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Abstract

without evidence of disease.

Background: Pelvic tumors are usually resected through the utilitarian pelvic incision, an extended ilioinguinal/
iliofemoral approach. The pararectus approach, an intrapelvic anatomical approach with extraperitoneal access to
the pelvis, has been established previously for the treatment of pelvic and acetabular fractures. However, it has not
been used to address pelvic tumors. The study aimed at investigating the feasibility of this approach for pelvic
tumor surgery and the possibilities of combining this approach with standard approaches to the hip joint.

Methods: Thirteen patients that underwent pelvic tumor resections were retrospectively reviewed. Tumor resections
were performed through the pararectus (n = 10) or extended pararectus approach (n = 3). In six of those cases, the
pararectus approach was combined with extrapelvic approaches including the modified Gibson (n = 4), the Kocher-
Langenbeck (n = 1), and the trochanteric flip approach (n=1). The mean follow-up was 32.6 + 9.1 months.

Results: In all cases, the tumor resections were carried out according to the preoperative plan. In seven of 13 cases,
wide resections were performed; six of 13 cases were planned close resections. Four cases of major complications were
observed (vascular injury, deep infection, iliac vein thrombosis, total hip arthroplasty dislocation). Minor complications
were observed in two cases. One tumor recurred locally. At the final follow-up, 10 patients were alive, eight of those

Conclusion: The study demonstrated the suitability of the pararectus approach for pelvic tumor resections. The
possibility to combine the approach with standard approaches to the hip joint allowed for single-stage

reconstructions of the pelvis and the hip joint without sacrificing surgical margins and function. The pararectus
approach is a versatile option adding to the established approaches for musculoskeletal tumor surgery of the pelvis.
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Background

Surgical management of pelvic bone and soft tissue
tumors is one of the most complex fields in musculo-
skeletal oncology and is associated with a high risk of
complications. The utilitarian pelvic incision and its
modifications have been well-established for pelvic
tumor surgery [1-8]. However, as an extrapelvic
approach, it provides limited access to the iliac fossa and
the intrapelvic neurovascular bundles. The abdomino-
inguinal incision, which has been described by Karakousis,
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achieves good exposure and control of the vital intrapelvic
structures but involves the disadvantages of groin dissec-
tion and opening of the peritoneal cavity [9].

The pararectus approach, an intrapelvic anatomical
approach with extraperitoneal access to the pelvis, has
been established previously for the treatment of pelvic
and acetabular fractures [10-12]. The approach avoids
the medial flank of the utilitarian approach and can be
extended distally over the inguinal fold. Standard
approaches to the hip joint including the Kocher-
Langenbeck and the modified Gibson approach can be
combined with the incision without creating a skin flap
prone to wound healing complications. Here we report
the first 13 cases of musculoskeletal tumors of the pelvis
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resected through the pararectus approach. The study
aimed at investigating the feasibility of this approach for
pelvic tumor surgery and at illustrating possibilities of
combining this approach with standard approaches to
the hip joint.

Patients and methods

Between 2010 and 2015, 16 patients were treated for bone
and soft tissue tumors of the pelvis at our institution. Out
of those, the first 13 consecutive patients (6 males/7
females, Table 1) that underwent musculoskeletal tumor
surgery of the pelvis via the pararectus approach were
retrospectively reviewed. The mean age was 53.4 + 19.8
years (range 21-76 years). Eight patients were treated for
a malignant tumor (chondrosarcoma n =2, high-grade
undifferentiated sarcoma n =2, high-grade osteogenic
sarcoma # =1, radiation-induced osteosarcoma n=1,
myxofibrosarcoma 7 = 1, malignant solitary fibrous tumor
(SFT) n=1); tumors were graded G1 (n=2), G2 (n=2),
and G3 (n=4) according to the FNCLCC classification.
Five patients were treated for a benign (lipoma, n=3) or a
locally aggressive tumor (desmoplastic fibroma/desmoid
tumor, 7 =2). Seven tumors were primary bone tumors
and six were soft tissue tumors.

Preoperative workup included medical history, clinical
examination, and routine blood tests. Plain radiographs
and MRI scans of the pelvis were obtained in each case.
Patients with primary bone tumors received additional
CT scans of the pelvis. In patients with a malignant
tumor on biopsy, a thoracic and abdominal staging CT
was performed; this confirmed localized tumor disease
in all patients. Biopsy was done in every patient either
by image-guided core needle biopsy or open biopsy. One
patient received neoadjuvant radiotherapy. Adjuvant
therapy was performed in two patients; irradiation and
chemotherapy in one case each.

The pararectus approach was performed as described
in detail by Keel et al. for the treatment of acetabular
fractures [11]. In brief, patients were placed in supine
position with the hip flexed slightly. An incision was
directed along the lateral border of the rectus abdominis
(Fig. 1). The rectus sheath was incised at the lateral
boarder after deep dissection and incision of the anterior
abdominal wall. The transversalis fascia was visualized
and entered in the extraperitoneal space without
harming the peritoneum, the bladder, and the epigastric
and external iliac vessels.

Tumor resections were performed through the pararec-
tus approach (n = 10, Fig. 2) or through an extended para-
rectus approach (n = 3) with distal extension through the
inguinal canal. In six cases, the pararectus approach was
combined with extrapelvic approaches to the hip in-
cluding the Kocher-Langenbeck approach (n=1), tro-
chanteric flip approach (# =1), and modified Gibson
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approach (n = 4). Seven tumor resections were planned as
wide resections and six as close or intralesional resections.
Planned close resections were carried out in lipomas
(n=3). Planned intralesional resections were per-
formed in desmoplastic fibroma of the bone (n=1),
recurrent low-grade chondrosarcoma (#=1), and a
malignant SFT (n =1). In the desmoplastic fibroma of
the bone, wide resection versus intralesional resection
was discussed with the patient. As the tumor was
adjacent to the antero-inferior acetabulum, resection
with negative margins would have resulted in partial
resection of the hip joint. To minimize functional
impairment, decision for intralesional resection with
extended curettage and heat ablation was made based
on recent reports. The malignant SFT showed tumor
growth through the greater sciatic notch towards the
posterior thigh with close proximity of the tumor to
vital neurovascular structures. Wide resection would
have meant to sacrifice the sciatic nerve and was
refused by the patient. In the recurrent low-grade
chondrosarcoma, the patient preferred limited surgery
with preservation of function to a wide tumor re-
section involving amputation of the penis.

The realization of the planned resection served as the
primary outcome parameter. Secondary outcome para-
meters were major and minor complications and duration
of the intervention. Major complications were defined
as complications requiring a second surgery. The mini-
mum follow-up was 24 months. The mean follow-up
was 32.6 + 9.1 months (24—49 months).

Results

In all cases, the tumor resections were carried out ac-
cording to the preoperative plan. In all wide resections,
RO resection status was confirmed histologically. Planned
close resections of lipomas resulted in RO resection sta-
tus in one and R1 resection status in two cases, respect-
ively. Intralesional resections demonstrated positive
histological margins in all three cases.

Blood loss was 3225 + 4881 ml (300—18,000 ml). Mean
duration of the surgeries was 6.5 +3.9h (2.5-14 h). Four
major complications were observed in four cases. Those
were mass transfusion due to injury of tumor invading
blood vessels, deep infection (n = 3), iliac vein thrombosis
(n=1), and total hip arthroplasty dislocation (n =1). All
major complications were controlled with the same or
repeat surgical intervention. Two cases of minor com-
plications were observed (scar hernia (n=1), meralgia
paraesthetica (n = 1)).

In four cases with primary bone tumors, an internal
hemipelvectomy was performed [PI, II, III, H1 (n=3),
PII, III, H1 (n=1), according to the classification of
Enneking [13]]. In three of these four patients, a re-
construction of the osseous pelvis was performed. One



Page 3 of 7

(2019) 14:232

Kurze et al. Journal of Orthopaedic Surgery and Research

95e3SIP JO PSP JOJ ‘OSEISIP UM DAIe JMY ‘DSeISIP JO SDUSPIAS OU gIN ‘PanIdads Jou s'u ‘Yoeosdde snydaiesed ¥y

2UO0(Q JO ewoliqy

aaN 74 olLe 008 Ly dd siqnd onsejdowsa 4 4 €l
ewodles u_cwmogmo

@3N 9 uondaju| 099 000t oY uosgio "dd winiydst ‘signd opeb-yobiH 4 IS 4!
PUWODJRSO1SO

aoda 14 uondajul (0142 00/ 04 dd Papu=ixg wni|'signd padnpul uoneipey 4 59 Ll
AW0}09150 win|ngelaoe auo0qQ JO ewloiqy

d3aN S¢ 009 00S¢ 04 JlR1UBYD0. "Yd ‘slaqnd dliseldowisaQ E| SC 0l

SISOquIoIy)

UISA DEl|l ‘UoIsnysues Jowny snoiqy

amy Yad SSeW ‘UOIS| [9SSaA 0/ 000'81 14 PaquabueT-Iaydoy ‘Yd  3201Nng DiARdeny Aieyjos yueubiey W /9 6
eulodles
palenualayipun

aoa 8 00€ 005€ 04 ¥d  wnauoluadonsy opeib-yoiH W 9/ 8
C\_jwcow:waobw\_ euwiodJesoipuoyo

amv 6¢ 00¢ 00¢€ S| uosgio "dd wniyos| lusnday W €S L

ponayisaeled by
(€E]N! o€ eibesay ore 00€ Iy 4d papu=1x3 dindenu ewodr] E| 19 9
3001Ng

(€E]N! 143 061 009 04 uosain dd dindenu ewodr E| L S
ewoDJes
UonNoaju| pa1enualajipun

aoa 4 ‘uonedoIsIP YHL (0] 0005 0Y dd Pspusix3  wningeisde signd opeib-ybiH W 0S ¥

d3aN (94 0/¢ ole AS| uosqin "gd  4Ponng diapdenul ewodr] k| (94 €

QN 8y ejuIaY Jeds ol 00 0d Yd dPSNW sndeyj|  BUWIOIESOIGHOXAN W 9 z

€N 0€ oSl su oY dd wini| ewodlesolpuoyy N 44 L

snexs  (sywuow)  suopnedljdwod suoned|dwod  (ulw) awn  (jud) ssoj A19bins
9seasiq  dn-mojjo4 JOUI 1ofely K1abing poo|g  uolDasay yoeoiddy uoed07 jown| xS 1eaby  -ou usned

SOIISHaIdRIRYD 3SBASIP puP JUBlied | djqeL



Kurze et al. Journal of Orthopaedic Surgery and Research

Fig. 1 Schematic drawing of the muscular anatomy of the anterior
abdominal wall and thigh. Superimposed skin incisions of the
pararectus approach (blue), the utilitarian incision (green), and
the abdominoinguinal incision (red). The primary incisions are
shown by solid lines, extensions by dotted lines. The pararectus
approach may be combined with lateral approaches to the hip
and thigh (indicated with blue dashed line). 1. Obliquus externus
muscle. 2. Aponeurosis of obliquus externus muscle with underlying
rectus abdominis muscle. 3. Sartorius muscle. 4. Tensor fascia lata
muscle. 5. Rectus femoris muscle. 6. Vastus medialis muscle.

7. lliopsoas muscle and tendon. 8. Pectineus muscle. 9. Adductor
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longus muscle

patient was reconstructed with a bone allograft. Two
patients received a custom 3D-printed titanium implant
(Materialise Inc., Leuven, Belgium). In all three cases,
the pelvic reconstruction was combined with a total hip
arthroplasty. In the patient with a radiation induced
high-grade osteosarcoma, no reconstruction of the pelvis
was performed due to early post-operative infection and
subsequent rapid onset of systemic disease. The patient
died 4 months after the index surgery.

At the final follow-up, 10 patients were alive. Eight
patients did not have any evidence of disease and two
patients were alive with disease. Of the latter, the patient
treated for recurrent chondrosarcoma developed another
local recurrence after 13 months and the patient with
malignant SFT was diagnosed with systemic disease,
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i.e, lung metastases 27 months after the index procedure.
Another three patients deceased due to systemic disease
4, 8, and 14 months after the primary tumor resection,
respectively.

Discussion

The present consecutive case series aimed at investi-
gating the feasibility of the pararectus approach for
pelvic tumor surgery. The investigation of the first 13
cases of tumor patients treated with this surgical
approach has clear limitations due to the low number of
cases included in the study and the heterogeneity of the
study group. On the other hand, the heterogeneity of the
study group indicates that the approach may be appli-
cable to a wide variety of bone and soft tissue tumors of
the pelvis.

Due to the complex three-dimensional anatomy and
the proximity to vital neurovascular structures, a good
visualization of the operative field is essential in pelvic
tumor surgery [1]. The present study showed that the
pararectus approach achieved good exposure of the
entire hemipelvis including the pubis, the acetabulum,
the sacro-iliac joint, the spermatic cord, and the neuro-
vascular structures (Table 2). All tumor resections
including internal hemipelvectomies could be carried
out according to the preoperative plan. Distal extension
of the approach and its combination with approaches to
the hip joint enabled us to address complex tumors with
extrapelvic extension. It seems most likely that hemipel-
vectomies involving the sacrum (type P IV resection) are
feasible due to the possibility to extend the pararectus
approach proximally [15]. However, there was no such
case included in this case series. On the other hand, the
pararectus approach may not be suitable in obese
patients and patients presenting with bowel obstruction
and abdominal distension [11].

In this study, the pararectus approach was applied to
resections of bone and soft tissue tumors of the pelvis.
The standard exposure for tumor resections of the osse-
ous pelvis involves the utilitarian incision first described
by Enneking and Dunham [8]. Through this extended
ilioinguinal approach with reflection of a large soft tissue
flap, the buttock, the sciatic notches, the ischium, and
the proximal femur can be exposed. The symphysis is
exposed through extension of the incision along the
medial half of the inguinal ligament [8]. Several modi-
fications of the utilitarian approach attempting to
improve surgical exposure and minimize the risk of
neurovascular complications have been described [3-7].
Lackman et al. [7] described a T-shaped incision
where the “T” of the incision is located more laterally
than the turning point of the original single incision.
The T-incision provides a more extensile anterior to
posterior exposure. Furthermore, Karakousis described
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(f) tumor resection; the external iliac vessels are tagged (f)

Fig. 2 MRI imaging and intraoperative photo documentation of a 65-year-old male patient who presented with a soft tissue tumor situated in
the right iliac muscle measuring approximately 5.7 X 4.8 x 4.6 cm ((a—d), tumor margins marked with arrows). The tumor was hypointens on T1
(a, ©) and hyperintens on T2 (b, d) images. Core needle biopsy confirmed a low-grade (G1) myxofibrosarcoma. As the tumor was close to the
external iliac vessels a marginal resection was performed. The photographs demonstrate the intraoperative situation before (e) and after

WY

the abdominoinguinal incision previously for resec-
tions of pelvic soft tissue and bone tumors [5, 9, 14].
Similar to the pararectus approach, the abdominoin-
guinal approach achieves good control over the intra-
pelvic neurovascular structures and the spermatic
cord. However, the approach uses a midline incision with
transverse lateral extension to and over the inguinal fold
resulting in a skin flap that may be prone to wound
healing problems.

Complication rates of pelvic tumor surgeries are high.
The complication rate of tumor resections performed
through the utilitarian approach has been reported to
range from 31 to 60% [7, 16-18]. Infections and
wound healing problems account for the majority of

complications and have been shown to occur in 7-50%
and 13-29%, respectively [7, 8, 17-21]. It has been
hypothesized that the factors contributing to these
complications are the large size of the surgical wound and
limited perfusion of the fasciocutaneous flaps [7]. In our
series, we did not observe wound healing complications.
This may be because the pararectus approach is combined
with approaches on the lateral side of the femur to the hip
when extensive exposures of the pelvis, the hip, and the
thigh are required. The combination of two approaches
avoids a long, curved single incision or a T-shaped incision
and the development of a fasciocutaneous flap. Despite
the decreased wound healing complications, the rate of
deep infections was not reduced. Deep infections were
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observed in four out of 13 patients, which is in accordance
with the existing literature. We believe that factors other
than wound healing have a stronger effect on the risk of
deep infections such as surgery time, radio-/chemo-
therapy, and extent of the tumor surgery. Indeed, three out
of four infections occurred in patients receiving neo-
adjuvant chemotherapy and/or undergoing hemipelvec-
tomy. This is in accordance with Angelini et al. [22] who
showed that the only positive predictor in developing an
infection was the pelvic reconstruction in patients under-
going pelvic bone tumor resections. In the present study,
blood loss was higher than previously reported in pelvic
tumor surgery. However, the blood loss and surgery time in
our case series were mainly influenced by one case, in
which intraoperative vascular damage resulted in massive
blood loss.

Conclusions

The pararectus approach is a versatile option adding to
the established approach for musculoskeletal tumor
surgery of the pelvis. Studies with longer follow-up and
larger case numbers are needed to further validate these
encouraging results.
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