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Abstract
Neuroblastoma (NB) is the most common extracranial 
solid tumor in children. Diarrheal NB is quite rare and 
is not easy to diagnose in the early stage. Six cases of 
diarrheal NB in our hospital treated from 1996 to 2006 
were retrospectively analyzed, including characteristics 
such as electrolyte imbalance, pathologic features, 
vasoactive intestinal peptide (VIP) immunohistochemical 
staining results, treatment, and prognosis. All patients 
were boys with 3-8 loose or watery stools each day 
and routine fecal tests were normal. Abdominal tumors 
were identified by B-ultrasound. Drugs were ineffective. 
Three patients underwent surgery, and the remaining 
three patients received surgery and chemotherapy. 
Diarrhea stopped after treatment in five patients. Two 
patients died due to intractable hypokalemia. The tumor 
was located in the adrenal gland in four patients, in 
the upper retroperitoneum in one patient, and in the 
presacral area in one patient. Pathologic findings were 
NB and ganglioneuroblastoma. Five patients were 
at clinical stage Ⅰ-Ⅱ, and one was at stage Ⅲ. Four 
patients survived (followed-up for 6 mo to 4 years). 
Immunohistochemical staining for VIP was positive. 
Refractory diarrhea is a paraneoplastic syndrome of NB 
and is rare. Patients aged 1-3 years who present with 
chronic intractable diarrhea should be followed closely. 
Intractable diarrhea, hypokalemia, and dysplasia are 
the initial clinical manifestations. Increased VIP is 
characteristic of this disease. Potassium supplementation 
plays a vital role in the treatment procedure, especially 
preoperatively. The prognosis of diarrheal NB is good 
following appropriate treatment. 
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Core tip: Neuroblastoma (NB) is the most common 
extracranial solid tumor in children. Diarrheal NB is quite 
rare and is not easy to diagnose in the early stage. Six 
cases of diarrheal NB were retrospectively analyzed, 
including characteristics such as electrolyte imbalance, 
pathologic features, vasoactive intestinal peptide 
immunohistochemical staining results, treatment, and 
prognosis.
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INTRODUCTION
Neuroblastoma (NB) is the most common extracranial 
solid tumor in children, and the primary tumor can 
be located in any part of the sympathetic chain or the 
adrenal medulla[1]. The tumor is most commonly found 
in the abdomen (75%), followed by the mediastinum 
(20%) and the neck (5%)[2]. Retroperitoneal NB 
is initially enigmatic, leading to progression and a 
poor prognosis. Patients with diarrhea as the main 
symptom, namely diarrheal NB, are quite rare[3]. Con­
sequently, diarrheal NB is not easy to diagnose in the 
early stage of the disease. In this article, data from 
six patients with diarrheal NB treated in our hospital 
from 1996 to 2006 were retrospectively analyzed, 
including characteristics such as electrolyte imbalance, 
pathologic features, vasoactive intestinal peptide (VIP) 
immunohistochemical staining results, treatment, and 
prognosis.

CASE REPORT
According to the diagnostic criteria for NB, we deve­
loped the following criteria for inclusion of patients 
in the study: an increase in urinary catecholamine 
metabolites, consistent with a primary or metastatic 
tumor determined by NB or pathologic features 
from a tissue biopsy, and NB cells were detected 
in bone marrow. Patient information was collected, 
including sex, age, clinical manifestations, labora­
tory tests, imaging studies, treatment, pathologic 
findings, and follow-up results. VIP was measured 
by immunohistochemical staining. From the year 
1996 to 2006, a total of six cases of diarrheal NB 
were admitted to our hospital. All patients were boys. 
The minimum age at diagnosis was 1 year and the 
maximum age was 2 years 6 mo. Diarrhea occurred 
from the age of 9 mo to 2 years. The time from when 
diarrhea occurred to diagnosis ranged from 4 mo to 1 
year. Loose or watery stools occurred 3-8 times each 
day, and routine fecal tests were normal. Drugs were 
ineffective. Diarrhea was the first symptom and was 

consistent in five cases, and abdominal tumors were 
identified by B-ultrasound.

Two patients underwent preoperative chemo­
therapy, in one case diarrhea stopped after 1 mo of 
chemotherapy, in the other patient, diarrhea was 
reduced and stopped after surgery. Three cases 
underwent surgery without preoperative chemotherapy, 
diarrhea stopped in two patients after surgery, and one 
patient died during surgery. One patient visited a doctor 
due to abdominal pain and a tumor was identified; 
diarrhea began after preoperative chemotherapy and 
the symptoms were obvious even after tumor resection. 
Water and electrolyte imbalance and malnutrition 
were difficult to correct and the patient died. The 
main characteristics were chronic dehydration, intrac­
table hypokalemia, chronic malnutrition, and growth 
retardation. Potassium was as low as 1.3 mmol/L, and 
potassium supplementation by routine daily peripheral 
venous infusion was generally ineffective, and a high 
concentration of potassium infused intravenously was 
necessary. ECG monitoring was necessary in these 
patients to prevent cardiac arrest. Blood vessel leakage 
and skin necrosis occurred in one patient following 
the infusion of high concentrations of potassium via 
a peripheral vein. Although patients may adapt to 
chronic hypokalemia, correction of hypokalemia before 
surgery is necessary. One of the six cases, whose 
preoperative serum potassium was 2.8 mmol/L, was 
not cured, and cardiac arrest occurred during the 
operation; serum potassium at that time was 1.8 
mmol/L. It is noteworthy that even if the preoperative 
serum potassium had been corrected (4.84 mmol/L), 
hypokalemia (1.8 mmol/L) would still have occurred 
during surgery, and serum potassium should be 
monitored frequently during surgery.

Of the six patients included in this study, the 
tumors were located in the adrenal gland in four cases, 
in the upper retroperitoneum in one case, and in the 
presacral area in one case. Pathologic findings were 
NB and ganglioneuroblastoma. Five patients were 
clinical stage Ⅰ-Ⅱ, and one case was stage Ⅲ. Four 
patients survived (followed-up for 6 mo to 4 years). 
It is generally believed that diarrhea is related to VIP 
secretion by the tumor[4]. The immunohistochemical 
staining results are shown in Figure 1.

DISCUSSION
NB is the most common extracranial solid tumor in 
children, and the primary tumor can be located in 
any part of the sympathetic chain or the adrenal 
medulla[5]. The tumor most commonly occurs in the 
abdomen (75%), followed by the mediastinum (20%) 
and the neck (5%). Retroperitoneal NB is initially 
occult, leading to progression and a poor prognosis[6]. 
Due to a lack of B-ultrasound newborn screening, 
early identification of NB is mainly dependent on 
initial symptoms[7]. Fever[8], limb pain[9], abdominal 
mass, abdominal pain[10], and lower limb weakness 

7930 July 7, 2015|Volume 21|Issue 25|WJG|www.wjgnet.com

Han W et al . Diarrhea in patients with neuroblastoma



are the most common clinical manifestations in the 
majority of patients. Patients with diarrhea as the main 
symptom, suggestive of diarrheal NB, are quite rare. 
Consequently, it is not easy to diagnose in the early 
stage of the disease.

Intractable diarrhea is due to the tumor secreting 
large amounts of VIP, and these children usually 
present with secretory diarrhea, hypokalemia, and 
achlorhydria[11]. VIP acts on the intestinal epithelial cells 
via the blood circulation, causing excessive secretion 
of intestinal fluid and promoting pancreatic juice and 
bile secretion, and further exacerbating the loss of 
water and electrolytes. Secretory diarrhea is the most 
obvious symptom of the disease, and our patients 
suffered from serious watery diarrhea that lasted a 
long time, and was not relieved even after 72 h of 
fasting, which led to the diagnosis. In 1952, Hawfield 
and Daisly reported a case of adrenal neuroblastoma 
with chronic diarrhea where the diarrhea stopped 
after removal of the tumor[12]. Other investigators also 
reported ganglioneuroma and ganglion NB with watery 
diarrhea, hypokalemia, and achlorhydria syndrome 
in 1973[13]. They detected high levels of VIP in the 
patients’ serum or tumor. Using peroxidase-anti-
peroxidase staining assays, immunohistochemical 
methods, VIP serum level, and tumor tissue staining, 
they also found that the ganglion-like tumor cells were 
positive, but undifferentiated NB cells were negative.

VIP was first isolated in 1970 from pig small 
intestines[14]. It has been confirmed that the central 
nervous system and the sympathetic ganglion neurons 
are also rich in VIP. This peptide is composed of 28 
amino acids and its main function is to dilate blood 
vessels, to inhibit histamine, which can stimulate 
gastric acid secretion resulting in achlorhydria, and 
stimulate the secretion of intestinal fluid resulting in 
excessive watery diarrhea. Normal amounts of VIP can 
be inactivated by the liver, and its physiologic function 
is insignificant. When ganglion cells proliferate, such as 
in tumors, and secrete excessive VIP, watery diarrhea 
syndrome occurs.

Some researchers have proposed the concept 
of “VIP secreting tumors”, and these tumors include 
pheochromocytoma, mast cell tumors, non-B cell 

hyperplasia, and medullary thyroid carcinoma. Re­
fractory watery diarrhea in children is mainly due to high 
VIP levels in plasma. Such cases were first reported 
by Ghishan et al[15] in 1979. VIP secreting tumor-
induced diarrhea is characterized by watery diarrhea, 
hypokalemia, and alkalosis (WDHA syndrome). This 
syndrome is most common in children aged one year 
to three years, and should be included in the differential 
diagnosis of pediatric chronic diarrhea.

In summary, diarrheal NB is a rare disease that 
is difficult to identify in the early stage. Patients aged 
1-3 years who present with chronic intractable dia­
rrhea should be followed closely. Intractable diarrhea, 
hypokalemia, and dysplasia are the initial clinical 
manifestations. An increased level of VIP is characteristic. 
Attention should be paid to potassium supplementation, 
which plays a vital role in the treatment procedure, 
especially preoperatively. In order to prevent sudden 
cardiac death, monitoring of electrolytes and ECG 
changes during surgery is important. The prognosis of 
diarrheal NB is good following appropriate treatment.
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manifestations of diarrheal neuroblastoma. 
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All patients were boys who had 3-8 loose or watery stools each day, abdominal 
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The differential diagnosis of patients aged 1-3 years who present with chronic 
intractable diarrhea should include diarrheal neuroblastoma.
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Abdominal tumors were identified by B-ultrasound in all cases.
Pathological diagnosis
Pathologic findings were neuroblastoma or ganglioneuroblastoma with positive 
immunohistochemical staining for vasoactive intestinal peptide.
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Figure 1  Immunohistochemical staining showing vasoactive intestinal peptide positivity. A: The vasoactive intestinal peptide mainly expressed in cytoplasm 
[hematoxylin-eosin (HE) × 4]; B: The  cytoplasm was dyed brown (HE × 100).
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Treatment
Tumor resection and potassium supplementation play a vital role in the 
treatment procedure.
Related reports
Such cases were first reported by Ghishan et al in 1979.
Experiences and lessons
Patients aged 1-3 years who present with chronic intractable diarrhea should 
be followed closely and potassium supplementation plays a vital role in the 
treatment procedure, especially preoperatively.
Peer-review
This manuscript is very interesting. Diarrheal neuroblastoma is quite rare.
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