenous catheter (TV) in 27/33 patients (82%), while in

two patients (6%) both catheters (TA/TV) were used (Table 1).

Material used included a combination of coils and gluebran (3/33, 9%), a combination of

coils, gluebran and Onyx (1/33, 3%), a combination of coils and histoacryl (7/33, 21%) and a

combination of coils and onyx (1/33, 3%). One patient was treated using only gluebran (3%),

two patients were treated by Onyx solely (6%) while in 17 patients only coils were deployed

(52%). In one case an occlusion balloon (4 mm x 2 mm Hyperglide, Medtronic, Irvine, USA)

was used in combination with Onyx (3%) (Table 1).

Primary success rate & complication rate

Endovascular treatment led to a complete occlusion of the idCCF in 25 out of 33 cases (76%),

while in 8/33 cases (24%) a downgrading was documented. Three out of those eight downgrad-

ing patients (38%) progressed to complete fistula occlusion within the first few weeks following

subtotal endovascular treatment. In none of the cases did treatment lead to an unchanged or

deteriorated AV-shunt and thus showed an improvement compared to the initial state in all of

the cases (Table 1).

Among 33 treated patients one complication occurred (3%). This patient (pat. #21) devel-

oped a permanent unilateral abducens paresis immediately after the intervention.

Patient reported long-term follow-up

Questionnaire response rate & duration. The response rate on our standardized ques-

tionnaire was 91% (30/33 patients). One patient had died in the meantime due to renal cancer.

In two cases patients did not respond to our interview request for unknown cause (Table 2).

Duration of long-term follow-up (LFU) defined as the median time interval between treat-

ment and date indicated on the questionnaire was 114 months (range: 36–166) (Tables 2 and

3, [10]).

Chemosis, exophthalmos, retroorbital pain, ophthalmoplegia. 27/30 patients (90%)

who responded to our interview request initially presented with at least one of these symptoms.

20 of those (74%) stated an immediate and sustainable improvement. One patient (4%)

reported on an immediate, however not lasting improvement, while four patients (15%)

claimed a secondary sustainable recovery. 2/27 patients (7%) remained constantly symptom-

atic. One patient (pat # 21) was newly symptomatic due to complicative endovascular treat-

ment (Tables 2 and 3).

Visual acuity. 19/30 patients (63%) who responded to our interview request initially were

symptomatic. 15 of those (79%) immediately and sustainably recovered, while in two patients

(10.5%) the recovery was secondary during the follow-up period. 2/19 patients (10.5%)

remained constantly symptomatic. Two patients (pat #17 & 21) reported on being newly

symptomatic immediately after treatment while one patient (pat #30) claimed to have a sec-

ondary deterioration of his previously good visual acuity three years after successful fistula

occlusion (Tables 2 and 3).

Epileptic seizures, stroke & intracranial hemorrhage. One patient (3%) suffered con-

stantly from a preexisting epileptic syndrome unaffected by the endovascular treatment. In

one patient (3%) prior treatment efforts in another hospital had caused ischemic stroke and

two other patients (6%) initially presented with intracranial hemorrhage. In none of the cases

were epileptic seizures, ischemia or hemorrhage was observed as a consequence related to the

endovascular procedure at our institution (Tables 2 and 3).

Pulsatile tinnitus. 14/30 patients (47%) who responded to our interview request suffered

from pulsatile tinnitus upon admission, that in eight cases disappeared immediately and
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permanently following the intervention (57%). One patient (7%) reported transient relief but

recurrence of the tinnitus during the LFU. One patient (7%) reported a secondary gradual

recovery. In 4/14 patients (29%) the pulsatile tinnitus was unaffected by the endovascular treat-

ment (Tables 2 and 3).

Overall statement on the long-term treatment result. The patient’s subjective benefit

from treatment in the long-term follow-up was good. The vast majority of the patients (26/30,

87%) quoted satisfaction with the treatment result (“Better“). One patient (3%) reported no

change (“Equal“). Three patients (10%) remained unsatisfied with the treatment result in the

long-term comparison (“Worse“) (Tables 2 and 3).

Table 2. Follow-up—details.

Pat

ID

Exopthalmos, chemosis, diplopia,

retroorbital pain

Diminished visual acuity Pulsatile tinnitus Overall

statement

Prior to

treatment

Immediately after

treatment

Current

state

Prior to

treatment

Immediately after

treatment

Current

state

Prior to

treatment

Immediately after

treatment

Current

state

#1 + - - - - - + - + Better

#2 + - - - - - + + + Better

#3 + - - + - - - - - Better

#4 + - N/A + - N/A - - N/A N/A

#5 + - - + - - - - - Better

#6 + - - + - - - - - Better

#7 + - - + - - - - - Better

#8 + - - + - - - - - Better

#9 + - - + - - + - - Better

#10 + + + - - - - - - Equal

#11 + + - + + - + - - Better

#12 + - - + - - - - - Better

#13 + + - - - - - - - Better

#14 - + + + + + + - - Worse

#15 + - - - - - + - - Better

#16 + - - + - - - - - Better

#17 + - + - + + + - - Better

#18 + + - - - - - - - Better

#19 + - - + - - - - - Better

#20 + - - - - - + + - Better

#21 - - - - + + + + + Worse

#22 + - - + - - - - - Better

#23 + + - + - - + - - Better

#24 + - - + + - - - - Better

#25 + - N/A + - N/A - - N/A N/A

#26 + - - + + + - - - Better

#27 + - N/A + - N/A - - N/A N/A

#28 + - - + - - + + + Better

#29 - - - + - - - - - Better

#30 + - - - - + - - + Worse

#31 + - - + - - + - - Better

#32 + + + + - - + - - Better

#33 + - - - - - + + + Better

+ = symptomatic,— = not symptomatic

https://doi.org/10.1371/journal.pone.0231261.t002
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Discussion

The decision to treat an idCCF assumes that the potential benefit outweighs the risks of the

intervention. Whereas indication is indisputable in fistulas associated with cortical venous

drainage (CVD), neurologic deficits, intradural hemorrhage, venous thrombosis, or altered

mental status [8] any other clinical presentation of an idCCF only offers a relative treatment

indication. Some authors even recommend to not manage these lesions, expectantly awaiting

potential spontaneous closure of the fistula [4,8,11,12].

Hence, in these cases, it is most important that treatment not only leads to good angio-

graphic results, but also offers a perceived and sustainable benefit to the patient. Endovascular

treatment of idCCF is preferentially performed in neurointerventional centers, however, little

is known about the patient reported outcome several years after treatment and especially

about how the patients themselves think about the therapy result.

In this article we aimed for a retrospective evaluation of the treatment results with a special

focus on the patient’s view.

Our collective goes along with others published in literature in terms of sample size, base-

line characteristics, primary treatment results and complication rate. One complication

occurred among 33 treated patients (3%). In this specific case (pat. #21) endovascular treat-

ment led to a secondary ophthalmic venous thrombosis resulting in a permanent ophthalmo-

plegia. This unpleasant fact matters even more because treatment in this case was initiated

only due to a subjectively disturbing pulsatile tinnitus without eye-related symptoms or CVD.

This example, as well as the two unsuccessfully pre-treated patients show that catheter

guided fistula embolization is not trivial and should be performed at a specialized facility by

experts trained in this field. Even if therapy associated cranial nerve dysfunctions resolve in

most of the cases [13], there remains a residual complication rate which underlines the impor-

tance of an indication evaluation process based on scientific evidence.

Any eye-related symptoms are successfully addressed by the endovascular treatment. If not

ameliorated immediately this symptom group came up with a high percentage of secondary

improvement and once achieved, the therapy success was sustainable in all of the cases. We

strongly recommend treatment in any cases with altered intraocular pressure or progressive

loss of visual acuity. Given the presence of appropriate expertise and facilities, treatment also

should be offered to patients with any other eye-related symptoms like chemosis, exophthal-

mos or ophthalmoplegia, even if visual acuity or IOP is normal. Endovascular treatment is

Table 3. Patient reported long-term follow-up–summary.

Symptomatic prior

to treatment

Improvement

immediatesustainable

Improvement

Immediate

temporary

Improvement

Secondary

sustainable

Constantly

Symptomatic

Newly symptomatic

Immediately after

treatment

Newly symptomatic

delayed during LFU

Chemosis, Exophthalmos,

Retroorbital pain,

Ophthalmoplegia

27/30 (90%) 20/27 (74%) 1/27 (4%) 4/27 (15%) 2/27 (7%) 1 (Pat. #14) -

Visual acuity 19/30 (63%) 15/19 (79%) - 2/19 (10.5%) 2/19 (10.5%) 2 (Pat. #17 + #21) 1 (Pat. #30)

Epileptic seizures 1/30 (3%) - - - 1/1 (100%) - -

Stroke 1/30 (3%) 1/1 (100%) - - - - -

ICH 2/30 (7%) 2/2 (100%) - - - - -

Pulsatile tinnitus 14/30 (47%) 8/14 (57%) 1/14 (7%) 1/14 (7%) 4/14 (29%) - 1 (Pat. #30)

Summary statement Better Equal Worse

26/30 (87%) 1/30 (3%) 3/30 (10%)

Return rate: 30/33 (91%), n = 30, Duration long-term follow-up median (range): 114 (36–166) months

Abbreviations: LFU = Long-term follow-up, ICH = intracranial hemorrhage

https://doi.org/10.1371/journal.pone.0231261.t003

PLOS ONE Patient reported long-term outcome after endovascular therapy of indirect dural carotid cavernous fistulas

PLOS ONE | https://doi.org/10.1371/journal.pone.0231261 April 10, 2020 8 / 12

https://doi.org/10.1371/journal.pone.0231261.t003
https://doi.org/10.1371/journal.pone.0231261


most likely to successfully and sustainably address the complaints in these constellations. We

share this experience with other authors [8].

With an incidence of 42% upon initial presentation, pulsatile tinnitus is a common symp-

tom of idCCF. Response to endovascular treatment was good. 57% of the patients initially pre-

senting with this symptom were definitely and sustainably cured by the endovascular

procedure. As in some cases a permanent tinnitus may significantly affect the patient’s quality

of life, we conclude that endovascular treatment can be taken into account even if no other

symptom is present.

3/8 patients (38%) progressed to complete fistula occlusion following subtotal endovascular

treatment. Meyers et al. reported on a gradual decrease of fistula-related symptoms over a

mean of 5.4 ± 1.3 months clinical follow-up after treatment. [8] This corresponds to our find-

ings, hence waiting up to six months before planning another endovascular attempt is a rea-

sonable option in a primary downgrading situation following subtotal endovascular fistula

occlusion.

Endovascular treatment of CCFs has evolved over time. The optimal approach depends

both on the arterial supply to the fistula and its venous drainage. Typically, transvenous

approach for dural CCFs, is the procedure of choice when feasible and often favored due its

high success rate, and lower risk of ischemic sequelae [8,14–16].

However, in some cases, an attempt at transarterial embolization may be performed first,

especially if dural CCFs have accessible ECA supply [14,17,18].

In our collective a transarterial approach was chosen in 4/33 cases due to the individual vas-

cular angioarchitecture and hemodynamics of the underlying fistula.

In particular patient # 13 received a partial transarterial gluebran embolization of the orbita

draining fistula compartments of his small idCCF. In the case of patient # 14 a massive post-

traumatic idCCF was occluded by a transarterial onyx embolization under temporary balloon

protection of the ICA. Patient # 18 presented with a diffuse low-flow fistula network which

was partially embolized using onyx via a microcatheter placed deep in an end branch of the

external occipital artery. And patient # 19 finally was treated by a transarterial partial emboli-

zation of the fistula network using onyx over branches of the left ECA, whereas the neurome-

ningeal branch of the ascending pharyngeal artery was omitted due to the high risk of cranial

nerve palsy.The vast majority of the patients (26/30, 87%) report good subjective satisfaction

with the long-term treatment result, hence we state, that the patients themselves perceive their

treatment to be highly beneficial to them. In addition to good rates of angiographic and clinical

cure described in former publications [8,9], this is another important argument in favor of an

endovascular treatment even if the indication constellation is only a relative one.

The subjective satisfaction with the treatment result cannot always be derived from the clin-

ical symptoms and the angiographic result, as the examples of patients #14, #30 and #17 show:

Patient # 14 –as already mentioned—was admitted with a complete visual loss and fluctuat-

ing neurological deficits due to a massive post-traumatic idCCF with extensive AV-steal.

Endovascular therapy completely occluded the fistula, led to a complete cessation of neurologi-

cal failures and the patient regained his visual acuity. However an ophthalmoplegia persisted

and the patient subsequently developed a chronic trophic corneal ulcer. Although he was

objectively significantly less severely affected clinically after the intervention compared to

before he stated to feel "worse" in the overall statement.

Patient # 30 was initially admitted with headache, chemosis, exophthalmos, unilateral abdu-

cens nerve palsy and papilledema. DSA showed an idCCF with major feeders from the right

median meningeal artery and associated CVD. The fistula was completely occluded in one ses-

sion by transvenous coiling of the cavernous sinus. The abducens nerve palsy and the diplopia

disappeared immediately upon treatment. Whereas the imaging follow-up examinations
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showed no evidence of persistent or recurrent fistula, the patient reported headache, dizziness,

tinnitus and a permanent reduction of visual acuity and quoted to feel „worse”in the LFU

overall statement.

In contrast to these two patients the fistula of patient # 17 was successfully occluded in one

uncomplicated treatment session which led to an immediate and complete relief of his initial

symptoms (exophthalmos, chemosis, pulsatile tinnitus). In a follow-up consultation four years

later, the patient reported recurrent headache behind the left ear, intermittent chemosis, pulsa-

tile tinnitus and occasional diplopia. The patient underwent a control angiography (DSA) and

several MRI checks including contrast-enhanced time-resolved MR angiography sequences

which are known to reliably detect intracranial fistulas [19]. No recurrent fistula could be

detected in any of the studies. Despite intermittent symptom recurrence the patient stated to

feel “better” than before endovascular treatment in the overall statement in the LFU interview.

These examples show that the patient’s subjective satisfaction with the therapy result and his

perceived quality of life do not linearly dependent on angiographic outcome and clinical symp-

toms. Ultimately, satisfaction with the treatment result is a subjective statement that integrates

not only objective factors, but also the patient’s individual perception, susceptibility to symp-

toms, and personal circumstances. To study this aspect of outcome was the aim of our study.”.

Some important limitations which hamper definitive conclusions of our study include the

small sample size. Additionally clinical data was collected as it was documented in the medical

records and does not result from a firmly designed prospective study protocol with standard-

ized clinical examinations at pre-defined time points. For example, the imaging control exami-

nations were not performed in a standardized manner at pre-defined time points which, in a

way, affects the structural quality of our data. Also, a structured ophthalmologic examination

by an ophthalmologist was documented in 16/33 (48%) cases prior to the intervention,

whereas corresponding follow-up control examinations were performed in irregular manner

in only a part of the patients. Just like in a work recently published by us about another patient

collective with a similar methodology [10], this leaves an amount of uncertainty that a struc-

tured medical examination would have yielded a different result from the patient’s subjective

complaints. On the other hand, exactly the latter parameter was the main focus of our study,

which is why we consider the resulting bias to be justifiable.

Summing up, endovascular treatment of idCCF has passed its final exam by not only offer-

ing excellent angiographic results and mostly immediate clinical cure, but also by proving its

long-lasting stable subjective benefit even to our patients treated more than one decade ago.

Especially in constellations in which an idCCF offers only a relative indication (no CVD,

neurologic deficits, intradural hemorrhage, venous thrombosis, or altered mental status), this

is another important argument in favor of an endovascular treatment.

Supporting information

S1 File. Questionnaire. Long-term follow-up interview form provided to all patients.

(DOC)

Acknowledgments

Parts of the text and methodology were reused from a previously published and freely available

(Open Acess) article authored by us [10].

Author Contributions

Conceptualization: Lorenz Ertl, Hartmut Brückmann, Gunther Fesl.

PLOS ONE Patient reported long-term outcome after endovascular therapy of indirect dural carotid cavernous fistulas

PLOS ONE | https://doi.org/10.1371/journal.pone.0231261 April 10, 2020 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231261.s001
https://doi.org/10.1371/journal.pone.0231261


Data curation: Lorenz Ertl, Maximilian Patzig, Franziska Dorn.

Formal analysis: Lorenz Ertl.

Investigation: Lorenz Ertl, Franziska Dorn.

Methodology: Lorenz Ertl, Hartmut Brückmann, Gunther Fesl.

Project administration: Lorenz Ertl, Hartmut Brückmann.

Resources: Lorenz Ertl, Maximilian Patzig, Franziska Dorn.

Software: Lorenz Ertl.

Supervision: Lorenz Ertl, Hartmut Brückmann, Gunther Fesl.

Validation: Lorenz Ertl, Hartmut Brückmann, Gunther Fesl.

Visualization: Lorenz Ertl.

Writing – original draft: Lorenz Ertl, Maximilian Patzig.

Writing – review & editing: Lorenz Ertl, Hartmut Brückmann, Maximilian Patzig, Franziska

Dorn, Gunther Fesl.

References
1. Barrow DL, Spector RH, Braun IF, Landman JA, Tindall SC, Tindall GT. Classification and treatment of

spontaneous carotid-cavernous sinus fistulas. J Neurosurg. 1985; 62:248–56. https://doi.org/10.3171/

jns.1985.62.2.0248 PMID: 3968564

2. Aminoff MJ. Vascular anomalies in the intracranial dura mater. Brain J Neurol. 1973; 96:601–12.

3. Brismar G, Brismar J. Spontaneous carotid-cavernous fistulas: phlebographic appearance and relation

to thrombosis. Acta Radiol Diagn (Stockh). 1976; 17:180–92.

4. Halbach VV, Higashida RT, Hieshima GB, Reicher M, Norman D, Newton TH. Dural fistulas involving

the cavernous sinus: results of treatment in 30 patients. Radiology. 1987; 163:437–42. https://doi.org/

10.1148/radiology.163.2.3562823 PMID: 3562823

5. Newton TH, Hoyt WF. Spontaneous arteriovenous fistula between dural branches of the internal maxil-

lary artery and the posterior cavernous sinus. Radiology. 1968; 91:1147–50. https://doi.org/10.1148/91.

6.1147 PMID: 5699615

6. Danieli L, Montali M, Remonda L, Killer HE, Colosimo C, Cianfoni A. Clinically Directed Neuroimaging

of Ophthalmoplegia. Clin Neuroradiol. 2018; 28:3–16. https://doi.org/10.1007/s00062-017-0646-0

PMID: 29149358

7. Halbach VV, Hieshima GB, Higashida RT, Reicher M. Carotid cavernous fistulae: indications for urgent

treatment. AJR Am J Roentgenol. 1987; 149:587–93. https://doi.org/10.2214/ajr.149.3.587 PMID:

3497549

8. Meyers PM, Halbach VV, Dowd CF, Lempert TE, Malek AM, Phatouros CC, et al. Dural carotid cavern-

ous fistula: definitive endovascular management and long-term follow-up. Am J Ophthalmol. 2002;

134:85–92. https://doi.org/10.1016/s0002-9394(02)01515-5 PMID: 12095813

9. Nishimuta Y, Awa R, Sugata S, Nagayama T, Makiuchi T, Tomosugi T, et al. Long-term outcome after

endovascular treatment of cavernous sinus dural arteriovenous fistula and a literature review. Acta Neu-

rochir (Wien). 2017; 159:2113–22.

10. Ertl L, Bruckmann H, Patzig M, Fesl G. Endovascular therapy of direct dural carotid cavernous fistulas

—A therapy assessment study including long-term follow-up patient interviews. PloS One. 2019; 14:

e0223488. https://doi.org/10.1371/journal.pone.0223488 PMID: 31622360

11. Hosobuchi Y. Electrothrombosis of carotid-cavernous fistula. J Neurosurg. 1975; 42:76–85. https://doi.

org/10.3171/jns.1975.42.1.0076 PMID: 1110393

12. Magidson MA, Weinberg PE. Spontaneous closure of a dural arteriovenous malformation. Surg Neurol.

1976; 6:107–10. PMID: 951645

13. Li C, Wang Y, Li Y, Jiang C, Wu Z, Yang X. Cranial Nerve Dysfunction Associated with Cavernous

Dural Arteriovenous Fistulas After Transvenous Embolization with Onyx. Cardiovasc Intervent Radiol.

2015; 38:1162–70. https://doi.org/10.1007/s00270-015-1062-y PMID: 25737455

PLOS ONE Patient reported long-term outcome after endovascular therapy of indirect dural carotid cavernous fistulas

PLOS ONE | https://doi.org/10.1371/journal.pone.0231261 April 10, 2020 11 / 12

https://doi.org/10.3171/jns.1985.62.2.0248
https://doi.org/10.3171/jns.1985.62.2.0248
http://www.ncbi.nlm.nih.gov/pubmed/3968564
https://doi.org/10.1148/radiology.163.2.3562823
https://doi.org/10.1148/radiology.163.2.3562823
http://www.ncbi.nlm.nih.gov/pubmed/3562823
https://doi.org/10.1148/91.6.1147
https://doi.org/10.1148/91.6.1147
http://www.ncbi.nlm.nih.gov/pubmed/5699615
https://doi.org/10.1007/s00062-017-0646-0
http://www.ncbi.nlm.nih.gov/pubmed/29149358
https://doi.org/10.2214/ajr.149.3.587
http://www.ncbi.nlm.nih.gov/pubmed/3497549
https://doi.org/10.1016/s0002-9394(02)01515-5
http://www.ncbi.nlm.nih.gov/pubmed/12095813
https://doi.org/10.1371/journal.pone.0223488
http://www.ncbi.nlm.nih.gov/pubmed/31622360
https://doi.org/10.3171/jns.1975.42.1.0076
https://doi.org/10.3171/jns.1975.42.1.0076
http://www.ncbi.nlm.nih.gov/pubmed/1110393
http://www.ncbi.nlm.nih.gov/pubmed/951645
https://doi.org/10.1007/s00270-015-1062-y
http://www.ncbi.nlm.nih.gov/pubmed/25737455
https://doi.org/10.1371/journal.pone.0231261


14. Williams ZR. Carotid-Cavernous Fistulae: A Review of Clinical Presentation, Therapeutic Options, and

Visual Prognosis. Int Ophthalmol Clin. 2018; 58:271–94. https://doi.org/10.1097/IIO.

0000000000000215 PMID: 29517654

15. Korkmazer B, Kocak B, Tureci E, Islak C, Kocer N, Kizilkilic O. Endovascular treatment of carotid cav-

ernous sinus fistula: A systematic review. World J Radiol. 2013; 5:143–55. https://doi.org/10.4329/wjr.

v5.i4.143 PMID: 23671750

16. Hirai T, Korogi Y, Baba Y, Nishimura R, Hamatake S, Kawanaka K, et al. Dural carotid cavernous fistu-

las: role of conventional radiation therapy—long-term results with irradiation, embolization, or both.

Radiology. 1998; 207:423–30. https://doi.org/10.1148/radiology.207.2.9577491 PMID: 9577491

17. Miller NR, Monsein LH, Debrun GM, Tamargo RJ, Nauta HJ. Treatment of carotid-cavernous sinus fis-

tulas using a superior ophthalmic vein approach. J Neurosurg. 1995; 83:838–42. https://doi.org/10.

3171/jns.1995.83.5.0838 PMID: 7472552

18. Goldberg RA, Goldey SH, Duckwiler G, Vinuela F. Management of cavernous sinus-dural fistulas. Indi-

cations and techniques for primary embolization via the superior ophthalmic vein. Arch Ophthalmol Chic

Ill 1960. 1996; 114:707–14.

19. Ertl L, Bruckmann H, Kunz M, Patzig M, Brem C, Forbrig R, et al. Assessment and treatment planning

of lateral intracranial dural arteriovenous fistulas in 3 T MRI and DSA: A detailed analysis under consid-

eration of time-resolved imaging of contrast kinetics (TRICKS) and ce-MRA sequences. Eur Radiol.

2016; 26:4284–92. https://doi.org/10.1007/s00330-016-4335-1 PMID: 27121930

PLOS ONE Patient reported long-term outcome after endovascular therapy of indirect dural carotid cavernous fistulas

PLOS ONE | https://doi.org/10.1371/journal.pone.0231261 April 10, 2020 12 / 12

https://doi.org/10.1097/IIO.0000000000000215
https://doi.org/10.1097/IIO.0000000000000215
http://www.ncbi.nlm.nih.gov/pubmed/29517654
https://doi.org/10.4329/wjr.v5.i4.143
https://doi.org/10.4329/wjr.v5.i4.143
http://www.ncbi.nlm.nih.gov/pubmed/23671750
https://doi.org/10.1148/radiology.207.2.9577491
http://www.ncbi.nlm.nih.gov/pubmed/9577491
https://doi.org/10.3171/jns.1995.83.5.0838
https://doi.org/10.3171/jns.1995.83.5.0838
http://www.ncbi.nlm.nih.gov/pubmed/7472552
https://doi.org/10.1007/s00330-016-4335-1
http://www.ncbi.nlm.nih.gov/pubmed/27121930
https://doi.org/10.1371/journal.pone.0231261

