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necessary once the patient perceived severe headache or 
new/worsened pre-existing symptoms. Provided changes 
in neurological function, we were fully aware of a new 
haemorrhage, but it would be noted as questionable 
without radiological evidence.

The follow-up duration began at enrolment and ended 
on the date of surgery, SRS, death or the most recent 
evaluation, whichever occurred first. The cause of death 
was enquired from their relatives if the patient has passed 
away.

Figure 1  Sankey diagrams showing the distribution and changes in mRS score at enrolment and at censoring time. (A) The 
figure consisted of two bars and one flow in between. These two bars show the distribution of mRS scores at enrolment and at 
censoring time in orange. The width and value of each flow were calculated according to the sample size showing the dominant 
or subordinate contributions to the overall flow that were similar in other panels. (B–D) The mRS scores at enrolment and at 
censoring time were stratified by the number of prospective haemorrhages (B), crossing the axial midpoint or not (C), and 
presence of DVA or not (D). The Sankey diagrams are illustrated using Tableau Desktop (V.8.3). DVA, developmental venous 
anomaly; mRS, modified Rankin Scale.
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Statistical analysis and literature review
The clinical and baseline data stratified by neurological 
outcomes were compared (table 1). The risk factors for 
worsened outcomes were evaluated by univariate and 
multivariate binary logistic regression (method: Enter). 
Statistical analyses were performed using SPSS statistical 
package software (V.25.0), with significance set at p<0.05. 
A systematic review of the literature was performed 
regarding neurological outcomes in untreated brainstem 
CMs. Studies were reviewed and screened by two inde-
pendent review authors using the terms ‘cavernoma’, 
‘cavernous malformation’ and ‘cavernous hemangioma’ 
in the following databases from January 1984 to December 
2019: EMBASE, PubMed, Cochrane, Ovid/Medline, Web 
of Science and EBSCO. We further reviewed all of the 
references provided in the identified studies and incorpo-
rated all pertinent citations. Studies that did not provide 
neurological outcomes were excluded.

RESULTS
Patient demographics
During the period from 2009 to 2015, after excluding 
43 patients lost to follow-up, 698 patients (321 women, 
46.0%) with brainstem CMs referred to our institute were 
entered into the consecutive prospective cohort, with a 
mean age of 38.3±13.8 years. Nine patients (1.3%) had 
a family history and 96 patients (13.8%) had a history of 
hypertension. The mean duration of symptoms before 
enrolment was 21.3±44.7 months, and 680 patients 
(97.4%) had a prior haemorrhage.

At enrolment, 508 patients (72.8%) presented with a 
recent haemorrhage (188 acute and 320 subacute haem-
orrhage), 589 patients (84.4%) complained of FNDs, 
including cranial nerve deficits (n=466, 66.8%), long 
tract impairments (n=428, 61.3%) and extrapyramidal 
symptoms (n=177, 25.4%), and 197 patients (28.2%) had 

non-specific symptoms. The mRS scores at enrolment 
were 0, 1, 2, 3, 4 and 5 in 47 (6.7%), 400 (57.3%), 104 
(14.9%), 66 (9.5%), 68 (9.7%) and 13 (1.9%) patients, 
respectively. The mean and median mRS scores were 
1.6 and 1.0. Overall, 447 patients (64.0%) were able to 
perform usual activities, 104 (14.9%) had self-care abil-
ities without the need for assistance, and 147 (21.1%) 
were unable to carry out self-care and required assis-
tance. Radiologically, the pons (n=442, 63.3%) was the 
most common lesion location, followed by the midbrain 
(n=154, 22.1%) and medulla (n=102, 14.6%). The mean 
lesion size was 1.5±0.7 cm. The details of other radio-
graphic parameters are described in table 1.

Follow-up
During a mean follow-up of 56.9±35.3 months (median 
60.9 months), 167 patients (23.9%) suffered prospective 
haemorrhages. The censoring events (n=199, 28.5%) 
included SRS (n=14, 2.0%), surgical resection (n=170, 
24.4%), disease-specific deaths (n=11, 1.6%) and deaths 
due to unrelated/unknown causes in the observation 
group (n=4, 0.6%).

Primary results: neurological status and risk factors for 
worsened outcomes
The mRS scores at censoring time were 0, 1, 2, 3, 4, 5 and 
6 in 233 (33.4%), 283 (40.5%), 71 (10.2%), 44 (6.3%), 
49 (7.0%), 6 (0.9%) and 12 (1.7%) patients, respec-
tively. The mean and median mRS scores were 1.2 and 
1.0. Compared with the mRS scores at enrolment, those 
in 334 patients (47.9%) improved, unchanged in 293 
patients (42.0%) and worsened in 71 patients (10.2%) at 
censoring time (Z=−9.134, p<0.001) (table 1, figures 1 and 
2). In 169 patients who were recommended surgery but 
at first refused, 52 (30.8%) suffered a prospective haem-
orrhage, 88 (52.1%) finally received surgery, and overall 
neurological status at censoring time was improved, 

Figure 2  Boxplots showing the distribution of mRS scores at enrolment and at censoring time based on risk factors. (A) The 
boxplot shows the mRS score at censoring time stratified by mRS score at enrolment. (B–D) The outcome was significantly 
better in patients without prospective ictus than in patients with one (Z=−7.398, p<0.001) or more (Z=−5.414, p<0.001) ictus (B). 
Patients without lesions crossing the axial midpoint had significantly better outcomes than patients with lesions crossing the 
axial midpoint (Z=−6.352, p<0.001) (C). However, there was no significance between the outcomes in patients with or without 
DVA (Z=−0.384, p=0.701) (D). *P<0.05, ***P<0.001. Circles indicate the outliers; values in italic above the horizontal axis indicate 
the mean values of each boxplot. DVA, developmental venous anomaly; mRS, modified Rankin Scale.
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unchanged and worsened in 59 (34.9%), 79 (46.7%) and 
31 (18.3%) patients, respectively.

The univariately significant risk factors for worsened 
outcome are lesion size (per 1 mm) (relative risk (RR) 
2.343, p<0.001), crossing the axial point (RR 2.993, 
p<0.001), DVA (RR 1.801, p=0.020) and depth (RR 1.595, 
p=0.021) (table  2). In the multivariate analysis (Enter 
method) with adjustment for duration of follow-up, 
crossing the axial point (RR 2.325, 95% CI 1.332 to 4.060, 
p=0.003) and DVA (RR 1.776, 95% CI 1.037 to 3.041, 
p=0.036) were significantly related to worsened neurolog-
ical outcomes (figures 1 and 2), and other factors were no 
longer significant. The percentage of worsened outcomes 
was 5.3% (18 of 337) in low-risk patients (neither DVA 
nor crossing the axial point), 12.9% (40 of 311) in mid-
risk patients (either DVA or crossing the axial point) and 
26.0% (13 of 50) in high-risk patients (with both DVA and 
crossing the axial point).

Secondary results: prospective haemorrhages and worsened 
outcomes
Overall, the numbers of patients experiencing 1, 2, 3 and 
4 prospective haemorrhages were 128 (18.3%), 27 (3.9%), 
8 (1.1%) and 4 (0.6%), respectively. The percentage of 
worsened outcomes significantly increased as the number 
of prospective haemorrhages increased (from 1.5% (8 of 
531, if 0 ictus) to 37.5% (48 of 128, if 1 ictus) and 38.5% 
(15 of 39, if >1 ictus)), while the percentage of complete 
recovery significantly decreased from 39.0% (207 of 531, 
if 0 ictus) to 17.2% (22 of 128, if 1 ictus) and 10.3% (4 
of 39, if >1 ictus) (χ2=31.965, p<0.001) (figures 1 and 2).

DISCUSSION
The natural history of CMs has been elaborately demon-
strated,1–3 5 6 8–13 but in prior studies brainstem CMs were 
often reported together with CMs of other locations 

Table 2  Risk factors for worsened neurological function in brainstem cavernous malformations

Variable (%) n
Worsened 
(n=71, %)

Univariate†
RR (95% CI) P value

Multivariate†‡
RR (95% CI) P value

Male 377 36 (9.5) Reference Reference

Female 321 35 (10.9) 1.159 (0.709 to 1.894) 0.555 1.074 (0.634 to 1.819) 0.792

Age (per 1 year) 1.014 (0.995 to 1.032) 0.145 1.020 (1.000 to 1.041) 0.051

Without hypertension 602 63 (10.5) Reference

Hypertension 96 8 (8.3) 0.778 (0.360 to 1.679) 0.522

Duration of symptoms (per 0.1 months) 1.004 (1.000 to 1.008) 0.064 1.004 (0.999 to 1.009) 0.101

Without prior haemorrhage 18 1 (5.6) Reference

With prior haemorrhage 680 70 (10.3) 1.951 (0.256 to 14.882) 0.519

Without haemorrhage at enrolment 190 14 (7.4) Reference

Haemorrhage at enrolment 508 57 (11.2) 1.589 (0.863 to 2.924) 0.137

Without FND at enrolment 109 9 (8.3) Reference

FND at enrolment 589 62 (10.5) 1.307 (0.629 to 2.715) 0.473

mRS score at enrolment (per one score) 0.939 (0.756 to 1.168) 0.573

Lesion size (per 1 mm) 2.343 (1.643 to 3.341) <0.001* 1.263 (0.806 to 1.979) 0.309

Not crossing axial midpoint 524 38 (7.3) Reference Reference

Crossing axial midpoint 174 33 (19.0) 2.993 (1.811 to 4.948) <0.001* 2.325 (1.332 to 4.060) 0.003*

Without venous anomaly 461 38 (8.2) Reference Reference

Developmental venous anomaly 237 33 (13.9) 1.801 (1.097 to 2.955) 0.020* 1.776 (1.037 to 3.041) 0.036*

Depth (superficial-seated) 395 51 (12.9) 1.595 (1.074 to 2.367) 0.021* 1.194 (0.774 to 1.841) 0.423

Without oedema 356 33 (9.3) Reference

Perilesional oedema 342 38 (11.1) 1.223 (0.748 to 2.001) 0.422

Zabramski classification 1.313 (0.935 to 1.846) 0.116

 � Type III/IV 182 13 (7.1) Reference

 � Type II 326 35 (10.7) 1.564 (0.805 to 3.038) 0.187

 � Type I 190 23 (12.1) 1.790 (0.878 to 3.652) 1.790

Bold indicates statistical significance.
*P<0.05.
†Binary logistic regression (method: Enter); risk factors, entered into the multivariate binary logistic regression, included gender, age, 
duration of symptoms, lesion size, crossing axial midpoint, developmental venous anomaly and depth of the lesion.
‡Adjustment for duration of follow-up.
FND, focal neurological deficit; mRS, modified Rankin Scale; RR, relative risk.
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rather than as a distinct entity, and the neurological 
outcomes of brainstem CMs were often not detailed or 
not described separately with limited sample size. Overall, 
the 5-year risk of a composite outcome (haemorrhage or 
FND) is 44.5% for brainstem CMs and 8.8% for CMs in 
other locations,3 the posthaemorrhage full recovery is 
38.8%/person-years, and the haemorrhage-associated 
mortality is 2.2%.6 Due to the crucial anatomical location 
of the brainstem and unpredictable haemorrhage, the 
outcome of brainstem CMs is considerably poor. In our 
cohort, after a median follow-up of 5.1 years, we found 
that 233 patients (33.4%) recovered to an asymptomatic 
status, 334 (47.9%) improved and 71 (10.2%) worsened; 
additionally, DVA and crossing the axial midpoint had 
substantial effect on worsened outcomes. These results 
indicated that neurological status most likely trended 
towards improved/unchanged if without risk factors 
during the remaining lifetime of the patients.

Neurological outcomes of untreated brainstem CMs
Due to the relative rarity of brainstem CMs, they are often 
reported along with other locations with various outcomes. 
Given the aggressive features in surgical candidates, 
the preoperative complete recovery rate of 16.7% (6 of 
36)25 was lower than that of observational series (25.9%–
43.3%)22 23 26 and our cohort (33.4%). The complete 
recovery rate further declines following repeated haem-
orrhage.22 23 25 Across 16 prior studies and 1 meta-analysis 
with available data regarding the outcomes of untreated 
brainstem CMs (table  3),2 3 5 8 12 14 20–23 26–32 9 studies 
reported the evolution of neurological status compared 
with the initial status,12 20 22 23 27–29 31 32 6 studies only 
described the final status,2 5 14 21 26 30 and the remaining 
2 studies did not describe the outcome.3 8 Several studies 
reported relatively poor outcomes, with a worsened 
proportion up to 41.7%,20 48.1%27 and 53.3%.28 Further-
more, Gross et al5 observed a permanent neurological 
morbidity rate of 45% for brainstem, thalamic and basal 
ganglia CMs; Al-Shahi Salman et al2 reported that 57.1% 
(8 of 14) of patients suffered a second composite outcome 
(haemorrhage or FND), and the worst outcome was 
underlined with an observational mortality rate of 20.0% 
(6 of 30).26 In contrast, three studies exclusively dedicated 
to the natural history of brainstem CMs reported fairly 
high percentages of improved outcomes, ranging from 
38.8% to 59.8%12 22 23; our result (47.9%) was within this 
interval and was in accordance with that of a prior study 
(48.6%).12 In addition, Zimmerman et al,30 Kupersmith et 
al,12 Esposito et al32 and Bhardwaj et al31 reported favour-
able outcomes, with worsened percentages of only 12.5%, 
8.1%, 5.9% and 7.7%, respectively. Overall, we performed 
a pooled analysis of nine studies,12 20 22 23 27–29 31 32 and 
the proportion of improved/unchanged and worsened 
outcomes was 85.2% (465 of 546) and 14.3% (78 of 
546), respectively, which was analogous to our series and 
appeared more benign than previously thought.26–28 In 
16 prior studies (n=685),2 5 8 12 14 20–23 26–32 disease-specific 
deaths occurred in 12 patients (1.8%),20 22 26 27 30 which 

was comparable with our series (1.7%, 12 of 698) and 
seemed to be acceptable. For censoring events, 24.4% of 
our patients underwent surgery, which was similar to a 
prior study (23.6%, 69 of 292)10 but higher than another 
cohort (17.2%, 23 of 134).2 The variation and wide spec-
trum of these outcomes might be attributed to the small 
sample size, selection and referral biases, different study 
designs, and diverse radiological parameters, which were 
also substantially vulnerable to prospective haemor-
rhages. Data on brainstem subsets extracted from prior 
studies were less convincing, but the results of pooled 
analysis would improve the level of evidence.

Adverse factors for worsened/poor outcomes in brainstem 
CMs
The risk factors for outcomes were arguable and incon-
sistent in prior studies. In surgical series, larger lesion 
size,15 33 older age (eg, ≥12 years,17 >40 years19 per 5 years,16 
and increased age),18 multiple haemorrhages,17–19 DVA16 
and poor preoperative status17–19 were demonstrated to 
predict poor outcomes. However, opposing findings were 
occasionally reported in that multiple haemorrhages did 
not significantly lead to worsened outcomes.15 21 33 Paren-
chyma transgression, manipulation of circumferential 
tissue, poor postoperative neural plasticity and unfavour-
able baseline data might account for the variation.

Among untreated series, Kupersmith et al12 stated that 
the total number of episodes or rebleeding had little effect 
on neurological status. Conversely, Samii et al25 declared a 
lower chance of neurological recovery following multiple 
haemorrhages (6.25%) compared with only one episode 
(25.0%). A similar result reported by Li et al17 showed full 
recovery rates of 26.9%, 13.0% and 0% after 1, 2 and 3 
haemorrhages, respectively. A new haemorrhagic episode 
would interrupt the course of recovery or would further 
lead to clinical deterioration. Our univariably significant 
risk factors were consistent with three of five predic-
tors from the proposed grading scale (size, crossing the 
axial midpoint and DVA) advocated by Garcia et al.16 
In our multivariable analysis, DVA and crossing the 
axial midpoint were independently significant. Lesions 
crossing the axial midpoint with mass effect, involving 
bilateral neurostructures and producing more morbid-
ities, might restrain recovery after haemorrhagic ictus. 
DVA was found to be related to the genesis of CM and 
was also identified as a predictor of prospective haemor-
rhage; meanwhile, DVA might affect perilesional venous 
drainage followed by brainstem oedema, thrombosis or 
ischaemia, which jeopardised neurological function.5 34 
Our results seemed to be applicable to clinical practice 
because both factors could be evaluated at enrolment.

Limitations of the study
Referral and selection biases were the main limitations 
of the study, which might overestimate the worsened 
outcomes and limit extrapolation of our findings to 
patients from other institutes. Patients with haemor-
rhagic CM with serious deficits were more likely referred 
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Table 3  Neurological outcome of untreated brainstem CMs

Study and 
year Study type

Patients 
(n)

Mean 
age, 
years

Mean 
follow-up, 
years

Patients with 
prospective 
ictus (%)

Total 
number 
of ictus

Annual 
haemorrhage 
rate, %

Neurological 
outcome (%)

Zimmerman et 
al 199130

Retrospective 8 NA 3–60 months 1 (12.5) 1 NA 7 (87.5) minor 
symptoms or 
asymptomatic; 
1 (12.5) died of 
haemorrhage.

Fritschi et al 
199426

Retrospective 30 NA 3.0 NA NA NA 13 (43.3) normal; 7 
mildly, 2 moderately 
and 2 severely 
disabled; 6 (20.0) 
died of CMs.

Bouillot et al 
199629

Retrospective 7 NA 5.6 NA NA 11.7 1 (14.3) improved; 4 
(57.1) same; 2 (28.6) 
worsened.

Porter et al 
199920

Retrospective 12 NA NA NA NA NA 7 (58.3) improved/
same; 5 (41.7) 
worsened; 1 (8.3) 
died of rebleeding.

Kupersmith et 
al 200112

Retrospective 37 37.5 4.9 7 (18.9) 8 5.1 18 (48.6) improved; 
14 (37.8) same; 3 
(8.1) worsened; 
2 (5.4) died 
of myocardial 
infarction.

Esposito et al 
200332

Retrospective 17 NA NA NA NA 2.5 11 (64.7) favourable; 
5 (29.4) same; 1 (5.9) 
worsened.

Tarnaris et al 
200828

Retrospective 15 37.9 6.1 4 (26.7) 4 4.4 2 (13.3) improved; 5 
(33.3) same; 8 (53.3) 
worsened; mean 
mRS score 2.07.

Bhardwaj et al 
200931

Retrospective 13‡ 12.7 4.4 1 (7.7) 1 ≈1.7 4 (30.8) improved; 
8 (61.5) same (6 
asymptomatic, 2 
symptomatic); 1 
(7.7) died.

Chen et al 
201121

Retrospective 20 38.1 3.7 7 (35.0) ≥11 NA Mean NIHSS score 
1.7.

Menon et al 
201127

Retrospective 29† NA 4.0 17 (63.0) ≥41 ≥35.3 14 (51.9) improved/
same; 13 (48.1) 
worsened; 1 
(3.7) died of 
haemorrhage.

Al-Holou et al 
20128

Retrospective 15 les NA ≈3.5 5 les (33.3) 8 ≈15.2 per les NA

Al-Shahi 
Salman et al 
20122

Prospective 14 NA 5.0 NA NA NA 8 patients (57.1) 
had a second 
haemorrhage or 
focal neurological 
deficit.

Li et al 201417 Prospective 85 12.7 4.7 37 (43.5) 47 11.7 22 (25.9) normal; 
33 (38.8) improved; 
32 (37.6) same; 20 
(23.5) worsened.

Continued
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for medical consultation due to survival instinct and the 
significantly unbalanced surgical techniques within our 
country. Despite the size of our cohort, this was not a 
true natural history because some patients already had 
a known diagnosis, while many others eventually under-
went surgical treatment. Our findings were meaningful 
for patients who suffered from ruptured brainstem CMs 
but did not require immediate surgery or experienced 
hesitation regarding the selection of surgery. To minimise 
referral bias, a multicentre study or a population-based 
cohort is recommended based on the true natural history 
being theoretically more benign than in our cohort.

CONCLUSION
The neurological outcomes of untreated brainstem 
CMs were improved/unchanged in majority of patients 
(89.8%) and seemed to be favourable, and radiological 
features significantly predicted worsened outcomes. Our 
results provide updated evidence for clinical consultation 
and help to individualise patient treatment. Patients with 
risk factors require close follow-up. The referral bias in 
our study should be stressed.
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