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This study aimed to summarize the clinical features, diagnosis, and treatment of Chiari malformation type I- (CM-1-) associated
syringobulbia.We performed a literature review ofCM-1-associated syringobulbia in PubMed,OvidMEDLINE, andWeb of Science
databases. Our concerns were the clinical features, radiologic presentations, treatment therapies, and prognoses of CM-1-associated
syringobulbia. This review identified 23 articles with 53 cases. Symptoms included headache, neck pain, cranial nerve palsy, limb
weakness/dysesthesia,Horner syndrome, ataxia, and respiratory disorders.Themost frequently involved areawas themedulla.Most
of the patients also had syringomyelia. Surgical procedures performed included posterior fossa decompression, foramen magnum
decompression, cervical laminectomy, duraplasty, and syringobulbic cavity shunt. Most patients experienced symptom alleviation
or resolution postoperatively. A syringobulbic cavity shunt provided good results in refractory cases. Physicians should be aware
of the possibility of syringobulbia in CM-1 patients, especially those with symptoms of sudden-onset brain-stem involvement. The
diagnosis relies on the disorder’s specific symptomatology and magnetic resonance imaging. Our review suggests that the initial
therapy should be posterior fossa decomposition with or without duraplasty. In refractory cases, additional syringobulbic cavity
shunt is the preferred option.

1. Introduction

Syringobulbia (SB) refers to a longitudinally oriented fluid-
filled cavity within the brain stem. It is intimately associated
with syringomyelia (SM), which is more common [1–3].
Many conditions can cause syringobulbia, including poste-
rior fossa or spinal cord neoplasms, inflammatory disorders
(e.g., arachnoiditis and meningitis), and Chiari malforma-
tions [1, 4]. SM occurs in CM-I patients at an incidence
of 80%, [5] whereas case reports of CM-1-associated SB are
rare. Studies of each disorder, however, have only a limited
number of patients. Menezes et al. recently reported a series
of 326 pediatric CM-I patients, with only 13 (4%) identified
as having secondary SB [6]. Because of the rarity of SB, its
manifestations, treatment methods, and long-term prognosis
are still not established. We therefore conducted a systematic
review to clarify the clinical characteristics of these patients.

2. Literature Search Strategy

This systematic review was conducted according to PRISMA
(Preferred Reporting Items for Systematic Reviews andMeta-
Analyses) guidelines and recommendations. Two reviewers
(J.S., K.Y.H.) independently performed a literature search.
PubMed, Ovid MEDLINE, and Web of Science databases
were searched from their dates of inception to August 2018
using combinations of the following terms: “Arnold–Chiari
malformation/Chiari malformation,” “type 1,” “tonsillar her-
niation,” “syringobulbia,” “syringomyelia,” and “syringi-
tis/syrinx.” The reference lists of all retrieved articles were
reviewed for identification of further potentially relevant
studies.

2.1. Selection Criteria. Eligible case reports were system-
atically assessed using the following inclusion criteria: (1)
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diagnosis of CM-I with syringobulbia confirmed bymagnetic
resonance imaging (MRI) and (2) case reports and/or case
series. Exclusion criteria were (1) presence of syringobulbia
secondary to other causes (e.g., trauma, tumor, and shunt
device malfunction) and (2) no syringobulbia identified on
MRI. All publications were limited to those involving human
subjects and those written in the English language. Editorials
and expert opinions were excluded. Review articles were
omitted because of potential publication bias and duplication
of results.

2.2. Data Extraction and Critical Appraisal. The data were
extracted from article texts, tables, and figures, with any esti-
mates made based on the presented data and figures. If more
information was needed for clarification, we attempted to
contact the study’s authors. Two investigators independently
reviewed each retrieved article (K.Y.H., J.S.).

3. Results

3.1. Literature Search. The search strategy identified 130
studies. After removing 62 duplicate studies, our inclusion
and exclusion criteria were applied to the titles of the 68
remaining articles, which yielded 49 studies that underwent
full-text analysis. Finally, 23 articles with 53 cases were
included in our study (Figure 1). Table 1 and the Supplemen-
tary Table (available here) detail the clinical presentations,
operative therapies, and outcomes for each patient (three case
series with 30 patients are presented in the Supplementary
Materials) [1, 5, 6].

3.2. Clinical Presentation. The symptoms of syringobulbia
included headache, neck pain, cranial nerve palsy, limbweak-
ness or dysesthesia, Horner syndrome, ataxia, and respiratory
disorders. Limbweakness, whether unilateral or bilateral, was
the most common symptom. Cranial nerves (CNs) IX and X
were most frequently involved, manifesting as bulbar palsy,
dysphagia, and dysarthria. Diplopia and ptosis were also
common. Neurological examinations often revealed tendon
hyperreflexia, although hyporeflexia sometimes occurred.
Ataxia, gait disturbance, eye nystagmus, and other signs
of cerebellum involvement were also common. Dyspnea
and respiratory arrest, with an incidence of 9.4% (5/53),
were unique presentations of medulla involvement. Other
rare presentations included trismus, persistent singultus, and
oscillopsia.

3.3. Imaging Findings. Syringobulbia was identified on MRI
in all but one patient [7]. The medulla was involved in all
patients, and solo medulla syringobulbia was most common.
Pons involvement was also frequent, whereas the cerebrum
was involved in only three patients. Syringobulbia usually
presents onMRI as a silt-like lesion in one side of themedulla.
Most patients had combined syringomyelia, which could be
cervical, cervicothoracic, or holochord. Only five patients did
not have syringomyelia (9.4%).

3.4. Surgical Treatment and Outcomes. Surgical procedures
included posterior fossa (or suboccipital) decompression,

foramen magnum decompression, cervical laminectomy,
duraplasty, and syringobulbic cavity shunt. SB was alleviated
inmost cases. In refractory cases, a syringobulbic cavity shunt
to the subarachnoid space was mostly successful. The ratio of
complete resolution of symptoms increased among patients
who underwent the shunt (Figure 2), although this result
lacks statistical support because of the quality of the data.

4. Discussion

CM-1 is a common neurosurgical condition in both pediatric
and adult populations. According to the literature, the rate
of accompanying syringomyelia could be as high as 80%,
whereas accompanying syringobulbia is much rarer. Menezes
et al. reported that the incidence of syringobulbia was 4%
in a series of 326 pediatric patients with CM-I [6]. Our
literature review identified 23 cases with 130 CM-I-associated
syringobulbia patients.

Although the symptomatology of CM-I has been well
described in the literature, patients with accompanying
syringobulbia have more prominent symptomatology
because of the brain-stem involvement. SB-related symptoms
usually appear in a chronic pattern, although sudden-onset
cases have occurred, especially when there is a sudden
onset of CN X palsy [8–10]. Headache, gait and balance
disorders, and limb weakness or dysesthesia were the most
frequent complaints of CM-I patients with SB. Cranial
nerve dysfunction was common [11, 12]. CNs IX and X
were most frequently affected, followed by CN V [13].
Persistent singultus that lasted >48 h, oscillopsia, nystagmus,
and Horner syndrome were revealing presentations of
syringobulbia [13–15]. Horner syndrome was present
in 18% of patients in a previous study [16–18]. Central
hypoventilation syndrome also occurred in CM-I patients
with syringobulbia and, in fact, is the leading cause of sudden
death in patients with CM-I [19, 20].

MRI was the most useful technique for detecting
syringobulbic cavities [21]. A slit-like hyperintense area in
the medulla was the characteristic presentation, [3, 6, 22]
although in some patients the silt-like cavity was too thin to
be visualized [7]. Other studies noted that SB could appear in
three locations: the floor of the fourth ventricle, the midline
floor of the fourth ventricle, or areas ventral to the fourth
ventricle [15, 23].Themedulla ismost frequently involved and
was reported in all cases of this review. Further rostral exten-
sion into the pons (syringopontia), midbrain (syringomes-
encephaly), or cerebrum (syringocephaly) also occurred in
several cases [24]. Although the cavity of syringobulbia is
usually unilateral, midline cavities also occurred in some
patients, leading to bilateral neurological defects.

The mechanism of syringobulbia formation is not clear.
Tubbs et al. reported that there were no morphometric
peculiarities for patients with CM-I-associated syringobulbia
in regard to other CM-I patients with and without isolated
syringomyelia [25]. Sherman et al., [21] in an MRI study,
found that there are two types of syringobulbia. One type
presents with thin clefts or slits extending into the medulla,
with much smaller cavities than cervical cavities. The other
type presents with saccular syringobulbia, with isometric
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medullary cavities, unlike the cervical or spinal syrinx cavity.
Most cases are of the first type. Considering the close
relation of syringobulbia and syringomyelia, syringobulbia
might result from upward impulsive fluid movements due
to previously established syringomyelia [26]. In contrast, the
second type could be congenital—that is, the syringobulbia
occurred during the fetal stage. Syringobulbia clefts due
to dissection of cerebrospinal fluid (CSF) under pressure
from the fourth ventricle should be differentiated from
the ascending syringobulbia [16]. Other studies found that
arachnoid veils or arachnoidal scars could cause syringob-
ulbia or syringomyelia by partially obstructing CSF flow,
which is often observed during surgery [6, 27]. Williams
et al., however, thought that the most common correla-
tion of syringobulbia was with none of the above mech-
anisms but with pressure differences acting downward on
the hindbrain, with distortion of the cerebellum and stem,
traction on the cranial nerves, and/or indentation of the
brain stem by vascular loops [16]. The dramatic alleviation
of SB and SM following posterior fossa decompression
indicates a pathogenetic role of the tonsils or intradural
pathology at the level of the egress of the fourth ventricle
[6, 27].

Syringobulbia progression is usually slow [28]. The main
surgical therapy is laminectomy for syringomyelia and pos-
terior fossa or foramen magnum decompression for CM-I
[6, 22]. Whether post-decompression duraplasty improves
the outcome is still controversial. Recent meta-analyses sup-
ported reconstructive duraplasty in addition to compression
because the overall clinical improvement is better [29–31].
In most cases, posterior fossa decompression with intradural
exploration and duraplasty leads to its resolution [6]. Several
reports suggested that a syringobulbia cavity–fourth ventricle
shunt or syringobulbia cavity–subarachnoid space shunt ben-
efits resolution [6, 7]. If the syringobulbia is communicating
with the fourth ventricle, a fourth ventricle opening into the
subarachnoid space is needed [7, 32].

5. Conclusion

Syringobulbia, a rare entity closely associated with CM-
I, is characterized by an abrupt onset of symptoms due
to the brain-stem involvement. The diagnosis mainly relies
on the unique symptomatology of syringobulbia and MRI.
Treatment is posterior fossa decomposition with or without
duraplasty. An additional syringobulbic cavity shunt may
improve the rate of total resolution of symptoms, especially
in refractory cases.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Jian Shen, Jie Shen, and Kaiyuan Huang contribute equally.

Acknowledgments

This study was supported by grants from the National
Natural Science Foundation of China (no.81501065), Zhejiang
Provincial Natural Science Foundation (no.LY16H090004),
and International Cooperation Project of Science Technology
Department of Zhejiang Province (no.2015C34007). The
authors thank Nancy Schatken BS, MT(ASCP), from Liwen
Bianji, Edanz Group China (http://www.liwenbianji.cn/ac),
for editing the English text of a draft of this manuscript.

Supplementary Materials

The supplementary material is complementary to Table 1.
It is a summary of three case series of CM-I patients with
syringobulbia [1, 5, 6]. (Supplementary Materials)

References

[1] J. D. W. Greenlee, A. H. Menezes, B. A. Bertoglio, and K. A.
Donovan, “Syringobulbia in a pediatric population,” Neuro-
surgery, vol. 57, no. 6, pp. 1147–1152, 2005.

[2] M. J. Sharafuddin, “Syringomyelia extending to basal ganglia,”
Journal of Neurosurgery, vol. 73, no. 4, p. 645, 1990.

[3] S. Okada, Y. Nakagawa, and K. Hirakawa, “Syringomyelia
extending to the basal ganglia. Case report,” Journal of Neuro-
surgery, vol. 71, no. 4, pp. 616-617, 1989.

[4] D. E. Weese-Mayer, R. T. Brouillette, T. P. Naidich, D. G.
McLone, and C. E. Hunt, “Magnetic resonance imaging and
computerized tomography in central hypoventilation,” Ameri-
can Review of Respiratory Disease, vol. 137, no. 2, pp. 393–398,
1988.

[5] R. V. Botelho, L. R. A. Bittencourt, J. M. Rotta, and S. Tufik,
“Polysomnographic respiratory findings in patients with
Arnold-Chiari type I malformation and basilar invagination,
with or without syringomyelia: Preliminary report of a series
of cases,” Neurosurgical Review, vol. 23, no. 3, pp. 151–155, 2000.

[6] A. H. Menezes, J. D. W. Greenlee, and B. J. Dlouhy, “Syringob-
ulbia in pediatric patients with Chiari malformation type i,”
Journal ofNeurosurgery: Pediatrics, vol. 22, no. 1, pp. 52–60, 2018.

[7] M. J. Bresnan, K. H. Chiappa, E. T. Hedleywhyte et al., “A 17-
year-old girl with numbness of the right leg and the recent
onset of vertigo and right-sided weakness - syringomyelia, with
syringobulbia - chiari malformation of hindbrain, type-i,” The
New England Journal of Medicine, vol. 316, no. 3, pp. 150–157,
1987.

[8] S. Jha, A. Das, S. Gupta, and D. Banerji, “Syringomyelia with
syringobulbia presenting only with paralysis of 9th and 10th
cranial nerves,” Acta Neurologica Scandinavica, vol. 105, no. 4,
pp. 341–343, 2002.

[9] K. M. Heidel, E. E. Benarroch, R. Gené et al., “Cardiovascular
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