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Abstract

Background ITmage-guided percutaneous core needle biopsy
is a common procedure for diagnosis of both solid tumors and
hematological malignancies in children. Despite recent im-
provements, a certain rate of non-diagnostic biopsies persists.
Objective To assess the factors influencing the diagnostic
yield and accuracy of percutaneous core needle biopsies of
pediatric tumors.

Materials and methods We conducted a single-center retro-
spective study of a 26-year experience with image-guided
biopsies in children and young adults. Using uni- and multi-
variate analysis, we evaluated the association of diagnostic
yield and accuracy with technical factors (image-guided
procedure, pathological technique) and clinical factors (com-
plication rate, histological type and anatomical location).
Results We retrieved data relating to 396 biopsies were per-
formed in 363 children and young adults (mean age:
7.4 years). Overall, percutaneous core needle biopsy showed
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a diagnostic yield of 89.4% (95% confidence interval [CI]
85.9-92.2) and an accuracy of 90.9% (CI 87.6-93.6) with a
complication rate of 2.5% (CI 1.2-4.6).The diagnostic yield
increased with the use of advanced tissue assessment tech-
niques (95.7% with immunohistochemistry versus 82.3%
without immunohistochemistry; P<0.0001) and an increased
number of passes (mean: 3.96 for diagnostic biopsies versus
3.62 for non-diagnostic biopsies; P=0.044).

Conclusion The use of advanced pathological techniques and
an increased number of passes are the two main factors
influencing the diagnostic success of biopsies in pediatric
tumors.

Keywords Child - Core needle biopsy - Diagnosis - Image
guidance - Neoplasm - Percutaneous biopsy

Introduction

Image-guided percutaneous core needle biopsy plays an in-
creasingly important role in the diagnosis of both solid tumors
[1] and hematological malignancies [2]. Recent literature has
confirmed that image-guided biopsy is a safe, accurate and
reliable diagnostic procedure for childhood tumors [1-9].

Major advances in pathology techniques during the last two
decades, including molecular pathology (such as reverse tran-
scription polymerase chain reaction [RT-PCR] and fluores-
cence in situ hybridization [FISH]) [10] and cytogenetics (such
as amplification of the MYCN gene, and the DNA index for
neuroblastoma) [1, 11, 12] have greatly contributed to improve-
ments in biopsy diagnostic accuracy [13]. Despite these im-
provements, however, a certain rate of non-diagnostic biopsies
persists.
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The purpose of this study was, first, to globally evaluate the
diagnostic yield and accuracy of image-guided biopsy of solid
tumors and hematological malignancies in children. Second, it
aimed to identify the factors that positively or negatively affect
those indicators — whether they relate to radiologic or histo-
logical techniques or to the type and location of the lesion —
with a view toward informing the discussion on potential areas
of improvement for interventional radiology practitioners.

Materials and methods

We retrospectively retrieved data pertaining to all image-guided
biopsies undertaken over a 26-year period (1986 to 2012) in a
single center (Imaging Department of Armand Trousseau Hos-
pital, Paris, France). The study was conducted in accordance
with the recommendations of the institutional review board.

We included biopsies for diagnosis of solid organ and soft-
tissue tumors of unknown nature and suspected hematological
malignancies. Biopsies undertaken to document an already
known infection or to diagnose diffuse liver or renal disease
with no clearly identifiable mass lesion were excluded, as well
as cases with incomplete data. We also reviewed medical, pa-
thology and interventional radiology records for relevant clini-
copathological data, including histopathology and biopsy pro-
cedures, as well as cancer history when recurrence of a previous
primary malignant tumor was suspected. Final reference diag-
noses were obtained from surgical pathology reports, bone mar-
row biopsies, and radiographic or clinical follow-up.

Before each biopsy, patient blood had been screened with
coagulation testing and platelet count. As per the policy at our
institution, the biopsy was generally done under general anes-
thesia in children younger than 8 years and in uncooperative
children, whereas premedication and local anesthesia were giv-
en to children older than 8 years, with the exception of vertebral
biopsies.

The majority of children were monitored clinically for 4-5 h
in the hospital post biopsy before being discharged on the same
day. When lung biopsies were done, patients were controlled
for absence of pneumothorax with a chest radiograph 6 h after
the procedure. Several pediatric radiologists did the biopsies
under CT or US guidance. In biopsies performed for solid or-
gans, lung and mediastinum, soft-tissue lesions, and bone le-
sions with cortical disruption, the type of needle was either a
semiautomatic cutting needle (Gallini medical services, Man-
tova, Italy) or a semi-automated co-axial Temno biopsy system
(CareFusion, McGaw Park, IL), with needle gauge ranging
from 18 to 22 and throw length from 10 cm to 16 cm. Tissue
from sclerotic bone was obtained with larger bone biopsy
needles (e.g., 11-G trephine needle, Laredo type). Radiologists
performed the biopsies in the radiology department or in the
operating room. In cases of renal tumor that required biopsies,
percutaneous core needle biopsies were done with a

retroperitoneal approach to minimize the risk of flank tumor
dissemination.

The classification of complications was undertaken in accor-
dance with the guidelines published by the Society of Interven-
tional Radiology [14]. Major complications were defined as
requiring an admission to hospital for therapy (for outpatient
procedures), such as in cases of clinically significant bleeding
or infection, an unplanned increase in the level of care or
prolonged hospitalization, permanent adverse sequelae or
death. Minor complications were defined as those resulting in
short hospital stay for observation only or minimal therapy
(e.g., management of pain). In cases of soft-tissue tumors or
suspicion of Ewing sarcoma, surgical advice on needle tract
choice was sought to facilitate the subsequent resection.

During the biopsy procedure, an experienced pathologist
was present in the room to optimize the handling of biopsy
samples. For histopathological processing and immunohisto-
chemical analysis, samples were fixed in 10% formalin. Sam-
ples of fresh tissue were rapidly frozen for DNA index, FISH,
or polymerase chain reaction (PCR) analysis or placed in a
standard cell culture media (Roswell Park Memorial medium)
or ethylenediaminetetraacetic acid for cytogenetics
(karyotyping, FISH assessment of MYCN amplification status,
tumor DNA index [ploidy], or array comparative genomic hy-
bridization [CGH] of neuroblastoma) and molecular pathology
analysis (RT-PCR or FISH to detect tumor-specific fusion prod-
ucts). Bacteriological analysis was done when an infection
could not be excluded, especially in the case of bone lesions.

The descriptive results are presented as means (+ standard
deviation [SD]; range minimum-—maximum) or medians (in-
terquartile range [IQR]) for continuous data and as percent-
ages for categorical data.

For the diagnostic yield and accuracy analysis, the final
diagnosis defining the reference status was determined by using
the results from all available post-biopsy examinations or clin-
ical data, including surgical or bone marrow specimens and
clinical or radiographic follow-up. Diagnostic yield was calcu-
lated as the proportion of successful biopsies among all biopsies
performed, following the guidelines to define successful diag-
nostic biopsies as those yielding sufficient material to establish
a pathological diagnosis or to appropriately guide clinical care
[14]. Diagnostic accuracy was calculated as the proportion of
accurate biopsies among all biopsies performed, defining accu-
rate biopsies as those being diagnostic or suggestive of the final
result but requiring further diagnostic procedures to ascertain
the final diagnosis. Inadequate biopsies were defined as sam-
ples with which the pathologist could not make a diagnosis
because of insufficient size, necrosis, blood or crush artifacts.

In addition to the aforementioned analyses, a more detailed
assessment of the extent of agreement between biopsy and
final diagnosis was done by computing the unweighted and
weighted kappa coefficients, along with their bootstrapped
95% confidence intervals. This was done by considering the
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following possible diagnostic categories: non-informative/in-
adequate, normal tissue, inflammatory tissue, benign tumor,
and malignant tumor. The weighted kappa coefficients allow
for penalizing differently the disagreements observed, de-
pending on whether malignancy was the cause of the discrep-
ancies between examinations and thus attaching greater em-
phasis to diagnostic errors involving malignancy than to errors
across nonmalignant categories. The kappa values were
interpreted as follows: kappa >0.75 indicates excellent agree-
ment, 0.40—0.75 fair to good, and below 0.40 poor [15].

Univariate analyses were done with the use of chi-square or
Fisher exact tests for categorical variables, and unpaired #-test
or Mann—Whitney rank sum test for continuous variables, as
appropriate, for comparing diagnostic yield and accuracy ac-
cording to the potential factors described above. Correlation
between continuous variables (e.g., number of passes, age)
was assessed by the use of Pearson correlation coefficients.
Univariate and multivariate analyses were conducted using
logistic regression models, considering diagnostic success or
accuracy as the dependent variable, using the Firth penalized
maximum likelihood estimate to take into account the small
sample size, and expressing results as odds ratios (OR) along
with their 95% confidence intervals. Factors associated at the
level of P<0.2 in univariate analysis were entered in the mod-
el as potential predictors, and a stepwise approach was follow-
ed by removing non-significant variables at each step until
reaching the final model. Temporal changes in indices were
additionally assessed by using chi-square tests for trend. A
two-sided P-value <0.05 was considered statistically signifi-
cant. All statistical analyses were done with the Stata software
version 12.1 (StataCorp, College Station, TX).

Results
Study cohort and final diagnoses

Among the 517 image-guided percutaneous core needle biopsy
procedures performed in our department during the study peri-
od, 399 biopsies were performed for a solid mass or a suspected
hematological malignancy. Three cases were excluded for in-
complete data, yielding a total of 396 biopsies performed in
166 females and 197 males. The patients’ ages at biopsy ranged
from 5 days to 21.1 years (mean: 7.4 years; median: 6.4 years).
Of the 396 percutaneous biopsies included, 334 (84.3%) were
indicated for primary diagnosis of a suspected solid tumor or
hematological malignancy. Sixty-two (15.7%) were indicated to
document a suspected recurrent malignancy in patients with
known primary cancer.

The final diagnoses were malignant tumors (n=277), benign
tumors (n=67), and non-neoplastic disease (n=52, including
31 inflammatory and infectious lesions and 21 normal tissue
samples).

@ Springer

Overall diagnostic yield and accuracy of percutaneous
core needle biopsy

Across the whole study period, the diagnostic yield of biopsy
was 89.4% (95% confidence interval 85.9-92.2) and its accu-
racy 90.9% (87.6-93.6) (Table 1).

Time-trend analysis (Table 1) showed a non-significant
evolution in diagnostic yield between 1986 and 2012
(P=0.185) and accuracy (P=0.073).

Non-diagnostic biopsies

Forty-two biopsies were non-diagnostic, which represents
10.6% of our study cohort. There were six non-diagnostic
but accurate biopsies (ie suggestive of the final result but re-
quiring further work-up) of which three were eventually con-
firmed as Langerhans cell histiocytosis, two as lipoblastoma
and one as thymic cyst. There were 36 inaccurate results,
including 24 inadequate biopsies.

Obtaining the final diagnosis

Of the 36 inaccurate biopsies, 5 were repeated after initial
failure. In four of these, the results of the new biopsy were
confirmed either by surgery (n=3) or by bone marrow biopsy
in a case of lymphoma (n=1). In one case (Wilms tumor), the
diagnosis could not be assessed based on the repeated biopsy
and was obtained at surgery. In 29 cases, the final diagnosis
was obtained at surgery (surgical biopsy or surgical resection).
In two cases of lymphoma, confirmation was obtained
through bone marrow biopsy alone, without recourse to

surgery.
Inaccurate biopsies — pathology results

In two cases, results consisted of benign tumors
(angiomyolipoma and mesenchymal hamartoma) erroneously
interpreted as nonspecific malignant tumor proliferation.

Biopsies resulted in a misdiagnosis of a malignant tumor as
a benign tumor in two cases of ganglioneuroblastoma. The
neuroblastic malignant component was missed at biopsy,
and a ganglioneuroma was suggested (Fig. 1). In one case of
malignancy (Hodgkin disease), the sample contained only in-
flammatory tissue, with no tumor cells present. In the 31 re-
maining inaccurate results, biopsies failed to detect a malig-
nant tumor proliferation because the tissue samples were in-
adequate (n=24) (due to small size, fibrosis, or necrosis)
(Fig. 2) or because normal tissue was biopsied instead of the
lesion (n=7).

Regarding agreement between biopsy and final diagnosis,
when we considered that misdiagnosing a malignant tumor
had the same impact as misdiagnosing non-malignancy, the
unweighted kappa coefficient obtained was 0.786
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Fig. 1 Non-contributive percutaneous core needle biopsy resulting from
insufficient sampling of the tumor in a 13-year-old girl with a
retroperitoneal ganglioneuroblastoma. a Axial contrast-enhanced
abdominal CT obtained in prone position before biopsy shows a large
retroperitoneal hypointense mass encasing the inferior mesenteric artery
(arrows). b Biopsy of the mass with the tip of the biopsy needle shown

Fig. 2 Non-contributive
percutaneous core needle biopsy
resulting from necrotic tissue
biopsy in a 7-year-old boy with a
renal papillary carcinoma. a Axial
contrast-enhanced abdominal CT
image obtained in prone position
before biopsy shows a well-
defined left renal mass, with
regular borders and a hypodense
center (arrows). b Axial CT at the
same level as (a) shows the
biopsy needle (arrowhead). ¢
Histology of the tumor biopsy
shows normal architecture of the
renal cortex (solid arrow) and
necrotic tissue (dotted arrow)
(hematoxylin & eosin,
magnification x5). d Histological
examination of the surgical
specimen shows the presence of
tumor cells of type I papillary
carcinoma (arrowheads)
(hematoxylin & eosin,
magnification x40)
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(arrowhead). ¢ Histology of the tumor biopsy shows Schwannian
component (solid arrow) with mature ganglionic cells (dashed arrow)
without neuropile component (hematoxylin and eosin, magnification
x400). d Histological examination after surgical resection shows
neuropile component with maturing and mature neuroblasts (arrows)
(hematoxylin and eosin, magnification x400)
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(P<0.0001). When misdiagnosis of a malignant tumor was
over-penalized, the corresponding weighted kappa coefficient
was only slightly higher at 0.796 (P<0.0001) (Table 2).

Diagnostic yield and accuracy according
to clinicopathological characteristics

No statistically significant difference in diagnostic yield and
accuracy was observed between image-guided biopsy for pri-
mary disease and biopsy for recurrence or metastasis (90.1%
[86.4-93.1] versus 85.5% [74.2-93.1] diagnostic yield, P=
0.276;91.6% [88.1-94.4] versus 87.1% [ 76.1-94.3] accuracy,
P=0.256). Patients with diagnostic biopsies were younger
than those with non-diagnostic biopsies (mean age: 7.2 years
[£standard deviation 5.3] versus 9.4 [£5.7]; P=0.011) and
patients with accurate biopsies were younger than those with
inaccurate biopsies (mean age: 7.2 [+5.2] versus 9.7 [+5.9];
P=0.008). A statistically significant negative correlation was
found between age and the number of passes (r=—0.10; P=
0.040); the mean number of passes was 4.0 (£1.0) in patients
8 years and younger and 3.8 (£1.1) in patients older than
8 years (P=0.062).

Table 1 presents a summary of the indices according to
anatomical and histological type of tumor. No statistically
significant difference was observed in diagnostic yield be-
tween the different histological (global P=0.193) and anatom-
ical locations (global P=0.460), and in accuracy between an-
atomical locations (global P=0.172), whereas accuracy dif-
fered significantly across histological types (global P=
0.002), with the highest accuracy found in nonmalignant
lesions.

Diagnostic performance indices according
to histopathological techniques

No association was found between the failure rates and the
pathologists who did the analyses (P=0.905 diagnostic yield;

P=0.959 accuracy). Figure 3 presents the evolution of the
histopathological techniques used between 1986 and 2012,
and Table 3 shows the corresponding diagnostic yield and
accuracy indices.

Ancillary studies, including immunohistochemistry, biopsy
sample freezing, molecular pathology, and cytogenetic analy-
sis, were increasingly used toward the end of the study period.
Of particular note was the finding that diagnostic yield was
significantly increased when immunohistochemistry was used
(P<0.0001), as well as the use of freezing (P=0.011).

Molecular pathology analyses were done in 28 cases, main-
ly to detect tumor-specific fusion products through RT-PCR or
FISH. Cytogenetic analysis was mainly used to determine
MYCN status (in 53 neuroblastoma samples) and array CGH
(in 10 neuroblastoma samples). From 2011 onward, use of the
CGH array technique greatly increased (0% for 1986—1996,
0.6% for 1997-2006, and 8.3% for 2007-2012; P<0.0001).

Diagnostic yield and accuracy according to radiologic
techniques

The procedure was done under general anesthesia in 235 cases
and local anesthesia in 159 cases (missing data in two cases
(1984 and 1998)). The biopsies were performed under CT guid-
ance in 64% of cases (n=256) or US guidance in 35% (n=140).
Biopsies were performed at the radiology department in 350
cases and in the operating room in 44 cases (missing data in
two cases (different from above): (1988 and 2002)).

Most biopsies were done with an 18-gauge needle size (G)
(n=332). The median number of passes was 4 (range: 1-10
passes; IQR 3—4). The mean number of passes increased over
time from 3.77 to 4.31 between 1986 and 2012. The number of
passes was higher in diagnostic biopsies than in non-diagnostic
biopsies (mean: 3.96 versus 3.62, respectively; P=0.044), as in
accurate biopsies when compared to inaccurate biopsies (3.96
versus 3.56, respectively; P=0.021). No statistically significant
difference was observed in diagnostic yield nor accuracy when

Table 2  Cross tabulation of biopsy-based diagnoses and final diagnoses results with corresponding kappa coefficients

Final diagnosis Total
Normal tissue Inflammatory tissue Benign tumor Malign tumor
Biopsy diagnosis Non-informative/ inadequate biopsy 0 6 24 30
Normal tissue 21 7 31
Inflammatory tissue 0 31 0 1 32
Benign tumor 0 56 2 58
Malign tumor 0 2 243 245
Total 21 31 67 277 396

Kappa coefficients: unweighted 0.786 (95% confidence interval: 0.733-0.839; P<10~*); weighted 0.796 (95% confidence interval: 0.737-0.854;

P<107)
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the biopsy was done under general anesthesia at the radiology
department rather than under local or general anesthesia in the
operating room (diagnostic yield: 92.1% [95% confidence inter-
val: 87.4-95.5], 88.1% [82.0-92.6] and 81.8% [67.3-91.8], re-
spectively, P=0.107; accuracy: 93.7% [89.3-96.7], 89.3%
[83.4-93.6], and 84.1% [70.0-93.4], respectively, P=0.092).

No statistically significant difference in diagnostic yield
(P=0.340) nor accuracy (P=0.375) was found among inter-
ventional radiologists. Regarding the needle gauge, no statis-
tically significant difference was found between <17-G and
>18-G needle sizes (diagnostic yield, P=0.215; accuracy,
P=0.864).

Independent predictors of diagnostic yield and accuracy

Results from multivariate analysis by logistic regression are
shown in Table 4. Decreasing age and use of immunochemis-
try were found to be independently associated with diagnostic
success. The same two factors and diagnostic group were
independently associated with accuracy.

Complications

Complications were reported in 10 cases out of the 396 biop-
sies (2.5% [1.2-4.6]), with 7 considered as minor and 3 as
major. No biopsy-related deaths or needle tract tumor recur-
rences were observed in this study.

Major complications consisted of two major bleeds that
required transfusion and hospitalization. One patient bled in-
traperitoneally after a hepatic biopsy to investigate leukemia
and had successful hemostatic surgery. Another patient pre-
sented with a compressive hemothorax after a chest biopsy for
a thymic cyst, which was resolved by chest tube drainage. A
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third patient sustained peritonitis from a small-intestine perfo-
ration after a celiac lymph node biopsy for a T-cell lymphoma.

Minor complications included pain and slight bleeding (n=
5) that resolved spontaneously, pneumothorax (n=1) that did
not require a chest tube, and transient laryngotracheal spasm
(n=1) that was treated by transient placement of an endotra-
cheal tube.

Between 1986 and 2012, the number of biopsy complica-
tions decreased by 3.3% [95% CI: 0.9-8.2] for 1986-1996,
2.4% [0.7-6.0] for 1997-2006, and 1.9% [0.2-6.5] for 2007—
2012 (P=0.77). The complication rate appeared slightly
higher in the non-diagnostic biopsy results than in diagnostic
results (7.1% [1.5-19.5] complications versus 2.0% [0.8-4.0],
P=0.079).

Discussion

This study, based on almost three decades of data collection at
our center, has shown that image-guided biopsies can be high-
ly efficient in diagnosing both solid and hematological malig-
nancy in children. However, our experience indicates that a
certain rate of non-diagnostic biopsies remains non-reducible.
In addition to the revolutionary advances in pathological tech-
niques over the study period, there remain several aspects of
radiologic methods that may have strong potential for
improvement.

In this study, image-guided biopsies were found to have
overall diagnostic yield of 89.4% and accuracy of 90.9%. This
is in accordance with previous studies, in which the reported
rates of biopsy diagnostic accuracy ranged from 76% to 98%
[1-9].

Though not reaching statistical significance, our study
showed an apparent improvement in percutaneous core needle
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Table 4 Independent predictors
of diagnostic yield and accuracy:
final model by multivariate

Adjusted odds ratios by logistic regression ~ P-value
(95% confidence interval)

logistic regression analysis. P-

values in bold type indicate Diagnostic yield
significance at alpha level 0.05 Age (years) 0.91 (0.85;0.97) 0.002
Immunohistochemistry ~ No 1 (reference value)
Yes 5.47 (2.53;11.80) 0.001
Accuracy
Age, per | year 0.90 (0.82;0.98) 0.021
Immunohistochemistry ~ No 1 (reference value)
Yes 12.72 (4.79;33.76) <0.001
Diagnostic group Neuroblastoma 1 (reference value) 0.011°
Nephroblastoma 1.35(0.32;5.69) 0.684
Hepatoblastoma 0.38 (0.07;2.12) 0.270
Ewing sarcoma 0.60 (0.08;4.27) 0.607
Rhabdomyosarcoma 0.33 (0.06;1.69) 0.184
Other sarcoma 0.42 (0.07;2.42) 0.332
Other malignant tumors ~ 0.99 (0.20;4.82) 0.990
Lymphoma 0.67 (0.16;2.76) 0.578
Non-malignancy 10.37 (2.07;52.03) 0.004

# global

biopsy success over time, from 85.1% to 91.7%, between
1986 and 2012. It is likely that advances in pathological as-
sessment techniques have at least partly contributed to the
improvement of the biopsy success rate, as reported in recent
literature [16]. In particular, immunohistochemical staining
has greatly increased the diagnostic capability of pathologists
in distinguishing small round blue cell tumors [6, 13, 17].
Molecular pathology techniques, such as RT-PCR and FISH,
have become important tools for the detection of pathogenic
fusion translocations associated with pediatric soft-tissue tu-
mors, such as Ewing sarcoma/primitive neuroectodermal tu-
mor (PNET), alveolar rhabdomyosarcoma, desmoplastic
small round cell tumor, and synovial sarcoma [6, 10, 18].
The recent development of cytogenetic analysis of neuroblas-
toma, including MYCN copy number [1, 12] and CGH array
[13], has also contributed to the increasing success of biopsy
as a prognostic marker.

Forty-two biopsies in our study were non-diagnostic. Al-
though their proportion tended to decrease, there was no sig-
nificant difference in their rate over time. Several factors
might explain this non-reducible rate of non-diagnostic
biopsies.

First, most of the non-diagnostic biopsies were a result of
inadequate tissue samples (24 cases), as reported in other stud-
ies [4, 19]. The inclusion [1, 2, 19] or exclusion [5, 6, 20] of
these inadequate results is debatable. We chose not to exclude
inadequate samples in calculating the overall accuracy of bi-
opsies because their exclusion, based on the hypothesis that
they occur at random, is potentially inexact. Inadequate sam-
ples may contain overly high levels of false-negative results;
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thus, their exclusion could artificially increase diagnostic yield
and accuracy [21]. An intrinsic weakness of the percutaneous
core needle biopsy technique lies in the difficulty of procuring
adequate material for diagnosis [20] as a result of tumor het-
erogeneity, necrosis, and crush artifacts. This highlights the
value of the presence of a pathologist during the biopsy pro-
cedure to avoid inappropriate handling of samples and to as-
sist the radiologist in confirming their adequacy. Similarly, as
reported in other studies [22], we recommend on-site
cytopathological examinations of touch preparations or aspi-
rate to check whether the samples obtained contain necrosis or
abnormal cells. Radiologists would therefore have more infor-
mation available to assist them in deciding whether further
passes are necessary, which could improve the diagnostic suc-
cess of biopsies.

Second, the diagnosis of some tumors is difficult given the
pathology of biopsies. In our study, biopsy misdiagnosed a
malignant tumor as a benign tumor in two cases of a
ganglioneuroblastoma; in these cases the biopsy missed the
malignant component and diagnosed a ganglioneuroma. This
underlines the necessity for negative biopsies to be repeated or
further explored when clinical and radiologic suspicion of
malignancy is high [3, 4]. It is noteworthy that, among the
non-diagnostic biopsies in our study, four of the five repeated
biopsies produced a result in agreement with the suspicions
related to the first biopsy. Other areas are worth exploring to
achieve a reduction in this rate of non-diagnostic biopsies.

Interestingly, percutaneous core needle biopsy showed
higher diagnostic yield and accuracy in children younger than
8 years. The clinical significance of this result remains unclear.
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Based on our experience, fast-growing tumors reaching a
higher tumor volume can more frequently be observed in
younger children at the time of biopsy and hence are likely
associated with a facilitated access for the operator. However,
we lacked the ability to actually test this association, given the
absence of information on tumor volume in our data set drawn
from a retrospective review.

Among other possible factors, we found a negative corre-
lation between age and the number of passes. Though indicat-
ing a clinically poor to moderate association, this could in part
contribute to the higher diagnostic yield and accuracy in youn-
ger children.

The frequent use of CT guidance is very specific to
our department practice. In the literature, US is pre-
ferred over CT for image guidance in pediatric biopsy
because of its ability to image in true real time, its
portability, the speed of the procedure, and the absence
of ionizing radiation [23-27]. Pulmonary lesions and
osseous lesions of the spine and pelvis are best
approached with CT guidance, as are lesions that are
difficult to observe with sonography [28]. Reducing
the radiation exposure of the patient is essential. When
CT scan was not done for diagnosis and tumor exten-
sion evaluation as a single procedure, we minimized the
coverage to the area of concern and limited the deliv-
ered dose by reducing mAs to the lowest level that
provides adequate visualization of a lesion for biopsy
purposes, as described in recent studies on CT-guided
biopsy procedure [8, 9, 29, 30]. Finally, all things being
equal, biopsies are likely to be of better quality when
undertaken in the radiologists’ habitual working envi-
ronment, using equipment with which they are familiar.

In our study, biopsy success increased with the number of
passes, as reported in other studies [31]. The mean number of
passes increased over time from 3.77 to 4.31 between 1986
and 2012. The supplementary specimen was provided to pa-
thologists for ancillary studies. However, the number of
passes remained lower in our study compared with others [1].

Complications were rare and mostly of minor clinical con-
sequence. The overall complication rate in our study was
2.5%, whereas the rate of major complications was 0.75%.
With an upper 95% confidence limit less than 5%, this
finding is in agreement with previous findings from the
literature [6, 14].

On the other hand, other factors seem to have no
correlation with the non-diagnostic biopsy rate. There
was no statistically significant difference between the
diagnostic yield and accuracy in primary malignancies
than in recurrences. The reason for biopsy failure was
not related to tumor anatomical location or to lesion
histological type [4], with the exception of rare sarco-
mas such as myxoid liposarcoma, which has been asso-
ciated with lower diagnostic yield and accuracy [32].

The literature suggests that operator dependency in percu-
taneous core needle biopsy is low, thanks to the precision and
reliability provided by automated biopsy devices [4, 24, 33].
This was confirmed in our study, in which no significant as-
sociation between operator experience and diagnostic success
was found.

This study has several limitations. First, we did not
review cross-sectional imaging studies to specifically re-
cord the lesion size and accessibility and the needle
position. This was because of the impossibility of using
standardized measures, the data before 2005 being avail-
able only on paper and not in the computer database. It
is noteworthy that the complication rate was higher in
non-diagnostic biopsies than diagnostic biopsies. This
suggests that failure to obtain sufficient material by percuta-
neous core needle biopsy could be related to technical limita-
tions, such as difficulty of accessing the lesion.

Second, minor complications, such as pain or clinically
insignificant bleeds, may have been underestimated, partly
because of the retrospective nature of the study and partly
because of difficulties in clinical assessment of pain in young
children.

Finally, given the observational retrospective design
of our study, no strict causal inference can be made;
thus, the interpretation of our findings related to deter-
minants of accuracy should be done with caution. Be-
cause the data collection was monocentric, the external
validity of our results in other settings could also be
questioned. It is noteworthy that decisions to do biopsy
are made at our center regardless of the underlying
technical difficulty and that the choice of the radiologist
responsible is made in our department independently of
the tumor type or the other professionals involved.
Although we believe that these elements are in favor
of limited over-optimism in our estimation of accuracy,
further prospective and comparative studies should be
done to provide stronger evidence in that regard.

Conclusion

Initial non-diagnostic results can often be resolved by repeat-
ing passes when the pathologist observes that the material is
inadequate during the procedure or by repeating negative
biopsies. The use of advanced pathological techniques and an
increased number of passes are the two main factors influencing
the diagnostic success of biopsies in pediatric tumors.
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