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Outcome Following Hemorrhage From Cranial

Dural Arteriovenous Fistulae
Analysis of the Multicenter International CONDOR Registry

Matthew J. Koch®, MD; Christopher J. Stapleton, MD; Ridhima Guniganti, MD, MSCI; Giuseppe Lanzino®, MD;

Jason Sheehan®, MD, PhD; Ali Alaraj, MD; Diederik Bulters®, MBChB; Louis Kim, MD; W. Christopher Fox{, MD;
Bradley A. Gross, MD; Minako Hayakawa, MD, PhD; J. Marc C. van DijK®, MD, PhD; Robert M. Starke, MD, MSc;
Junichiro Satomi, MD, PhD; Adam J. Politka, MD; Gregory J. Zipfel®, MD; Sepideh Amin-Hanjani®®, MD;

for the CONDOR Consortium*

BACKGROUND AND PURPOSE: Dural arteriovenous fistulae can present with hemorrhage, but there remains a paucity of
data regarding subsequent outcomes. We sought to use the CONDOR (Consortium for Dural Arteriovenous Fistula
Outcomes Research), a multi-institutional registry, to characterize the morbidity and mortality of dural arteriovenous
fistula—related hemorrhage.

METHODS: A retrospective review of patients in CONDOR who presented with dural arteriovenous fistula—related hemorrhage
was performed. Patient characteristics, clinical follow-up, and radiographic details were analyzed for associations with poor
outcome (defined as modified Rankin Scale score >3).

RESULTS: The CONDOR dataset yielded 262 patients with incident hemorrhage, with median follow-up of 1.4 years.
Poor outcome was observed in 17.0% (95% Cl, 12.3%-21.7%) at follow-up, including a 3.6% (95% CI, 1.3%-
6.0%) mortality. Age and anticoagulant use were associated with poor outcome on multivariable analysis (odds ratio,
1.04, odds ratio, 5.1 respectively). Subtype of hemorrhage and venous shunting pattern of the lesion did not affect
outcome significantly.

CONCLUSIONS: Within the CONDOR registry, dural arteriovenous fistula—related hemorrhage was associated with a relatively
lower morbidity and mortality than published outcomes from other arterialized cerebrovascular lesions but still at clinically
consequential rates.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.

Key Words: anticoagulant m arteriovenous fistula ® fistula ® hemorrhage ® morbidity ® mortality ® registry

dependent on underlying pathology, with vari-
able outcomes in the setting of aneurysmal sub-
arachnoid hemorrhage, arteriovenous malformations
(AVM), cavernous malformations, and primary intrace-
rebral hemorrhage.”* Such outcome data aids in the

Uutcomes following intracranial hemorrhage are

understanding of the natural history of the disease and
prognostication, as well as informing treatment deci-
sions. Dural arteriovenous fistulae (dAVF) represent
only 10% to 15% of all cerebral vascular malforma-
tions,® but can present with hemorrhage, in addition to
nonhemorrhagic neurological manifestations and other
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Nonstandard Abbreviations and Acronyms

AVM arteriovenous malformation

CONDOR Consortium for Dural Arteriovenous
Fistula Outcomes Research

dAVF dural arteriovenous fistula

benign symptoms.® Regarding hemorrhage, studies
have focused on the risk of initial or recurrent bleed-
ing, but clinical outcomes following hemorrhage are
less well characterized.5° Presently, our understanding
of outcomes after dAVF-related hemorrhage is limited
to smaller case series and a single meta-analysis."
Without a clear assessment of morbidity and mortal-
ity associated with dAVF hemorrhage, prognosticat-
ing outcomes and balancing the risks of treatment for
lesions at risk for hemorrhage remain difficult.

CONDOR (Consortium for Dural Arteriovenous Fis-
tula Outcomes Research), an international multi-institu-
tional database, was created with the intent of studying
dAVFs. We sought to use this dataset to better charac-
terize the morbidity and mortality of intracranial hemor-
rhage secondary to dAVF.

METHODS

The details of the CONDOR retrospective registry have been
previously described."" In brief, with the approval of each par-
ticipating institution’s Institutional Review Board, and with waiver
of consent, data from patients with dAVF were collected, dei-
dentified, and maintained within a central registry. Patients were
required to have dural arteriovenous fistula on digital subtraction
angiography for inclusion in the registry. Twelve centers con-
tributed a total of 1077 patients presenting between 1990 and
2017. From this dataset, those presenting with hemorrhage were
selected for further review, yielding 264 patients. One neonate
and one patient with inadequate data recorded were excluded
(see flow diagram in Figure | in the Data Supplement). All but
one patient was diagnosed with dAVF following hemorrhage
presentation. The data that support the findings of this study can
be requested from the CONDOR registry central repository (Dr
Zipfel, zipfelg@wustl.edu); data requests are subject to approval
of the CONDOR consortium. The RECORD reporting guideline
checklist (Reporting of Studies Conducted Using Observational
Routinely-Collected Data) was utilized for this article.

Patient characteristics, radiological data (including Cognard
grade, as outlined in Table | in the Data Supplement), clinical
data, and follow-up data were reviewed for inconsistencies
and any issues were reconciled with the central database and/
or the contributing institutions. Modified Rankin Scale (mRS)
score at follow-up was dichotomized as good (mRS score 0-2)
versus poor (MRS score >3). Univariate analyses was per-
formed using %2 Fisher exact test, t test, and Freeman-Halton
test, as appropriate, using SPSS. Using backward stepwise
selection, variables with A<0.2 on univariable analysis were
included in multivariable analysis; A<0.05 was marked as the
level for statistical significance.
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RESULTS

The CONDOR dataset yielded 262 dAVF patients
who presented with hemorrhage. The mean age of the
included cohort (n=262) was 59113 years, with 70%
male. Cohort characteristics are summarized in Table 1.
131 (52%) patients presented with isolated parenchy-
mal hemorrhage, 55 (22%) with isolated subarachnoid
hemorrhage, and 58 (23%) with both. The remaining 13
patients presented with intraventricular hemorrhage. All
but one patient's dAVF was Cognard grade >lb, indicat-
ing the presence of cortical venous reflux.

Median follow-up was 1.4 years (interquartile range,
0.4-4.4 years); follow-up mRS data were available for
247 patients, 94.3% of the cohort. Poor mRS was evi-
dent at follow-up in 42 (17.0% [95% Cl, 12.3%-21.7%])
patients, of which 9 (3.6% [95% CI 1.3%-6.0%]) rep-
resented mortality. All but 4 patients received treatment
with the majority, 134 (519%), undergoing embolization as
the treatment modality.

Univariate analysis demonstrated an association of
age, hypertension, anticoagulant use, Cognard grade,
type of treatment, length of follow-up, and recurrent hem-
orrhage with poor outcome at the prespecified A<0.2
(Table Il in the Data Supplement). Multivariable regres-
sion demonstrated older age, anticoagulation use at
presentation and recurrent hemorrhage as significantly
associated with poor outcome (Table 2). Outcomes did
not change significantly over the three decades of the
study period (P=0.25).

DISCUSSION

Within the CONDOR database, we demonstrate a morbidity
and mortality associated with dAVF hemorrhage of 13.4%
(95% Cl, 9.1%—176%) and 3.6% (95% Cl, 1.3%-6.0%),
respectively. Before this study, our knowledge of outcomes
following dAVF hemorrhage has been limited to small case
series and one meta-analysis, as well as extrapolation
from experience with other pathologies causing intracra-
nial hemorrhage. The meta-analysis, by Jolink et al,'® com-
piled results from case series with >10 patients suffering
dAVF-related hemorrhage, comprising 326 patients in total
from 17 studies; however, only 9 studies (n=193) reported
some form of functional outcome beyond case fatality.
They observed poor outcomes, defined as mRS score >3
or Glasgow Outcome Scale score <3, in 8.3% (95% ClI,
3.1%—15.7%) of patients and a mortality of 4.7% (95% ClI,
2.5%—75%), similar to our observed rates. Also, similar to
our findings, there with no association found between type
of hemorrhage and outcomes.

Unlike our study which demonstrates an associa-
tion of age with poor outcome, the previously published
meta-analysis did not identify age as a predictor out-
come, despite a similar median age (54 years) and gen-
der profile (73%). Age plays a strong association with
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Table 1. Patient Clinical, Lesional and Treatment Character-
istics Within CONDOR Cohort of Patients (n=262) Presenting
With dAVF Hemorrhage

N (%)*
Age (meanSD years) 59+13
Male 183 (70)
HTN 108 (42)
Ever smoker 76 (39)
Anticoagulation 10 (3.9)
Follow-up (median days) 502
Cognard grade
| 1(0.4)
Ilb 11 (4)
Il a+b 19 (8)
1] 101 (40)
\Y 118 (46)
\Y 5(2)
Hemorrhage subtype
Only ICH 131 (52)
Only SAH 55 (22)
Combination 58 (23)
IVH 13 (5)
Recurrent hemorrhaget 7 (3)
Treatment type
None 4(2)
Embo 134 (51)
Surgery 57 (22)
Embo+surgery 45 (17)
Radiosurgery 7(3)
Embo+radiosurgery 11 (4)
Surgery+radiosurgery 2 (1)
Embo-+surgery+radiosurgery 2 (1)
Fistula location
Cavernous 2(1)
Tentorial/petrosal/foramen magnum/torcular/ trans- 172 (66)
verse sinus
Sylvian/convexity/anterior fossa/falcine 66 (25)
Other 19 (7)

CONDOR indicates Consortium for Dural Arteriovenous Fistula Outcomes
Research; dAVF, dural arteriovenous fistula; HTN, hypertension; ICH, intracerebral
hemorrhage; IVH, intraventricular hemorrhage; and SAH, subarachnoid hemor-
rhage.

*As percentage of available data (excluding missing data).

tRecurrent hemorrhage attributable to the dAVF.

outcome for a variety of vascular pathologies, and our
findings follow this expected trend.* Our cohort also
identified recurrent hemorrhage and anticoagulant use
as being is associated with worse outcomes, as has been
noted in other settings of lesional hemorrhage, such as
aneurysmal subarachnoid hemorrhage.'?

Among cerebrovascular lesions, dAVF hemorrhage could
be expected to have outcomes most comparable to AVM
hemorrhage, as opposed to the more severe outcomes
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Table 2. Multivariable Analysis of Poor Outcome

OR (95% CI) P value
Age (per year) 1.04 (1.01-1.08) 0.008
>65 yo 2.3 (1.1-4.8) 0.02
Anticoagulation use 5.1 (1.2-22.2) 0.03
Recurrent hemorrhage 7.6 (1.6-36.8) 0.01

OR indicates odds ratio; and yo, years old.

associated with hemorrhage from purely arterial lesions like
aneurysms. AVMs carry an approximately 10-15% mortal-
ity and 30% morbidity (defined as mRS score >3) from
incident hemorrhage,?® roughly 2- to 3-fold higher than
the rates we observed with dAVF hemorrhage. This could
be due to the potentially lower flow and extraparenchymal
nature of dAVFs when compared with AVMs. Although
dAVF hemorrhage may have a lower morbidity and mor-
tality compared with more lethal sources such as aneurys-
mal subarachnoid hemorrhage and primary intracerebral or
AVM hemorrhage, still one in six patients will be dependent
or worse as a consequence of bleeding. At the same time,
available data generally indicate a low morbidity associated
with dAVF treatment, and thus, treatment of dAVFs at ele-
vated risk for hemorrhage remains advisable.'®~"®

As an analysis of a multicenter retrospective registry,
our study has several limitations. There is an inherent
selection bias in the inclusion of only tertiary referral cen-
ters. Although the high rate of dAVF treatment, at >95%
of the cohort, suggests that failure to offer active therapy/
withdrawal of care was not a contributor to the outcomes
in the included cohort, the observed mortality and mor-
bidity may be artificially low if more severely affected
patients suffered prehospital mortality or were judged too
moribund for transfer to a tertiary center. When consider-
ing the natural history of dAVF, it is also important to note
that hemorrhage-related morbidity is not the only dAVF
associated morbidity. Approximately 13% of dAVFs pres-
ent with nonhemorrhagic neurological deficit, a potential
morbidity that is not addressed in this paper.®

CONCLUSIONS

We present the largest individual patient data series
characterizing the outcome of dAVF hemorrhage. Overall,
these hemorrhages have a morbidity and mortality lower
than cerebral AVMs, but are still clinically consequential,
especially with older age. This data provides valuable
information towards prognostication and considerations
for prophylactic intervention.

ARTICLE INFORMATION

Received February 17, 2021; final revision received May 10, 2021; accepted
June 9, 2021.

The podcast and transcript are available at https://www.ahajournals.org/str/
podcast.

Stroke. 2021;52:e610-e613. DOI: 10.1161/STROKEAHA.121.034707


https://www.ahajournals.org/str/podcast
https://www.ahajournals.org/str/podcast

T20Z ‘0z $800100 uo Aq Bio'sfeuinofeye/:dny wo.y papeojumoq

Koch et al

Affiliations

Department of Neurosurgery, University of lllinois at Chicago, Chicago (MJ.K,
AA, SA-H). Department of Neurosurgery, Massachusetts General Hospital,
Boston (C.J.S)). Department of Neurological Surgery, Washington University, St.
Louis, MO (RG., G.J.Z)). Department of Neurosurgery (G.L.), Mayo Clinic, Roches-
ter, MN. Department of Neurosurgery, University of Virginia, Charlottesville (J.S.).
Department of Neurosurgery, University Hospital Southampton, England (D.B.).
Department of Neurological Surgery, University of Washington, Seattle, VA (LK).
Department of Neurosurgery, Mayo Clinic, Jacksonville, FL (W.C.F). Department
of Neurosurgery, University of Pittsburgh, PA (B.AA.G.). Department of Radiology,
University of lowa, lowa City (M.H.). Department of Neurosurgery, University of
Groningen, the Netherlands (J.M.Cv.D.). Department of Neurosurgery, University
of Miami, FL (RM.S.). Department of Neurosurgery, Tokushima University, Japan
(J.S)). Department of Neurosurgery, University of Florida, Gainesville (A.J.P).

Acknowledgments

We acknowledge the CONDOR (Consortium for Dural Arteriovenous Fistula
Outcomes Research) consortium, and Xinjian Du, MD, for assistance with sta-
tistical analysis.

Sources of Funding

Research reported in this publication was supported by the Washington University
Institute of Clinical and Translational Sciences grant UL1TR000448, subaward
TL1TRO00449, from the National Center for Advancing Translational Sciences.
The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health (NIH).

Disclosures

Dr Lanzino reported financial relationships with Superior Medical Experts and
Nested Knowledge; Dr Alaraj reported financial relationships as a consultant for
Cerenovus; Dr Gross reported financial relationships as a consultant for Medtron-
ic and Microvention; and Dr Polifka reported financial relationships as a consul-
tant for Depuy Synthes. The other authors report no conflicts.

Supplemental Materials
Online Tables I and Il

Online Figure |

Appendix

REFERENCES

1. Hemphill JC III, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The
ICH score: a simple, reliable grading scale for intracerebral hemorrhage.
Stroke. 2001;32:891-897. doi: 10.1161/01.5tr.32.4.891

2. van Beijnum J, Lovelock CE, Cordonnier C, Rothwell PM, Kiijn CJ,
Al-Shahi Salman R; SIVMS Steering Committee and the Oxford Vascular
Study. Outcome after spontaneous and arteriovenous malformation-related
intracerebral haemorrhage: population-based studies. Brain. 2009;132(pt
2):5637-543. doi: 10.1093/brain/awn318

3. Gross BA, Du R. Natural history of cerebral arteriovenous malformations:
a meta-analysis. J Neurosurg. 2013;118:437-443. doi: 10.3171/2012.
10JNS121280

Stroke. 2021;52:e610-e613. DOI: 10.1161/STROKEAHA.121.034707

Outcome of Dural Arteriovenous Fistula Hemorrhage

4. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CPF, Dion J,
Higashida RT, Hoh BL, Kirkness CJ, Naidech AM, Ogilvy CS, et al; Ameri-
can Heart Association Stroke Council; Council on Cardiovascular Radi-
ology and Intervention; Council on Cardiovascular Nursing; Council on
Cardiovascular Surgery and Anesthesia; Council on Clinical Cardiology.
Guidelines for the management of aneurysmal subarachnoid hemorrhage:
a guideline for healthcare professionals from the American Heart Asso-
ciation/american Stroke Association. Stroke. 2012;43:1711-1737. doi:
10.1161/STR.0b013e3182587839

5. Newton TH, Crongvist S. Involvement of dural arteries in intracranial
arteriovenous malformations. Radiology. 1969;93:1071-1078. doi:
10.1148/93.5.1071

6. Cognard C, Gobin YP, Pierot L, Bailly AL, Houdart E, Casasco A, Chiras J,
Merland JJ. Cerebral dural arteriovenous fistulas: clinical and angiographic
correlation with a revised classification of venous drainage. Radiology.
1995;194:671-680. doi: 10.1148/radiology.194.3.786296 1

7. Zipfel GJ, Shah MN, Refai D, Dacey RG Jr, Derdeyn CP. Cranial dural
arteriovenous fistulas: modification of angiographic classification scales
based on new natural history data. Neurosurg Focus. 2009;26:E14. doi:
10.3171/2009.2.FOCUS0928

8. Gross BA, Albuquerque FC, McDougall CG, Jankowitz BT, Jadhav AP, Jovin
TG, Du R. A multi-institutional analysis of the untreated course of cere-
bral dural arteriovenous fistulas. J Neurosurg. 2018;129:1114-1119. doi:
10.3171/20176.JNS171090

9. Borden JA, Wu JK, Shucart WA. A proposed classification for spinal
and cranial dural arteriovenous fistulous malformations and implications
for treatment. J Neurosurg. 1995;82:166—179. doi: 10.3171/jns.1995.
82.2.0166

10. Jolink WM, van Dijk JM, van Asch CJ, de Kort GA, Algra A, Groen RJ,
Rinkel GJ, Klijn CJ. Outcome after intracranial haemorrhage from dural
arteriovenous fistulae; a systematic review and case-series. J Neurol.
2015;262:2678-2683. doi: 10.1007/s00415-015-7898-x

11. Guniganti R, Giordan E, Chen CJ, Abecassis IJ, Levitt MR, Durnford A, Smith
J, Samaniego E, Derdeyn CP, Kwasnicki A, et al. Consortium for dural arte-
riovenous fistula outcomes research (condor): rationale, design, and initial
characterization of patient cohort. J Neurosurg. 2021; Accepted Pending
Publication.

12. Rinkel GJ, Prins NE, Algra A. Outcome of aneurysmal subarachnoid hem-
orrhage in patients on anticoagulant treatment. Stroke. 1997;28:6-9. doi:
10.1161/01.str28.1.6

13. Ertl L, Brickmann H, Kunz M, Crispin A, Fesl G. Endovascular therapy of
low- and intermediate-grade intracranial lateral dural arteriovenous fis-
tulas: a detailed analysis of primary success rates, complication rates,
and long-term follow-up of different technical approaches. J Neurosurg.
2017;126:360—-367. doi: 10.3171/2016.2JNS162081

14, Guedin P, Gaillard S, Boulin A, Condette-Auliac S, Bourdain F, Guieu S,
Dupuy M, Rodesch G. Therapeutic management of intracranial dural arterio-
venous shunts with leptomeningeal venous drainage: report of 53 consecu-
tive patients with emphasis on transarterial embolization with acrylic glue. J
Neurosurg. 2010;112:603-610. doi: 10.3171/2009.7.JNS08490

156. Shi ZS, Loh Y, Gonzalez N, Tateshima S, Feng L, Jahan R, Duckwiler G,
Vifiuela F. Flow control techniques for Onyx embolization of intracranial
dural arteriovenous fistulae. J Neurointerv Surg. 2013;5:311-316. doi:
10.1136/neurintsurg-2012-010303

October 2021  e613

140434 43144





