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Arteriovenous malformations (AVMs) are lesions 
characterized by the presence of a nidus contain-
ing an abnormal array of tortuous vascular chan-

nels between feeding arteries and draining veins without 
an intervening capillary network.6 These congenital le-
sions are relatively rare, with an approximate incidence of 
1 in 100,000 people.7,8,26 AVMs most commonly present 
with intracranial hemorrhage. The mortality rate related 
to these hemorrhages is approximately 10%–30%.1,3 The 

annual risk of rehemorrhage ranges from 3% to 15%. Most 
physicians suggest that definitive treatment be consid-
ered once a patient with an AVM presents with a hemor-
rhage.5,9,10,12,25,29

Emergency surgery should be considered for a patient 
when a rapidly declining neurological status is attributed 
to a ruptured AVM.13,16,21,22,27 Clinical judgment should 
dictate whether the acute surgery requires resection of 
the AVM or only decompression to stabilize the patient’s 
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OBJECTIVE Despite a hemorrhagic presentation, many patients with arteriovenous malformations (AVMs) do not re-
quire emergency resection. The timing of definitive management is not standardized in the cerebrovascular community. 
This study was designed to evaluate the safety of delaying AVM treatment in clinically stable patients with a new hemor-
rhagic presentation. The authors examined the rate of rehemorrhage or neurological decline in a cohort of patients with 
ruptured brain AVMs during a period of time posthemorrhage.
METHODS Patients presenting to the authors’ institution from January 2000 to December 2015 with ruptured brain 
AVMs treated at least 4 weeks posthemorrhage were included in this analysis. Exclusion criteria were ruptured AVMs 
that required emergency surgery involving resection of the AVM, prior treatment of AVM at another institution, or treat-
ment of lesions within 4 weeks for other reasons (subacute surgery). The primary outcome measure was time from initial 
hemorrhage to treatment failure (defined as rehemorrhage or neurological decline as a direct result of the AVM). Patient-
days were calculated from the day of initial rupture until the day AVM treatment was initiated or treatment failed.
RESULTS Of 102 ruptured AVMs in 102 patients meeting inclusion criteria, 7 (6.9%) failed the treatment paradigm. Six 
patients (5.8%) had a new hemorrhage within a median of 248 days (interquartile range 33–1364 days). The total “at risk” 
period was 18,740 patient-days, yielding a rehemorrhage rate of 11.5% per patient-year, or 0.96% per patient-month. 
Twelve (11.8%) of 102 patients were found to have an associated aneurysm. In this group there was a single (8.3%) new 
hemorrhage during a total at-risk period of 263 patient-days until the aneurysm was secured, yielding a rehemorrhage 
risk of 11.4% per patient-month.
CONCLUSIONS It is the authors’ practice to rehabilitate patients after brain AVM rupture with a plan for elective treat-
ment of the AVM. The present data are useful in that the findings quantify the risk of the authors’ treatment strategy. 
These findings indicate that delaying intervention for at least 4 weeks after the initial hemorrhage subjects the patient to 
a low (< 1%) risk of rehemorrhage. The authors modified the treatment paradigm when a high-risk feature, such as an 
associated intracranial aneurysm, was identified.
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condition. The critical elements involved in this surgical 
decision are the clinical condition of the patient, the abil-
ity to better characterize the AVM, and the facility where 
the patient presents. There are some reports in the litera-
ture that patients with ruptured, low-grade AVMs have a 
reduced hospital stay and have more rapid rehabilitative 
course when AVM resection is performed in the first 6 
days after rupture.19 To the contrary, delayed, elective 
treatment may avoid the risk of exacerbating the deficit(s) 
that brought the patient to medical attention.17,18,28

Similar to the historical management of cerebral an-
eurysms, surgical management of AVMs followed the 
principle of performing surgery once the patient’s brain 
had been able to recover from the initial injury.20,24 Classic 
studies by Kassell and Torner14 and Inagawa et al.11 con-
firmed a higher aneurysm rehemorrhage rate in the 1st 
week. As a result, contemporary aneurysm management 
occurs within 48–72 hours.4,15 The rerupture risk of AVMs 
ranges from 6% to 15.8% in the 1st year and from 2% to 
7.9% each subsequent year, making an elective treatment 
approach more feasible.1,7,9,26,29

Intracranial aneurysms (IAs) occur in 7%–20% of pa-
tients with AVMs.7,18 We have previously described our 
classification system of aneurysms associated with AVMs.7 
They are classified as Type I, IIa, IIb, and III based on 
their relative proximity to the nidus of the AVM (Fig. 1). 
Type I aneurysms are remote from the AVM, Type II are 
located on a feeding vessel and considered flow related 
(Type IIa, proximal; Type IIb, distal), and Type III an-

eurysms are intranidal. In this study, we maintained this 
classification and reviewed the subset of patients with an-
eurysms relevant to the AVM.

The American Heart Association guidelines recom-
mend that surgery for ruptured AVMs should be elective. 
There is an absence of literature detailing the safety of 
this strategy, and there is no recommended timeline.18 
Our institution has employed the treatment paradigm de-
scribed below since the conception of our database in the 
1990s, and we recognize that the cerebrovascular commu-
nity manages ruptured AVMs largely in a similar man-
ner. However, the literature lacks a review and evaluation 
of risk incurred by the patient during the period prior to 
treatment. Also, the guidelines using “elective” as the de-
scriptor of when surgery should be performed are vague. 
It is our opinion that there should be a consensus in the 
literature regarding the timing of AVM treatment after 
initial rupture that aims to minimize rerupture risk and 
risks associated with early surgery. The aim of this study 
was to better understand the risk of intentionally delayed 
treatment of a ruptured AVM by quantifying the risk as-
sumed by the patient during the time interval from initial 
hemorrhage to treatment initiation.

Methods
A retrospective review of patients with brain AVMs 

admitted to our institution from January 2000 to Decem-
ber 2015 was performed. The study was approved by our 

FIG. 1. Types of aneurysms associated with AVMs classified by location with respect to the AVM: Type I unrelated (A), Type IIa 
proximal flow-related (B), Type IIb distal flow-related (C), and Type III intranidal (D) lesions. Artist: Suzanne Truex. Copyright UT 
Southwestern, Department of Neurological Surgery. Published with permission.

Unauthenticated | Downloaded 05/23/23 11:16 PM UTC



Delayed treatment of ruptured brain AVMs

J Neurosurg Volume 128 • April 2018 1001

institutional review board. The inclusion criteria were 
patients of all ages presenting with any ruptured brain 
AVM treated in a delayed fashion. For the purposes of the 
study, a delayed fashion was considered a delay of at least 
4 weeks after the initial hemorrhage. During this time the 
patients were maintained in an intensive care environment 
until considered stable for transition to rehabilitation or to 
a caregiver at home. Patients were excluded if they pre-
sented with a ruptured brain AVM that was treated with 
emergency surgery involving resection of the AVM, if 
they had a history AVM management prior to presenta-
tion, if they had rupture from a Type I or IIa aneurysm, 
or if they were electively treated less than 4 weeks after 
the hemorrhage date (subacute treatment). Patients were 
not excluded based upon the treatment modality they were 
assigned to as long as the treatment occurred 4 weeks af-
ter the patient’s index hemorrhage (Fig. 2). A patient was 
included if, during the delay, they suffered rehemorrhage 
or decompensation secondary to the AVM. This was con-
sidered a failure of the treatment paradigm.

A subgroup of patients was identified and categorized 
separately for review. These patients harbored an IA asso-
ciated with the brain AVM. Patients were included when 
a distal flow-related or intranidal aneurysm (Type IIb or 
III) was identified. This shifted the treatment paradigm to 
acute or subacute treatment of the aneurysm followed by 
AVM management in our usual delayed fashion.

Statistical analyses were performed in SPSS v20 (IBM 
Corporation). A stepwise logistic regression analysis was 
performed to identify predictors of rehemorrhage. Signifi-
cance was set at 0.05.

Results
Five hundred eighty-one patients presented to our insti-

tution from 2000 to 2015 with an AVM. One hundred six-
ty-three patients (28.1%) had a hemorrhagic presentation, 
and 102 met the inclusion criteria for the primary analysis. 
The remaining 61 patients were excluded due to emergency 
AVM treatment (n = 6), early elective treatment (n = 14), 
prior treatment at an outside institution (n = 9), unknown 
hemorrhage date (n = 15), unknown rehemorrhage date (n 
= 1), unknown AVM treatment date or lost to follow-up (n 
= 15), and unknown treatment details (n = 1).

The characteristics of the 102 included patients are 
summarized in Table 1. The median and mean delays to 
treatment were 3.5 and 6.1 months, respectively. Eighty-
two percent of patients were treated within 6 months. Rea-
sons for delay included delayed referral from another in-
stitution/provider, need for additional diagnostic imaging 
due to persistent hematoma, patient preference, pregnancy, 
and lost to follow-up. For delay in treatment greater than 
6 months (n = 18 patients), the most common reason was 
delayed referral (n = 11), and this was followed by patient 

FIG. 2. Treatment paradigm and patient inclusion process.
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preference/ lost to follow-up (n = 4) and pregnancy (n = 
3). The treatment paradigm failed in 7 patients (6.9%), in 
6 (5.9%) of whom failure was due to repeat hemorrhage. 
The other failure was the result of a decline in neurologi-
cal status secondary to peri-AVM edema on posthemor-
rhage Day 20, requiring the patient to undergo surgery 
within the 4 weeks of the presenting hemorrhage. Half of 
the repeat hemorrhages occurred within 6 months of the 
initial hemorrhage, and of these 6 hemorrhagic failures, 5 
of them had deep venous drainage. Two patients had re-
peat hemorrhage on the same day of initial hemorrhage, 
including 1 patient harboring an associated aneurysm. 
One patient had repeat hemorrhage 130 days from presen-
tation. Three repeat hemorrhages occurred more than 1 
year later in patients whose treatment had been delayed in 
part due to delayed referral. The majority of repeat hemor-
rhages were relatively mild, resulting in mild worsening 
of hemiparesis (n = 2), headache (n = 1), and seizure (n 
= 1). The 2 patients who had repeat hemorrhages on the 
same day of initial hemorrhage had more profound defi-
cits that included decline in Glasgow Coma Scale score 
requiring intubation and new dense hemiparesis. One of 
these patients had refractory intracranial pressure and 
eventually progressed to brain death, and the other patient 
had a Glasgow Outcome Scale (GOS) score of 3 on last 
follow-up. No patient suffered rehemorrhage after AVM 
treatment. The median time from initial hemorrhage to re-
peat hemorrhage was 248 days (interquartile range [IQR] 
33–1364 days). There was a total of 18,740 patient-days 
observed, yielding a rehemorrhage rate of 0.032% per day, 
0.96% per month, or 11.5% per year.

Twelve patients (11.8%) of the 102 patients had an as-
sociated aneurysm. There was 1 patient in this subset who 
had a repeat hemorrhage. This patient’s initial and subse-
quent hemorrhages were both intraventricular, and it was 
not clear if the aneurysm or the AVM was the culprit. There 
were no rehemorrhages in the 1747 patient-days after the 
aneurysm was secured prior to AVM treatment, while in 
the 263 patient-days prior to securing of a patient’s aneu-
rysm there was 1 (8.3%) hemorrhage out of the 12 patients 
with associated aneurysms. The rehemorrhage rate for pa-
tients with AVM-associated aneurysms in the initial time 
period was 0.38% per day or 11.4% per month.

By removing the group of patients harboring associated 
aneurysms, we sought to evaluate the risk a patient is ex-
posed to with a ruptured AVM (no associated aneurysm). 
This evaluation resulted in a rehemorrhage rate of 0.027% 
per day, 0.81% per month, and 9.7% per year.

A stepwise logistic regression analysis yielded a history 
of obesity (p = 0.038) and the largest single dimension of 
the AVM (p = 0.048) as predictors of AVM rehemorrhage. 
Other covariates that were tested but did not appear to 
be statistically significant predictors included patient sex 
and age; AVM location, eloquence, and drainage; and his-
tory of hypertension, diabetes, cardiac disease, ischemic 
stroke, hypercholesterolemia, or smoking.

In review of the patient’s functional outcome after 
AVM treatment, 78 (90.7%) of 86 and 60 (92.3%) of 65 
patients had favorable GOS score (GOS score ≥ 4) at dis-
charge and 6 months from AVM treatment, respectively.

Discussion
The natural history of a ruptured AVM entails a 6%–

15.8% risk of rehemorrhage in the 1st year.1,7,9,23,29 This 
range is what neurosurgeons refer to when determining 
the management of a patient with a ruptured AVM. Al-
though the rerupture risk diminishes after the 1st year to 
1.7%–6.2% per year, cumulatively this risk of rehemor-
rhage often indicates intervention is warranted to prevent 
further neurological sequalae.9 The present guidelines 
for AVM treatment suggest that treatment take place in 
an elective manner but does not specify a protocol.18 Our 
study sought to determine the safety of treating a ruptured 
AVM beyond the subacute period that was defined as 4 
weeks.

Our results paralleled those of prior studies regarding 
the annual risk of rerupture. In patients with AVMs and no 
IAs, we found a 9.7% risk per year of rehemorrhage. Half 
of our repeat hemorrhages were within the 6-month period 
after the initial hemorrhage, and this interval, according to 
some authors, has been regarded as the period represent-
ing the highest risk.10 The intent of our investigation was 
to determine the risk a patient was exposed to during the 
time interval from index hemorrhage to elective treatment, 
in our institution’s treatment paradigm. Our data revealed 
a 0.027% per day risk of rehemorrhage in AVM patients 
not harboring an IA, and this rate increased to 0.032% per 
day for the entire 102-patient cohort. This translated to a 
monthly risk of 0.96% and 0.81% for the entire cohort and 
for those with ruptured AVMs without an IA, respectively.

There were 14 patients excluded from this study be-

TABLE 1. Descriptive characteristics of 102 patients meeting the 
inclusion criteria

Characteristics Value p Value

Median age, yrs (IQR) 28.5 (19.3–48.0)
Female (%) 53 (52.0)
Rehemorrhage by AVM location (%) 0.088
 Frontal 1/20 (5)
 Parietal 1/22 (4.5)
 Temporal 0/14
 Occipital 2/4 (50)
 Deep (callosal, basal ganglia, thalamus, 

brainstem)
2/20 (10)

 Periventricular (trigonal) 0/5
 Cerebellar 0/17
Rehemorrhage by AVM eloquence (%) >0.99
 Eloquent 3/51 (5.9)
 Noneloquent 3/51 (5.9)
Rehemorrhage by AVM drainage 0.22
 Deep 5/56 (8.9)
 Superficial 1/45 (2.2)
Hydrocephalus (%) 21 (20.6)
Smoker (%) 31 (30.4)
Hypertension (%) 23 (22.5)

Values are number of patients (%) unless otherwise indicated.
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cause they were electively treated with surgery in a sub-
acute manner. These cases were low-grade AVMs with 
small hemorrhages in neurologically intact patients. The 
algorithm was abandoned because there was no neurologi-
cal deficit to rehabilitate and the neurosurgeon of record 
deemed surgery lower risk. It would not be appropriate to 
compare these patients to our cohort, as there would be a 
dramatic selection bias toward simple, minimal-risk sur-
geries in the acute or subacute surgery group.

There are several studies discussing acute or hyper-
acute surgery for AVMs.1,2,13,16,19,22,30 The time from AVM 
rupture to surgery ranged from 2 hours to 6 days in these 
studies.2,13,16,19,22 The largest of these included 78 patients 
categorized into 1 of 3 treatment time intervals: < 24 
hours, 24–48 hours, and ≥ 48 hours after hemorrhagic 
presentation. This retrospective study claimed that the pa-
tients receiving surgery at ≥ 48 hours had a worse mean 
modified Rankin Scale score than did patients in the other 
2 time intervals.2 However, the study failed to comment 
on the AVM characteristics of the different groups and 
the reasons why surgery was delayed ≥ 48 hours. These 
data also suggested a trend toward worse outcomes with 
higher-grade Spetzler-Martin AVMs, and it is possible that 
the AVMs receiving surgery at ≥ 48 hours were also the 
more complicated lesions.

Another study of 27 patients with Spetzler-Martin 
Grade I–II AVMs treated within 6 days of hemorrhage 
reported a 7.4% risk of early rehemorrhage.19 This rate 
was derived from 2 patients in whom rebleeding occurred 
within 2 hours of their presentation. There was no discus-
sion of whether these patients were included in the 4-pa-
tient group that harbored associated aneurysms or if there 
was a diagnostic study performed to determine the pres-
ence of an aneurysm prior to surgery. At this point, there 
are certainly enough data from studies larger than 27 pa-
tients that have determined that the rate of acute rehemor-
rhage risk of an AVM is not 7.4%.

There is no ambiguity regarding the indication for 
emergency surgery for a patient who presents in extremis. 
Life-saving surgery may simply involve a decompressive 
craniectomy. The clinical challenge is determining which 
patient should also undergo emergency resection of the 
AVM. It is our belief that this should be a very small sub-
set of patients requiring aggressive hematoma evacuation 
that cannot be achieved without avoiding the AVM. It is 
sometimes difficult to evaluate the effect of early surgery 
on patient outcomes as the deficits attendant on hemor-
rhage and surgery will be intertwined at this juncture. 
Delayed intervention also benefits treatment planning for 
both radiosurgery and adjunctive embolization. The delay 
allows for hematoma resorption and better radiological 
demonstration of the AVM.

Treatment planning, resolution of the hematoma, and 
rehabilitation of neurological deficits from the initial hem-
orrhage all play a role in the determination of whether 4 
weeks is an appropriate interval of delay prior to inter-
vention. We admit that this is arbitrary but the literature 
demonstrates that the first 6 months after the initial hem-
orrhage is the period of highest risk for rehemorrahge.10 
This is the impetus to intervene early to minimize the 
risk to which the patient is exposed. The risk of delaying 

treatment must be weighed against the risk of the interven-
tion. For a patient to incur the additional risk of 5%–7% 
of rehemorrahage while awaiting surgery seems unnec-
essary.9 Furthermore, it is our opinion that there is little 
surgical benefit in waiting longer than 4 weeks, meaning 
the surgical environment should have stabilized from the 
initial hemorrhage by this time. Early surgery may result 
in residual hematoma that can obscure vision or disorient 
the neurosurgeon; a brain that often is reactive and friable; 
and a deficit that may have been rehabilitated but could 
become permanent. The only way to determine what 
function a patient may recover is to allow the patient time 
for recovery prior to surgery. We feel this maximizes the 
patient’s opportunity for favorable neurological outcome.

To balance the risk of rerupture in the first 6 months 
against the risk of acute or subacute surgery, we propose 
4 weeks as a safe period of time for delay. We recognize 
that this not a novel paradigm for managing AVMs after 
they present with a rupture, but to our knowledge, there 
are no data derived from investigating the safety. Further 
investigation is necessary to determine if a 4-week delay 
is the optimal time for intervention.

The limitations of the study are its retrospective nature 
and small cohort of patients, as well as the lack of a control 
group. The optimal method for investigating the risk of de-
layed intervention would be to have a multicenter prospec-
tive randomized controlled trial with long-term outcomes 
comparing acute and delayed surgery. The retrospective 
nature of this study led to a significant portion of patients 
to be excluded from the cohort based on incomplete data.

We have previously described our treatment paradigm 
for patients with ruptured brain AVMs and associated IA.7 
We maintain the opinion that Type IIb and III IAs should 
be included in the treatment process after an AVM has 
ruptured. It was our intention to include these patients in 
this review to quantify any increased risk posed to these 
patients compared with patients who have AVMs without 
an identified IA. We found that patients with Type IIb and 
III IAs and ruptured AVMs had a 14-fold increased risk of 
rehemorrhage compared to patients with ruptured AVMs 
without IAs (0.38% per day vs 0.027% per day, respective-
ly). This increased risk exists despite the more aggressive 
approach of our treatment paradigm when an IA is identi-
fied. If these patients were treated in a delayed fashion, this 
difference might have reached statistical significance. This 
warrants further investigation and could lead to a paradigm 
shift with more rapid treatment of those IAs in close prox-
imity to a ruptured cerebral aneurysm without an AVM.

There is a broad range of documented rates of aneu-
rysms associated with brain AVMs in the literature, from 
2.7% to 58%.7 In our study 11.8% of patients were found 
to harbor an aneurysm that we consider an at-risk entity, 
meaning that the aneurysm is a Type IIb or Type III (dis-
tal flow-related or intranidal, respectively). In our previous 
study,7 we documented our experience with these aneu-
rysms and why we regard them as more threatening le-
sions than their counterparts in unrelated locations (i.e., 
contralateral hemisphere to the AVM) and proximally lo-
cated aneurysms (Type I and IIa, respectively). A cohort of 
only 12 patients with associated aneurysms is a very small 
number—and this is clearly a limitation to our study—but 
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it would be amiss not to include these patients. The lit-
erature confirms that these patients are at a higher risk 
for rehemorrhage, but no guidelines have been set regard-
ing their management. Furthermore, even with the small 
number of patients as well as our aggressive approach to 
treating the aneurysm early, we still had a case rehemor-
rhage before treatment could be implemented. Our goal 
of management is to eliminate the aneurysm such that the 
natural history of the lesion is changed to that of a brain 
AVM without an aneurysm.

We recognize that this retrospective review lacks a co-
hort for comparison of AVMs treated in an acute or sub-
acute fashion (< 4 weeks) to validate improved outcomes. 
However, this has been the paradigm our institution has 
implemented during the existence of our database and 
only isolated cases have been managed early. As previ-
ously mentioned, these cases were typically small hem-
orrhages in neurologically intact patients with low-grade 
AVMs not requiring rehabilitation. It was the decision of 
the attending surgeon that the risk of early surgery was as 
low as the risk of our typical protocol leading to early sur-
gery. In these rare instances the benefit was cost efficiency 
for the patient and hospital.

Conclusions
We propose that our treatment paradigm using elective 

intervention for ruptured brain AVMs has a < 1% added 
monthly risk to the patient. This is a very low, acceptable 
amount of added risk. In our opinion, it is unlikely that 
acute surgery for a ruptured AVM carries such a low risk of 
morbidity considering factors such as secondary edema and 
poor visualization of compressed vessels during surgery, 
both of which could be alleviated with the delay in surgery. 
Establishing the superiority of acute versus delayed surgery 
with a high level of certainty would require a prospective, 
randomized trial with an exceedingly high number of pa-
tients. Clearly, our sample size and single-center retrospec-
tive analysis limit our study. Multicenter, cooperative stud-
ies are imperative for future investigations. In the absence 
of these large-scale studies, we support delaying treatment 
for at least 4 weeks to allow the patient to improve neuro-
logically prior to intervention. The subset of patients with 
a Type IIb or III IA should have the IA treated early if it is 
possible to do so, and then further management should fol-
low the proposed paradigm. Our data support this as a safe, 
systematic method of managing AVM patients.
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