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Background: Neuroblastoma is the most common solid extracranial tumor in children.

Patients affected by neuroblastoma are stratified into low, intermediate, and high risk in

terms of event-free and overall survival. Some high-risk patients have an additional risk

of acute hemorrhagic complications during induction chemotherapy.

Aim: To find easily and rapidly assessed parameters that help clinicians identify

those patients affected by high-risk neuroblastoma who have an additional risk of

hemorrhagic complications.

Methods: The clinical notes of patients diagnosed with high-risk neuroblastoma from

January 2013 until February 2021 were retrospectively reviewed. Clinical, demographic

and laboratory data, biological characteristics of the tumor, and information about

treatment and hospital stay were identified.

Results: In the examined period, 44 patients were diagnosed with high-risk

neuroblastoma. Four of these patients had hemorrhagic complications within 2–7 days

after the initiation of induction chemotherapy; two patients had hemothorax, one patient

had hemoperitoneum and one patient had hemothorax and hemoperitoneum. The

patient with isolated hemoperitoneum was treated with blood components transfusions,

clotting factors and colloids infusions; the three patients with hemothorax underwent

thoracostomy tube placement and respiratory support. At initial presentation, patients

who suffered from hemorrhagic complications had a higher degree of hypertension

(stage 2, p = 0.0003), higher levels of LDH (median 3,745 U/L, p = 0.009) and lower

levels of hemoglobin (mean 7.6 gr/dl, p = 0.0007) compared to other high-risk patients.
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Conclusions: A subgroup of “additional” high-risk patients can be identified within

the high-risk neuroblastoma patients based on mean arterial pressure, LDH levels and

hemoglobin levels at presentation. Further studies to define cut-off values and optimal

management strategies for these patients are needed.

Keywords: high-risk neuroblastoma, hemorrhagic complications, hemothorax, hemoperitoneum, chemotherapy

complications

INTRODUCTION

Neuroblastoma is the most common solid extracranial tumor
in childhood worldwide, accounting for 8–10% of all cancer
cases in children (1); it arises from the neural crest cells of
the developing sympathetic system, typically resulting in adrenal
or paravertebral tumors (2). Staging and pretreatment risk
stratification of neuroblastoma are based on the International
Neuroblastoma Risk Group (INRG) staging and classification
system; patients are divided into low, intermediate and high risk
in terms of Event-Free Survival (EFS) and Overall Survival (OS)
(3, 4).

Clinical presentation of neuroblastoma varies widely, ranging
from asymptomatic patients to symptoms related to local
compression of adjacent structures and to catecholamines
or vasoactive intestinal peptide (VIP) secretion, such as
hypertension and intractable diarrhea, systemic non-specific
symptoms, such as fever and weight loss, or cytopenia related to
bone marrow metastases (5, 6).

On rare instances, children with neuroblastoma may
present with acute hemorrhage such as hemothorax and
hemoperitoneum (7–9). Such cases pose a great challenge for the
caring clinicians.

The purpose of this study is to identify and describe a
specific subset of high-risk patients who have additional risk of
developing hemorrhagic complications, in order to find rapidly
and easily assessed parameters that can help clinicians predict
these complications and optimize their treatment.

PATIENTS AND METHODS

All the patients diagnosed with high-risk neuroblastoma at
Bambino Gesù Children’s Hospital from January 2013 until
February 2021 were included in the study. Risk stratification
was performed according to the criteria of the International
Neuroblastoma Risk Group (INRG) Classification System (3);
all the patients were evaluated and treated according to the
High Risk Neuroblastoma Study 1.8 of SIOP-Europe (SIOPEN)
(10). Patients who were referred from other institutions after the
diagnosis had already been established were excluded from the
present study.

At presentation, all the patients underwent full clinical
assessment, serial measurement of arterial pressure, complete
blood count, lactate dehydrogenase (LDH) and uric acid serum
levels, urinary catecholaminemetabolites, i.e., vanilmandelic acid
(VMA) and homovanillic acid (HVA), coagulation tests, hepatic
and renal function tests.

All the patients underwent total-body contrast-enhanced
computed tomography (CT) and meta-iodobenzylguanidine
(MIBG) scintigraphy.

Diagnosis was confirmed by histology performed on
core needle biopsy and amplification of N-MYC on
tumor specimens was determined for every patient. All
the patients underwent bone marrow biopsy as part of
initial work-up.

Patients were divided in two groups; patients who
developed hemorrhagic complications during induction
chemotherapy were categorized in group A, while patients
who did not develop such complications were categorized in
group B.

In order to differentiate anemia secondary to chemotherapy-
induced bone marrow aplasia form anemia secondary to blood
loss, hemorrhagic complications were defined by the concurrent
presence of the following three criteria: (1) anemia (i.e.,
hemoglobin levels below 8.0 gr/dL) that persisted after the
transfusion of 10 mL/kg of packed red cells, (2) the presence
of respiratory distress or abdominal pain or distension, (3)
radiological evidence of pleural effusion or free abdominal fluid.

The following variables were analyzed: clinical features,
laboratory findings, radiologic assessment, histology/biology (see
detailed description below).

Statistical analyses were performed using Prism 9.0.0.121
(GraphPad Software, Inc., San Diego, CA).

Categorical variables were analyzed using Fisher’s test.
Continuous variables were tested for normal distribution using
D’Agostino-Pearson test: variables with normal distribution were
analyzed using Student’s t-test, while variables without normal
distribution were analyzed with Mann-Whitney test.

Variables that resulted statistically significant on univariate
analysis were subsequently tested on multivariate logistic
regression; the outcome (dependent) variable was the occurrence
of hemorrhage.

A value of p < 0.05 was considered statistically significant for
each analysis.

Clinical Features
Age at diagnosis: median age at diagnosis in months was
calculated separately in the two groups and data have been
compared using Mann-Whitney test.

Time from onset of symptoms to diagnosis: time in weeks
from onset of symptoms to diagnosis was recorded for each
patient from the history reported in the clinical notes. Median
time and range were calculated in each group and data were
compared using Mann-Whitney test.
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Systemic symptoms: the presence of fever >37.5◦C, weight
loss or asthenia was recorded for each patient in the two groups.
Data were compared using Fisher’s test.

Arterial pressure: as per institutional protocol, arterial
pressure measurements were performed upon admission and
every 8 h for each patient. Mean values for the first 4 days from
admission were calculated for each patient. Patients were defined
as having normal blood pressure, stage 1 hypertension or stage
2 hypertension according to the “Clinical Practice Guideline
for Screening and Management of High Blood Pressure in
Children and Adolescents” published in 2017 (11). Patients
were grouped according to the presence of stage 2 hypertension
vs. stage 1 or no hypertension. Data were compared using
Fisher’s test.

Laboratory Findings
Hemoglobin levels: full blood count was performed in
every patient upon admission. Mean hemoglobin level and
standard deviation (SD) have been calculated separately
in the two groups and data have been compared using
Student’s t-test.

LDH levels: LDH serum levels were measured in every patient
upon admission. Median levels and range have been calculated
separately in the two groups and data have been compared using
Mann-Whitney test.

Urinary VMA and HVA levels: VMA and HVA urinary levels
were measured in every patient upon admission. Median levels
and range for the two metabolites have been calculated separately
in the two groups and data have been compared using Mann-
Whitney test.

FIGURE 1 | Left retroperitoneal neuroblastoma with posterior mediastinum

extension.
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Radiologic Assessment
Maximum diameter of the primary tumor: maximum diameter
of the primary tumor was measured for each patient on initial
CT images by the radiologist who performed the investigation
and subsequently revised by GLN and PDP. Mean diameter and
standard deviation (SD) have been calculated separately in the
two groups and data have been compared using Student’s t-test.

Vascular and total Image-Defined Risk Factors (IDRF): the
presence and number of both vascular and total IDRF was
assessed for each patient on initial CT images by the radiologist
who performed the investigation and subsequently revised by
GLN and PDP. IDRF were defined according to the International
Neuroblastoma Risk Group (INRG) Staging System (4). Mean
number and standard deviation (SD) have been calculated
separately in the two groups and data have been compared using
Student’s t-test.

Stage: patients were staged by CT scan andMIBG scintigraphy
according to the International Neuroblastoma Risk Group
(INRG) Staging System (4). Stage distributions in the two groups
were compared using Fisher’s test.

Histology/Biology
Bone marrow infiltration: bone marrow biopsy was performed
at initial presentation in every patient. Patients were grouped
according to the presence vs. absence of neuroblastoma infiltrates
in the bone marrow. Data were compared using Fisher’s test.

N-MYC amplification: amplification of N-MYC on biopsy
specimens was determined for every patient. Patients were
grouped according to the presence vs. absence of N-MYC
amplification. Data were compared using Fisher’s test.

RESULTS

In the examined period, 44 patients were diagnosed with High-
risk neuroblastoma at our institution and were included in the
present study. None of the patient had pre-existing comorbidities
and coagulation tests, hepatic and renal function tests did not
reveal any abnormality in any patient.

All the patients had avid uptake on MIBG scan.
All the patients received induction chemotherapy according

to the Rapid COJEC schedule of the High Risk Neuroblastoma
Study 1.8 of SIOP-Europe (SIOPEN) (10).

Four patients (9%) developed hemorrhagic complications
within 2–7 days (mean 3.25 days) after the administration of the
first course of chemotherapy and were categorized in group A;
two patients had hemothorax, one patient had hemoperitoneum
and one patient had hemothorax and hemoperitoneum. All these
patients had primary left retroperitoneal tumors, one patient also
had extension of neoplastic tissue in the posterior mediastinum
(Figure 1) and all of them presented with encasement of the
aorta, the celiac tripod, the superior mesenteric artery and the left
renal pedicle. Two patients had stage L2 disease, and two patients
had stage M disease and no one of them had evidence of active
bleeding on the initial staging CT scan. The clinical features of
these patients at diagnosis and at the onset of hemorrhage are
summarized in Tables 1, 2, respectively.
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FIGURE 2 | Bleeding from left diaphragmatic artery (CT scan: circle).

FIGURE 3 | Bleeding from left diaphragmatic artery (angiography: circle).

All these four patients received medical treatment consisting
in packed red cells and platelets transfusions, plasma or purified
vitamin K-dependent clotting factors infusions and albumin
infusions. The two patients with isolated hemothorax underwent
thoracostomy tube placement. The patient with associated
hemothorax and hemoperitoneum had radiological evidence of

FIGURE 4 | Embolization of left diaphragmatic artery (angiography: circle).

bleeding from the left diaphragmatic artery (Figures 2, 3); this
patient underwent thoracostomy tube placement and angio-
embolization of the bleeding vessel (Figure 4). The patient with
isolated hemoperitoneum received medical treatment only.

All the patients successfully recovered after the hemorrhagic
complications. Table 3 summarizes the treatment for each
patient. One patient died of progressive disease 4 months after
diagnosis, two patients are currently on first line treatment
and one patient is in complete remission with a follow up of
52 months.

Forty patients (91%) did not develop hemorrhagic
complications and were therefore categorized in group B.
Thirty-seven patients (92.5%) had primary retroperitoneal
tumor, with mediastinal extension in two cases. Two patients
(5%) had primary mediastinal tumors and one patient (2.5%)
had primary cervical localization. Four patients (10%) had
stage L2 disease and 36 (90%) had stage M disease. None of
these patients developed hemorrhagic complications during
subsequent courses of chemotherapy.

Clinical Features
Age at diagnosis: median age for patients in group A was
18 months (range 15–47 months) while mean age in group
B was 42 months (range 11–199 months). Patients in group
A were significantly younger than patients in group B (p =

0.0343; Mann-Whitney).
Time from onset of symptoms to diagnosis: median time was

3 weeks in group A (range 1–4 weeks) and 4 weeks in group B
(range 1–22 weeks). The difference between the two groups was
not statistically significant (p= 0.2741; Mann-Whitney).
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Systemic symptoms: all the patients (100%) in group A
presented with systemic symptoms while 26 patients (72.5%)
in group B had systemic symptoms at diagnosis. There was no
statistically significant difference between the two groups (p =

0.2897; Fisher’s).
Arterial pressure: all the patients in group A (100%) presented

with stage 2 hypertension while 3 patients (7.5%) in group B
had stage 2 hypertension. Patients in group A had a statistically
significant higher severity of hypertension (p= 0.0003; Fisher’s).

Laboratory Findings
Hemoglobin levels: mean hemoglobin level was 7.6 gr/dL (SD
0.9 gr/dL; range 6.6–8.7 gr/dL) in group A and 9.9 gr/dL (SD
1.9 gr/dL; range 5.8–14.7 gr/dL) for group B. The difference
between the two groups was statistically significant (p = 0.0007;
Student’s t-test).

LDH levels: median LDH serum level was 3,745 IU/L (range
2834–6677 IU/L) for group A and 1,089 IU/L (range 366–
8,640 IU/L) for group B. Patients in group A had statistically
significant higher levels of LDH compared to group B (p =

0.009; Mann-Whitney).
Urinary VMA and HVA levels: median VMA level was

12.9 mcg/mg creat (range 6.25–24.0 mcg/mg creat) for group
A and 98.4 mcg/mg creat (range 5.0–2657.0 mcg/mg creat)
for group B. The difference was statistically significant (p =

0.0048; Mann-Whitney).
Median HVA level was 27.5 mcg/mg creat (range 20.0–197.0

mcg/mg creat) for group A and 128.1 mcg/mg creat (range
9.5–2,191.0 mcg/mg creat) for group B. The difference was not
statistically significant (p= 0.0612, Mann-Whitney).

Radiologic Assessment
Maximum diameter of the primary tumor: mean value for
maximum diameter of the primary tumor was 14.6 cm (SD
1.6 cm; range 13.5–17.0 cm) for group A and 10.9 cm (SD 3.8 cm;
range 4.1 – 18.0 cm). The difference between the two groups was
not statistically significant (p= 0.0625, Student’s t-test).

Vascular and total Image Defined Risk Factors (IDRF): all
the patients in group A had 4 vascular IDRF, while mean
number of vascular IDRF in group B was 2.2 (st. dev 1.1; range
0–4). The difference was statistically significant (p = 0.0024,
Student’s t-test).

The mean number of total IDRF was 4.2 (SD 0.5; range 4–5)
in group A and 3.2 (SD 1.4; range 0–5) in group B. The difference
between the two groups was not statistically significant (p =

0.0752, Student’s t-test).
Stage: in group A 2 patients had stage L2 disease and 2 patients

had stage M disease 50–50%). In group B 4 patients had stage L2
disease and 36 had stage M disease (10–90%). The difference was
not statistically significant (p= 0.0834, Fisher’s).

Histology/Biology
Bone marrow infiltration: one patient (25%) in group A had bone
marrow infiltrates while 34 patients (85%) in group B had positive
bone marrow biopsy. Patients with hemorrhagic complications
had a significantly lower incidence of bone marrow metastases (p
= 0.0226, Fisher’s). T
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TABLE 4 | Comparison and statistics.

Group A Group B p-value

Number of patients 4 40

Clinical presentation

Age (months: median + range) 18 15–47 42 11–199 0.0343 Significant

Time from onset to diagnosis (weeks: median + range) 3 1–4 4 1–22 0.2741

Systemic symptoms (n. of pts + percentage) 4 100% 26 72.50% 0.2897

Arterial pressure (n. of pts + percentage)

Hypertension stage 2 4 100% 3 7.50% 0.0003 Significant

Hypertension stage 1 0 0% 7 17.50%

Normal arterial pressure 0 0% 30 75%

Laboratory findings

Hb (gr/dL: mean + standard deviation) 7.6 0.9 9.9 1.9 0.0007 Significant

LDH (IU/L: median + range) 3,745 2,834–6,677 1,864 366–8,640 0.009 Significant

VMA (mcg/mg creat: median + range) 12.9 6.25–24.0 98.4 5.0–2,657.0 0.0048 Significant

HVA (mcg/mg creat: median + range) 27.5 20.0–197.0 128.1 9.5–2,191.0 0.0612

Radiology

Maximum diameter (cm: mean + standard deviation) 14.6 1.6 10.9 3.8 0.0625

IDRF (number + standard deviation)

Vascular 4 0 2.2 1.1 0.0024 Significant

Total 4.2 0.5 3.2 1.4 0.0752

Stage (L2 vs. M) 2 2 4 36 0.0834

Istology/biology

Bone marrow infiltration (n. of pts + percentage) 1 25% 34 85% 0.0226 Significant

N-MYC amplification (n. of pts + percentage) 4 100% 23 57.50% 0.1468

LDH, lactate dehydrogenase; Hb, hemoglobin; VMA, Vanilmandelic acid; HVA, Homovanillic acid; IDRF, Image-Defined Risk Factors.

N-MYC amplification: all the patients (100%) in group A had
amplification of N-MYC while 23 patients (57.5%) in group B
had N-MYC amplification. Such difference was not statistically
significant (p= 0.1468, Fisher’s).

The variables that were associated with bleeding on univariate
analysis (i.e., age, stage 2 hypertension, hemoglobin levels,
LDH levels, urinary VMA levels, vascular IDRF, bone marrow
infiltration) were subsequently tested for multivariate logistic
regression; the model resulted in a perfect separation.

Results are summarized in Table 4.

DISCUSSION

Hemorrhage is an uncommon, life-threatening event in patients
affected by neuroblastoma (7, 12, 13). In a recent paper, Qin et
al. reported 47 neuroblastoma patients with hemorrhage, either
secondary to spontaneous tumor rupture or after chemotherapy
or biopsy, on a total population of ∼1,800 patients, with an
incidence of approximately 2.6% and poor outcome; treatment
was withdrawn in 17 of these patients, while other 5 patients died
as an immediate consequence of this complication (9).

The mechanism underlying spontaneous hemorrhage in
neuroblastoma has been debated; in neonates, an adrenal mass
could be crushed between the liver and the spine during delivery,
causing tumor rupture and subsequent hemorrhage (14), while in
older children the presence of neuroblastoma could predispose to
adrenal hemorrhage following minor trauma (15).

Most authors report massive hemorrhage in patients younger
than 18 months affected by high risk neuroblastoma with N-
MYC amplification (7, 8, 13, 15–17). In their large case series,
Qin et al. found two independent risk factors on multivariate
analysis, i.e., the presence of N-MYC amplification and high
tumor bulk, measured as maximum diameter of the primary
mass. These authors also reported younger mean age (29 months
vs. 43 months) and higher LDH values (3148.5 U/L vs. 723
U/L) in patients with hemorrhage secondary to tumor rupture
compared to other neuroblastoma patients (9).

In the present case series, 4 out of 44 (9%) patients experienced
hemorrhage, a proportion that is higher than previous reports
(9). All the patients in group A and the majority of patients
in group B had N-MYC amplification, without statistically
significant difference between the two groups. Both observations
are expected due to the selection of high risk patients only in
the study.

The presence of systemic symptoms (i.e., fever, weight loss,
asthenia) was similar in the two groups. Systemic symptoms are
frequently associated with metastatic neuroblastoma (6, 18); a
high prevalence of systemic symptoms is therefore anticipated in
a population of high risk neuroblastoma patients.

Patients who experienced hemorrhage were significantly
younger than other high risk patients; this observation is
consistent with previously published data (9).

Patients in group A presented with a higher severity of
hypertension compared to group B, i.e., stage 2 according to
the clinical practice guidelines of the American Academy of
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Pediatrics (11). Hypertension is classified as a life-threatening
symptom that warrants chemotherapy in the European Low
and Intermediate Risk Neuroblastoma Protocol (19), but the
severity of hypertension is not part of the risk stratification
algorithm and is not reported in previous literature as a risk factor
for hemorrhage.

Hypertension in neuroblastoma patients has been associated
with catecholamine release, although a linear correlation between
the severity of hypertension and urinary catecholamine levels
has not been demonstrated (20, 21). In the present case series,
patients with hemorrhagic complications had lower levels of
urinary VMA compared to patients without hemorrhage. Such
observation is consistent with the study by Qin et al. who report
lower urinary VMA and HVA levels in patients who experience
neuroblastoma rupture. Streger et al. found low levels of urinary
VMA in patients with N-MYC amplification and high levels of
urinary dopamine in higher stage neuroblastoma (22).

Patients in group A presented with a high mean number
of vascular IDRF compared to group B; vascular encasement,
especially of the renal artery (20), may contribute to the
development of hypertension and also predispose patients to
vascular erosion and bleeding.

Patients who had hemorrhagic complications presented with
lower hemoglobin levels at presentation compared to patients
without hemorrhage despite a lower incidence of bone marrow
metastases. Neuroblastoma can alter the microenvironment
of bone marrow irrespective of neoplastic cell invasion,
causing downregulation of genes involved in cell adhesion,
and in erythrocyte, myeloid, and platelet differentiation
pathways (23). Neuroblastoma can impair erythropoiesis by
selectively disrupting the late stage of erythrocytes’ maturation
independently of the physical presence of neuroblastoma cells in
the bone marrow, thus reducing hemoglobin levels in peripheral
blood (24). All the patients in our study were affected by high
risk neuroblastoma and therefore neuroblastoma-induced
impaired erythropoiesis should have theoretically affected all
the patients to a similar extent; patients who are prone to
develop hemorrhagic complications may be more susceptible to
the mechanism that inhibits erythropoiesis in neuroblastoma
patients. Another explanation for lower hemoglobin levels could
be related to slow, chronic intratumoral bleeding secondary
to vascular erosion in patients who then develops frank
hemorrhage; the extent of vascular encasement in these patients
might support the second explanation. Large, multicentric series
are necessary to clarify this issue.

Patients in group A had significantly higher LDH levels at
diagnosis compared to group B; such data are consistent with the
work by Qin et al. and other published case reports (8, 9, 17).
High serum LDH levels at diagnosis are associated with poorer
outcome in terms of event-free and overall survival in high-
risk neuroblastoma (25) and can be interpreted as the serum
marker of high tumor burden. Qin et al. have found a correlation
between tumor burden, measured as the maximum diameter of
the primary mass, and the risk of neuroblastoma rupture (9);
in the present case series, a statistically significant correlation
between tumor diameter and risk of hemorrhage could not
be demonstrated.

In the present case series, all the patients who developed
hemorrhagic complications presented with severe hypertension
(i.e., stage 2), low hemoglobin levels and high serum LDH levels
at diagnosis; such features are easy and immediate to detect and
can be frequently reassessed with commonly available resources
and minimal discomfort for the patient. These three criteria can
therefore be used to differentiate patients who have an additional
risk of hemorrhage from other high-risk neuroblastoma patients.

All the patients developed hemorrhage after the initiation of
chemotherapy. We may speculate that chemotherapy-induced
tumor lysis, evidenced by a sharp rise in LDH levels (see
Table 2) might cause necrosis of the tissue encasing blood
vessels; in such situation, vessel walls that have previously been
eroded by neoplastic tissue might be more prone to bleeding. A
similar clinical scenario has been demonstrated in patients with
metastatic choriocarcinoma and is defined as “choriocarcinoma
syndrome” (26). The postulation of a such mechanism in high-
risk neuroblastoma patients, however, is speculative; further
studies are needed to specifically investigate this issue.

All these patients had systolic pressure above 90th centile
for age and height even during active bleeding and under
anti-hypertensive treatment; the only abnormality in their
hemodynamics was the development of tachycardia (seeTable 2).
Such observation is in contrast with several studies that report
the development of frank hemorrhagic shock secondary to
neuroblastoma rupture (7, 9, 13) and highlights the importance
of a high index of suspicion and close monitoring of patients who
present with the aforementioned risk factors.

Three patients had hemothorax ipsilateral to the primary
retroperitoneal tumor. Pleural effusion sometimes can be
associated with retroperitoneal neuroblastoma and is generally
interpreted as reactive (27); in our cases, we believe that
hemothorax can be secondary to the spreading of retroperitoneal
hemorrhage through the diaphragmatic crura, as suggested by the
angiography performed in patient 2 (Figure 3).

Neuroblastoma patients with hemorrhagic complications
need multimodal treatment that should be focused at controlling
and limiting the bleeding while supporting vital functions,
consisting in blood products administration, crystalloid and
colloid infusion, surgical drain of hemothorax and angiographic
control of the bleeding source.

Some authors have reported cases of successful emergency
surgery on the primary mass in patients with ruptured
neuroblastoma (7, 13); in our case series, all the patients with
hemorrhagic complications presented with encasement of the
aorta and its major branches, that is a well-documented risk
factor for major surgical complications and incomplete resection
(28–30). In this scenario, emergency surgery on the primary mass
should be reserved to patients who do not respond to other
therapeutic measures.

The present study has an obvious limitation in its retrospective
nature; another limitation is the single-institution design of the
study, that reduces the number of patients. The main strong
point of this study is the homogeneity of the patients in both
groups, who are all affected by high risk neuroblastoma without
pre-existing comorbidities, have a comparable prevalence of
metastatic disease, a comparable size of the primary tumor and
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are all treated according to the same protocol; such homogeneity
reduces the presence of confounding factors in our analyses.

The result of a perfect separation on multivariate logistic
regression is puzzling; it might be the expression of a substantial
clinical difference between the two groups, or it might be simply
related to the small sample size. Further studies with larger
sample size might better clarify such result.

In conclusion, the present data suggest that within the
population of patients affected by high-risk neuroblastoma there
is a subgroup of children with some specific clinical features, i.e.,
stage 2 hypertension, anemia, elevated serum LDH levels and
multiple vascular IDRF at diagnosis, who have an “additional”
risk of developing hemorrhage during induction chemotherapy.

The small sample size of the present study does not
allow to establish a clear causal relation; however, we suggest
that patients who present with these features at diagnosis
are carefully monitored so that hemorrhagic complications
are promptly diagnosed and treated before hemorrhagic
shock develops.

Further studies are needed to confirm the present
observations, define cut-off values for these parameters and
design optimal management strategies for these patients.
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