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Abstract

Brainstem hemangioblastomas are benign, highly vascular tumors located in the mesencephalon, pons, and medulla oblongata.
Although surgical resection is currently considered the main therapeutic option for symptomatic lesions, evidence supporting the
application of microsurgery has not been systematically assessed. This meta-analysis aims to evaluate the safety and efficacy of
surgical treatment for brainstem hemangioblastomas. A comprehensive search of the PubMed, Embase, and Web of Science
databases was performed to identify all English language publications reporting the outcomes of surgical treatment for brainstem
hemangioblastomas. Studies from January 1990 to July 2019 with > 10 cases were included. We analyzed the surgical outcomes,
including gross total resection, mortality, neurological morbidity, and functional outcome according to the McCormick Scale or
Karnofsky Performance Scale. Thirteen studies with 473 cases were included. The pooled proportion of gross total resection was
98% (95% confidence interval (CI), 94-100%). Overall mortality and neurological morbidity were 4 (95% CI, 2—6%) and 13%
(95% CI, 7-20%), respectively. Favorable functional outcomes at the last follow-up were achieved in 85% (95% CI, 78-92%) of
all patients. Improved or stable functional outcomes at long-term follow-up were achieved in 94% (95% CI, 89-97%) of patients.
This meta-analysis revealed that surgical treatment for brainstem hemangioblastomas is technically feasible and effective with
lasting patient benefits and cure.
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Introduction

Hemangioblastomas are relatively rare and histologically be-
nign neoplasms, which may occur either sporadically or in
association with von Hippel-Lindau disease (VHL) [16]; they
usually grow slowly and account for 1.5-3.7% of intracranial
tumors [3, 18, 23, 33] and 3-4% of spinal tumors [3, 18].
Hemangioblastomas of the central nervous system (CNS)
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are most commonly located in the cerebellum, followed by
the spinal cord and brainstem [32].

To date, therapeutic options include radiosurgery and
microsurgical resection of the tumor. Radiosurgery may
cause severe radiation-induced adverse effects and is on-
ly appropriate for inoperable, residual, or recurrent
hemangioblastomas [29]. Thus, microsurgical resection
of tumors is considered the optimal option for patients
with symptomatic or progressive CNS hemangioblastoma
[7, 9, 24].

Brainstem hemangioblastomas are defined as tumors orig-
inating from the mesencephalon, pons, and medulla
oblongata; they account for 5-15% of all intracranial
hemangioblastomas [6, 12]. The complex anatomical struc-
tures and pivotal neural structures of the brainstem create a
higher risk for morbidity and mortality. Consequently, surgical
treatment for brainstem hemangioblastoma poses a significant
challenge for neurosurgeons. To date, there have been many
studies on the surgical outcomes of microsurgical resection of
brainstem hemangioblastomas [4, 10, 13, 15, 17, 22, 33-38,
40]. We conducted a meta-analysis of surgical outcomes from
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the published literature to evaluate the safety and efficacy of
surgical treatment for brainstem hemangioblastoma in this
study.

Materials and methods

We conducted a meta-analysis following the guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [20].

Study selection

We performed a comprehensive literature review using appropri-
ate medical subject heading (MeSH) terms and the correspond-

EERNT3 CLINNT3

ing random words, including’brainstem”, “pons”, “mesenceph-

ELINT3 LT ELINTS

alon”, “medulla oblongata”, “hemangioblastoma”, “von Hippel-
Lindau disease”, “surgery”, “microsurgery”, “neurosurgery”’, and
“craniotomy”’, in both “AND” and “OR” combinations to search
the PubMed, Embase, and Web of Science databases. The search

strategy can be found in Online Resource 1.
Inclusion and exclusion criteria

Studies were included if they (1) were published from January
1990 to July 2019; (2) reported extent of tumor resection; (3)
reported postoperative mortality; and (3) reported the preop-
erative and postoperative functional status. Exclusion criteria
were as follows: non-English studies, case reports, review
articles, conference abstracts, technical notes, operative video,
articles that reported less than 10 cases, and studies lacking
critical data.

Data extraction

Extracted data included the first author’s name, publication
year, country, patient demographics, tumor locations, and the
total numbers of cases. We studied the surgical outcomes,
including extent of tumor resection, postoperative mortality,
and preoperative and postoperative functional status in the
hospital and at long-term follow-up. Assessment of functional
status was based on the McCormick Scale [19] or Karnofsky
Performance Scale (KPS) [26]. Neurological morbidity was
defined as the proportion of patients experiencing deteriora-
tion of short-term functional status, which was usually
assessed immediately after surgery or at discharge.

Quality assessment
The quality of all the included studies was graded using the
methodological index for non-randomized studies (MINORS)

[28]. The assessment of study quality was based on the check-
list of 8 items for noncomparative studies, and the evaluation
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was scored 0 (not reported), 1 (reported but inadequate), or 2
(reported and adequate) for each item. Two authors (Yin and
Li) graded the studies independently. Disagreement was
solved by discussion.

Statistical analysis

The meta-analyses were performed in the statistical software
R version 3.6.1 (R Foundation for Statistical Computing,
Vienna, Austria) [1] using the meta-packages [2]. The
Freeman-Tukey double arcsine method was used for the trans-
formation of surgical outcomes of each study prior to calcu-
lating the pooled results [8]. We used random-effects model in
all the analyses. Between-study heterogeneity was assessed
with Cochran’s Q test [5]. A P value for the test of heteroge-
neity <0.10 was considered evidence of heterogeneity [27].
The P statistic, which describes the percentage of variance
due to heterogeneity, was also considered. Heterogeneity
across all the studies was classified into low, moderate, and
high with P values of 25, 50, and 75%, respectively [11].
Egger’s linear regression test was applied to assess potential
publication bias. A P value <0.05 for the Egger’s test was
considered statistically significant [30].

Results

The search initially yielded 694 studies. A total of 473 studies
were included after the removal of duplicates. On initial abstract
and title review, we removed 144 case reports, 50 letters or article
comments, 42 conference articles, 39 articles reporting non-
relevant research topics, 14 articles about operative videos, 12
technical notes, and 109 studies reporting hemangioblastomas in
other locations. After carefully screening the remaining studies,
we excluded 23 studies without sufficient data, 9 non-English
studies, 6 studies with fewer than 10 cases, 5 conference articles,
and 3 studies reporting non-relevant research topics. Four of the
17 remaining studies fulfilling inclusion criteria were removed
for failing to provide extractable data. Thus, a total of 13 identi-
fied studies were included in this meta-analysis (Fig. 1) [4, 10,
13, 15, 17, 22, 33-38, 40]. Details of the included studies are
shown in Table 1.

Baseline characteristics

All 13 studies were retrospective and observational. A total of
473 patients with brainstem hemangioblastomas were present-
ed, of whom 221 were females (46.7%) and 252 were males
(53.3%). The mean age of the included patients at surgery was
34.0 years (range 671 years). Forty-one percent of the
hemangioblastomas were associated with cyst formation.
The size of the tumors or cysts was reported in 7 studies [4,
10, 13, 15, 17, 36, 37], and the mean diameter was 21.3 mm
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Fig. 1 Flow chart for the study search and selection

(range 2—-56 mm). In total, 39.6% of the tumors were related to
VHL disease [10, 13, 15, 17, 22, 33-35, 37, 40]. The most
common region involved was the medulla oblongata (55.0%).
According to the relationship between the tumor and surrounding
parenchyma, 15.1% of brainstem hemangioblastomas were en-
tirely intrabrainstem or intramedullary [4, 10, 13, 15, 17, 34].
Details of the study characteristics are shown in Table 2.

Extent of tumor resection

All 13 included articles provided complete information on
tumor resection that could be extracted and analyzed [4, 10,
13, 15,17, 22, 33-38, 40]. The extent of tumor resection was

confirmed by postoperative computed tomography (CT) or
magnetic resonance imaging (MRI). Gross total resection
was achieved in 98% (95% C1, 94-100%; I* = 71%) of the
cases. The heterogeneity between the groups was significant
(P =71%, P<0.01) (Fig. 2 and Table 2).

Postoperative mortality and morbidity

Surgical mortality was reported in all the included articles [4,
10, 13, 15, 17, 22, 33-38, 40]. The results showed that the
pooled proportion of surgical mortality was 4% (95% CI, 2—
6%; I* = 0%). Heterogeneity testing revealed no evidence of
heterogeneity between all the groups (I =0%, P=0.47)
(Fig. 2 and Table 2).

Data on neurological morbidity were analyzed in 8 of 13
studies [4, 10, 13, 15, 17, 22, 35, 37]. The cumulative propor-
tion of morbidity was 13% (95% CI, 7-20%; P= 57%). There
was evident heterogeneity between the groups (7 = 57%, P=
0.02) (Fig. 2 and Table 2).

Functional outcomes at long-term follow-up

Functional outcomes at long-term follow-up were reported in
8 studies [4, 10, 13, 15, 22, 34, 38, 40]. A favorable functional
status was determined if the patient was self-independent with
grade I/I1 on the McCormick Scale or KPS > 80. The pooled
results showed that a favorable functional outcome was
achieved in 85% (95% CI, 78-92%; P= 50%) of all patients
at long-term follow-up. The heterogeneity between the groups
was relatively moderate (P =50%; P=0.05) (Fig. 2 and
Table 2).

We also compared postoperative functional status at the last
follow-up compared with the preoperative functional condi-
tion. Data were obtained from 10 studies [4, 10, 13, 15, 17,22,
34, 35, 37, 38]. The pooled analysis showed that improved or
stable functional outcomes at the last follow-up compared
with the preoperative function condition were achieved in
94% of patients (95% CI, 89-97%; I* = 51%). Heterogeneity
was obvious with /2 =51% and P=0.03 for heterogeneity
(Fig. 2 and Table 2).

Quality assessment

All the included studies were self-controlled trials, which can
reflect the outcomes of surgical treatment credibly and the
impact on the patients accurately. In the assessment of quality,
the mean value of the MINORS score was 13.5 (median, 14;
range, 11-15). According to the MINORS score, the quality
level of the included studies was overall acceptable, even
though none of the studies received a full score on all the
items. No study was excluded because of low quality. The
MINORS scores are given in Online Resource 2.
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Table 1 Baseline clinical characteristics of studies included in the meta-analysis

Author, year Country Type of No. of Mean age Females/ Diameter of  Cyst VHL-related lesions/
study patients (year) males tumor (mm) formation percentage

Chen, 2013 China  Retro 24 37.2 8/16 36 6 NR/NR

Giammattei, 2016 France Retro 31 33 15/16 13 24 25/80.6%

Joseph, 2018 India Retro 27 29 11/16 334 16 6/22.2%

Liu, 2015 China  Retro 62 35.6 26/36 29 19 17/27.4%

Ma, 2015 China  Retro 116 28 56/60 18 17 13/11.2%

Pavesi, 2010 Italy Retro 14 34 9/4 NR 12 14/100%

Wang, 2001 China  Retro 47 352 18/29 NR 39 4/8.5%

Weil, 2003 USA Retro 12 31.7 6/6 NR 9 12/100%

Wind, 2011 USA Retro 44 35.7 27/17 NR 33 44/100%

Wu, 2013 China  Retro 11 42.27 4/7 40 0 NR/NR

Xu, 2010 China  Retro 18 334 5/13 26 5 2/11.1%

Yin, 2014 China  Retro 34 38 20/14 NR 12 NR/NR

Zhou, 2005 China  Retro 33 45 16/17 NR 4 0/0%

NR not reported

Heterogeneity and sensitivity analysis

Statistical heterogeneity across all the included studies was
generally acceptable for most outcomes. Significant heteroge-
neity with 2 > 50% was observed in the meta-analysis of total
tumor resection (2 = 71%), surgical morbidity (P =56%), and
functional improvement at long-term follow-up (P =51%)
(Table 2). Specifically, the heterogeneity for total tumor resec-
tion was high with 2 =71% if Joseph’s study was included.
The sensitivity analysis showed that the heterogeneity for the
total resection outcome was reduced to /> = 0% after omitting
Joseph’s study. Therefore, Joseph’s study may be a cause of
significant heterogeneity in the analysis of total tumor resec-
tion, and the result should be interpreted with caution.
Sensitivity tests were also utilized to inspect the possible
causes of between-study heterogeneity for surgical morbidity

and long-term neurological function improvement. No factors
were recognized as being responsible for the heterogeneity.

Publication bias

Egger’s test was used to identify possible publication bias.
The P value > 0.5 for each meta-analysis revealed no evidence
of significant publication bias (Table 2).

Discussion

The incidence of brainstem hemangioblastoma is 2—20% of all
intracranial hemangioblastomas, and the most common loca-
tion is the medulla oblongata. Hemangioblastomas of the
brainstem usually occur as solid tumors [39]. Brainstem

Table 2 Meta-analysis of the surgical outcomes of brainstem hemangioblastomas

Events Total Proportion (95% CI) Model” Test of heterogeneity® Egger’s test®
(P value)
P P value
Gross total resection 451 473 98% (94-100%) R 71% <0.01 0.97
Postoperative mortality 23 473 4% (2—6%) R 0% 0.47 0.87
Neurological morbidity 48 323 13% (7-20%) R 57% 0.02 0.63
Favorable functional outcomes 200 237 85% (78-92%) R 50% 0.05 0.68
Improved or stable functional outcomes 325 349 94% (89-97%) R 51% 0.03 0.20

4R for random-effects model

®P<0.10 is considered evidence of heterogeneity; /* is interpreted as the percentage of variance due to heterogeneity

¢ Egger’s test to evaluate publication bias, P < 0.10 is considered statistically significant
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Weight  Weight
Study Events Total Proportion 95%~Cl (fixed) (random)
Chen 2013 24 24 — 1.00 [0.86;1.00] 5.1% 7.3%
Giammattei 2016 30 31 — 097 [0.83;1.00] 66%  8.0%
Joseph 2018 15 271 —— { 0.56 [0.35;0.75] 5.7% 7.7%
Liu 2015 60 62 —a 097 [0.89;1.00] 13.0%  9.5%
Ma 2015 11 116 — 0.96 [0.90,0.99) 24.3%  104%
Pavesi 2010 114 — 1.00 [0.77;1.00] 3.0% 5.9%
Wang 2001 47 47 —s 1.00 [0.92,1.00] 99%  89%
Weil 2003 12 12 _— 1.00 [0.74;1.00] 2.6% 5.4%
Wind 2011 44 44 — 1.00 [0.92;1.00) 9.3% 8.8%
Wu 2013 1" n — 1.00 [0.72;1.00] 24% 5.2%
Xu 2010 18 18 e 1.00 [0.81:1.00] 3.9% 6.6%
Yin 2014 34 34 — 1.00 [0.90;1.00] 7.2% 8.2%
Zhou 2005 31 33 —at 094 [0.80;0.99] 7.0% 8.2%
Fixed effect model 473 ° 0.98 [0.96; 0.99] 100.0% -
Random effects model 0.98 [0.94; 1.00] - 100.0%
Heterogeneity: I = 71%, ¢ = 0.0176, p < 0.01
04 05 06 07 08 09 1
(a) Gross total resection
Weight  Weight
Study Events Total Proportion 95%~Cl (fixed) (random)
Chen 2013 1 24— 0.04 [0.00;0.21] 5.1% 5.1%
Giammattei 2016 1 3 —— 0.03 [0.00,0.17) 66%  6.6%
Joseph 2018 3 27 +—a—-«— 0.11 [0.02,029] 57%  57%
Liu 2015 1 62 #r— 0.02 [0.00;0.09] 13.0%  13.0%
Ma 2015 9 116 —E— 0.08 {0.04;0.14] 243%  24.3%
Pavesi 2010 0 W 0.00 [0.00;0.23] 3.0% 3.0%
Wang 2001 2 47 —— 0.04 [0.01;0.15] 9.9% 9.9%
Weil 2003 0 12—t 0.00 {0.00;0.26] 26%  26%
Wind 2011 0 44w 0.00 [0.00;0.08] 93%  9.3%
Wu 2013 T N —_-— 0.09 [0.00;0.41] 24%  24%
Xu 2010 1 18 ——r 0.06 [0.00;0.27] 3.9% 3.9%
Yin 2014 2 34 —e— 0.06 {0.01;020] 7.2% 7.2%
Zhou 2005 2 3 —%—— 0.06 [0.01;0.20] 7.0% 7.0%
Fixed effect model a3 <> 0.04 [0.02; 0.06] 100.0% -
Random effects model < 0.04 [0.02; 0.06] - 100.0%
Heterogenety: /2 = 0%, ©* = 0, p = 0.47
0 01 02 03 04
(b) Postoperative mortality
Weight  Weight
Study Events Total Proportion 95%~Cl (fixed) (random)
Chen 2013 2. N ——— 0.18 [0.02;0.52] 3.5% 7.0%
Giammattei 2016 703 —_—— 023 [0.10;041] 9.6% 127%
Joseph 2018 6 27 ——— 0.22 [0.09;042] 84% 11.9%
Liu 2015 3 62 —=— 0.05 [0.01;0.13] 19.1%  16.6%
Ma 2015 20 116 e 0.17 {0.11;0.25] 356%  19.4%
Pavesi 2010 0 14— 0.00 [0.00;0.23] 44%  82%
Wind 2011 9 44 —_—— 020 {0.10;0.35] 136% 14.7%
Xu 2010 1 18—t 0.06 [0.00,027] 57%  95%
Fixed effect model 323 - 0.13 [0.10; 0.17] 100.0% =
Random effects model — 0.13 [0.07; 0.20) == 100.0%
Heterogenedty: /2 = 57%, 1 = 0.0088, p = 002
01 02 03 04 05
(c) Neurological morbidity
Weight  Weight
Study Events Total Proportion 95%~Cl (fixed) (random)
Chen 2013 2 24 —_—— 0.92 [0.73;0.99] 102%  11.8%
Giammattei 2016 29 31 e 094 [0.79;0.99) 131%  13.5%
Joseph 2018 7 q—— 063 [0.42;081] 11.4%  126%
Liu 2015 56 62 — 0.90 [0.80;0.96] 259%  17.8%
Pavesi 2010 13 14 —_— 093 {0.66;1.00] 60%  8.6%
Weil 2003 10 12 e 0.83 [0.52;0.98] 5.2% 7.8%
Yin 2014 28 34 —_— 0.82 {0.65,0.93] 143%  14.1%
Zhou 2005 25 33 — 0.76 [0.58;0.89] 139%  13.9%
Fixed effect model 237 - 0.86 [0.81; 0.90] 100.0% o
Random effects model _ 0.85 [0.78; 0.92) == 100.0%
Hoterogeneity: /> = 50%, ©* = 0.0084, p = 0.05
05 06 07 08 09
(d) Favorable functional outcomes
Weight  Weight
Study Events Total Proportion 95%~Cl (fixed) (random)
Chen 2013 23 24 B —— 096 [0.79,1.00] 69%  8.9%
Giammattei 2016 27 3 — i 0.87 [0.70,0.96] 89%  102%
Joseph 2018 21 27 : 0.78 [0.58,091] 7.8%  9.5%
Liu 2015 61 62 — 0.98 [0.91;1.00] 17.7%  13.7%
Ma 2015 81 83 —— 0.98 [0.92;1.00] 236%  15.1%
Pavesi 2010 14 14 — 1.00 [0.77,1.00] 4.1%  64%
Weil 2003 " 2 —— 0.92 [0.62;1.00] 3.5% 5.8%
Wind 2011 4 a4 —n— 093 (0.81;0.99] 126%  12.1%
Xu 2010 17 18 : 0.94 [0.73;1.00] 5.2% 7.5%
Yin 2014 29 34 _— 0.85 [0.69,095] 97%  10.7%
Fixed effect model 349 < 0.95 [0.92; 0.97] 100.0% -—
Random effects model — 0.94 [0.89; 0.97) -~ 100.0%

Heterogenedty: /2 = §1%, © = 0.0076, p = 0.08
0

6 07 08 09 1

(e) Imp d or stable f

Fig. 2 Forest plots showing the surgical outcomes including a gross total
resection, b postoperative mortality, ¢ neurological morbidity, d favorable
outcomes at last follow-up, and e improved or stable functional outcomes
compared with preoperative condition

hemangioblastomas are benign lesions located in complicated
anatomical structures, which may cause severe neurological

deficits and even death. To date, surgical resection has often
been the first option for brain hemangioblastomas that appear
to be symptomatic or radiologically progressive. In the past,
surgical resection of brainstem hemangioblastomas resulted in
poor outcomes due to the complex structure of the brainstems
and the rich blood supply of hemangioblastomas.
Consequently, a number of patients were referred for radiosur-
gery. With the advent of microscopy and advances in micro-
surgical techniques, however, total tumor resection and mor-
tality have become acceptable. Many studies have reported
outcomes with respect to the safety and efficacy of brainstem
hemangioblastoma surgery. By analyzing all brainstem
hemangioblastoma cases from 13 studies, our meta-analysis
provided data on the outcomes of surgical treatment and in-
formation for neurosurgeons to treat brainstem
hemangioblastomas. This study revealed that surgical resec-
tion of brainstem hemangioblastomas was reliable, with favor-
able functional outcomes in 94% of patients. It was technically
feasible to remove brainstem hemangioblastomas surgically
according to the high rate of total tumor resection (99%) and
acceptable rates of postoperative mortality (4%) and neurolog-
ical morbidity (15%).

As hemangioblastomas are benign and highly vascularized
neoplasms with possibilities of recurrence, the primary goal of
surgery is radical resection of tumors without significant dam-
age to the surrounding parenchyma. The mortality and com-
plication rates increase markedly with secondary operation on
the residual tumors [10, 17]. Neurosurgeons, therefore, always
endeavor to remove the tumors completely to avoid tumor
recurrence and reoperations, which contributes to the high rate
of total resection. To accomplish total resection, it is recom-
mended that surgical management adheres to the principle of
arteriovenous malformation surgery, which includes identifi-
cation and division of the feeding arteries, followed by dissec-
tion of the lesion with the preservation of the main draining
veins and the occlusion of the main draining veins at the last
moment [13, 15, 17, 37, 38, 40]. It is important to perform en
bloc resection of both solid and cystic lesions, as piecemeal
resection may lead to unmanageable intraoperative bleeding.
Fully exposing the operative field is critical for intraoperative-
ly locating the lesions and successfully completing the opera-
tion. For the dorsal lesions, the suboccipital approach was
usually chosen for the craniotomy. The far-lateral approach
was performed for lesions located in the ventral part of the
brainstem. In particular, C1 and C2 laminectomy were used to
enlarge the caudal exposure for lower brainstem lesions if
necessary. The pooled proportion calculated in this meta-
analysis revealed that total gross resection was achieved in
99% of all cases, indicating that total resection is technically
practicable and feasible.

The pooled mortality of all cases was 4%. The result was
relatively low but not highly favorable. Although the optimal
timing for surgery is debatable, the consensus on the operative
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intervention among most neurosurgeons is based on the pro-
gression of neurologic symptoms or evidence of tumor growth
[10, 17, 22, 35, 38]. Therefore, patients treated by surgery
were more likely to have giant tumors or unfavorable preop-
erative functional status that was associated with the high rate
of complications and mortality. Furthermore, solid
hemangioblastomas usually occur in the brainstem, which
raises the risk of parenchyma injuries and consequently in-
creases the mortality [40].

However, compared with the high mortality in the pre-
microsurgical era, the mortality in our meta-analysis has sig-
nificantly improved [4, 38, 40]. Microsurgery at present is
generally a safe option for patients with brainstem
hemangioblastoma. The improvement of surgical mortality
may be attributed to the advent of microscopes as well as
advances in surgical techniques, including intraoperative neu-
rophysiological monitoring, preoperative angiography, and
embolization [4, 15, 17, 38, 40]. Preoperative angiography
contributed to a better understanding of the vascular arrange-
ment and design of the surgical strategy. The role of preoper-
ative embolization and the necessity of intraoperative neuro-
physiological monitoring, however, remain controversial.
Specifically, Wu et al. reported favorable outcomes of 11 pa-
tients undergoing preoperative embolization and concluded
that preoperative embolization was a safe and effective ad-
junct treatment [36]. Contrary to his study, many authors
insisted that preoperative embolization was likely to cause
complications linked to the procedures, such as bleeding, tu-
mor swelling, and vessel occlusion with consecutive
infarction.

Seven articles reported the causes of death, among
which postoperative pneumonia was a major cause of
mortality, followed by intracranial hematoma, brainstem
injury, and cardiac infarction or heart failure. Although
advances in surgical techniques and instruments have im-
proved surgical outcomes, it remains important to call
attention to postoperative complications. The occurrence
of postoperative complications varied widely across all
the studies. The most common complications included
gastrointestinal ulceration or bleeding, pneumonia, lower
cranial nerve deficits, hydrocephalus, and CSF leakage.
Injury of the dorsal motor nucleus of the vagus nerve
may account for the gastrointestinal ulceration or bleeding
and respiratory center dysfunction may account for the
observed pneumonia. Deficits of the lower cranial nerve
usually occurred due to damage to the medulla and man-
ifested as dysphagia and hoarseness. Hydrocephalus and
CSF leakage were common complications in the posterior
fossa, as reported in the literature [25]. Most of the com-
plications were cured with active and positive treatment.
Meticulous microsurgical techniques with adequate post-
operative management and care may reduce the incidence
of postoperative complications.

@ Springer

Both brainstem lesions and surgical treatment may re-
sult in neurological deficits; thus, it is of great signifi-
cance to assess the functional outcomes of patients with
brainstem hemangioblastomas. Comparing preoperative
and postoperative scores of McCormick scale or KPS,
which has been used in many studies, is considered a
practical method to demonstrate the functional outcome
of brainstem hemangioblastoma surgery. By analyzing
the data on the functional conditions, this meta-analysis
revealed that 11% of patients experienced a worse neuro-
logical condition immediately after surgery or at dis-
charge, however, most of which were notably transient
and usually improved at long-term follow-up. Based on
the low morbidity rate and reversible function after sur-
gery, therefore, it seemed a reasonable hypothesis that
surgical resection of hemangioblastomas prevents the de-
cline of neurological function. We also considered long-
term functional outcomes. The pooled rate of improved
functional status at the last follow-up was 85% in our
meta-analysis, supporting the evidence that most patients
can live and work independently and normally after sur-
gery. It was also observed that favorable outcomes of
long-term functional status were generally achieved in a
majority of the patients at the last follow-up.

Several factors may have influenced the postoperative
outcomes. It is generally agreed that the preoperative func-
tional condition is a good predictor of postoperative neuro-
logical function status. Patients with good preoperative
function are apt to improve neurologically or remain stable.
Furthermore, it was also observed that the patients who had
undergone neurosurgical procedures or radiosurgeries were
more likely to suffer from the deterioration of neurological
function. Some studies suggested that larger tumor or cyst
size increased surgical morbidity and mortality, while other
studies came to the conclusion that the tumor or cyst size did
not affect the results. Despite the controversy regarding the
role of tumor size, it is advisable to carefully evaluate the
risk of intraoperative bleeding and postoperative complica-
tions when treating larger lesions. In particular, Wind et al.
considered the presence of syringobulbia as a positive factor
for immediate neurological improvement, while
Giammattei et al. found brainstem edema a negative prog-
nostic factor. Further investigations are required to confirm
the association between these factors and surgical outcome.

Although surgical treatment is a therapeutic approach
to cure CNS hemangioblastomas, radiosurgery has a role
in the management of hemangioblastomas, especially for
patients with nonresectable, residual, and recurrent tumors
[14, 31]. Pan et al. analyzed 26 studies on stereotactic
radiosurgery for the treatment of difficult-to-resect
hemangioblastomas and proposed that stereotactic radio-
surgery can serve as a reliable treatment alternative with
relatively long-term efficacy in radiographic and
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symptomatic control. In Pan’s study, the pooled 5-year
progression-free survival was 88.43%. The pooled 5-
year PFS for patients with intracranial lesions is 88.44%,
and with spinal lesions is 90.42%. Factors including solid
tumors, smaller tumors, VHL-related lesions, and a great-
er marginal dose were found to be associated with better
tumor control. Adverse events were related to increasing
marginal dose, independent of tumor volume [21].
Despite this favorable conclusion, the utility of stereotac-
tic radiosurgery on brainstem hemangioblastomas is lim-
ited and requires more study.

Limitations

Several limitations should be considered in the present meta-
analysis, so the interpretation of the results needs to be cau-
tious. Firstly, all the included articles were retrospective and
observational studies with inherent limitations, and no ran-
domized clinical studies were included. Furthermore, many
of the studies had limited sample sizes, which may have af-
fected the results. Omitting a study when calculating the
pooled mortality may have led to an underestimation of the
results. Data on functional condition were available for few
studies, which limited a definitive conclusion. In addition,
only English language studies were included, which may have
led to a lack of information from studies published in different
languages. Since our study is exploratory, clinicians should
use these data for decision-making cautiously.

Conclusions

In conclusion, while hemangioblastomas are challenging le-
sions to remove, most brainstem hemangioblastomas can be
successfully resected with generally favorable mortality, mor-
bidity, and neurological function. Surgical treatment is a ther-
apeutic management to cure brainstem hemangioblastoma and
can create patient lasting benefit and cure. Due to the limited
scale of some studies and a lack of randomized trials, howev-
er, further investigations are needed to confirm these findings.
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