
                  14
                                                                                                                                                     143

Limb-sparing Surgery with
Vascular Reconstruction for
Malignant Lower Extremity 
Soft Tissue Sarcoma
Oren K. Steinmetz, MD and Robert Turcotte, MD

Background, Diagnosis and General Principles 
of Treatment of Soft Tissue Sarcomas of the Extremities
Soft tissue sarcoma is a rare form of cancer. The reported incidence of soft tissue sarcoma
is about of 1-2% of all cancers with roughly 10,000 new cases diagnosed every year in the
US. This incidence is thought to be somewhat stable over time and without worldwide
discrepancies. 
Pathogenesis of these lesions remains unclear but likely involves stem cell dysfunc-

tion. The name sarcoma represents a large family of malignant tumors that are non-
epithelial and extra skeletal in location deriving from mesodermal and ectodermal lin-
eages.1 They can be diagnosed at any age ranging from the newborn to the elderly,
occur more commonly in males and can occur anywhere in the body but most fre-
quently, in decreasing frequency, are found in the lower and upper limbs, the trunk,
the retroperitoneum and the head and neck. They most frequently involve muscular
tissues but also may be found in the subcutaneous fatty tissue, within nerve and in the
vascular system including the heart.
The various histologic subtypes show some age related predilection and anatomical

location preference however little known about the cause leading to soft tissue sarcoma.2

Soft tissue sarcomas are currently classified based on their resemblance with normal tis-
sues. For example, liposarcoma displays histological finding similar to fat cells but liposar-
coma is not a malignant transformation of the fat cells but a cancer that shows histological
resemblance to fat tissue. This is different from what may occur in carcinoma where cells
become dysplastic and then progressively demonstrate malignant features. There is no
such progression, from totally benign to frank cancer in sarcoma.
When soft tissue sarcoma is suspected a cautious approach is recommended. MRI is

the best imaging modality since it shows the precise location of tumor, its boundaries
and where the neurovascular structures are in relation to the tumor. It also may show the



nature of the lesion such as fat or cystic content. Cross sectional imaging is also needed
to plan a biopsy unless the tumor is subcutaneous. Biopsy tracts need to be resected at
time of definitive sarcoma surgery as they could be seeded with tumor cells. Ideally,
biopsy should be performed by the surgeon who will ultimately manage the tumor or at
least it should be discussed with this person in order coordinate the biopsy tract with
later surgical incisions. Core needle biopsy is the preferred means for diagnosis of STS3

and the technique follows the same principles as open biopsy when dealing with sus-
pected sarcoma; be as direct as possible, avoid contaminating more than one compart-
ment, do not expose nerve and vessels, provide adequate sampling and ensure perfect
hemostasis.
The mainstay of extremity soft tissue sarcoma management is limb sparing surgery.4

Unfortunately, this is often not enough to maximise cure rate. Neo-adjuvant and adjuvant
treatments such as radiotherapy and chemotherapy are used to improve local and sys-
temic control. Treatment should be outlined after a collaborative discussion within a
multidisciplinary setting including tumor board. 
The aim of surgery is to remove the entire tumor with a sufficient cuff of normal tissue

in order to prevent leaving tumor cells behind. The so-called wide margin usually includes
a 2 cm of normal tissue or a layer of thick fascia separating tumor from the resection
margin. The reactive zone of swelling commonly found around sarcoma is known to host
sarcoma cells which can lead to local recurrence if resection margins involve that area.5

Radiotherapy has been proven a useful adjunct to minimise local recurrence risk as
wide margins are often not achievable in order to preserve major nerves and vessels or
avoid amputation. It is frequently used but has no influence on the metastatic rate.
Radiation is usually given at a dosage of 50Gy in a neo-adjuvant setting or at 66Gy as an
adjuvant modality. Both modalities provide identical cure rates, however, the neo-adju-
vant regimen demonstrated less long term side effects from radiation but at the expense
of a significantly higher wound-complication rate, close to 35% post-surgery.6,7

Chemotherapy is used less frequently and its usefulness remains to be demonstrated
for most non-metastatic STS. But it is mandatory for some types of STS such as in rhab-
domyosarcoma and extra skeletal Ewing sarcoma.

General Considerations for Management of Vascular Structures 
During Surgery for Soft Tissue Sarcoma of the Extremities.
Large blood vessels are often found close to or abutting soft tissue sarcomas in the extrem-
ities. Resecting them may affect function and well-being post-surgery. When vessels are
adjacent to the tumor but are not encased or directly invaded they are usually salvaged.
In that context neo-adjuvant radiotherapy may be of great help to limit the risk of local
recurrence. In these cases surgery involves an adventitial dissection where the free side
of the vessel is approached and its adventicial layer opened and the vessel is retracted
away from the tumor. This technique leaves behind the adventicia as a thin margin from
the tumor. In these cases outcomes are essentially similar to when wider resection margins
are employed. In cases where final resection margins are found to have microscopic evi-
dence of invasion within the adventicia after neoadjuvant radiotherapy has targeted the
area, the local control rate remains excellent; this has been referred as a “planned positive
margin”.8

As a rule, when major vessels are directly involved by tumor, either circumferentially
encased, when the arterial wall is invaded or when there is endoluminal thrombus, they
should be excised en bloc with the tumor (Figures 14-1 and 14-2). When the vessels are
not critical to limb survival, such as the profunda femoris artery or an isolated tibial
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artery, they do not usually need to
be reconstructed. Otherwise arte-
rial vascular reconstruction is nec-
essary.9 Large veins are infrequent-
ly reconstructed unless alternate
venous drainage is seriously com-
promised by the extent of the sur-
gery. In a small proportion of these
patients tumor involvement of the
neurovascular structures further
complicates treatment if the vas-
cular structures are either invaded
by the tumor or in such close prox-
imity to the lesion that a dissection
plane as described above is not
achievable without resecting the
vasculature en bloc with the lesion.
In these cases, vascular reconstruc-
tion is required to achieve com-
plete oncologic resection, avoid
primary amputation, and maintain
function.10,11 The first such case of
vascular reconstruction combined
with extremity sarcoma resection
was reported by Fortner in 1977.10

Vascular reconstruction in addition
to oncologic resection increases
the complexity of surgery, length-
ens operative times, and increases
surgical wound burden. In patients
who would otherwise limb ampu-
tation, the goal of revascularization
is to maintain function. In the fol-

lowing sections we will describe our experience with vascular reconstruction during
oncologic surgery for lower extremity soft tissue sarcoma with respect to survival, time
to complete wound healing and the functional outcomes.12

Patients, Tumour Location and Tumour Type
Over an eight-year period between 2005 and 2013, 154 patients were treated for malignant
lower extremity soft tissue sarcoma at McGill University, a provincial referral center for
soft tissue sarcoma treatment and all patients were followed in a prospective registry.
Treatment was by medical palliative management in 2% (3 patients) and with limb-
sparing surgery in 98 % (151 patients). No patients were treated with primary amputation
during this time period. Vascular reconstruction was required in only 9 (6%,) of these
patients treated with limb sparing surgery (Table 14-1) whereas limb-sparing surgery
without vascular reconstruction was performed in 142 patients (92%). Overall, even in a
sarcoma referral center, the need for vascular reconstruction during curative surgery for
lower extremity sarcoma is relatively infrequent. However when preoperative imaging
by MRI and or CT scan showed that the vasculature were either directly involved with
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Figure 14-1: Preoperative MRI demonstrates circumferential encase-
ment of the left superficial femoral artery and vein by a liposarcoma.

Figure 14-2: Cross section of pathological specimen of liposarcoma
demonstrated in Figure 14-1 shows circumferential encasement of
the femoral vessels by the tumor.

Tumor?
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the tumour or in such close proximity to the tumour making curative resection impossible,
arterial and venous resection was performed en bloc with the lesion. In these cases vas-
cular reconstruction was planned combined with the tumour resection. 
At 50.33 years, the mean age (range 22-76 years, 5 males, 4 females) of the patients

requiring vascular reconstruction was younger than the mean age found in typical vas-
cular surgery patient population requiring vascular reconstruction due to peripheral
vascular disease. Seven of these nine patients with sarcomas requiring vascular recon-
struction were located in the upper thigh and two were located in the lower thigh. 
The underlying pathology was very heterogeneous as is typical with STS. The most

common pathology in these 9 patients was leimyosarcoma in three cases. There were
also single cases of epithelioid sarcoma, malignant peripheral nerve sheath tumor, liposar-
coma, sclerosing epithelioid fibrosarcoma, synovial sarcoma, and biphasic synovial sar-
coma. 

Procedure Types, Preoperative Planning, 
Associated Adjuvant Neoadjuvant Therapy
In order to achieve optimal outcomes with respect to survival and limb function a multi-
disciplinary approach is essential in treating these complex patients. From the time of
diagnosis a team involving medical oncology, radiation oncology, orthopaedic oncology,
vascular surgery, plastic and reconstructive surgery, physiotherapy and rehabilitation
medicine must be available to participate in the care of these patients within a cancer
treatment center and plan the timing of the multiple interventions required. For example,
all patients had adjuvant or neoadjuvant therapy. Three (33%) underwent only preoper-
ative radiotherapy, 2 (22%) had both pre- and postoperative radiotherapy, 1 (11%) had
pre- and postoperative chemotherapy, and 3 (33%) had a combination of pre- and post-
operative chemoradiotherapy. 
In all cases vascular reconstruction was planned combined with the tumor resection

based on preoperative MRI and CT angiogram studies with the orthopedic oncology sur-
gery team and in some cases when soft tissue defect post resection was anticipated to be
very large and soft tissue coverage of the resultant defect or bypass graft was required
plastic surgery was also involved in preoperative planning. In all 9 cases the artery and
associated vein were both resected and in three the associated femoral nerve was also
resected with the tumor.
Arterial reconstruction was performed with autogenous conduit in all cases and in

all cases the contralateral greater saphenous vein was used as the conduit. Preoperative
duplex ultrasound was used to assess the size and quality of the contralateral saphenous
vein and mapping was performed in most cases to help plan incisions for vein harvest.
Even though the artery and associated vein were resected in all cases, venous recon-
struction was not planned and was only performed in one case due to special considera-
tions that will be described. 
The type of vascular reconstruction performed in each patient is presented in Table

14-1. (Table 14-1) Eight (89%) patients were treated with arterial bypass only. The most
common reconstruction was a femoral-popliteal bypass with the proximal anastomosis
from the common femoral artery (5 patients, 56%). Other reconstructions included iliac
to superficial femoral artery bypass (1 patient, 11%), proximal superficial femoral artery
to distal superficial femoral artery bypass (1 patient, 11%), and superficial femoral artery
to popliteal bypass (1 patient, 11%). One patient (11%) had a massive tumor in distal
thigh extending into the popliteal fossa that was not locally resectable so en-bloc resection
of the distal thigh and above knee popliteal fossa was performed preserving the popliteal
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nerve with rotationplasty and with reconstruction of both the artery and deep veins.
Rotationplasty is a procedure well described in the orthopedic literature13 and involves
resection of the lesion of the distal thigh en bloc with the distal femur and knee joint,
preservation of the popliteal nerve, and then rotating and fixing of the distal segment
180 degrees so that the ankle joint is in the reversed position and will function as a knee
joint that can be fit to a prosthesis. After rotation the tibia was fixed to the proximal
femur with fixation plates. For this patient the distal superficial femoral artery and above
knee popliteal arteries and veins were also resected en bloc with the lesion. Vascular
reconstruction involved a primary end to end anastomosis between the proximal super-
ficial femoral artery and the below knee popliteal artery, and between the superficial
femoral vein and popliteal vein (Figure 14-3). This patient that was treated with rota-
tionplasty was the only patient in this series in which reconstruction of the resected
venous anatomy was reconstructed. No patients had nerve reconstruction or grafting
and no patients had the use of temporary vascular shunts. Due to the large tissue deficit
and the resultant extensive disruption of venous and lymphatic drainage all patients
were treated aggressively with early physiotherapy and ambulation, leg elevation, com-
pression stockings and anticoagulation for deep vein thrombosis prophylaxis in order to
limit postoperative leg edema and enhance wound healing.
Although we did not perform venous reconstruction except in one special case, in

other centers venous reconstruction is also routinely performed in these patients. Recently
Nishinari et al.14 reported results from a series of 25 patients following resection of STS
with vascular invasion. Unlike in our series, in this series 19 patients had both arterial
and venous reconstruction, 4 had only venous reconstruction and 2 had only arterial
reconstruction. Overall 5 years survival was 42.1% in these patients which is similar to
our series where only arterial reconstruction was performed. Unlike our series however,
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Figure 14-3: Schematic illustrates the essential steps in performance of a rotationplasty as performed in one patient in
our series. (Modified from https://deccanorthopro.com/special-prosthesis/)



they did not compare outcomes to patients at their center having resection for STS who
did not require vascular reconstruction with respect to recovery time or functional out-
come.

Postoperative Course and Wound Healing
Although one patient required bypass revision and thrombectomy for acute bypass throm-
bosis related to a technical problem at the distal anastomosis on the same day as the
index procedure most re-interventions in these patients were done for management of
wound complications. The post-operative course in patients undergoing vascular recon-
struction was associated with multiple surgical re-interventions in order to achieve com-
plete wound healing. Most commonly, 78% of patients required procedures to drain and
control large seromas that formed in the large dead space created by the resection. In
addition to the large dead space created by radical soft tissue resection in these cases,
another factor related to prolonged wound healing in these cases was the uniform use of
adjuvant and or neoadjuvant radiotherapy and chemotherapy. Perioperative radiotherapy,
a proven adjunct in the treatment of lower extremity STS is also a factor associated with
increased post-operative wound complications.15,16

The mean time to complete wound healing was long in all cases post resection of STS
and is understandable given the large soft tissue deficit related to the resection however
it was more than two times longer in patients requiring vascular reconstruction than in
those without vascular reconstruction (mean 88 +/- 29 vs 34 +/-39 days respectively,
p<0.002). Revascularization further increases the duration and complexity of these pro-
cedure, increases the overall wound size and sometimes increases the number of wounds
so it is not surprising that the majority of complications were related to wound healing.
In total, there were 12 additional procedures required in these 7 patients including 9 pro-
cedures for drainage of infected and sterile seromas, 1 split thickness skin graft, 1 gracilis
pedicle flap and 1 vertical rectus abdominis myocutaneous (VRAM) flap. In four patients
vacuum assisted closure devices were used for wound healing after procedures to drain
seromas. Vacuum assisted wound closure devices were very helpful to control drainage
and decrease the surgically created dead space in these patients and are becoming a
routine adjunct in these cases. 
Previous studies, although limited by the small number of study subjects, suggest

decreased rates of wound infection with the use of saphenous vein compared to synthetic
material for bypass conduit.17,18 In this series all patients had single segment of reversed
saphenous vein as the conduit and in all cases the conduit was harvested from the con-
tralateral leg. As well as always using autologous conduit, in order to minimize the risk
of graft related complications due to these large defects and slow healing wounds we
routinely tunnelled grafts through extra-anatomic planes around the defect caused by
the resection or, if this was not possible, we tunnelled the grafts deep to the deficit within
or covered by muscle. This resulted in significantly longer bypass grafts than would have
been required if they were placed in anatomic planes, however, we feel that the risk of
graft related failures due to graft infections is reduced due to this policy. 
In two cases vascular reconstruction could not be accomplished without performing

more complex plastic surgery intervention to completely cover the bypass graft and in
one case a VRAM flap was performed during the index procedure to achieve adequate
coverage of the bypass. In another case when major wound dehiscence resulted in an
exposed graft within a large thigh wound with active lymph drainage a gracilis pedicle
flap was performed to fill the defect in the thigh and cover the graft at 34 days after the
index procedure. Although our series is relatively small using the strategy described above
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we had no cases of graft infection or pseudoaneurysm formation despite very prolonged
wound healing times.

Patient Survival and Follow-up
Mean follow up time was 74.7 months for patients requiring vascular reconstruction and
53.4 months for the others. Overall survival in patients requiring vascular reconstruction
was significantly lower than those without vascular reconstruction (Figure 14-4, p=0.01).
All deaths in patients in this series were due to recurrence of the sarcoma with metastatic
disease. It may be that patients requiring vascular reconstruction had more locally
advanced disease than the cases without vascular reconstruction and this could account
for the lower survival in these patients. However our series is small and is a comparison
is of two heterogeneous groups with various pathologies so we do not have data to support
this hypothesis.
It is very difficult to compare the survival and other outcomes from different series in

the literature since lower extremity soft tissue sarcomas are rare and the need for vascular
reconstruction is even more uncommon so most series are small. In fact over 50 types of
soft tissue sarcoma have been recognized, many of which can further subdivided in dif-
ferent histological grades and subtypes. The complexity of histologic analysis coupled
with the rarity of the disease account for the difficulties in the recognition and manage-
ment of these tumors but also makes comparison of outcomes between series problem-
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Figure 14-4: Overall patient survival. Kaplan-Meier plot of patient survival after limb-sparing surgery for lower extremity
sarcoma with and without vascular reconstruction shows significantly lower survival of patients requiring vascular recon-
struction (P=.01. log-rank test). Standard error exceeds 10% after 406 days in the revascularization group and after 516
days in the no revascularization group. CI, Confidence interval. (Reproduced from Davis et al. J Vasc Surg 2017)12



atic. Due to these limitations results from much larger multicentre registries would be
helpful in order to evaluate the impact of vascular reconstruction on survival of patients
requiring vascular reconstruction during limb sparing surgery to treat lower extremity
sarcomas.
All patients had assessment of graft patency through six monthly clinical exams and

duplex ultrasound exams. There were no delayed graft occlusions or amputations in
these patients however there were three late re-interventions for vascular complications
in two patients. Both of these patients received postoperative radiotherapy. One patient
required balloon angioplasty and stenting to treat a severe proximal anastomotic stenosis
that developed 40 months after the index procedure. The other patient required two bal-
loon angioplasty procedures to treat hemodynamically significant bypass graft stenoses
20 and 40 months after the index procedure. Previous studies have shown a significant
association between radiotherapy and both impaired wound healing and increased
bypass stenosis.19,20 It is reasonable to assume that adjunctive radiotherapy, although
necessary for oncologic management of lower extremity STS, is likely to increase the risk
of late vascular complications in these patients.

Quality-of-life Outcomes
The functional status of patients was assessed using the Musculoskeletal Tumor Society
(MSTS) functional assessment score prior to surgery and then again at 6 and 12 months
post-surgery. The MSTS functional assessment score is a well established and validated
scoring system developed by the Musculoskeletal Tumor Society and validated in 1993
that evaluates functional status and level of impairment after treatment of musculoskele-
tal tumors.21 The patient and physician complete the MSTS assessment together and a
numerical score and percent rating is calculated, allowing for comparison between mus-
culoskeletal tumor reconstructions. Numerical scores are assigned for six criteria assessed
during physical examination by the physician including pain, function, emotional accept-
ance, walking, gait, and need for walking aids. Numerical scores are then grouped into
categories of “poor”, “fair”, “good”, or “excellent”. In the current study, the average MSTS
scores in both groups at all visits were either “good” or “excellent”. Using this validated
tool we did not find any difference in functional outcome in patients requiring vascular
reconstruction during surgery for soft tissue sarcoma when compared to patients requir-
ing resection alone.

Summary
Limb sparing surgery can be achieved for patients with lower extremity soft tissue sarcoma
with vascular involvement with similar functional outcomes compared to patients requir-
ing resection alone. This functional outcome, however, comes at a cost of multiple surgical
re-interventions and a significantly prolonged time to wound healing. In our experience
this subset of patients with STS also had lower overall survival. 
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