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Abstract
Purpose—Although occasionally difficult, distinguishing abdominal neuroblastoma (NBL) from
Wilms tumor (WT) at presentation is important, as surgical management differs significantly. We
reviewed our 20 year experience (1987–2006) treating patients with NBL, focusing on those with
an initial diagnosis of WT, to determine presenting features that would have suggested the correct
pre-operative diagnosis.

Methods—Retrospective case cohort study reviewing charts and imaging of patients with NBL
initially diagnosed clinically with WT. Preoperative symptoms, laboratory studies, and imaging
were evaluated. Similar variables were assessed in the 20 patients with WT most recently treated
at our institution.

Results—Nine patients with NBL were identified who had an exploratory laparotomy with a pre-
operative diagnosis of WT;eight underwent nephrectomy at exploration. Children with NBL had
symptoms such as fever and weight loss at presentation (67%) more often than patients with WT
(20%). Pre-operative computed tomography (CT) demonstrated intratumoral calcifications,
vascular encasement, or both in 78% of patients with NBL but were never seen in WT patients. Of
interest, pre-operative urinary catecholamines were elevated in five patients ultimately diagnosed
with NBL.

Conclusion—Although NBL can be mistaken for WT at presentation, the presence of
constitutional symptoms, or intratumoral calcification or vascular encasement on preoperative
imaging should heighten suspicion for NBL. In addition, laboratory evaluation, including urinary
catecholamines, should be completed prior to surgery when the etiology of an abdominal tumor is
uncertain.
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Introduction
Neuroblastoma (NBL) and Wilms tumor (WT) represent two of the most common solid
tumors of childhood1. While there are some similarities in the initial presentation of patients
with these two tumor types, a thorough pre-operative work-up including a detailed history,
physical examination, laboratory evaluation, and diagnostic imaging should help establish
the correct diagnosis. Distinguishing between these tumor types prior to exploration and
potential tumor resection is critical, as the surgical management for NBL and WT differs
significantly with regard to the extent and timing of tumor resection, particularly in the
setting of high-risk NBL. Treatment of WT usually begins with nephrectomy, whereas
patients with high-risk abdominal neuroblastoma generally receive neoadjuvant
chemotherapy, with every effort being made to preserve both kidneys at the time of delayed
tumor resection. The purpose of the current investigation was to determine which of the pre-
operative findings would be most useful when the distinction between these two diagnoses is
uncertain. In particular, we focused on a group of patients operated on at presentation with a
presumed diagnosis of WT who were subsequently found to have NBL.

Methods
We reviewed the records of nine patients treated at St. Jude Children’s Research Hospital
during a 20 year period (1987–2006) for NBL, who had initially been diagnosed with WT
and, as a result, had undergone an exploratory laparotomy with planned nephrectomy after
presenting to their local institutions. Pre-operative factors including the presenting
symptoms, physical examination, and laboratory values including complete blood count
(CBC), serum lactate dehydrogenase (LDH), and urinary catecholamines/metanephrines
were evaluated. In addition, the pre-operative CT reports, peri-operative progress notes,
operative notes and pathology reports were reviewed. To serve as a control group, these
variables were evaluated in the last 20 patients treated for WT at our institution. This
retrospective review was approved by the St. Jude Children’s Research Hospital Institutional
Review Board (XPD07-025).

Results
We identified 9 patients who underwent laparotomy at referring institutions with a pre-
operative diagnosis of WT, who were subsequently found to have NBL. Of these, 8 had
nephrectomy at their original exploration. The one patient who did not undergo nephrectomy
was a 4 year old, where, at exploration, the surgeon realized that the correct diagnosis was
likely NBL rather than WT, and therefore biopsied the tumor as well as contralateral lymph
nodes (Figure 1). This patient turned out to have stage 3 NBL with unfavorable histology.

Of the 8 patients who underwent nephrectomy for presumed WT, 6 were subsequently
determined to have high-risk NBL based on age, MYCN status, and histopathology. In
addition, 3 of these 8 patients were found to have disease metastatic in the bone marrow. In
fact, one patient underwent bone marrow aspiration pre-operatively, but the results were not
confirmed until after surgery; the other two had bone marrow examinations performed post-
operatively. Sampling of contralateral lymph nodes for staging was not performed at initial
surgery in any of these 8 patients.
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Children presenting with neuroblastoma were more likely to have constitutional symptoms
including fever and/or weight loss (67%) compared to those with WT (20%). Children with
WT most often presented simply with asymptomatic abdominal distention detected by the
parents or pediatrician. Pre-operative complete blood counts revealed that children with
NBL had significantly lower white blood cell counts (8,800/mm3 vs 13,200/mm3, p=0.037)
and platelet counts (385,000/mm3 vs 520,000/mm3, p=0.034) than children with WT.
However, overall, patients were not found to have profound leukopenia or
thrombocytopenia. Both groups also had decreased mean hemoglobin levels (9.7g/dL vs
10.7g/dL, p=0.072), although the difference between groups did not reach statistical
significance. Serum LDH levels revealed no difference between the two groups (1390 units/
L vs 1312 units/L, p=NS) (Table 1).

One clear difference in patients with NBL versus WT was the presence of elevated urinary
catecholamines or metanephrines. Review of the pre-operative laboratory work up revealed
that 5 patients in the NBL group actually had urinary vanillylmendalic acid (VMA) and/or
homovanillic acid (HVA) evaluated; in each case these were subsequently found to be
elevated. Each of the five had elevated urinary VMA (mean 300.8, range 58–806), and two
had elevated urinary HVA (mean 86.5, range 47–126). Surprisingly, however, in each case,
surgery preceded the availability of these results. Of the 20 patients treated for WT, only 2
underwent pre-operative urinary catecholamine analysis, and each was negative. The finding
of elevated urinary catecholamines clearly suggests a diagnosis of neuroblastoma and should
prompt the surgical and medical teams to complete the staging evaluation prior to
proceeding with an operation.

Another important component in the pre-operative evaluation of children with abdominal
tumors is imaging. It is well documented that intratumoral calcifications are frequently
present in NBL but are rare in patients with WT.2 The same is true for vascular
encasement.3 On review of the pre-operative CT findings in children thought to have WT,
and subsequently found to have NBL, 7 of 9 (78%) were found to have either intratumoral
calcification, vascular encasement (i.e. celiac, superior mesenteric, or aorta) (Figure 2), or
both. Conversely, none of the 20 patients most recently treated for WT at our institution had
either of these finding on pre-operative CT scan.

Discussion
Distinguishing abdominal NBL from WT is critical when evaluating children with
abdominal tumors as the surgical management for these tumors differs significantly. While
surgical extirpation of the primary tumor is a critical component of the treatment of both
malignancies, nephrectomy is rarely necessary in the treatment of neuroblastoma.4 In fact,
preservation of renal function is important as increasingly nephrotoxic regimens are used to
control high-risk neuroblastoma.5 In addition, when a diagnosis of NBL is made, the optimal
timing of surgery to remove the tumor is often dependent on risk stratification.6,7 In patients
with high-risk NBL, initial surgery is usually limited to obtaining tissue for determining the
diagnosis and tumor biology, staging, and placement of a central venous access device.6
Tumor resection is then performed following cytoreductive neoadjuvant therapy.6,7 On the
other hand, in patients with WT, primary resection is generally attempted at presentation, at
least in the United States. In the current study, we reviewed our 20 year experience in
treating high-risk NBL and identified a subset of patients originally thought to have WT. All
but one of these patients underwent nephrectomy at the time of original laparotomy.

Children with NBL may present with a variety of clinical features including abdominal
distension/pain, anemia, fever, weight loss, hypertension, or symptoms related to metastatic
disease such a bone pain.8,9 In contrast, children with WT often only present with abdominal
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distension that is detected by the parents or primary care physician.10 Accordingly, in
review of the history and physical examination of patients in our study, children with NBL
tended to have findings of fever and or weight loss more frequently than children with WT
(67% vs 20%). Thus, ill-appearing children or those having a broad spectrum of
constitutional symptoms during presentation for an abdominal mass should heighten
suspicion for NBL. Nearly half of all patients with NBL have metastatic disease at the time
of presentation11, often to the bone marrow which may lead to pancytopenia. Our review of
complete blood counts in patients diagnosed with NBL versus WT revealed that patients
with NBL had lower mean white blood cell counts and lower mean platelet counts, although
these children were generally not leukopenic or thrombocytopenic. Children in both groups
were slightly anemic.

One staple in the diagnosis of NBL is a finding of elevated urinary catecholamines or
metanephrines which will be present in over 90% of patients.12 If there is any question as to
the diagnosis, this test should be performed and the results reviewed prior to surgery. The
most surprising finding in the current investigation was that in children undergoing
laparotomy for presumed WT, five patients actually had urinary VMA and/or HVA
collected pre-operatively, indicating that NBL was entertained in the differential diagnosis.
In each case these levels were elevated. Remarkably, however, surgery had proceeded
without waiting for the results. If urinary catecholamines or metanephrines are collected
because of a questionable diagnosis of NBL, clearly these results should be reviewed prior
to proceeding with tumor resection, and particularly nephrectomy.

Currently, children with an abdominal mass invariably undergo CT scanning to evaluate the
nature of the mass. It is well documented that stippled calcifications, which can often be
picked up on plain radiographs, and are routinely present on CT are suggestive although not
diagnostic of NBL.2,13 In addition, the finding of vascular encasement by a tumor is highly
predictive of NBL over WT.3 On review of pre-operative CT scans in the current study, of
nine patients eventually diagnosed with NBL, 6 (67%) had calcifications, and 4 (44%)
demonstrated vascular encasement, with 7 of 9 (78%) demonstrated either one or both of
these findings. These results suggest that when the diagnosis is in question, the finding of
tumor calcification or vascular encasement on pre-operative imaging should heighten
suspicion for NBL and prompt completion of the appropriate pre-operative laboratory work
and staging. In cases where CT is equivocal, MRI may add information with regard to the
primary tumor, as well as yield staging information for both WT and NBL.

Although abdominal NBL can occasionally be mistaken for WT at presentation,
constitutional symptoms such as fever and weight loss and the finding of intratumoral
calcification or vascular encasement on pre-operative imaging should alert the surgeon to
the correct diagnosis. In addition, a complete laboratory evaluation, including measurement
of urinary catecholamines, should be completed prior to surgery when the etiology of an
abdominal tumor is uncertain. If there is still diagnostic uncertainty after completion of this
work-up, it is recommended that biopsy rather than resection of the primary tumor be
performed so that appropriate treatment algorithms are followed. While this review
encompasses a small group of patients referred to a single institution, it serves an important
reminder that the work-up of children with abdominal tumors should be thorough and
complete prior to surgical intervention. Certainly, a future study which queries a larger
database would provide further insight into the frequency of misdiagnosed abdominal
tumors and may point to additional potential pitfalls the clinician should avoid.
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Figure 1.
Pre-operative CT images of a patient with a right retroperitoneal neuroblastoma who
underwent an initial exploratory laparotomy with a presumed diagnosis of Wilms tumor.
The correct diagnosis was confirmed intra-operatively by frozen section analysis of a biopsy
of the tumor obtained when the surgeon questioned the pre-operative diagnosis.
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Figure 2.
Pre-operative CT images of a patient with a left retroperitoneal neuroblastoma who
underwent an initial nephrectomy because of a presumed diagnosis of Wilms tumor.
Although the image in panel A might be consistent with Wilms tumor, the displacement of
the aorta with encasement of the SMA (B) and both renal arteries (C), and the relation to the
kidney (D), suggest the correct diagnosis.
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Table 1

Pre-operative laboratory values.

Neuroblastoma
(n = 9)

Wilms’ Tumor
(n = 20)

p value*

WBC (mm3) 8,800 13,200 0.037

Platelet count (mm3) 391,000 520,000 0.034

Hemoglobin (g/dL) 9.7 10.7 0.072

LDH (units/L) 1390 1312 N.S.

*
Student’s t-test
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