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BACKGROUND Preserving the neurological function of sacral nerves during total or partial sacrectomy is challenging.

OBSERVATIONS The authors describe a case of an osseous desmoplastic fibroma of the sacrum in a 51-year-old woman. The patient attended the
authors’ institution with loss of muscle strength and sensitivity impairment in both legs, gait instability, bowel constipation, urinary incontinence, and
weight loss. Preoperative magnetic resonance imaging and positron emission tomography/computed tomography showed intrapelvic and posterior
extension of the tumor but sparing of S1 and the sacroiliac and lumbosacral joints. After a multidisciplinary discussion of the case, a staged
anterior—posterior approach to the sacrum was chosen. The abdominal approach allowed full mobilization of the uterus, ovaries, bladder, and colon and
protection of iliac vessels. After tumor resection, a synthetic surgical mesh was placed over the sacrum to minimize soft tissue defects. Then, the
posterior stage allowed the authors to perform a bicortical osteotomy, achieving wide tumor excision with minimal nerve root injury. Spinopelvic fixation
was not necessary, because both sacroiliac and lumbosacral joints remained intact. A few days after the surgery, the patient restarted ambulation and
recovered sphincter control.

LESSONS Multidisciplinary planning and a staged abdominal and posterior approach for partial sacrectomy were fundamental to preserve neurological
function in this case.

https://thejns.org/doi/abs/10.3171/CASE21384
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The sacrum, formed by the fusion of the last five vertebrae and the
coccyx, is the terminal part of the spine that stabilizes the trunk by join-
ing the pelvis and the lumbar vertebral column. The nerve roots that
emerge through the sacral foramina, together with the lower lumbar
nerves, form the sacral plexus (L4, L5, S1, S2, and S3). This plexus
gives rise to the sciatic nerve that innervates the ipsilateral leg. Likewise,
the sacral nerves form the superior gluteal nerve (L4, L5, and S1) that
innervates the gluteus medius, minimus, and tensor fasciae latae

muscles; the inferior gluteal nerve (L5, S1, and S2) that innervates the
gluteus maximus muscle; the pudendal nerve (S2, S3, and S4) that
innervates the external urinary/anal sphincters and genitals; and the pos-
terior femoral cutaneous nerve (S1, S2, and S3) that innervates the hip
joint, perineum, and lower and medial portions of the gluteal popliteal
fossa. Subsequent terminal branches of these nerves include the inter-
nal obturator, gemellus superior, inferior hemorrhoidal, levator ani, coccy-
geal, pelvic splanchnic, piriformis, and quadratus femoris nerves.'?

ABBREVIATIONS CSF = cerebrospinal fluid; CT = computed tomography; MRI = magnetic resonance imaging; PTFE = polytetrafluoroethylene; SSEP =

somatosensory evoked potential.

INCLUDE WHEN CITING Published September 20, 2021; DOI: 10.3171/CASE21384.

SUBMITTED July 1, 2021. ACCEPTED July 20, 2021.

© 2021 The authors, CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/).

J Neurosurg Case Lessons | Vol 2 | Issue 12 | September 20, 2021 | 1


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3171/CASE21384

All these fibers control the motor, sensitivity, and autonomic
functions of the lower abdomen, pelvis, and legs, including the ano-
rectal and bladder sphincters and the function of the sexual organs.
Therefore, it is easy to deduce that any surgery that involves
removing part or all of the sacrum is extremely challenging due to
the high risk of lesioning the peripheral nerves and roots already
described. However, these procedures are required for the resection
of invasive tumors of the sacrum. Sacral tumors, which represent 5%
of all bone neoplasias, can form in situ or be metastatic in origin,
and most are chondromas (22%), giant cell tumors (15%), neuro-
fibromas (11%), schwannomas (8%), and chondrosarcomas (5%),>*
all with high morbimortality. As such, sacrectomies are uncommon
procedures selected only for cases where surgery can influence out-
comes. Thus, surgical approaches to the sacrum are often unknown
to most neurosurgeons. Indeed, resection of sacral tumors requires a
multidisciplinary team composed of oncological, vascular, plastic, orth-
opedic, and neurological surgeons.® Extenuating planning of the
surgical approach is also needed, individualized according to spe-
cific patient characteristics, type and extension of the tumor, and
risk of complications, such as bleeding, infection, and neurological
sequelae.®”

Preserving the neurological function of sacral nerves during sac-
rectomy is a highly demanding task. In most giant neoplasias affect-
ing the upper part of the sacrum, the nerves are mutilated to
achieve complete tumor resection by a total or partial en bloc sac-
rectomy.2° Conversely, unilateral or bilateral sparing of S2—4 nerves
is not impossible and should be attempted in less complex tumors
involving the middle and lower sacrum to increase the probability of
maintaining sufficient neurological function. Here we describe a rare
case of a sacral desmoplastic fibroma successfully resected using a
partial sacrectomy by a two-stage anterior and posterior approach
with sparing of all sacral nerves and minimal postoperative morbid-
ity. Although partial sacrectomies have been described in the litera-
ture before, the illustrative images and video included in the
present report might be of greater benefit for understanding the
technical aspects of this procedure through visualization.

Illustrative Case

Patient’s History

A 51-year-old woman attended our center due to progressive loss
of muscle strength in both legs, gait instability, sensitivity impairment of
the right lower limb and perineal area, bowel constipation, urinary
incontinence, and weight loss (11 kg in 2 months). Her past family his-
tory was relevant for diabetes mellitus, cardiovascular disease, and
breast cancer in first-degree relatives. Also, she had been diagnosed
with rheumatoid arthritis and diabetes 20 years ago, receiving treat-
ment only with gliclazide. She denied any trauma, toxic exposure, alco-
hol consumption, smoking, or drug abuse. Five months before, she
had sought medical attention at another hospital due to an acute onset
of generalized pain, sensation of abdominal bloating, anxiety, and
sense of impending doom. In that center, she was subjected to an
abdominopelvic computed tomography (CT) scan, which revealed ovar-
ian cysts and a pelvic mass infiltrating the sacrum and compressing
the sacral nerve roots. A CT-guided biopsy revealed an osseous des-
moplastic fibroma (Supplemental Fig. 1). Hence, she was referred to
our center for surgical treatment.

On admission, the patient was aware and oriented to person,
place, and time. Also, she was able to follow simple commands and
name objects. Her vital signs and body mass index (21.4 kg/m?)
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were within normal ranges. Her general physical examination revealed
no pulmonary, cardiovascular, or hepatic abnormalities but disclosed
decreased peristalsis. Also, her neurological examination showed a
deviation of the gait to the right, diminished muscle strength, and
hyporeflexia in both lower limbs, hypoesthesia in the S1-3 derma-
tomes, and decreased anal sphincter tone. Meningeal signs were
absent. A comprehensive initial laboratory work-up showed normal
levels of hemoglobin, erythrocytes, platelets, glucose, and white
blood cells. The patient’s thyroid, liver, and renal function parame-
ters, as well as her urinalysis, metabolic panel, lipid panel, coagu-
lation panel, erythrocyte sedimentation rate, C-reactive protein,
and serum levels of calcium, magnesium, sodium, potassium, and
chloride, were within normal ranges.

Planning of Surgery

A multidisciplinary team was formed that consisted of internists,
neurologists, radiologists, nuclear medicine specialists, pathologists,
spine surgeons, surgical oncologists, and neurosurgeons. These
specialists discussed best therapeutic options based on an exten-
sive analysis of preoperative magnetic resonance imaging (MRI)
(Fig. 1A-D), positron emission tomography (Fig. 1E-H), and CT
scans with reconstruction of the sacrum and vascular bundles of
the pelvis (Fig. 2). These studies revealed that the tumor originated
in the sacrum and extended to both the presacral space and the
posterior sacral wall, classifying it as a type Il sacral tumor accord-
ing to Klimo et al.” Furthermore, the mass was placed over the right
middle to lower body of the sacrum, from the superior edge of the
first anterior foramen to the level of the fourth transverse ridge, lim-
ited posteriorly within the two lateral sacral crests. An upper part of
the tumor was also involving the left S1-2 segments of the sacrum
(Fig. 1). Importantly, the tumor spared the base, superior articular
facets, promontory, tuberosities, alas, cornu, and hiatus of the
sacrum, as well as the coccyx (Fig. 2). Other findings that were
considered in the discussion of treatment included the closeness of
the tumor to the descending colon and rectum, its vascular relation-
ships, the presence of uterine fibroids with active bleeding, and the
absence of bladder infiltration. After 2 months of planning and
debate, we decided that the best therapeutic option was wide local
surgical excision and partial amputation of the sacrum. This deci-
sion was also made considering the young age of the patient and
the low malignant potential but high resistance to radiotherapy of
this type of tumor. Hence, a two-stage anterior and posterior
approach for partial sacrectomy was chosen. The patient was fit for
the first-stage abdominal approach by stabilizing her blood glucose
levels, preparing the colon with a polyethylene glycol-based solu-
tion, and administering antibiotics the day before surgery.

First-Stage Anterior Approach

The anterior approach was performed with the patient in the
supine position and under general anesthesia. Somatosensory
evoked potential (SSEP) electrodes were placed for transoperative
monitoring of neurological function. The oncology surgical team
began the procedure with a regular laparotomy incision and dissec-
tion. Then, total hysterectomy and bilateral oophorectomy followed
by a left hemicolectomy were performed, leaving the colon segment
closed to avoid fecal contamination. The colostomy was finished at
the end of this stage. Afterward, ureters and iliac vessels were dis-
sected and referred to avoid posterior injury, and the bladder was
referred to the anterior abdominal wall with a suture to protect it
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FIG. 1. Preoperative images of the sacral tumor. Contrast-enhanced T1-weighted MRI of the pelvis showing a tumor involving the S2—-4 segments of the
sacrum (white arrowheads) with abdominal and posterior extension. A: Coronal view. B: Axial view. C and D: Sagittal view. A positron emission tomogra-
phy/CT scan of the pelvis was also obtained to delimit the tumor, which is shown as an area of hypometabolism within the sacrum (white arrowheads).
E: Coronal view. F: Transverse view. G and H: Sagittal view.

(Fig. 3A). The bladder, uterus, and colon were not invaded by the
tumor. Nonetheless, their removal provided a broader working area
and direct access to the sacrum.

FIG. 2. Preoperative CT scan of the sacrum with three-dimensional
bone and vascular reconstruction. A: Anterior view of the sacrum.
B: Posterior view of the sacrum. Notice the bone infiltration of the
tumor. C: Anterior view of the sacrum with vascular reconstruction. D:
Posterior view of the sacrum with vascular reconstruction.

After the surgical field was cleared, the neurosurgical team pro-
ceed to the anterior sacrectomy. First, the lumbosacral angle was
delimited. Afterward, the tumor invading the S1-4 anterior segments
of the sacrum became visible. For tumoral resection, we used an
ultrasonic aspirator with a Frasier suction tube protected to limit
damage to adjacent nerves. Also, a Midas Rex-IPC (EC 300) drill
was employed to remove attachments of the tumor to its bony bed.
The sacrum plexus roots were identified and preserved, and the
tumor resection continued until the posterior limit of the sacrum was
reached (Fig. 3B and C and Video 1). Then, a polytetrafluoroethy-
lene (PTFE) surgical mesh was placed over the sacrum to reduce
dead space, minimize soft tissue defects, avoid posterior herniation
of abdominal content through its edges, and establish an anterior
limit for the posterior approach (Fig. 3D). The colostomy was fin-
ished, preserving a distal rectum portion for posterior reconnection
of the bowel. The first anterior stage was finished after 8 hours of
surgery with total bleeding of 450 mL. During the immediate postop-
erative period, no complications were observed, and the colostomy
was functional. A control lumbosacral bone reconstruction by MRI
was performed for planning the second stage.

VIDEO 1. Clip showing a two-stage anterior and posterior approach
to the sacrum for sacral tumor resection and nerve preservation.
Click here to view.

Second-Stage Posterior Approach

Thirty-six hours after the first stage, the posterior approach was
performed with the patient under general anesthesia and placed in the
prone position. SSEP electrodes were placed, and the pelvis was ele-
vated at 25° to allow the exposure of the sacrum. Then, the surgical
team started the procedure with a posterior incision from L5 to S2
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FIG. 3. First-stage anterior approach to the sacrum for tumor resection.
A: After a regular laparotomy and dissection, a total hysterectomy, bilat-
eral oophorectomy, hemicolectomy, and reference of iliac vessels, ure-
ters, and bladder were performed. B and C: With the surgical field
cleared, the anterior segments of the tumor were removed, protecting
the sacral plexus nerve roots. D: A PTFE surgical mesh was placed
over the sacrum to reduce dead space and minimize soft tissue
defects.

following the medial line and separating skin and subcutaneous tissue
pads with Richardson separators (Fig. 4A). The lumbosacral fascia
was opened (Fig. 4B); the paraspinal muscles, sacrotuberous, and
sacroiliac ligaments were exposed and dissected; and the external
parts of the tumor were resected (Fig. 4C-E) until the posterior aspect
of the sacrum was visible (Fig. 4F and G). The sacrectomy was car-
ried out using a Midas Rex-IPC (EC 300) drill, Kerrison bone punches,
and Rhoton microdissectors. The remaining posterior part of the tumor
was invading the right S1-4 and left S1-2 segments of the sacrum
(Fig. 4H).

Once the median and lateral sacral crests were removed, the
sacral canal and plexus with its S1-4 roots were exposed (Fig. 4l).
These roots were protected with saline-soaked cottonoids while
electrocoagulation of some sacral and tumor vessels was carried
out. The largest parts of the tumor were resected using an ultra-
sonic aspirator with Frasier suction tubes, first identifying and pre-
serving nerve roots until we reached the limit of the PTFE mesh
placed during the first stage at 15 cm from the posterior surface
(Fig. 4J). To achieve maximum tumor resection, respecting the
sacral nerves, sacral arteries, veins, and uninvaded lateral bone
margins, a Pentero 900 microscope was introduced to perform
microsurgical dissection, thus achieving resection of the deep tumor
portions (Fig. 4K and L). During this procedure, the perineurium of
the right S2 root was injured but repaired with suture (Fig. 4M).
Almost at finishing the surgery, a small cerebrospinal fluid (CSF)
leak was found, which was repaired with Beriplast P fibrin sealant
(Fig. 4N and O). Once the posterior sacrectomy was completed,
the absence of CSF leak and bleeding was verified. The nerve
roots and their immediate branches were freed. We decided not to
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fixate the pelvis and lumbar spine, because the sacroiliac and lum-
bosacral joints were spared, leaving intact the pelvic ring and the
posterior sacroiliac, iliolumbar, sacrotuberous, and sacrospinous lig-
aments. Finally, we placed a Gelfoam sponge over the area and
closed the operated area by planes (Fig. 4P), finalizing the surgery
in 9 hours with a total of 600 mL of bleeding. The complete sec-
ond-stage posterior approach to the sacrum is shown in Video 1.

Outcome and Follow-Up

The patient received antibiotics for an additional 7 days and did
not develop any postoperative complication during the follow-up
period. The sensitivity and motor function of both lower limbs pro-
gressively improved. A few days after the surgery, the patient
restarted ambulation and received physical therapy (Video 1). Also,
she recovered the control of her anorectal and bladder sphincters
despite the colostomy. However, the patient reported anesthesia at
the right inner and outer vaginal labia, innervated by the genital
nerve. Postoperative images of the sacrum showed no residual
tumor (Fig. 5A and B). Of note, the patient showed no instability of
the pelvis and lumbar spine (Fig. 5C—F). The histopathological anal-
ysis of the resected tumor confirmed the diagnosis of an osseous
desmoplastic fibroma (Supplemental Fig. 2).

Discussion

Observations

In this report, we describe an illustrative case of a sacral tumor
that was removed via a staged anterior and posterior approach.
Strikingly, the patient showed maintenance of bowel, bladder, and
motor functions after surgery, thus demonstrating that nerve preser-
vation during partial sacrectomy is a challenging but not impossible
task. These commendable results are exceptional because, in most
of the cases, sacrificing one or several sacral nerve roots is reg-
uired to obtain free surgical margins.5%="° This is particularly true
when tumors compromise higher segments of the sacrum and
when the histological subtype demands wide excision. Indeed,
patients with a middle and low sacrectomy, such as in the case
described here, show better neurological function after surgery than
those with a high or total sacrectomy.®'® Lesioning S1 has a great
impact on motor function, whereas injuries to S2-4 generate high
rates of bowel and bladder dysfunction, especially when both sides
are affected.® This indicates the importance of preserving as many
nerve roots as possible during middle to low sacrectomy.

Several other factors can influence the remaining neurological
function after sacrectomy, including age, time lapsed from the onset
of disease, and preoperative neurological status.® In our case, the
patient was relatively young, had few well-controlled comorbidities,
and presented with subacute neurological deficits that were poten-
tially reversible. Also, the patient presented with a tumor that,
although of a highly invasive histological subtype, was benign,
spared the upper sacrum, and did not invade adjacent structures.
Furthermore, the multidisciplinary evaluation and extenuating plan-
ning of the surgery, as well as the staged approach, could impact
the outcomes of our patient. In this regard, the most appropriate
approach to each case depends on the extension of the tumor. As
such, a single posterior approach is normally used in cases of little
or no presacral extension, no rectal involvement, and no large spi-
nal defects anticipated over S2. Meanwhile, a single anterior
approach could be advocated for tumors with large presacral por-
tions and intrapelvic extension or when colostomy is needed."”
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FIG.

4. Second-stage posterior approach to the sacrum for tumor resection. A: Skin incision. B: Exposure and opening of the lum-

A

bosacral fascia. C-E: Exposure of the paraspinal muscles, sacrotuberous and sacroiliac ligaments, and resection of the posterior
parts of the tumor. F and G: Visualization and drilling of the posterior aspect of the sacrum. H-J: Resection of the remaining poste-
rior parts of the tumor and exposure of the sacral canal and plexus. K and L: Microsurgical dissection of the deeper tumor portions
using a Pentero 900 microscope. M: Repairment of the right S2 root perineurium. N and O: Repairment of a CSF leak using Beri-
plast P fibrin sealant. P: Placement of a Gelfoam sponge over the area before the closure by planes.

In our case, we decided to perform a staged anterior and poste-
rior approach because the tumor had both intrapelvic and posterior
extension.” Although a posterior-only approach has also been pro-
posed for sacral tumor resection,? this procedure results in high
rates of complications. Also, despite the fact that a simultaneous
anterior and posterior procedure has been described,” a staged
operation, originally described by Wanebo et al.," provides a
broader exposure and facilitates spinopelvic fixation if needed.'
This approach allowed us to fully mobilize the uterus, ovaries, and
bladder, protect iliac vessels, and perform colostomy during the first
anterior stage, reducing the risk of complications such as bleeding,
which in our case was minimal. Then, the posterior stage allowed
us to perform a bicortical osteotomy, which was fundamental in
achieving wide tumor excision with minimal injury of nerve roots.

The quality of the postoperative reconstruction also influences
the functional status of patients. Commonly, a spinopelvic fixation is

performed in all patients subjected to total en bloc sacrectomy to
maintain lumbar-pelvic rotational and translational stability and
restore the integrity of the pelvic ring."®~'® Nonetheless, spinopelvic
fixation is challenging and carries the risk of failures due to screw
breakage, loosening, or rejection of bone grafts. Furthermore, there
is no consensus on whether repairing bony defects is also manda-
tory for patients who undergo middle to low partial sacrectomies
and which is the best approach to do it. With a lack of objective
tools to evaluate postoperative pelvic stability, the decision on
whether to perform spinopelvic fixation may depend on the extent
of sacral resection.’ In this context, our report illustrates that sub-
total resection of the sacrum below S1 does not destabilize the pel-
vis, because both sacroiliac and lumbosacral joints remained intact.
Thus, fixation was not necessary in our case.

Soft tissue defects are an important source of postoperative morbid-
ity in patients subjected to total or subtotal sacrectomy due to the
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FIG. 5. Postoperative images of the pelvis and sacrum showing no residual tumor. A: Sagittal T1-weighted
magnetic resonance imaging (MRI). B: Sagittal contrasted T2-weighted MRI. C: Computed tomography (CT)
scan with 3D bone reconstruction; anterior view. D: Dynamic lateral X-ray image of the lumbosacral joint in
flexion. E: Lateral radiographic image of the lumbosacral joint in extension. F: Abdominopelvic radiographic

image showing no instability of the pelvis.

occurrence of sacral herniations of abdominal content. Commonly, the
reconstruction of the posterior abdominopelvic wall is carried out using
gluteus maximus, paraspinous muscle, pedicled latissimus dorsi, or
vertical rectus abdominis myocutaneous flaps.2®?' Dehiscence and
infection are among the complications of muscle flaps. Meanwhile, the
role of synthetic nonabsorbable meshes in the reconstruction of the
posterior abdominal wall is not well established. In fact, only a few
studies used them with favorable results,>'2* although, in most cases,
the patients received partial sacrectomies. Here, we also used a PTFE
surgical mesh showing no postoperative complications directly related
to the mesh. Hence, our report, together with previous studies, pro-
vides evidence in favor of synthetic meshes for the reconstruction of
soft tissue defects after partial sacrectomy. However, total en bloc sac-
rectomies might require combined strategies using muscle flaps,
meshes, and other source grafts.2%2%%

Finally, our case is unique because desmoplastic fibroid tumors
are rarely observed in the sacrum. Indeed, these benign tumors
mainly affect the mandible, femur, humerus, and pelvic bones.?”?
To our knowledge, this is the second case of a desmoplastic fibroid
tumor of the sacrum.?® Hence, there is little experience with the sur-
gical treatment and adjuvant therapy for this kind of sacral tumor.

Lessons

Surgical planning and a multidisciplinary approach are funda-
mental to preserve neurological function and reduce complications
after partial sacrectomy. A staged abdominal and sacral approach
allows good exposure of the sacrum to remove tumors with pelvic
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and posterior extension while allowing mobilization of viscera, blood
vessel protection, and preservation of nerve roots. Spinopelvic fixa-
tion might not be required during middle to low subtotal resection of
the sacrum. Synthetic nonabsorbable surgical meshes may play a
role in restoring soft tissue defects and repairing the posterior ab-
dominal wall after partial sacrectomy. Desmoplastic fibrous tumors
of the sacrum are very infrequent, and there is minimal experience
with their management.
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