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Background: Oncovascular surgery is a term identifying vascular resection in the context of tumour resection, which is
still controversial in children. We present our experience and review of the literature.

Methods: A retrospective review of children who underwent abdominal oncovascular procedures in our institution
from 2018 to 2022 was conducted. Type of operation and postoperative outcome was described. Literature review on

oncovascular surgery in children is presented.

Results: Seven cases were identified, mean age 8.25 years (9 months—14 years) — two bilateral paragangliomas, two Wilms
tumours, one pancreatoblastoma, one solid pseudopapillary tumour of the pancreas (SPN), and one hepatoblastoma. Five
procedures were performed on the inferior vena cava — three patients underwent cavectomy with no reconstruction, one had
a partial cavectomy with primary repair, and one had resection and reconstruction with a polytetrafluoroethylene (PTFE)
graft which complicated with leaking and infection. Two patients underwent a pancreaticoduodenectomy with portal
vein resection and primary anastomosis. Five patients were completely resected (R0), two patients had microscopically
positive margins (R1). One patient was lost to follow-up post-resection; all others were alive at last follow-up.
Conclusion: Vascular resection can allow complete tumour resection in locally advanced paediatric tumours. Oncovascular
surgery in children is feasible and may be beneficial in selected cases.

Keywords: paediatric surgery, oncology, paediatric oncology, vascular surgery

Introduction

Although commonly complicating certain adult solid
tumours, vascular involvement in paediatric oncology is
rare.! While vascular invasion by tumour has traditionally
been considered a contraindication for resectability, over
the past decades, resection of the vascular component
concomitant with resection of the primary tumour have been
reported, extending the boundaries of tumour resectability
in selected cases. While in adult surgical oncology some of
these vascular resections have become more standardised,
their indication in paediatric surgical oncology remains
sporadic and controversial.? In addition to defining the
indications for these extended resections, there is also a
lack of consensus regarding the technical aspects of these
resections and reconstructions. Different strategies of
vascular reconstruction are described in adult oncology,
but few reports have been published in this regard in the
paediatric population.'? This paper describes our institutional
experience with the surgical management of malignancies
complicated by vascular invasion, including our techniques
of resection and reconstruction, and discusses the current
available literature.

Methods

After receiving approval from our Ethics Committee (HREC
M220202), we performed a retrospective study from 1
January 2018 to 31 May 2022, including all patients younger

South African Journal of Surgery 2024,62

210

than 18 years of age who were operated on for solid tumours
with major abdominal vascular involvement, which were
selected for a concomitant vascular surgical procedure. We
included those cases requiring resection of more than 50% of
the circumference of a major abdominal vessel. Standardised
procedures such as cavotomy for tumour thrombus removal
or partial resection of less than 50% of a vessel wall were not
considered for this study.

Demographic data, clinical and surgical information were
retrospectively collected and reviewed. More specifically,
age at surgery, type of tumour, preoperative radiological
findings and staging, location and side of the mass, and
vessels involved were collected.

Preoperative assessment and management were directed
according to tumour type and the respective institutional
protocol. Surgical reports were retrospectively reviewed to
collect intraoperative information, specifically the approach
to resection of the primary disease, the vascular resection
performed, including whether areconstruction was performed
and the type of reconstruction. Intraoperative complications
were also noted. Histology reports of the resected specimen
were reviewed to confirm the histological diagnosis of
the primary tumour and to assess the extent of vascular
involvement. Postoperative management was evaluated
with a specific focus on complications. All morbidity
and mortality were reported, and long-term survival was
recorded. Finally, we reviewed the available English
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literature specifically focusing on surgical management of
vascular involvement in paediatric oncology.

Results

Seven patients met the criteria for this study, four male
and three female. Average age was 8.25 years (range: 9
months—14 years). Two patients presented with bilateral
paraganglioma, two with pancreatic tumours, two with
nephroblastoma, and one with hepatoblastoma (HBL).
Patient characteristics are summarised in Table I. Eight
vascular procedures were performed — the two patients with
pancreatic tumours (one pancreatoblastoma and one solid
pseudopapillary tumour of the pancreas [SPN]) had portal
vein (PV) resection and reconstruction with primary end-
to-end anastomosis as part of a Whipple procedure. The
remaining five patients had their procedures performed on
the inferior vena cava (IVC). All the patients were operated
on by paediatric surgeons with large oncologic, vascular and
transplant experience. Surgical information is summarised
in Table I.

Three patients had cavectomy with no reconstruction,
two for nephroblastoma (Wilms tumour) and one for
HBL. The first Wilms tumour (WT) was a 3-year-old
male diagnosed with non-metastatic right-sided WT with
a tumour thrombus extending into the infrahepatic IVC.
Neoadjuvant chemotherapy (NACT) was initiated according
to the International Society of Paediatric Oncology (SIOP)
Umbrella protocol. However, the family refused surgery and
absconded. The patient represented six months later with
hypovolemic shock due to an intracapsular bleeding of a
massive tumour requiring an emergency laparotomy. The
IVC was not visible on the preoperative CT scan, whilst the
azygos vein was dilated. Intraoperatively, the infrahepatic
suprarenal IVC was not separable from the tumour which
had infiltrated the IVC wall. Right nephrectomy with en-bloc
cavectomy without reconstruction was performed (Figure
1). Although vascular margins of resection were free, the
patient was staged as stage III for the preoperative rupture.
No postoperative complication was noted. However, the
patient did not undergo radiation therapy and represented
with extensive lung metastases, and he was referred for
palliative care.

The second patient with WT was a 7-year-old female
previously treated for a stage III left-sided tumour. At
initial presentation, she had a tumour thrombus extending
up the IVC into the heart, which regressed completely after
NACT. The patient subsequently underwent a standard left
nephrectomy. Due to non-compliance, adjuvant chemo- and
radiotherapy were not completed, and the patient represented
two years later with a large relapse in the infrahepatic IVC.
With extensive disease, and no demonstrable flow, she
underwent an elective infrahepatic suprarenal cavectomy
without reconstruction. Histology confirmed positive
resection margins, although of little relevance in this
case, since second line chemotherapy and radiotherapy in
recurrent disease are mandatory. The patient completed
postoperative adjuvant treatment and is now disease free at
1-year follow-up.

The last cavectomy was performed on a 9-month-old
female who presented with a pre-treatment extent of tumour
(PRETEXT) 3VP (vein encasement, PV invasion) HBL.
After NACT, she was reassessed as post-treatment extent
of tumour (POSTTEXT) 3V due to IVC infiltration. She

South African Journal of Surgery 2024;62 211

Table I: Summarised surgical information
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NACT — Neoadjuvant chemotherapy, SPN — Solid pseudopapillary neoplasm, PV — Portal vein, FU — Follow-up, IVC — Inferior vena cava, PTFE — Polytetrafluoroethylene



CAVECTOMY WITH
NO RECONSTRUCTION

Figure 1

was presented to the transplant unit which assessed her
as an unsuitable candidate for transplant, based on the
presence of persistent extrahepatic disease. An extended
right hepatectomy and caudate lobe resection with an en-
bloc suprarenal cavectomy and preservation of the left
hepatic vein was performed. No intra- or postoperative
complications were noted. Whilst the vascular resection
margin was tumour-free, microscopically residual disease
was reported by the pathologist in the form of necrotic
tumour cells present at the parenchymal resection margin.
The patient underwent adjuvant chemotherapy and there
has been no evidence of recurrence on serial follow-up CT
scans.

Of the two patients who presented with bilateral
paraganglioma infiltrating the IVC, one underwent bilateral
resection of the mass together with a partial caval resection
with primary reconstruction, as well as a partial resection
and primary repair of the right renal artery. Complete
resection was achieved and no complications occurred. The
second patient with a paraganglioma underwent resection
of the right-sided tumour together with an infrarenal
cavectomy and prosthetic graft (PTFE) interposition (Figure
1). This procedure was complicated by an anastomotic
bleed which required a relook laparotomy at 48 hours, as
well as by graft infection 1-week post-surgery. The infected
graft was completely thrombosed and was removed,
leaving the IVC interrupted. Postoperatively, the patient
recovered and was subsequently discharged. Subsequently, a
supraclavicular nodal metastasis with active uptake on meta-
iodobenzylguanidine scan (MIBG) was detected. The family
refused surgery of the contralateral lesion, until he presented
with severe haematemesis requiring emergency surgery and
resection of the residual mass with a sleeve of duodenum
as well as the kidney. The patient was lost to follow-up
thereafter.
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The last two patients underwent Whipple procedures with
concomitant resection and reconstruction of the PV for
pancreatic head tumours — one pancreatoblastoma and one
SPN. The former underwent resection after four cycles
of NACT for an unresponsive mass encasing the PV and
coeliac trunk while the latter had a primary resection. In
both cases, the celiac axis and superior mesenteric artery
were dissected off the tumour, while the PV was completely
encased by the mass. In both cases, PV resection with
tension-free end-to-end anastomosis was possible. Histology
demonstrated resection margins clear of tumour in both
cases. Postoperative Doppler demonstrated excellent portal
flow in both cases. Both patients are disease-free and doing
well on follow-up.

Discussion

Oncovascular surgery is a recently introduced term, defined
by Ghosh et al. as cancer resection with concurrent ligation or
reconstruction of a major vascular structure.’> Oncovascular
surgery is performed after considering the balance between
the prognosis of the particular tumour and the expected
morbidity of the procedure.’

Oncovascular surgery is classified into three categories
— surgery for tumours of primary vascular origin, rescue
surgery for complications encountered during tumour
resection, or planned en-bloc vascular and tumour resection.
This paper focuses on the latter category. The most
common applications of this strategy in adult surgery are
pancreatic tumours encasing the PV or the hepatic artery,
retroperitoneal sarcomas invading major vasculature, or
limb salvage surgery for extremity sarcomas. Although
oncovascular procedures are performed internationally for a
wide range of oncological diseases in adults, no uniformity
exists regarding strategy, operative technique and follow-
up.* Oncovascular surgery is even more rare in children, and
is only reported anecdotally.?
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Arterial resection and reconstruction, whilst common
practice in specialised centres treating adult tumours, is
rarely performed in children.* Resection of major arteries
mandates reconstruction. Primary anastomosis is the
preferred option, but it is rarely feasible. Autologous graft
with the iliac or saphenous vein, or prosthetic graft are
the other options described.’ Prosthetic grafts are usually
not preferred due to high risk of infection and thrombosis.
However, they are the prevailing substitute for abdominal
reconstruction. A successful PTFE grafting of the infrarenal
aorta for a recurrent ganglioneuroma in a 11-year old has
been described.® Other arterial reconstructions in children
are reported as part of bigger series including adult patients
but are not discussed separately.’

Various childhood tumours are prone to vascular
involvement. Neuroblastoma typically grows around vessels
and the traditional recommendation is vessel definition,
vessel clearance, followed by tumour removal ensuring
that the integrity of the vessel is left intact.® Whilst vascular
resection for neuroblastoma has been described, it remains
controversial.? In our institution we do not perform vascular
resections for neuroblastoma as the current evidence on
the benefit of a complete resection (R0) does not add to
a survival benefit, therefore we believe that the risks of
resective vascular procedures outweigh the benefits.® On the
contrary, for other malignancies, complete surgical resection
remains the curative treatment goal.'®

Involvement of major venous vasculature such as the
IVC is particularly challenging. The most common tumours
associated with invasion of the vena cava in childhood are
hepatic and retroperitoneal malignancies, whereas direct
intravascular extension and tumour thrombi are commonly
associated with renal tumours, especially WT.2 Thrombus
removal in WT rarely requires vascular resection.!!
However, in rare occasions the thrombus is not separable
from the vein wall and en-bloc resection may be needed to
achieve complete tumour resection.'> The higher incidence
of WT in the African population together with a large
rural community with poor access to healthcare make late
presentation of these tumours common. As in a number
of our cases, it is not uncommon for patients to default
chemotherapy or radiotherapy, or refuse surgery, further
contributing to disease progression and complications.

The IVC may also be involved by other retroperitoneal
tumours such as teratomas and paragangliomas.!
Pheochromocytomas and paragangliomas can encase
the IVC, occasionally requiring aggressive resection —
cavectomy for invasive paragangliomas has been described
in both adults and children.!®'* Retroperitoneal sarcomas
may also involve the IVC and cavectomy for such tumours
is also reported.?

The IVC may be involved in hepatoblastomas as well.'
Involvement of the IVC is not an absolute contraindication
to tumour resection, and en-bloc tumour resection with the
IVC is contemplated in the International Childhood Liver
Tumours Strategy Group 4 (SIOPEL4) protocol). In our
institution, relatively reduced access to transplantation
together with significant experience in hepatobiliary surgery
have induced a preference for more extensive primary
resections of HBL unless absolutely contraindicated. The
case in our series is an example of the success of advanced
resection for a borderline resectable HBL, similar to what is
reported for adults patients.'
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With respect to invasion of the main PV in HBL, this is
generally considered an absolute indication for transplant.
PV resection, however, may be necessary for other
paediatric malignancies, mostly pancreatic in origin.'s
Pancreatoblastoma and SPN are the most common
pancreatic malignancies in childhood and hence the main
indications for PV resection in children.!”!® Both of these
tumours are rare, hence specific protocols are not available.
Surgical resection is the mainstay of treatment for both of
these tumours, so when involved, PV resection is the only
option to achieve complete tumour resection.!® Generally, in
cases presenting with vascular involvement, NACT is ideal
in an attempt to shrink the tumour and avoid these extended
surgical techniques.! Of our two cases, the 7-year-old patient
was reported to be a pancreatoblastoma on the diagnostic
biopsy; four cycles of NACT were administered but with
poor response. The second older patient had imaging
consistent with an SPN and upfront surgery was performed.

For more common tumours like WT and HBL, protocols
are available, and they mandate NACT. On the contrary,
paragangliomas have typically a poor response to NACT
and therefore primary en-bloc resection of mass and vessels
must be considered.!?°

After resection of the involved vessel, a decision needs
to be made regarding simple ligation, or reconstruction.?!
This will depend on whether an artery or vein is involved,
and what it supplies — most arteries and the PV will require
reconstruction, whilst the IVC can be ligated with impunity.
Primary end-to-end anastomosis is the preferred option when
feasible, as it is associated with improved outcomes,?? which
is consistent with the two cases in our series. When primary
anastomosis is not feasible, vascular reconstruction has been
described, this including patch angioplasty, or interposition
grafting using either autologous vein or prosthetic material.
2123 There is currently no published consensus about the
optimal graft for PV repair, although prosthetic graft appears
to have a higher incidence of thrombosis, considering also
the lack of consensus on anticoagulation regimen after
vascular surgery in children.?

Iliac vein,” pericardium,” and recanalised umbilical
vein?® have been described as options. In our institution,
the preferred graft for PV reconstruction is the internal
jugular vein, this based on our experience with shunts for
portal hypertension and transplant surgery. However, we
have not required interposition grafts in our portal venous
reconstructions to date.

Prosthetic grafting for IVC reconstruction has seldom
been described in the paediatric population.> Grimaldi et
al. reported a series of four patients who underwent PTFE
replacement of the IVC, three of whom developed graft
thrombosis, although asymptomatic.? The high rate of
complications after PTFE replacement of the IVC has also
been reported in adult literature.?’ In our series, we utilised
this strategy in one case with post-operative anticoagulant at
prophylactic dose. The patient complicated with bleeding,
and subsequent infection and thrombosis.

The alternative, resection without reconstruction, is well
reported.”’ In adults presenting with IVC occlusion and
no chronic venous disease, ligation is well tolerated, and
may be associated with less blood loss and pulmonary
thromboembolism. Ligation relies on collateral venous
drainage in the retroperitoneum, and it should be noted
that extensive local resections may compromise further
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development of this venous drainage. For this reason,
where the IVC is partially obstructed, or when pre-existing
collaterals are disrupted intraoperatively, reconstruction is
preferred.?’” Children tolerate ligation of the IVC particularly
well, due to their ability to rapidly develop venous
collaterals.?®!2 This is particularly true in cases of progressive
occlusion due to tumour ingrowth, which allows the venous
return to be gradually diverted through collaterals, usually
demonstrated by a dilated azygos vein on preoperative CT
scan.?$12

Grimaldi et al. reported routine prosthetic grafting of
the IVC as a bridge solution to allow better recovery and
development of collaterals as the graft slowly thromboses.?
In our opinion this can be considered, however, the
high risk of complications, including graft infection, is
a significant consideration in favour of avoiding IVC
reconstruction.?’ In our institution, if cavectomy is necessary,
a trial of intraoperative caval exclusion is performed and
reconstruction is considered only if the patient shows signs
of haemodynamic instability. Another potential advantage of
cavectomy without reconstruction is the avoidance of long-
term thromboprophylaxis.'? In our experience, cavectomy
was well tolerated by children and was not associated with
any short- nor long-term complications.

In adults, elective procedures performed with the aim of
achieving complete resection including vascular resections
did not demonstrate additional morbidity when compared
to those patients that underwent tumour resection alone,'
unless the former were performed as emergencies.?
Achieving complete resection is the ultimate goal for
which oncovascular surgery is usually contemplated. In
our series, this was possible in five of seven cases, whilst
in two patients histology showed microscopically positive
resection margins. The HBL patient had tumour present at the
hepatectomy margin, with the resection line at the absolute
limit of leaving adequate functional liver with appropriate
vascular inflow and outflow to the remaining segments.
The caval vascular margin of resection was clear. Since
leaving microscopically positive margin is acceptable in the
context of complex liver resections,* particularly when liver
transplantation is contraindicated, or less accessible, this
strategy allowed our patient to be cured. In our WT patient,
cavectomy allowed us at least to achieve gross tumour
resection, followed by adjuvant chemo and radiotherapy as
per recognised treatment guidelines.

Conclusion

Oncovascular paediatric surgery can allow the surgical
team to achieve complete tumour resection in some cases
of locally advanced tumours, previously deemed non-
resectable. This may decrease the intensity of treatment and
treatment-related-toxicity and in some cases change the aim
of treatment from palliative to curative. PV resection and
reconstruction, cavectomy with or without reconstruction,
are valid options in appropriately selected paediatric cases,
with little morbidity. Whilst at present not enough data
is available proving any long-term benefit in children,
we believe this case series may support oncovascular
procedures in particular paediatric cases. As more evidence
emerges, hopefully it will be possible to identify criteria for
selecting the patients who may be appropriate candidates for
paediatric oncovascular surgical procedures.
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