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Appropriate Interval between Embolization and
Surgery in Patients with Meningioma

Yutaka Kai, Jun-ichiro Hamada, Motohiro Morioka, Shigetoshi Yano, Tatemi Todaka, and
Yukitaka Ushio

BACKGROUND AND PURPOSE: The best time for surgery after embolization of meningio-
mas remains unclear. We used the tumor-softening effect of embolization to determine this
time.

METHODS: Forty-two patients with intracranial meningiomas that received more than 50%
of their blood supply from the external carotid artery underwent embolization before surgery.
The interval between embolization and surgery and the tumor consistency at the time of surgery
were recorded. The interval between embolization and surgery was divided into 3-day segments,
and an average tumor consistency score was obtained in segments. Patients were assigned to
two groups: group 1 underwent surgery on a specified day after embolization; group 2 under-
went surgery at a later date. We compared tumor consistency, blood loss, length of hospital-
ization, surgical resection time, Simpson grade at surgery, and complication rate in both
groups.

RESULTS: On the polynomial regression curve, greatest tumor softening occurred 7–9 days
after embolization. When the postembolization interval exceeded 10 days, no further softening
occurred. Compared with group 1 patients, group 2 patients did not have an increased blood
loss, a longer hospitalization, or a higher complication rate. In group 2, the surgical procedure
required less time, and the Simpson grades were lower.

CONCLUSION: In meningiomas that receive more than 50% of their blood supply from the
external carotid artery, the optimal interval between embolization and surgery is 7–9 days. This
interval allows the greatest degree of tumor softening, which makes it possible to remove the
tumor more safely and easily.

Advances in radiologic and catheterization tech-
niques have enabled the application of endovascular
procedures to various types of vascular lesions, in-
cluding highly vascular meningiomas (1–3). Dean et
al (4) described the clinical effectiveness of tumor
embolization in patients with meningiomas. Although
embolization decreases blood loss and reduces the
need for intraoperative transfusions, the best timing
of surgery after embolization remains unclear.

We retrospectively reviewed the clinical and imag-
ing data in 65 patients who underwent preoperative
embolization to determine the optimal interval be-
tween embolization and surgery. The aim was to ac-
quire a tumor softening index.

Methods

Between July 1995 and March 1999, 65 patients with intra-
cranial meningioma underwent preoperative particle emboli-
zation at our institution. The imaging and medical records of all
65 patients were retrospectively reviewed. All patients under-
went conventional angiography with digital subtraction angiog-
raphy (DSA) and bilateral selective catheterization of the ex-
ternal and internal carotid arteries. Two of the authors (M.M.,
T.T.) independently judged the ratio of the vascular supply
derived from the internal or external carotid arteries or both.
Tumor vascularity was determined as the degree of blush
within the tumor on DSA images (anteroposterior and lateral
views).

For this study, we selected 42 patients in whom the external
carotid artery supplied more than 50% of the blood flowing to
the tumor and in whom diffuse homogeneous contrast material
accumulation persisted into the venous phase of angiography.
Moreover, the diameter of the meningiomas was at least 4 cm
on MR images or CT scans. Patients with meningiomas that
demonstrated obvious calcification on CT scans were ex-
cluded. The patients included 27 women and 15 men with an
age range of 17–73 years (mean, 54.4 years). Of their 42 tu-
mors, seven were petroclival, four were occipital, one was para-
sagittal, 17 were at the sphenoidal ridge, five were at the
convexity, four were in the middle fossa, three were in the
cavernous sinus, and one was in the falx.
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In all 42 patients, results of the preembolization provocation
test with xylocaine (usually 40 mg) were negative. DSA and
preoperative embolization were performed via the transfemo-
ral approach with the patients under local anesthesia. A micro-
catheter (Tracker 18; Target Therapeutics, San Jose, CA) was
introduced into the proper feeding arteries. The embolization
particles were cellulose porous beads (200 �m), nonabsorbable
particles that were developed in our department (5–7).

The microneurosurgical procedures involved excavation of
the central tumor mass by using suction or a Cavitron ultra-
sonic surgical aspirator (CUSA Sonopet UST-2000; M&M,
Tokyo, Japan) or by cutting with scissors to completely remove
the tumor. The senior author (Y.U.) reported consistency of
the tumor during surgery and recorded microscopic findings.

Tumor consistency was divided into three categories and
scored as follows: score 3 was used for tumors of soft consis-
tency that allowed the removal of more than 50% of the tumor
volume with suction or low-power (10–30%) ultrasonic surgical
aspiration; score 2, tumors of moderately hard consistency that
allowed the removal of more than 50% of the tumor mass with
high-power (40–100%) ultrasonic surgical aspiration; and
score 1, hard tumors for which scissors were used to resect
more than 50% of the tumor volume.

The interval between embolization and surgery was divided
into 3-day segments, and the average score (�SD) of tumor
hardness at the time of surgery was calculated for each seg-
ment. The mean scores in each segment were plotted for each
3-day segment, and the polynomial regression curve was ob-
tained by using the multiple regression procedures from com-
mercial software. In all 42 patients with intracranial meningi-
oma, the optimal day for postembolization surgery was
determined from this curve.

According to the polynomial regression curve, we set an
optimal day after embolization for surgery. The patients were
then assigned to two groups: those who underwent surgery on
the optimal day were in group 1, and those who underwent
surgery on a later day were in group 2. In both groups we
calculated the mean tumor consistency score (�SD) at the time
of surgery.

To determine whether the waiting period after embolization
had any negative effects, we recorded blood loss during surgery
and the length of hospitalization in the two groups. To assess
whether embolization-induced tumor softening contributed to
the ease of tumor removal, we also recorded the length of time
required for the surgical procedures and the Simpson grade; we
compared the results obtained in the two groups.

The patients’ clinical course after embolization was defined
as asymptomatic or symptomatic. The clinical outcomes were
evaluated by reviewing the charts and determining the Karnof-
sky Performance Status (KPS) 3 months after surgery (8).

The Mann-Whitney U test was used to determine the sta-
tistical significance of the difference between the two groups.

Statistical significance was defined when the P value was less
than .05.

Results

Of the 42 patients who underwent surgery, 13 had
hard tumors, 24 had tumors of moderately hard con-
sistency, and the remaining five had soft tumors. In
this series, the interval between tumor embolization
and surgery was 1–25 days (eight 3-day segments).

The mean score (�SD) in each of the 3-day segments
after embolization was plotted, and the polynomial
regression curve was drawn (Fig 1). Curve fitting by this
regression analysis was high (R2 � .98), and the data
clearly fit. The curve inclined steeply until the third
3-days segment (days 7–9 after embolization); the
mean score slowly decreased thereafter. The greatest
tumor softening effect was recorded in the 7–9-day
segment after embolization.

Of the 42 meningiomas, 21 were meningothelial,
four were fibroblastic, nine were transitional, four
were angiomatous, one was microcystic, and three
were atypical. When surgery was performed 7–9 days
after embolization, no correlation between the tumor
subtype and the degree of softening was found.

We selected the seventh day after embolization as
the benchmark and analyzed our results by assigning
the 42 patients into two groups: those who underwent
surgery within 7 days of embolization (group 1, n �
15; range, 1–7 days; mean, 2.5 days) and those who
underwent surgery more than 7 days after emboliza-
tion (group 2, n � 27; range, 8–25 d; mean, 13.8 d).
Group 1 patients had 10 hard and four moderately
hard tumors; in one patient, the tumor consistency
was soft. Group 2 patients had three hard, 20 mod-
erately hard, and four soft tumors. The difference
with respect to tumor hardness between the two
groups was significant (P � .01) (Fig 2).

The significant difference between the two groups
persisted until days 8 or 9 (P � .02, P � .04) and
disappeared when 10 or more days had elapsed be-
tween embolization and surgery (P � .27). Thus, an
increased interval of more than 10 days resulted in no
additional benefits in terms of the tumor softening
effect.

FIG 1. Curves show the values that rep-
resent the mean score (�SD) of tumor
consistency at surgery for each 3-day seg-
ment after embolization. The polynomial
regression curve of multiple regression
procedures was overwritten (R2 � .98).
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When the seventh day after embolization was used
to assign the patients to two groups, the results in
group 1 versus those in group 2 were as follows:
estimated blood loss, 739 versus 951 mL, and length
of hospitalization, 20.7 versus 27.6 days. The differ-
ences in these variables were not statistically signifi-
cant (P � .32 and P � .11, respectively).

The duration of the surgical procedure in group 1
was 534.6 minutes; in group 2, it was 435.0 minutes
(P � .05). The Simpson grades at the surgery were
2.60 and 1.91, respectively, in group 1 and group 2
(P � .03).

Each group had one symptomatic patient. The
symptomatic patient in group 1 had an intratumoral
hemorrhage; the symptomatic patient in group 2 had
hearing loss after embolization. No patient had tran-
sient postembolization complications. The KPS at 3
months after surgery in group 1 was 94.0; in group 2,
it was 98.3 (P � .04).

Discussion
Embolization before surgery was beneficial in pa-

tients with large meningiomas because it decreased
the blood loss and reduced the need for intraopera-
tive transfusion (4). However, no general agreement
about the optimal interval between tumor emboliza-
tion and surgery in patients with meningiomas cur-
rently exists. Djindjian et al (9) recommended an
interval of 3 days, and Brismar and Conqvist (10)
suggested that surgery should occur 1 or 2 days after
embolization. Their use of absorbable embolic mate-
rials, Gelfoam or Sponger, necessitated surgery after
a short interval to prevent recanalization. The interval
between embolization and surgery can be prolonged
when new embolic materials such as silicone or acrylic
polymers are used; this delay may maximize the effect
of devascularization (1). In comparison, the use of

our cellulose porous beads facilitated more distal,
complete, and permanent occlusion of the feeding
artery (5–7). Therefore, our recanalization rate was
extremely low, and the interval between embolization
and surgery could be prolonged to obtain the maxi-
mum benefits of the resultant tumor devasculariza-
tion.

Dean et al and Teasdale et al (3, 11) observed no
obvious relationship between the histologic type of
the meningioma and the interval between emboliza-
tion and surgery. However, as the interval between
embolization and surgery increased, so did the degree
of tissue reactions (12) and tumor softness, as well as
the ease of tumor removal (2, 13).

Dean et al (4) found no significant increase in the
length of hospitalization or in the severity of compli-
cations in patients with meningioma who underwent
preoperative embolization. While the 7–9-day waiting
period after embolization increased the overall length
of hospitalization in patients with meningioma, it did
not increase the incidence or severity of complica-
tions. If the additional days of hospitalization repre-
sent a hardship for patients, they could be temporarily
discharged after embolization and readmitted for sur-
gery.

Neither blood loss during surgery nor the risk of
complications was increased because of the postem-
bolization waiting period. In patients with emboliza-
tion-induced tumor softening, removal of the tumor
was easy and could be accomplished without injury to
adjacent vital structures. The difference in surgical
outcomes between the two groups was statistically
significant: in group 2, less time was required for the
surgical procedures than in group 1. In addition, the
Simpson grade was lower in group 2 patients, and
their KPS was better. Our data indicated that an
interval of 7–9 days between embolization and sur-
gery led to optimal treatment outcomes because of
marked tumor softening. The beneficial effect of em-
bolization was not further enhanced by prolonging
the interval past 10 days.

Time-dependent proton spectra of embolized me-
ningiomas depicted a large lactate signal during the
first 24 hours after embolization; this was indicative of
tissue ischemia (14, 15). Within 4 days, the lactate
signal was replaced by broad aliphatic signals, which
indicated tissue necrosis. These observations led to
the conclusion that these signals were notable and
should be used to determine the optimal timing of
surgery after tumor embolization. Our findings sup-
ported the suggestion that a certain amount of time
should be allowed to elapse between embolization
and surgery, and they indicated that the greatest tu-
mor softening effects were achieved when this inter-
val was 7–9 days. Jungling et al (14) recommended
that the waiting period should be longer than 5 days.
This slight difference between their recommendation
and our suggested optimal time interval may be at-
tributed to the fact that we selected meningiomas that
were at least 4 cm in diameter and that received more
than 50% of their blood supply from the external
carotid artery.

FIG 2. Bar graph shows tumor consistency at surgery (hard,
moderately hard, soft) for the two groups (group 1 interval be-
tween embolization and surgery, 1–7 days; group 2 interval, �7
days). * indicates P � .01.
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At this time, we do not know why waiting for more
than 10 days after embolization did not further en-
hance its beneficial effects. We speculate that necro-
sis does not progress further after 7–9 days after
embolization. Ng et al (3) reported that no obvious
relationship between histologic changes and the
postembolization interval existed. However, the pro-
cess of coagulative necrosis has been documented in
ischemic injury, and the degree of necrotic change
tends to increase with time after ischemia (2, 12, 13).
Necrosis after an ischemic insult is characterized by
the presence of increasing numbers of inflammatory
cells and by softening of the necrotic tissue due to
autolysis. With progression of necrosis, a salvage pro-
cess involving residual cellular debris occurs until,
finally, the necrotic process ceases. We speculate that
by 10 days after embolization, the necrotic changes
have halted, and for this reason, no further tumor
softening effects occur.

We scored the consistency of the tumor at the time
of surgery. Judging the consistency on the basis of the
appearance of nonenhanced areas on postemboliza-
tion MR or CT images is difficult. We found that even
nonenhanced lesions could become necrotic lesions
(data not shown).

In our series, the meningiomas received more than
50% of their blood supply from the external carotid
artery and were at least 4 cm in diameter, without
obvious calcification. In patients with these meningi-
omas, we expected embolization to have a marked
effect on the consistency of the meningioma. Further
studies are needed to determine the optimal interval
between embolization and surgery in patients whose
tumors derive less than 50% of their supply from the
external carotid artery.

Conclusion

Our results suggest that embolization has a soften-
ing effect on meningiomas and that the optimal in-
terval between embolization with nonabsorbable ma-

terials and surgery is 7–9 days. Prolonging the interval
had no further beneficial effects.
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