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Abstract: We report the case of a patient with Ewing sarcoma involving the right pelvis in a 14-year-old girl who had multicycles of
neo-adjuvant chemotherapy and preoperative radiation therapy. She underwent an internal hemipelvectomy type I resection, according
to Enneking and Dunham’s classification without bony reconstruction. There was no intra- and perioperative complication. The patient
has good function and needs no gait aids. She can walk with equinus foot compensated for leg shortening 5 centimeters and without
a shoe-lift. There is no sign of disease relapse. However, she developed late ureteral stricture at 8-year postoperatively and was
successfully treated with a ureteral stent.
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Background

Malignant bone tumor involving the pelvis accounts for 5-10%."* External hemipelvectomy (hindquarter amputation) is used
as the mainstay surgery for unremoved tumors of the pelvis.® With the advances in imaging, chemotherapy, radiation therapy,
and surgical techniques have allowed more patients to be managed with limb-sparing surgery. An internal hemipelvectomy
technique was introduced to remove the tumor with limb preservation in these particular patients.* Many alternative bone
reconstructions following internal hemipelvectomy have been reported by using non-vascularized autograft, free-vascularized
autograft, allograft, recycling bone (autoclaved, pasteurized, and extracorporeal radiation), allograft-prosthetic composite
(APC), saddle prosthesis, custom prosthesis, arthrodesis and no bone reconstruction.” '’ Complications following internal
hemipelvectomy with or without bone reconstruction are reported at around 50-80%. Most complications are related to wound
problems, infection, vascular and visceral injury, structural failure, and local recurrence.' > Although urethral stricture is
not a rare complication of pelvic tumors that received radiotherapy, there were a limited amount of literature that reported this
particular complication in a patient receiving internal hemipelvectomy. In addition to radiation-related injuries, we believe that
repetitive mechanical injuries from altered hip anatomy resulting from internal hemipelvectomy could increase the risk of the
late urethral stricture. Herein, we report a case of late distal ureteral stricture following internal hemipelvectomy without bone
reconstruction and radiotherapy in a patient with Ewing sarcoma of the right pelvic bone.

Case Presentation

A 14-year-old student girl presented with a painful growing mass around her right flank for three months. She had fever
and pain at night around the mass. She walked limping recently. She loose appetite and body weight by three kilograms
in the last three months. Plain radiographs of the right pelvis revealed a mixed permeative osteolytic and osteoblastic
lesion at the ilium and periacetabulum (Figure 1A). Magnetic resonance imaging (MRI) of the pelvis demonstrated bony
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Figure | (A) Anteroposterior pelvis radiograph showing Ewing sarcoma is located at the right ilium closed to the sacroiliac joint and acetabulum (arrow). (B) The T | -weighted
axial sequence magnetic resonance image showed a bone tumor at the ilium. A white arrow demonstrated soft-tissue extension in the iliopsoas and gluteus muscle.

destruction at the right ilium extending close to the sacroiliac joint and acetabulum with soft-tissue involvement in
iliopsoas and gluteus muscles (Figure 1B).

Chest radiograph and computed tomography (CT) chest revealed no active lung lesion. Bone scintigraphy
showed increased uptake lesion at right pelvis involving ilium and close to the periacetabulum. Open biopsy
confirmed Ewing sarcoma. The patient was administered multicycles of neoadjuvant chemotherapy with vincristine,
adriamycin, and cyclophosphamide (VAC) regimen. She had preoperative radiation therapy with a dose of 45 Gy.
A preoperative MRI of the pelvis revealed tumor shrinkage from an excellent response to the neoadjuvant therapies.
Internal hemipelvectomy with type I resection, according to Enneking and Dunham’s classification of pelvic tumor
resection, was performed by making osteotomy at the sacroiliac joint and above the acetabulum?® (Figure 2A). The
piece of the iliac bone and pelvic bone tissue was measured at 16.5 x 13 x 5 centimeters. The patient had no bone
reconstruction following tumor resection. Operative time was 3 hours, and intraoperative blood loss was recorded at
around 1500 mL. The patient had a blood transfusion with pack red cells five units. She was placed in balanced
skeletal traction at the tibial tuberosity at a weight of 15 pounds for three weeks after surgery. The final pathological
report confirmed 100% tumor necrosis with adequate tumor margins. She had another two cycles of adjuvant
chemotherapy postoperatively. An immediate postoperative rehabilitation program was started by strengthening
exercise of the psoas, gluteus, hamstring, and quadriceps muscles. Progressive partial weight-bearing with axillary
crutches was allowed after eight weeks, and full weight-bearing at 12 weeks. With a regular follow-up at 8-year, she
had no signs of local recurrence or distant metastasis. She could walk with Trendelenburg gait without using gait
support. She had 5 centimeters leg length discrepancy, and her foot was compensated at a slightly equinus pace.
A recent plain radiograph of the pelvis revealed no bone destruction and more inner-upward migration of the head
of the femur (Figure 2B). She developed gross hematuria with pain in her right flank. CT scan of the lower abdomen

Figure 2 (A) An immediate postoperative anteroposterior pelvis radiographic study following internal hemipelvectomy. (B) At the 9th year follow-up, the pelvic
radiographic study demonstrated an upward migration of the femoral head.
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revealed a long segmental diffuse ureteric thickening with enhancement at the right distal ureter, causing mild
dilatation of the right proximal ureter and mild right hydronephrosis. There was no bony destruction or soft-tissue
mass around the remaining right pelvic bone (Figure 3). She was diagnosed with distal ureteral injury and stricture.
She successfully underwent ureteroscopy and ureteric stricture dilation and maintained a ureteric stent. After ureteral
dilation, the stent can easily pass through the stricture site. The fluoroscopic and KUB radiographs revealed upward,
and inner migration of the head of the femur close to the ureteric-vesical junction within the deformed right pelvic
ring (Figure 4A and B). The patient recovered and urinated normally without difficulty and hematuria. The
radiation-induced ureteral stricture etiology is generally ureteral ischemia. Thus, the management of this condition
is challenging. Previous literature has revealed that endoureterotomy is less effective in ischemic ureteral stricture,
with only a 65% to 69% success rate compared to non-ischemic stricture. Accordingly, endoureterotomy is not
a treatment of choice for radiation-induced ureteral stricture, and reconstruction was planned instead. Nevertheless,
after an extensive discussion on the risk and benefits of the reconstruction procedure, the patient and her family
decided not to undergo the operation and continue using a ureteric stent.

Figure 3 CT scan of the lower abdomen illustrated right ureteric stricture (arrow).

Figure 4 (A) Fluoroscopic radiograph shows the femur’s head closed to the ureter while applying the ureteric stent. (B) KUB radiograph shows a good position of the stent
inside the right ureter and urinary bladder.
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Discussion

Internal hemipelvectomy was accepted for limb-sparing surgery in patients with malignant bone and soft-tissue tumors of the
pelvis. Bone reconstruction techniques following internal hemipelvectomy were introduced to maintain the patients’ hip
stability, leg length, and function.” '”' Internal hemipelvectomy without bone reconstruction or flail hip was reported in the
literature with accepted functional outcomes.'®'” Peri- and postoperative complications of internal hemipelvectomy were not
uncommon in this challenging surgery due to the relatively large size of the tumor, extensive surgery, and the complexity of
pelvic anatomy with major viscera and vessels. Most complications were wound complications, deep infection, structural
failure of bone reconstruction, and local recurrence.'>'®'” Campanacci and Capanna reported 56% of complications in 105
patients following internal hemipelvectomy, including infection in 29% and vascular and visceral problems in 19%.”

This patient was treated with multicycles of neoadjuvant chemotherapy and preoperative radiation therapy before
definitive surgery with internal hemipelvectomy without bone reconstruction. Guder et al recommended a combined
treatment approach for pelvic Ewing sarcoma by tumor resection, and radiation therapy led to local control and overall
survival rates compared with those of extremity locations.”? The postoperative management and rehabilitation program
of the patient was uneventful. The patient could participate in the class with good recovery and graduated with her
bachelor’s later. Even though the patient had 5-centimeter leg length discrepancy, she could compensate by walking with
an equinus foot without gait support.

Intra- and perioperative urogenital injury existed in internal hemipelvectomy, including urinary incontinence, ureter stenosis,
urethra injury, and bladder injury.>**> A late incision hernia of the urinary bladder following internal hemipelvectomy was
reported in the literature, especially in type III resection according to Enneking and Dunham's classification.”® There was no peri-
and postoperative complication in this patient. However, she was diagnosed with distal ureteral stricture following an internal
hemipelvectomy of the patient with Ewing sarcoma of the right pelvis. The patient developed this symptom eight years after the
index treatments. The primary cause of late ureteral stricture in this patient should be from radiation therapy preoperatively. As
we know, radiotherapy is widely used as a curative treatment for pelvic malignancies. Many organs in this location were
inevitably exposed to radiation and subsequently developed radiation cystitis, fistulae, strictures, and secondary malignancy.
Ureteral criticisms were reported following radiotherapy for pelvic malignancies, especially cervical cancer. The overall
incidence of radiation-induced ureteral stricture was 1.0%, 1.2%, 2.2%, 2.5%, and 3.3% at 5, 10, 15, 20, and 25 years,
respectively, with a mean latency period of 16.8 years.** This patient’s associated cause of ureteral stricture might be related
to her body weight during standing and walking. The recent plain and fluoroscopic KUB radiographs showed upward and inner
migration of the head of the femur close to the ureteric-vesical junction within the deformed right pelvic ring. Previous literature
reported the intrapelvic organ compression, including the ureter, by the medial migration of the hip prosthesis.>> Likewise, we
believed that the axial loading of the head of the femur during weight-bearing repetitively injured the surrounding structure,
especially the right ureter and bladder wall. This effect might worsen the stricture of the distal ureter from previous radiation
therapy. Therefore, we recommended using polypropylene mesh as an anchoring material to re-approximate all the muscles
attached to the pelvis to gain optimal function. In addition, this anchoring material can also improve the remaining hip stability to
prevent upward migration and maintain the leg length equality of the patient who underwent internal hemipelvectomy.*®

Conclusions

Internal hemipelvectomy is the mainstay of surgical treatment for Ewing pelvic sarcoma to allow good oncological
outcomes. High complications following this extensive surgery and other adjuvant treatment must be a concern. In
addition to radiation-induced ureteral ischemia, the repetitive mechanical compression from superomedial migration of
the femoral head caused by internal hemipelvectomy might increase the risk of late ureteral stricture. Preventing the

femoral head migration might reduce the risk of late ureteral stricture following internal hemipelvectomy.

Consent
Written informed consent was obtained from the patient for publication of this case report and the accompanying images.
Copies of the written consent form are available for review upon request.
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