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BACKGROUND Spinal bronchogenic cysts are rare nonneoplastic congenital variants of neurenteric cysts. The natural history and surgical
management of these lesions are poorly understood.

OBSERVATIONS A 25-year-old male presented with progressive back pain and bilateral lower limb sciatica of 6 months’ duration. He had undergone
subtotal resection of an intramedullary bronchogenic conus medullaris cyst 5 years prior. Magnetic resonance imaging revealed a recurrent bilobed
intramedullary and extramedullary conus medullaris cystic lesion. The authors resected the lesion via a posterior approach with the aid of intraoperative
neuromonitoring. Gross total resection was precluded by the tightly adherent nature of the cyst and the fact that stimulation of a residual intramedullary
portion of the lesion evoked external anal sphincter responses.

LESSONS This is the first reported case of a bilobed intramedullary and extramedullary bronchogenic cyst of the conus medullaris. This unique case
lends insight into the poorly defined embryogenesis of bronchogenic cysts by favoring the split notochord syndrome theory rather than the ectopic
ectoderm proposal. The importance of neuromonitoring when resecting these tightly adherent lesions is demonstrated. Finally, although the secretory
nature of these lesions portends a tendency for cyst reaccumulation, it is imperative to recognize that this is usually a slow process.
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Spinal bronchogenic cysts are rare nonneoplastic variants of
neurenteric cysts usually located in the extramedullary compartment
of the cervical and thoracic regions of the spinal cord.1–3 We report
the first case of a simultaneously intramedullary and extramedullary
bronchogenic cyst of the conus medullaris.

Illustrative Case
A 24-year-old male presented with a 6-month history of pro-

gressively worsening back and bilateral lower limb radicular pain
to the anteromedial thighs. He had no sphincter disturbance. He
had undergone subtotal resection of an L1 intradural intramedul-
lary bronchogenic cyst via L1–3 laminectomy 5 years prior. The
finding of his lower limb neurological examination was unremark-
able with Medical Research Council 5/5 power in all myotomes.

Sensation to crude touch, including in the perineal and perianal
regions, was preserved.

Magnetic resonance imaging (MRI) of his lumbar spine revealed a
bilobed dual-compartment intramedullary and extramedullary cyst at L1.
The larger 18 � 19 � 29–mm posteroinferior component was extrame-
dullary, whereas the smaller anterosuperior component was intramedul-
lary (Fig. 1). The entire lesion was hypointense on a T1-weighted
sequence and hyperintense on a T2-weighted sequence with minimal
gadolinium enhancement. Computed tomography demonstrated bony
remodeling consistent with the known chronicity of this cystic lesion. MRI
of the remainder of his neuraxis revealed a 57-mm small-caliber long-seg-
ment cervical syrinx fromC4–T1, likely secondary to this lumbar lesion.

The patient underwent near-total resection of the recurrent cyst via a
posterior approach. An encapsulated, thin-walled cyst filled with clear,
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gelatinous fluid was encountered (Fig. 2). During resection, compo-
nents of the lesion were stimulated to investigate proximity to and
involvement of neural elements. Triggered electromyography
(tEMG) stimulation was performed using a concentric bipolar stimu-
lation probe (Spes Medica, Genova, Italy) with stimulation between
2 and 4 mA, 2 Hz, 200-msec duration, and a single-pulse stimulus.4

Initial stimulation before resection recorded compound muscle
action potentials (CMAPs) from the right vastus lateralis (300–600
mV) and tibialis anterior (50 and 300 mV), as well as low-amplitude
CMAPs on the external anal sphincter (approximately 40 mV).
Residual tumor was stimulated using the aforementioned parame-
ters with CMAP responses recorded on the external anal sphincter
(78 mV), left vastus lateralis (41 mV), and left tibialis anterior
(23 mV). A thin rim of tissue posteriorly was deliberately preserved,
given that stimulation of this portion evoked anal sphincter
responses of higher recorded amplitudes (40 mV versus 78 mV)
than initial stimulation (Fig. 3).

Histopathological analysis confirmed a cyst lined by pseudos-
tratified, ciliated columnar epithelium with surrounding fibroadipose
tissue containing mucus and serous-type glands consistent with
the bronchogenic variant of neurenteric cysts (Fig. 2). No glial tis-
sue or evidence of malignancy was observed. The patient experi-
enced complete symptom resolution postoperatively and was
neurologically intact. MRI on day 3 after surgery demonstrated
complete resection of the extramedullary component and signifi-
cant reduction in the size of the enhancing intramedullary compo-
nent (Fig. 4). On clinical review 11 months later, he remained
clinically stable, but there was slight interval recurrence of the

residual intramedullary cystic lesion. Ongoing surveillance is
planned.

Discussion
Observations

Neurenteric cysts, or enterogenous cysts, constitute only 0.3%–1.3%
of all spinal cord tumors and exhibit a preponderance for male patients
and those in their second and third decades of life.5 Although there have
beenmany reports of intradural extramedullary lesions, true intramedullary
cysts are rare and found in only 5% of cases.6–10 When lined by respira-
tory-like, pseudostratified, ciliated epithelium, these lesions are termed
“bronchogenic cysts.”5 Histopathologically, Wilkins and Odom11 catego-
rized neurenteric cysts into three subtypes: Category A cysts were simply
lined by epithelium with a basement membrane, category B lesions con-
tained gastrointestinal or tracheobronchial-like tissue, and category C
lesions possessed intrinsic ependymal or glial tissue.11,12 In our compre-
hensive literature review of the MEDLINE, Embase, Google Scholar, and
Cochrane databases, we found only three previously reported cases of
intramedullary bronchogenic cysts (Table 1). To our knowledge, this is the
first report of a bilobed, simultaneously intramedullary and extramedullary
bronchogenic cyst and likely provides new insight into the poorly defined
embryological origin of these rare lesions.

There are several competing hypotheses regarding the develop-
ment of bronchogenic cysts. It is known that during the third week
of embryogenesis, the ectoderm-lined amniotic cavity and endo-
derm-lined yolk sac are transiently connected via the neurenteric
canal, which is later replaced by the notochord.6,13,14 The proposed
mechanisms behind the formation of these foregut duplication cysts

FIG. 1. Preoperative MRI of the lumbar spine. Axial sequences show a T1 hypointense (A) and T2 hyperin-
tense (B) bilobed cystic lesion with evidence of intramedullary and extramedullary extension visible on the
sagittal T1 (D) and T2 (E) views. There is ventral displacement of the conus medullaris caused by the extra-
medullary component, with some posterior wall enhancement visible on the postcontrast T1 sequence (red
arrow). Computed tomography axial (C) and sagittal (F) reformats show bony remodeling (blue arrow) reflect-
ing the chronicity of this cystic lesion.
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are (1) Bentley and Smith’s15 split notochord syndrome theory, which
argues that incomplete partitioning of the notochord leads to ventral
herniation of endodermal tissue; (2) incomplete separation of the

germ layer due to ectodermal–endodermal adhesion; (3) persistent or
accessory neurenteric canal of Kovalevsky, thereby providing a fistula
for endodermal tissue; (4) incomplete excalation of the notochord;
and (5) ectopic endoderm.5,15,16 The fact that the cyst in our case
was simultaneously within the intramedullary and extramedullary com-
partments provides new evidence in support of the split notochord
syndrome, involving accessory notochord or adhesions causing fail-
ure of the ectodermal–endodermal layers to separate. The notion of
ectopic ectoderm seems less likely, given that this would not account
for the transmedullary nature of the cyst in our case.

It is important to acknowledge that previous surgery may in
part account for the imaging appearances of the bilobed cyst in
our case. However, we still favor this to be a primary rather than
iatrogenic occurrence for three reasons. First, intraoperatively, the
cyst seemed to be anchored in both intramedullary and extrame-
dullary spaces and was tightly adherent at all points. The cyst did
not appear to originate from one compartment, either intramedul-
lary or extramedullary, and herniate into the other. Second, MRI of
the bilobed cyst identified the only site of thin rim enhancement
actually at the angulated junction between the intramedullary and
extramedullary components of the cyst (Fig. 1). At this transme-
dullary border was located the only T1 hyperintensity shown on
imaging, highly suggestive of this as the primary focus of the
lesion. Third, we could find only a single report of extramedullary
adhesions from prior surgery causing the formation of an intrame-
dullary cyst over time.17 Larger case series of this rare lesion with
comprehensive documentation of evolution over time would be of
great value.

Gross total resection remains the mainstay of management,
given that it is primarily mass effect on the spinal cord that leads
to neurological deficit.18–20 Indeed, Garg et al.21 determined that
there was no recurrence with gross total resection of neurenteric
cysts compared with 63% in those who underwent only partial
resection. However, it is noteworthy that surgeons in all three
cases of intramedullary bronchogenic cysts in our literature review,
as well as our own novel case, encountered difficulty in achieving
complete extirpation of intramedullary components.18,22,23 This is

FIG. 2. Intraoperative view (A) of the cyst showing both a solid and a
cystic component filled with clear, gelatinous fluid. Cerebrospinal fluid
flow was reestablished after resection (B). Hematoxylin and eosin stain
demonstrating at low power (�4 power) a partially disrupted cyst with
a pseudostratified epithelial lining that forms tufts into the cyst lumen
(C). Higher magnification (�20 power) shows the cyst lining to have
prominent cilia (D). The cyst walls (�10 power) contain prominent
dilated and congested capillaries (E) in some areas, as well as serous
and mucinous glands with some adipose tissue in others (F).

FIG. 3. Intraoperative neural monitoring demonstrates the tEMG CMAP response recorded from initial stimulation of the lesion with polyphasic responses
recorded on the right vastus lateralis, right tibialis anterior, and external anal sphincter at 4 mA (A). The tEMG CMAP response recorded from stimulation
of the residual lesion is displayed with polyphasic responses recorded on the left vastus lateralis, left tibialis anterior, and external anal sphincter at 4 mA
(B). Note that the external anal sphincter responses were of higher recorded amplitudes here than initial stimulation (40 mV versus 78 mV).
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due largely to the tendency for these cysts to have a tightly
adherent wall to the spinal cord, precluding a clear dissection
plane.

The secretory nature of these cysts predisposes patients to
reaccumulation of mucinous material and therefore recurrence. As
such, gross total resection would be ideal if surgically feasible.5,22

However, it is important to recognize that these lesions grow slowly
due to their tight junctions between epithelial cells.18 Therefore,
Rotondo et al.24 have warned of the hazards of overly aggressive
resection of these intramedullary remnants. For this reason, Garg
et al.21 advocated for cautious resection of recurrent cysts rather
than aggressive initial resection, given that recurrence was not

associated with poorer outcomes.25 This was in keeping with our
management of a rare recurrent bronchogenic cyst.

Lessons
Our unique case of a simultaneously intramedullary and extra-

medullary bronchogenic cyst of the conus medullaris was likely a
primary occurrence and supportive of the split notochord or acces-
sory notochord embryological theory rather than the ectopic ecto-
derm proposal. Cautious resection of bronchogenic cysts with
intramedullary extension should be performed with the use of neu-
romonitoring. The tightly adherent nature of these lesions usually
precludes gross total resection. Although there is a tendency for

FIG. 4. Postoperative MRI of the lumbar spine showing gross total resection of the extramedullary component
of the lesion on the sagittal postcontrast T1 (A) and T2 (B) sequences. There is residual posterior wall con-
trast enhancement (red arrows in A and C) best visualized on the postcontrast T1 axial scan (C), but marked
reduction in the intramedullary lesion (blue arrows in B and D) is also visualized on the axial T2 scan (D).

TABLE 1. Literature review of spinal intramedullary bronchogenic cysts of the conus medullaris

Authors & Year Age (Yrs), Sex Location Symptoms MRI Appearance Cyst Fluid Resection

Yilmaz et al.,
200918

17, M T12–L1 Back pain and
bilateral lower limb

paresthesia

T2: hyperintense Yellow viscous Partial resection
Cyst wall tightly

adherent

Balasubramaniam
et al., 201122

21, M T12–L1 Bilateral lower limb
pain without
weakness

T1: hypointense
with wall

enhancement
T2: hyperintense

Mucinous Near-total
resection

Cyst wall tightly
adherent

Dusad et al.,
201723

18, M T2–3 Back pain with
bilateral lower limb
numbness and
weakness

T1: hyperintense
T2: hypointense

Yellow viscous Near-total
resection

Cyst wall tightly
adherent

Present case 24, M L1 Back pain and
bilateral hip pain
without weakness

T1: hypointense
with posterior wall
enhancement

T2: hyperintense

Clear, gelatinous Near-total
resection

Thin walled and
tightly adherent
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bronchogenic cyst recurrence, it is important to recognize that this
is usually a rather slow process.
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