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Abstract
Purpose To study whether clinical outcome data from our patient cohort could give support to the new recommendation in the
AHA/ASA guidelines for the management of aneurysmal subarachnoid hemorrhage that states Bthat microsurgical clipping may
receive increased consideration in patients with ruptured middle cerebral artery (MCA) aneurysms and large (>50 mL)
intraparenchymal hematomas^, while clinical outcome data supporting this recommendation are sparse.
Methods We reviewed the clinical and radiological data of 81 consecutive patients with MCA aneurysms and concomitant hema-
tomas admitted between January 2006 and December 2015. The relation between (semi-automatically quantified) hematoma volume
(< or > 50 ml), neurological condition on admission (poor: GCS < 8 or non-reactive pupils), treatment strategies (no treatment,
coiling, or clipping with or without decompression and/or clot removal), and outcome (favorable: mRS score 0–3) was evaluated.
Results Clinical outcome data were available for 76 patients. A significant difference in favorable outcome (17 vs 68%) was seen
when comparing patients with poor and good neurological condition on admission (p < 0.01). Patients with hematomas > 50 ml had
similar outcomes for coiling and clipping, all underwent decompression. Patients with hematomas < 50 ml did not show differences
in favorable outcome when comparing coiling and clipping with (33 and 31%) or without decompression (90 and 88%).
Conclusion Poor neurological condition on admission, and not large intraparenchymal hematoma volume, was associated with
poor clinical outcome. Therefore, even in patients with large hematomas, the neurological condition on admission and the
aneurysm configuration seem to be equally important factors to determine the most appropriate treatment strategy.
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Introduction

The prognosis of patients with ruptured middle cerebral artery
(MCA) aneurysms is worse when the subarachnoid hemor-
rhage is complicated by an intraparenchymal hematoma, with

a reported 6 months’ mortality of 13–56%, even after aggres-
sive treatment with decompression, clot removal, and clipping
of the aneurysm [1–3]. Studies on clot removal and decom-
pression after coiling of ruptured aneurysms report somewhat
more promising results, with a 6 months’ mortality of 20–
30%, although these studies include aneurysms on all loca-
tions, including the MCA [4–6].

A new recommendation in the guidelines for the manage-
ment of aneurysmal subarachnoid hemorrhage of the
American Heart Association states that microsurgical clipping
may receive increased consideration in patients presenting
with large (> 50 ml) intraparenchymal hematomas and middle
cerebral artery aneurysms [7]. However, clinical outcome data
supporting this recommendation are sparse and the reference
that was used in this guideline does not clearly define hema-
toma volumes [8]. Other studies on patients with ruptured
MCA aneurysms and intraparenchymal hematoma mostly fo-
cus on a subgroup of patients, such as patients with WFNS
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grades IV and Von admission, or on one of the several treat-
ment strategies (coiling or clipping with or without clot re-
moval and/or clot removal), due to which important informa-
tion could be missing [1–5, 9].

For all patients admitted to our hospital with a ruptured
MCA aneurysm and a concomitant intraparenchymal hemato-
ma, we retrospectively evaluated the association between
intraparenchymal hematoma volume, neurological condition
on admission, and any combination of treatment options (no
treatment, coiling or clipping, decompression, and clot remov-
al) and clinical outcome.

Methods

Study design

This research was exempt from review by the local institution-
al ethical committee. The clinical charts and imaging studies
(CT, MR, DSA) were reviewed of all consecutive patients
with a CTA- or DSA-proven ruptured MCA aneurysm and a
concomitant intraparenchymal hematoma admitted between
January 2006 and December 2015 to our hospital, which acts
as a tertiary referral center for patients with a SAH.

Demographic data, time of initial hemorrhage and hospital
admission, GlasgowComa Scale (GCS) score andWFNS score
on admission, neurological findings, rebleeding, and the pres-
ence of an intraparenchymal hematoma were collected [10, 11].
If a patient was transferred to our hospital under sedation, the
last known GCS score was used. Poor neurological condition
on admission was defined clinically as a GCS score < 8 and/or
abnormal pupil reactions. In case the neurological condition
changed during admission and before treatment, the last scores
before treatment were used for calculations.

The treatment strategies were divided into three categories:
no (endovascular or surgical) treatment, coiling, or clipping of
the aneurysm. Coiling and clipping could be accompaniedwith
decompression and clot removal. Decompression was defined
as a hemicraniectomy on the side of the intraparenchymal
hemorrhage without replacing the bone flap in the same pro-
cedure or as clot removal with or without replacing the bone
flap in the same procedure. The decision to perform decom-
pression with or without clot removal was at the neurosurgeons
discretion. Clot removal was scored as having been performed
in case it was specifically mentioned in the operative report. In
patients treated with decompression and clipping of the aneu-
rysm, we secondarily evaluated whether the aneurysm had
been considered suitable for coiling or not. Indications for
extraventricular drain (EVD) placement were hydrocephalus
and comatose condition. The EVD strategy was 15–20 cm
H2O above Monro in patients with untreated aneurysms and
5–10 cm H2O above Monro in patients with treated

aneurysms. Mannitol was only given in case of intractable
raised intracranial pressure.

The intraparenchymal hematoma volume (in ml) and the
adjoining intra-Sylvian hematoma volume was delineated by
an Bautomatic hematoma segmentation algorithm^ and
corrected in consensus by two observers (IJZ and WS) on
the baseline non-contrast CT-scan (5 mm slices) using ITK
Snap version 3.4.0 (http://sourceforge.net/projects/itk-snap)
[12]. As it is very difficult to differentiate blood in the
Sylvian fissure from true intra-Sylvian hematoma, we
assessed the total hematoma volume. The calculated volume
was then dichotomized into < or > 50 ml, conforming to the
new AHA/ASA guidelines [7].

The baseline CT-scan was used to assess hematoma side,
hematoma location, midline shift, and hydrocephalus. A tem-
poral lobe hematomawas defined as a hematoma located in the
temporal lobe with or without secondary extension to the fron-
tal or parietal lobe. Rebleeding was defined as an additional
bleeding from the causative aneurysm after the initial bleeding,
determined by an increase of blood on a plain head CT-scan, or
by outflow of fresh blood from an external ventricular drain. In
case of rebleeding before treatment, the blood volumes after
rebleeding were used for analyses. In those patients who re-
quired decompression, the time interval between hospital ad-
mission and the start of surgery and decompression was mea-
sured. Decompression within 6 h of hospital admission was
defined as urgent. If coiling was performed within this interval
and prior to decompression, the delay between the coiling and
the start of the decompression was also evaluated.

Complications (aneurysm rupture, procedure-related
thromboemboli, possible procedure-related ischemia, and de-
layed cerebral ischemia (DCI)) were recorded. Procedure-
related thromboembolic/ischemic events were defined as a
visible thromboembolus on angiography during coiling or as
permanent clipping of a vessel during surgery, or as new
hypodensities in the treated vascular territory on a CT within
48 h after an otherwise uncomplicated procedure. DCI was
defined as any new focal neurological deficit (motor, sensory,
or speech), or a decrease of two points or more on the GCS,
that could not be attributed to other causes such as hydroceph-
alus, electrolyte or metabolic disturbances, rebleeding, or
post-treatment complications or infections, and lasted for at
least 1 h [13].

We evaluated the overall clinical outcome after 3 to
6 months using the modified Rankin scale (mRS) [14].
Favorable outcome was defined as a mRS score of 0–3 in
concordance with recent publications on the treatment of
MCA aneurysms with associated hematomas [1, 15].

Statistical analysis

Continuous variables were presented as mean (SD) for nor-
mally distributed variables and as median (IQR) for non-
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normally distributed variables. Continuous variables were
tested using the Shapiro-Wilk test (W > 0.9 is considered as
a normally distributed variable). Categorical variables were
presented as percentages. Categorical variables were tested
using the Fisher’s exact test. Values of p < 0.05 were consid-
ered statistically significant.

Results

Baseline characteristics and treatment complications

Eighty-one consecutive patients with a ruptured MCA aneu-
rysmwere identified. Five patients were lost to follow-up after
transfers to other hospitals (four to other countries). Baseline
characteristics on admission and complications after treatment
of the remaining 76 patients are presented in Table 1. No
significant differences were found between coiling and clip-
ping in the analysis of all the variables. An intraprocedural
rupture occurred in six (8%) patients, five (83%) during clip-
ping and one (17%) during coiling of the aneurysm. The

thromboembolic/ischemic complications occurred in 17 pa-
tients (22%), in six (35%) patients during coiling of the aneu-
rysm, and in 11 (65%) patients during or after clipping of the
aneurysm. In four (67%) of six patients, Reopro (5 or 10 mg)
was given during the coiling procedure. In four patients, a
decompression was performed after coiling of the aneurysm,
in all cases because of the ischemic complication. In four
(36%) out of 11 patients treated with clipping, the ischemia
could be directly related to the clipping procedure. In the other
seven (64%) cases, new hypodensities were seen on the CT
made < 48 h after an otherwise uncomplicated procedure. In
nine (81%) out of 11 patients with ischemic complications,
decompression was performed after clipping of the aneurysm,
because of the intraprocedural complication or because of
postprocedural neurological deterioration.

Treatment strategies and clinical outcome

The clinical outcome after 3–6 months’ follow-up in relation
to treatment strategy is presented in Table 2. Of the 11 (14%)
patients who received no treatment, 10 patients had absent

Table 1 Baseline characteristics
and treatment complications in 76
patients with a ruptured MCA
aneurysm and a concomitant
intraparenchymal hematoma

Demographic/clinical* No treatment n (%) Coiling n (%) Clipping n (%)

Patients 11 (14) 28 (37) 37 (49)

Age in years (SD) 68 (11) 56 (14) 55 (11)

Female gender 8 (73) 23 (82) 26 (70)

Poor neurological condition on admission 9 (82)** 10 (36)** 16 (43)**

WFNS

1 0 4 (14) 5 (14)

2 2 (18) 1 (4) 2 (5)

3 0 5 (18) 4 (11)

4 2 (18) 14 (50) 15 (41)

5 7 (64) 4 (14) 11 (30)

Radiological*

Left-side hematoma 10 (91) 14 (50) 11 (30)

Temporal lobe hematoma*** 8 (73) 21 (75) 31 (84)

Mean hematoma volume ml (SD) 30 (26) 29 (20) 27 (21)

Mean large (> 50 ml) hematoma volume ml (SD) 65 (10) 58 (13) 68 (13)

Midline shift > 2 mm 11 (100) 23 (82) 35 (95)

Intraventricular hematoma 9 (82) 13 (46) 25 (68)

Hydrocephalus 4 (36) 8 (29) 13 (35)

Complications*

Intraprocedural rupture 0 1 (4) 5 (14)

Thromboemboli/ischemia† 0 6 (21) 11 (30)

Delayed cerebral ischemia 1 (9) 7 (25) 10 (27)

*No statistical significant differences were found between all analyzed variables

**Data missing in one patient

***All other hematomas were located in the frontal lobe

†(possible) procedure-related ischemia

Neuroradiology (2018) 60:335–342 337



brain stem reflexes and subsequently died in hospital. One
patient was not treated because of old age (89 years); she
was living independently (mRS score 2) in a nursery home
6 months after discharge.

Overall, there was no significant difference in favorable
outcome or 6 months’ mortality between patients treated with
coiling or clipping. Of the 65 treated patients, 19 (29%) died:
five (18%) after coiling and 14 (38%) after clipping. Patients
whose treatment included decompression showed a signifi-
cantly worse favorable outcome compared to patients who
were treated without decompression, and this was seen for
both clipping and coiling (p < 0.01).

Urgent decompression was accomplished faster in a strict
surgical approach. The mean (SD) (min-max) time interval
between hospital admission and the start of the urgent surgical
decompression was 161 (102) minutes (34–331). The mean
(SD) (min-max) time interval between hospital admission and
the start of the urgent surgical decompression after coiling was
268 (53) minutes (205–331).

Hematoma volume

Clinical outcome after 3–6 months’ follow-up in relation to
treatment strategies and blood volumes < 50 or > 50 ml is
presented in Table 3. Overall, no significant differences in
favorable outcome were seen when comparing patients with
a hematoma volume > 50 ml (29%) or < 50 ml (45%).

All treated patients with a hematoma volume > 50 ml were
treated with decompression (with or without clot removal). No
significant difference in clinical outcome was seen between
coiling and clipping (with or without decompression and/or
clot removal) in patients with a hematoma volume of > 50 ml.
Although the mortality rate in patients with a hematoma vol-
ume < 50ml was higher after clipping (38%) than after coiling
(14%), this difference was not significant.

Clinical DCI occurred in two (14%) patients with a hema-
toma volume of > 50 ml and in 16 (26%) patients with a he-
matoma volume of < 50 ml, this difference was not significant.

Neurological condition on admission

Data on pupil reactions on admission were missing in three
patients with a GCS > 8. The results of the remaining 73
patients are presented in Table 4.

A significant difference in favorable outcome was seen
when comparing patients with poor (17%) and good (68%)
neurological condition on admission (p < 0.01). The differ-
ence (24 vs 66%) remained significant (p < 0.01) when only
treated patients were analyzed.

Clinical DCI occurred in five (14%) patients with poor neu-
rological condition and in 11 (29%) patients with good neurolog-
ical condition on admission, this difference was not significant.

No significant difference in favorable outcome was seen in
patients with poor or good neurological condition on admis-
sion who were treated with coiling or clipping, with or without
decompression. There also was no significant difference in
mortality rate in these patients.

All five patients with good neurological condition on admis-
sion who died after clipping of the aneurysm suffered fromDCI.

Hematoma volume and neurological condition on admission

When the combination of neurological condition and
intraparenchymal hematoma volume on admission were relat-
ed to clinical outcome, neurological condition on admission
(poor vs good) wasmore discriminative in determining clinical
outcome than intraparenchymal hematoma volume (< or >
50 ml) (Fig. 1). In the good grade patients with small hemato-
mas, 16 (48%) out of 33 patients were treated with decompres-
sion, four (25%) after coiling and 12 (75%) after clipping. In
ten (30%) out of these 33 patients, a hemicraniectomy without
replacing the bone flap was performed, in seven (70%) patients
after clipping and in three (30%) after coiling, all due to
complications/neurological deterioration during or after the
procedure. In the other six patients, clot removal was per-
formed during or after the aneurysm treatment. Favorable out-
come was reached in 12 (86%) out of 14 patients after coiling,
in 10 (56%) out of 18 patients after clipping, and in one (100%)
untreated patient. The difference between coiling and clipping
was not significant. Three out of five (60%) patients with a

Table 2 Clinical outcome after 3–6 months’ follow-up in relation to
treatment strategy in 76 patients with a ruptured MCA aneurysm and an
associated intraparenchymal hematoma

Treatment strategy Total group
n (%)

Clinical outcome n (%)

mRS 0–3 mRS 4–5 mRS 6

76 32 (40) 15 (19) 29 (38)

No treatment 11 (14) 1 (9) 0 10 (91)

Coiling 28 (37) 15 (54) 8 (29) 5 (18)

No decompression 10 (13) 9 (90)* 1 (10) 0

Decompression 9 (12) 2 (22)* 4 (44) 3 (33)

+ clot removal 9 (12) 4 (44) 3 (33) 2 (22)

Decompression < 6 h 6 (8) 2 (33) 3 (50) 1 (17)

Clipping 37 (49) 16 (43) 7 (19) 14 (38)

No decompression 8 (11) 7 (88)* 0 1 (13)

Decompression 9 (12) 2 (22)* 2 (22) 5 (56)

+ clot removal 20 (26) 7 (35) 5 (25) 8 (40)

Decompression < 6 h 15 (20) 3 (20) 5 (33) 7 (47)

mRS modified Rankin scale

*Significant difference in favorable outcome between no decompression
and decompression (p < 0.01)
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hematoma volume > 50 ml and a good neurological condition
on admission had favorable clinical outcome, two after coiling
and one after clipping with decompression and clot removal.

Discussion

In patients with a ruptured MCA aneurysm and a concomitant
intraparenchymal hematoma, neurological condition on ad-
mission was strongly related with clinical outcome, whereas

hematoma volume was not. Moreover, many patients with a
poor neurological condition on admission had a hematoma
volume < 50 ml. No significant difference in clinical outcome
between coiling and clipping was found in patients with he-
matoma volumes of > or < 50 ml.

The 2012 American Heart Association guidelines for the
management of aneurysmal subarachnoid hemorrhage states
that microsurgical clipping may receive increased consideration
in patients presenting with large (> 50 mL) intraparenchymal
hematomas and middle cerebral artery aneurysms [7].

Table 3 Clinical outcome after 3–6 months’ follow-up in relation to treatment strategies and blood volumes > or < 50 ml in 76 patients with a ruptured
MCA aneurysm and an associated intraparenchymal hematoma

> 50 ml, n (%) < 50 ml, n (%)

Total Clinical outcome Total Clinical outcome

mRS 0–3 mRS 4–5 mRS 6 mRS 0–3 mRS 4–5 mRS 6

14 (18) 4 (29) 3 (21) 7 (50) 62 (82) 28 (45) 12 (19) 22 (35)

No treatment 3(21) 0 0 3 (100) 8 (13) 1 (13) 0 7 (88)

Coiling 6 (43) 2 (33) 2 (33) 2 (33) 22 (35) 13 (59) 6 (27) 3 (14)

No decompression 0 0 0 0 10 (45) 9 (90) 1 (10) 0

Decompression* 6 (100) 2 (33) 2 (33) 2 (33) 12 (55) 4 (33) 5 (42) 3 (25)

Clipping 5 (36) 2 (40) 1 (20) 2 (40) 32 (52) 14 (44) 6 (19) 12 (38)

No decompression 0 0 0 0 8 (25) 7 (88) 0 1 (13)

Decompression* 5 (100) 2 (40) 1 (20) 2 (40) 24 (75) 7 (29) 6 (25) 11 (46)

No statistical significant differences were found between all analyzed variables

mRS modified Rankin scale

*With or without clot removal

Table 4 Clinical outcome after 3–6months’ follow-up in relation to treatment strategies and neurological condition before treatment in 73 patients with
a ruptured MCA aneurysm and an intraparenchymal hematoma

Poor neurological condition, n (%) Good neurological condition, n (%)

Total Clinical outcome Total Clinical outcome

mRS 0–3 mRS 4–5 mRS 6 mRS 0–3 mRS 4–5 mRS 6

35 (48) 6 (17)** 8 (23) 21 (60) 38 (52) 26 (68)** 7 (18) 5 (13)

No treatment 9 (26) 0 0 9 (100) 1 (3) 1 (100) 0 0

Coiling 10 (29) 1 (10) 5 (50) 4 (40) 17 (45) 14 (82) 3 (18) 0

No decompression 0 0 0 0 10 (59) 9 (90) 1 (10) 0

Decompression† 10 (100) 1 (10) 5 (50) 4 (40) 7 (41) 5 (71) 2 (29) 0

Clipping 16 (46) 5 (31) 3 (19) 8 (50) 20 (53) 11 (55) 4 (20) 5 (25)

No decompression 2 (13) 2 (25) 0 0 6 (30) 5 (83) 0 1 (17)

Decompression† 14 (87) 3 (21) 3 (21) 8 (57) 14 (70) 6 (43) 4 (29) 4 (29)

Data on pupil reactions on admission missing in three patients

mRS modified Rankin scale

**Significant difference (p < 0.01), also when only treated patients are analyzed (p < 0.01)
†With or without clot removal
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However, the reference that was used in this guideline does not
clearly define hematoma volumes [8]. In our study, we observed
that all patients with a hematoma volume of > 50mlwere treated
with decompression, irrespective from neurological condition
on admission. Simultaneously, all but two patients with poor
neurological condition on admission were treated with decom-
pression. While the number of patients presenting with a hema-
toma volume > 50 ml was quite low in comparison with those
presenting in a poor neurological condition, this limits the nu-
merical importance of volume, as compared to neurological
condition to determine the need for decompressive surgery.
Clinical outcomewasworse after decompression also in patients
with hematomas < 50 ml, who were in good neurological con-
dition before treatment, because in these patients, decompres-
sion was often performed after complications or neurological
deterioration during or after the coiling or clipping procedure.
The higher complication rate after clipping might be explained
by the coil-first policy in our hospital leaving the most challeng-
ing aneurysms for surgical treatment. Furthermore, a consider-
able proportion (4/11) of patients underwent an emergency op-
eration for impending cerebral herniation, precluding any
coiling procedure. Additionally, it is difficult to differentiate be-
tween edema, normal parenchymal changes after hematoma re-
moval, and infarcts on a post procedural CT. Therefore, we
might have overrated the clipping related ischemia. We suggest
to perform a perfusion CT after these procedures to overcome
this problem in future research. The higher hematoma decom-
pression rate during clipping can be explained by the fact that
the surgeon almost automatically comes across the hematoma
when opening the dura.

Decompression can be preceded by coiling of the aneurysm,
but this strategy is strongly dependent on the aneurysm config-
uration. The rationale of coiling first, despite the delay to de-
compression, is to secure the aneurysm prior to decompressive
surgery, with or without hematoma evacuation, diminishing the
risk of intraoperative rupture of the aneurysm. With respect to
coiling and clot removal in patients with ruptured aneurysms,

there are studies reporting 25–60% favorable outcome rates
after coiling, but these included aneurysms in all locations.
There are no studies solely reporting on this treatment strategy
in patients with ruptured MCA aneurysms [4–6].

When coiling is not possible, or when, based on neurological
condition on admission, fast decompressive surgery is consid-
ered more important than primarily securing of the aneurysm,
surgery is the preferred initial treatment. When we compare our
outcome results with published data on surgical treatment of
rup tu r ed MCA aneu rysms wi t h a concomi t an t
intraparenchymal hematoma (clipping in any combination with
decompression and clot removal), one large study (144 patients)
reported a higher overall mortality of 49% [2]. Several smaller
studies reported lower mortality rates (13–29%) with favorable
outcome rates ranging from 26 to 54% [3, 6, 9]. Patient selec-
tion may explain these differences. One study, in Hunt & Hess
III-V patients and a hematoma volume > 30 ml, reported a
mortality rate of 25–30%, but also included aneurysms on other
locations [6]. In another study, of 24 Hunt & Hess grade II-V
patients, a similar (29%) mortality rate was found [9]. None of
these studies divided the hematomas in >/< 50 ml.

We chose mRS 0–3 as favorable outcome according to re-
cent literature on treatment of ruptured MCA aneurysms with a
concomitant hematoma [1, 15]. An additional argument is that
the vast majority of the patients with a rupturedMCA aneurysm
and a concomitant hematoma are admitted with a poor WFNS
score of four or five, in our study 70% of the patients. The fact
that patients are in a poor clinical condition on admission after a
serious and life-threatening event, automatically leads to low
expectations for a good outcome, not only with the doctors, but
especially so with the patient and his or her family.

A limitation of our study is its retrospective nature, leading
to missing data. Due to missing data the time from SAH ictus
to decompression could not be analyzed, nor the occurrence of
seizures. As of January 2011, a prospective database is main-
tained to minimize such data drop-outs. Furthermore, the sam-
ple size of our study is small, and therefore, the results have to

Fig. 1 Neurological condition
and hematoma volume in relation
to clinical outcome after 3–
6 months’ follow-up in 73*
patients with a ruptured MCA
aneurysm and an associated
intraparenchymal hematoma.
*Data missing in three patients.
No significant differences were
found in the analysis of all the
variables. mRS modified Rankin
Scale
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be interpreted with some caution. The number of patients was
not sufficient to perform a multivariate statistical analysis to
detect possible confounding factors and to evaluate the asso-
ciation between both neurological status on admission and
hematoma volume with clinical outcome due to which we
had to analyze these factors as independent factors in a group
comparison. Strength of our study is that we describe a con-
secutive patient cohort that was admitted over a period of
10 years’ time in a tertiary center using a multidisciplinary
approach for each individual patient. Also there are very little
other studies describing such a cohort of patients with rup-
tured middle cerebral artery aneurysms and a concomitant
hematoma. Another strength is the very precise hematoma
volume measurement. The hematoma volumes in our study
are much lower than those reported elsewhere [1, 16]. For
instance, the mean (SD) hematoma volume in the study by
Stapleton et al. was 100 + 77 ml, while in our study, the mean
(SD) hematoma volume (> 50 ml) was 68 + 15 ml and no
patient had a hematoma volume of > 100 ml [15]. The differ-
ence can be explained by the method of volumemeasurement.
In most studies, this is done with the ABC/2 method, or the
pi4rABC method. Both are known to overrate the hematoma
volume and small errors in measurement can lead to a high
variation in volume [17]. Even though hematoma volume has
no strong relation with outcome, we do propose a more stan-
dardized way to measure the hematoma volume to allow for
better comparison of future studies. One such method to as-
sess the total volume of subarachnoid hemorrhage has recent-
ly been published and shows a high degree of reproducibility
[12]. This might lead to an improved prediction model, in
which the total amount of blood in the different compartments
(subarachnoid, parenchymal, and intraventricular) can be
added. The clinical relevance is supported by a study reporting
that Sylvian hematomas without an intraparenchymal compo-
nent can predict a favorable outcome in poor-grade aneurys-
mal SAH patients [15]. The high mortality rate in our study in
clipped patients with a GCS > 8 and a hematoma volume <
50 ml was related to the occurrence of DCI and might be
related to the distribution of blood between the subarachnoid
and parenchymal compartments. This is in accordance with
data from an earlier study in which a negative association of
the existence of an intraparenchymal hematoma was seen in
relation to the occurrence of clinical DCI [18]. The absence of
clinical DCI in the patients with poor neurological condition
on admission and a hematoma volume > 50 ml group can be
explained by the poor outcome rate, as most patients either
died within 3 days, or were in a too bad condition to discover
clinical signs of DCI.

According to our results, neurological condition on admis-
sion together with the aneurysm configuration seems to be
more important than hematoma volume to determine the best
possible treatment strategy. The problem to study this specific
patient group with ruptured aneurysms with concomitant

hematomas is the large diversity in approach and experience
which severely limits the design of a multicenter prospective
trial. We therefore are limited to observational studies.
However, we can improve on these studies by standardized
registration of patients in prospective databases.

Summary

In patients with a ruptured middle cerebral artery aneurysm
and a concomitant intraparenchymal hematoma, neurological
condition on admission, and not large hematoma volume was
associated with poor clinical outcome. The decision to per-
form decompressive surgery should be based more on neuro-
logical condition than on hematoma volume, especially after
coiling of the aneurysm. Whether the decompression is com-
bined with coiling or clipping of the aneurysm can be decided
by the local neurovascular team based on the aneurysm con-
figuration and the local expertise.

Compliance with ethical standards

Funding No funding was received for this study.

Conflict of interest CM received a grant from the Dutch Heart
Foundation (paid to institution); AMC received funds from Stryker for
consultations by CM. HM is a founder and shareholder of Nico-lab. RB
has a consultancy agreement with Codman.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent For this type of study formal consent is not required.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Stapleton CJ, Walcott BP, Fusco MR, Butler WE, Thomas AJ,
Ogilvy CS (2015) Surgical management of ruptured middle cere-
bral artery aneurysms with large intraparenchymal or sylvian fis-
sure hematomas. Neurosurgery 76(3):258–264; discussion 264.
https://doi.org/10.1227/NEU.0000000000000596

2. Bohnstedt BN, Nguyen HS, Kulwin CG, Shoja MM, Helbig GM,
Leipzig TJ, Payner TD, Cohen-Gadol AA (2013) Outcomes for clip
ligation and hematoma evacuation associated with 102 patients
with ruptured middle cerebral artery aneurysms. World Neurosurg
80(3–4):335–341. https://doi.org/10.1016/j.wneu.2012.03.008

Neuroradiology (2018) 60:335–342 341

https://doi.org/10.1227/NEU.0000000000000596
https://doi.org/10.1016/j.wneu.2012.03.008


3. Kazumata K, Kamiyama H, Yokoyama Y, Asaoka K, Terasaka S,
Itamoto K, Osanai T (2010) Poor-grade ruptured middle cerebral
artery aneurysm with intracerebral hematoma: bleeding character-
istics and management. Neurol Med Chir (Tokyo) 50(10):884–892

4. Niemann D, Wills A, Maartens N, Kerr R, Byrne J, Molyneux A
(2003) Treatment of intracerebral hematomas caused by aneurysm
rupture: coil placement followed by clot evacuation. J Neurosurg
99(5):843–847. https://doi.org/10.3171/jns.2003.99.5.0843

5. Tawk R, Pandey A, Levy E, Liebman K, Rosenwasser R, Hopkins
L, Veznedaroglu E (2010) Coiling of ruptured aneurysms followed
by evacuation of hematoma. World Neurosurg 74(6):626–631.
https://doi.org/10.1016/j.wneu.2010.06.051

6. de los Reyes K, Patel A, Bederson JB, Frontera JA (2013)
Management of subarachnoid hemorrhagewith intracerebral hema-
toma: clipping and clot evacuation versus coil embolization follow-
ed by clot evacuation. J Neurointerv Surg 5(2):99–103. https://doi.
org/10.1136/neurintsurg-2011-010204

7. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP,
Dion J, Higashida RT, Hoh BL, Kirkness CJ, Naidech AM,
Ogilvy CS, Patel AB, Thompson BG, Vespa P, American Heart
Association Stroke C, Council on Cardiovascular R, Intervention,
Council on Cardiovascular N, Council on Cardiovascular S,
Anesthesia, Council on Clinical C (2012) Guidelines for the man-
agement of aneurysmal subarachnoid hemorrhage: a guideline for
healthcare professionals from the American Heart Association/
american Stroke Association. Stroke 43(6):1711–1737. https://doi.
org/10.1161/STR.0b013e3182587839

8. Rinne J, Hernesniemi J, Niskanen M, Vapalahti M (1996) Analysis
of 561 patients with 690 middle cerebral artery aneurysms: anatom-
ic and clinical features as correlated to management outcome.
Neurosurgery 38(1):2–11. https://doi.org/10.1097/00006123-
199601000-00002

9. Lee CS, Park JU, Kang JG, Lim YC (2012) The clinical character-
istics and treatment outcomes of patients with ruptured middle ce-
rebral artery aneurysms associated with intracerebral hematoma. J
Cerebrovasc Endovasc Neurosurg 14(3):181–185. https://doi.org/
10.7461/jcen.2012.14.3.181

10. Teasdale G, Jennett B (1974) Assessment of coma and impaired
consciousness. A practical scale. Lancet 2(7872):81–84

11. Teasdale GM, Drake CG, Hunt W, Sano K, Pertuiset B, De Villiers
JC (1988) A universal subarachnoid hemorrhage scale: report of a
committee of the World Federation of Neurosurgical Societies. J
Neurol Neurosurg Psychiatry 51(11):1457

12. Boers AM, Zijlstra IA, Gathier CS, van den Berg R, Slump CH,
Marquering HA, Majoie CB (2014) Automatic quantification of
subarachnoid hemorrhage on noncontrast CT. AJNR Am J
Neuroradiol 35(12):2279–2286. https://doi.org/10.3174/ajnr.
A4042

13. Vergouwen MD (2011) Vasospasm versus delayed cerebral ische-
mia as an outcome event in clinical trials and observational studies.
Neurocrit Care 15(2):308–311. https://doi.org/10.1007/s12028-
011-9586-8

14. Banks JL, Marotta CA (2007) Outcomes validity and reliability of
the modified Rankin scale: implications for stroke clinical trials: a
literature review and synthesis. Stroke 38(3):1091–1096. https://
doi.org/10.1161/01.STR.0000258355.23810.c6

15. Fukuda H, Hayashi K, Moriya T, Nakashita S, Lo BW, Yamagata S
(2015) Intrasylvian hematoma caused by ruptured middle cerebral
artery aneurysms predicts recovery from poor-grade subarachnoid
hemorrhage. J Neurosurg 123(3):686–692. https://doi.org/10.3171/
2014.10.JNS141658

16. van der Zande JJ, Hendrikse J, Rinkel GJ (2011) CT angiography
for differentiation between intracerebral and intra-sylvian hemato-
ma in patients with ruptured middle cerebral artery aneurysms.
AJNR Am J Neuroradiol 32(2):271–275. https://doi.org/10.3174/
ajnr.A2287

17. Scherer M, Cordes J, Younsi A, Sahin YA, Gotz M, Mohlenbruch
M, Stock C, Bosel J, Unterberg A, Maier-Hein K, Orakcioglu B
(2016) Development and validation of an automatic segmentation
algorithm for quantification of intracerebral hemorrhage. Stroke
47(11):2776–2782. https://doi.org/10.1161/STROKEAHA.116.
013779

18. Zijlstra IA, Gathier CS, Boers AM, Marquering HA, Slooter AJ,
Velthuis BK, Coert BA, Verbaan D, van den Berg R, Rinkel GJ,
Majoie CB (2016) Association of automatically quantified total
blood volume after aneurysmal subarachnoid hemorrhage with de-
layed cerebral ischemia. AJNR Am J Neuroradiol 37(9):1588–
1593. https://doi.org/10.3174/ajnr.A4771

342 Neuroradiology (2018) 60:335–342

https://doi.org/10.3171/jns.2003.99.5.0843
https://doi.org/10.1016/j.wneu.2010.06.051
https://doi.org/10.1136/neurintsurg-2011-010204
https://doi.org/10.1136/neurintsurg-2011-010204
https://doi.org/10.1161/STR.0b013e3182587839
https://doi.org/10.1161/STR.0b013e3182587839
https://doi.org/10.1097/00006123-199601000-00002
https://doi.org/10.1097/00006123-199601000-00002
https://doi.org/10.7461/jcen.2012.14.3.181
https://doi.org/10.7461/jcen.2012.14.3.181
https://doi.org/10.3174/ajnr.A4042
https://doi.org/10.3174/ajnr.A4042
https://doi.org/10.1007/s12028-011-9586-8
https://doi.org/10.1007/s12028-011-9586-8
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.3171/2014.10.JNS141658
https://doi.org/10.3171/2014.10.JNS141658
https://doi.org/10.3174/ajnr.A2287
https://doi.org/10.3174/ajnr.A2287
https://doi.org/10.1161/STROKEAHA.116.013779
https://doi.org/10.1161/STROKEAHA.116.013779
https://doi.org/10.3174/ajnr.A4771

	Ruptured middle cerebral artery aneurysms with a concomitant intraparenchymal hematoma: the role of hematoma volume
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study design
	Statistical analysis

	Results
	Baseline characteristics and treatment complications
	Treatment strategies and clinical outcome
	Hematoma volume
	Neurological condition on admission
	Hematoma volume and neurological condition on admission


	Discussion
	Summary
	References


