
Abstract. – OBJECTIVES: A retrospective
study was conducted in 21 children with stage
III/IV retroperitoneal neuroblastoma to evaluate
the outcome of gross total tumor resection us-
ing vascular skeletonization.

PATIENTS AND METHODS: Between 2003
and 2008, 22 patients with stage III/IV neurob-
lastoma were included in this study. The treat-
ment was initiated with four to six cycles of in-
duction chemotherapy using the most recent
Children's Oncology Group (COG) regimen to
reduce the size of the tumors. This was fol-
lowed by a primary gross total resection by
skeletonising the blood vasculature. Gross to-
tal resection was accomplished in 21 patients
who also received subsequent chemotherapy
and bone marrow transplant. Routine follow-
ups were performed by phone calls or letters to
acquire information about postoperative recov-
ery, distant metastasis or recurrence at the pri-
mary site, mortality and cause of death.

RESULTS: Twenty-one patients received gross
total resection with complete resection rate of
95.45%. Neither severe postoperative complica-
tions nor perioperative death occurred.Three pa-
tients were excluded due to a loss in follow-up.
Tumor-free survival reached 55.56% (n=10).
Three tumor-bearing patients (16.67%) survived.
Five patients (27.78%) died after surgery. Overall
five-year survival reached 72.22% (13/18).

CONCLUSIONS: Using the skeletonizing ma-
jor vasculature of retroperitoneum approach to
achieve delayed total gross resection for ad-
vanced neuroblastoma, significantly improved
postoperative survival.

Key words:
Blood vessels, Skeletonized, Surgery, Neuroblastoma.

Introduction

Neuroblastoma is the most common malignant
retroperitoneal solid tumor in children. Most pa-
tients present with stage III or IV at the initial diag-
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nosis. Despite chemotherapy, surgery, radiotherapy,
biological therapy, bone marrow transplants and
other comprehensive treatment, the outcome of ad-
vanced-stage neuroblastoma is depressing with a
three-year survival rate reported to be only 40%1

and five-year event-free survival at 32%2. Neurob-
lastoma often extensively invades surrounding tis-
sues or encases large retroperitoneal vascular struc-
ture, which result in a low complete resection rate
of 66.4%-79% for primary surgery3. A secondary
procedure or even third surgical procedure is re-
quired during treatment. Currently, it remains con-
troversial as to whether gross surgical resection can
improve survival in patients with advanced-stage
disease2-9. In this study, 21 children with stage III
or IV neuroblastoma underwent gross total resec-
tion surgery using the retroperitoneal vascular
skeletonization procedure. The tumor resection rate
at primary surgery was 95.45% (21/22), and the
five-year overall survival rate was 72.22%, which
were significantly higher than the results reported
in the literature2.

Patients and methods

Patients
Between March 2003 and May 2008, 22 children

(16 males, 6 females) with International Neuroblas-
toma Staging System (INSS) Stage III/IV retroperi-
toneal neuroblastomas, admitted in our hospital,
were enrolled in this study. The primary sites of the
tumor were found at the adrenal gland (n=18) and
the retroperitoneal sympathetic nerve chain (n=4).
The initial symptoms were presented at the age of
two months to six years and one month.

Methods
A diagnosis of neuroblastoma was made based

on the clinical manifestations, imaging studies,
and laboratory findings which included increased
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level of serum lactate dehydrogenase (LDH),
neuron-specific enolase, ferritin concentration,
urinary vanillyl mandelic acid (VMA) and cate-
cholamine (CA). The diagnosis was further con-
firmed by ultrasound-guided needle biopsy. The
treatment was initiated with four to six cycles of
induction chemotherapy, using the most recent
Children's Oncology Group (COG) regimen to
decrease the size of the tumors, followed by pri-
mary gross total resection with lymph nodes re-
moval by skeletonising blood vasculature10. Con-
solidation with chemotherapy, radiotherapy, bone
marrow transplant and biological therapy was
performed after primary surgery. Follow-up was
conducted by routine inquiries, physical exami-
nations and CT scan of the abdomen, pelvis and
chest to uncover disease relapse or distant metas-
tasis. In addition, the whole body bone scan was
performed to investigate the occurrence of bone
metastases, and bone marrow aspiration and
biopsies, were performed to determine metas-
tases. Follow-up phone calls and letters were also
conducted for further details.

Results

Of the 22 neuroblastoma patients, 21 received
primary gross total resection of the tumors and
eradication of the involved lymph nodes. No
macroscopic residual tumors were detected, and
the peripheral vital organs were perfectly pre-
served. The complete resection rate of 95.45%
(21/22) was achieved. One patient who received
subtotal resection had residual tumor, which was
likely due to incomplete separation of the tumor
from the involved celiac arteries. No perioperative
complications or death were observed in these pa-
tients. Three patients were excluded due to loss of
follow-up. Tumor-free survival reached 55.56%
(n=10). The pathological study showed gan-
glioneuroblastomas in six of these 10 patients.
Three tumor-bearing patients (16.67%) survived,
one of which had ganglioneurobalstoma. Five pa-
tients (27.78%) died after surgery, one of which
was also confirmed to be ganglioneuroblastoma.
The death was due to the progression of the tu-
mors after bone marrow transplant, metastases to
the liver and multiple bones and respiratory fail-
ure resulting from mediastinal metastasis. Overall
five-year survival reached 72.22%. Postoperative
tumor recurrence at primary site was detected in
four patients with a recurrence rate of 22.22%
(4/18). There were two tumor-bearing patients

who survived while two patients died. Delayed
complications were present in two patients
(11.11%, 2/18). One patient suffered from a
chronic postoperative diarrhea during the eight
month follow-up. In addition, one patient died
from extensive tumor invasion of the renal vascu-
lature. Left renal atrophy was observed at six
months postoperative follow-up even though
complete separation of the left renal vessels from
the tumor was achieved during surgery.

Discussion

Kiely et al11 discovered that frequently, neu-
roblastoma only invades tunica adventitia but
spares the tunica media in the major blood ves-
sels. On this basis, they proposed a surgical tech-
nique for radical resection of the neuroblastoma
by dissecting and separating the involved blood
vessels and excising the tumors together with the
vascular adventitia in the involved blood vessels.
Four to six cycles of preoperative induction ther-
apy resulted in significantly smaller and harder
tumors. As well, areas of necrosis, resulting from
damaged and defective microvascular network,
were observed inside the tumor12,13. Despite the
obvious invasion of the major blood vessels ob-
served in the imaging study, relatively clear
boundaries were found between the vascular
sheath and the adventitia, particularly in the infe-
rior vena cava and the abdominal aorta. The ad-
ventitia was spared from the tumor invasion.
Blood vessels can be separated from the tumor
by dissection in the subadventitial plane along
the vessel. Involved blood vessels in the
retroperitoneum were successfully skeletonized
in all of the 21 patients undergoing gross total re-
section, and a vascular graft replacement was not
required. Cavitron Ultrasonic Surgical Aspirator
(CUSA)14 was used during the surgery of a pa-
tient whose celiac arteries were extensively in-
vaded by the tumor. The CUSA combines contin-
uous fragmentation, irrigation, and aspiration.
During the CUSA procedure, the tumor tissues,
high in water content, are selectively fragmented
and aspirated, while the vascular tissues, which
are also high in collagen, are selectively spared.
The CUSA procedure is effective in separating
the major blood vessels from the tumor tissues.
Theoretically, a complete surgical resection

would eliminate local invasion by the tumor cells,
thereby avoiding further lymphatic or blood
metastasis. Subsequent treatment includes
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chemotherapy, local radiotherapy, autologous
bone marrow transplantation, biological therapy
and immunotherapy. Complete tumor resection
can reduce the burden of the above mentioned
therapy. However, chemotherapy, as a pretreat-
ment strategy, has a major risk of toxic death (rate
up to 15%) predominantly during the periods of
bone marrow depression and the development of
secondary leukemias (up to 7% cumulative risk
after four years). Accordingly, some researchers
believe that the use of cytotoxic drugs can be
completely omitted in a substantial proportion of
low risk patients with only localized neuroblas-
tomas but without distant metastasis. On the other
hand, for high risk patients with the disease, flexi-
ble chemotherapy protocol is required and tai-
lored to achieve different goals including curbing
rapid tumor progression, relieving symptoms, and
inducing and maintaining remission. Protocol
varies in the duration of treatment ranging from
one week to nine months and in the chemothera-
py dosage. Increased efficacy of chemotherapy in
neuroblastoma stage IV (five-year survival in-
creased from eight to 33%) was achieved15. In the
present study, overall five-year survival reached
72.22% which was higher than that of recent 20
years reported in the literature15.
Some authors16 studied the effect of a com-

plete tumor resection on the prognosis of neurob-
lastoma and suggested that the biological mark-
ers of the tumor rather than surgical resection, in-
fluence the prognosis of the disease. In addition,
complete tumor resection procedure carries a
higher possibility of complications. A complete
tumor resection was proposed in intermediate-
risk patients to improve survival. However, sacri-
ficing the vital organs to achieve complete tumor
resection for high-risk patients is not justified,
because the surgery will not improve prolonged
survival and bears the high risk of serious com-
plications. In this study, despite the fact that
complete tumor resection was accomplished in
all 21 patients, survivals differ significantly in
patients due to the different histopathological na-
tures of each tumor. Of the five patients who died
after surgery, two had postoperative recurrence of
the tumor at primary site, and one had a relapse
after the second surgery. Both patients had tu-
mors of histological type with poor prognosis. In
this group, only one patient (20%, 1/5) had gan-
glioneuroblastoma and finally died of skeletal
metastasis. Three tumor-bearing patients sur-
vived after surgery, and two of them had recur-
rence at the primary site. Both tumors were of

the histological type with poor prognosis; the
other one was ganglioneuroblastoma (33%, 1/3)
and had no recurrence. This patient had preopera-
tive metastases to the control on both sides; skull
and bone marrow and the bone marrow metastat-
ic lesion disappeared after surgery. In 10 postop-
erative tumor-free surviving patients, six patients
presented with ganglioneuroblastoma (60%,
6/10). Five of them had preoperative skeletal or
bone marrow metastatic disease which disap-
peared after further postoperative treatment and
so far, no recurrence at the primary site was de-
tected. Taken together, for those patients who re-
ceived complete tumor resection at the primary
site and whose metastatic diseases responded
well to postoperative treatment (metastatic le-
sions disappeared after treatment), complete tu-
mor resection plays a pivotal role in preventing
the incidence of metastasis through local inva-
sion, blood circulation and lymphatics. Residual
tumors can be radically eliminated by postopera-
tive therapeutic strategies including chemothera-
py, bone marrow transplantation, biological ther-
apy and other comprehensive treatments, allow-
ing for favorable long-term outcome. On the oth-
er hand, for tumors with poor prognosis, com-
plete surgical resection is important but not suffi-
cient for achieving clinical treatment. The unfa-
vorable biological behavior of the tumors leads
to metastatic tumor growth in bones, contributing
to the incurable nature of and resulting in the re-
currence at the primary site. Accordingly, local-
ized radiotherapy is required and is a more effec-
tive tumor killing strategy. Surgical resection
needs to be further studied.
In the present study, complete tumor resection

was accomplished in 21 patients with neither pe-
rioperative complications nor death. Delayed
complications presented in two patients (11.11%)
which were lower than the complication inci-
dence of 15-30% reported in the literature3,5,9,17,18.
Chronic postoperative diarrhea occurred in one
tumor-free patient who survived without any
treatment. During a follow-up of eight months
post-op, this patient had three to five loose stools
per day. One patient died of postoperative skele-
tal metastasis. Extensive tumor invasion was
found in the blood vessels of the left kidney.
Even though complete separation of the renal
blood vessels from the tumor was achieved dur-
ing surgery, the patient eventually developed a
left renal atrophy. Postoperative diarrhea proba-
bly resulted from the disruption of the autonomic
nerve supply to the gut during clearance of the
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tumor from the major vessels of the retroperi-
toneum, which is common after resection of ad-
vanced abdominal neuroblastoma with an occur-
rence of 30%17. The treatment using loperamide
can decrease intestinal peristalsis and reduce the
symptoms in 65% of patients. However, long-
term treatment is required. A portion of patients
will present with persistent multiple loose stools
and a few patient may have progressive neurob-
lastoma. It has been reported that surgical resec-
tion of the retroperitoneal neuroblastoma resulted
in a 15% occurrence of renal impairment includ-
ing nephrectomy18. It is suggested that preopera-
tive chemotherapy may decrease the number of
nephrectomies19. Intraoperative procedures which
include monitoring of central venous pressure
(CVP) and urine output, diuresis, i.v. administra-
tion of electrolyte solutions, mannitol, and
furosemide as well as local application of lido-
caine to the renal vessels, can effectively prevent
renal damage due to renal vascular spasm. Color
Doppler ultrasound (CDUS) of the renal vascula-
ture should be performed on the seventh postop-
erative day. Simultaneous increases of tempera-
ture (> 38.5°C) and LDH (> 1.500 IU/l) and/or
reduction of urinary flow (< 1.5 ml/kg/h) were
indicative of renal damage: in these cases
dopamine can be administered and CDUS per-
formed. Dopamine should be continuously ad-
ministered for another two days, if the renal
blood flow was normal on the CDUS. If a vascu-
lar thrombosis is detected, fibrinolytic agents
(urokinase 4,000 IU/kg bolus and then 4,000
IU/kg/h for 24 h) can be utilized. These intra-
and postoperative measures can effectively avoid
renal impairment in neuroblastoma patients. Dur-
ing the first five postoperative (p.o.) days, CVP,
diuresis, body temperature (T), and lactate dehy-
drogenase (LDH) levels were monitored; color
Doppler ultrasound (CDUS) was also performed
on the seventh p.o. day. Simultaneous increases
of T (> 38.5° C) and LDH (> 1,500 IU/l) and/or a
reduction of urinary flow (< 1.5 ml/kg/h) were
indicative of renal damage. In these cases,
dopamine was administered and CDUS per-
formed. These preliminary results show that
these intra- and postoperative measures reliably
avoid renal impairment. Four patients (19%) un-
dergoing initial resection received nephrectomy
due to renal vascular involvement, whereas no
significant tumor invasion of renal vasculature
was observed in most patients undergoing de-
layed resection and the renal vessels were suc-
cessfully separated from the tumors. Reported

postoperative complications including abdominal
pain, abdominal distension and chylous ascites,
did not occur in these patients. We believe that
preoperative chemotherapy will lead to fibrosis
of the tumor bed in retroperitoneum and occlu-
sion of lymphatics, which can reduce the inci-
dence of postoperative chylous ascites. On the
contrary, patients undergoing initial resection
without preoperative chemotherapy present more
incidences of chylous ascites, such as in patients
with Wilms’ tumor and benign ganglioneuroma.

Conclusions

Complete tumor resection by skeletonising the
involved blood vessels, improves the respectabil-
ity of stage III/IV neuroblastoma at initial
surgery. This reduces the burden of subsequent
treatment, alleviating anxiety and fear in patients,
enhancing confidence, reducing social and eco-
nomic burden, improving patients’ survival and
resulting in low incidence of postoperative com-
plications.
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