
Correlation between magnetic resonance
imaging findings and histological diagnosis
of intrinsic brainstem lesions in adults

Marcos Dellaretti, Gustavo Touzet, Nicolas Reyns, François Dubois,
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Management of brainstem mass lesions remains a contro-
versial issue, especially when the lesion cannot be excised
and when infiltration occurs; moreover, the benefits of a
stereotactic procedure are still under debate. In most
studies, treatment decisions are based solely on MRI fea-
tures and do not include a histopathological diagnosis.
In the current study, we compared MRI characteristics
with histopathological findings of intrinsic brainstem
lesions and identified the characteristics associated with
the diagnosis of pathologies other than diffuse glioma.
From February 1988 through August 2007, 96 brainstem
biopsies were performed at the Roger Salengro Hospital in
Lille, France, on adult patients with intrinsic brainstem
lesions not amenable to excision. Of the 96 patients, 42
were women and 54 were men, with a mean age of 41
years (range, 18–75 years). Data analysis of the MRI find-
ings revealed focal (P < .05) and contrast enhancing
lesions (P < .05), and these lesions were significant
factors associated with the diagnosis of pathologies
other than diffuse glioma. Focal lesions were a significant
factor associated with a diagnosis of nontumor lesions
(P < .05). In conclusion, the diagnostic effect of stereotac-
tic biopsy on intrinsic brainstem lesions was greater in
patients with focal or enhancing lesions shown by MRI,
in whom the diagnosis of diffuse glioma was less frequent.
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M
anagement of brainstem mass lesions remains
a controversial issue, especially when the
lesion cannot be excised and when infiltration

occurs; moreover, the benefits of a stereotactic procedure
are still under debate.1

In most studies, treatment decisions are based solely
on MRI features and do not include a histopathological
diagnosis. Most authors regard biopsy of intrinsic brain-
stem tumors as too dangerous and consider imaging
methods to be sufficiently reliable.2,3 Thus, the effect
of MRI findings on treatment decisions for brainstem
tumors is very high, but the accuracy of MRI-based diag-
nosis of brainstem gliomas has not been conclusively
verified by histopathological findings.3

In the current study, we compared MRI characteris-
tics with histopathological findings of intrinsic brain-
stem lesions. We also discuss cases in which the biopsy
had an important effect on treatment.

Patients and Methods

From February 1988 through August 2007, 96 brain-
stem biopsies were performed at the Roger Salengro
Hospital in Lille, France, on adult patients with intrinsic
brainstem lesions not amenable to excision. Of the 96
patients, 42 were women and 54 were men, with a
mean age of 41 years (range, 18–75 years). Patients
were followed up from 9 days to 147 months after
biopsy (mean, 25.4 months).

In this study, the focal and diffuse tumors were differ-
entiated by MRI according to the classification of
Donaldson et al.4 In this system, focal tumors are well-
marginated in MRI and occupy less than 50% of the
axial diameter of the brainstem, and diffuse tumors are
poorly marginated, occupying more than 50% of the
axial diameter of the brainstem. In addition, in the
current study, we grouped these tumors into enhancing
and nonenhancing lesions.

Therefore, brainstem lesions were differentiated by
MRI findings into 4 groups: (1) diffuse nonenhancing

Corresponding Author: Marcos Dellaretti, MD, Department of

Neurosurgery, Santa Casa de Belo Horizonte Av. Francisco Sales, 1111
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brainstem lesion (MRI showed diffuse hypointense
lesion on T1W, noncontrast enhancing lesion on
T1W, and diffuse hyperintense lesion on T2W)
(Fig. 1), (2) diffuse enhancing brainstem lesion (MRI
showed diffuse hypointense lesion on T1W, contrast
enhancing lesion on T1W, and diffuse hyperintense
lesion on T2W) (Fig. 2), (3) focal nonenhancing brain-
stem lesions (MRI showed focal hypointense lesion on
T1W, noncontrast enhancing lesion on T1W, and focal
hyperintense lesion on T2W) (Fig. 3), and (4) focal
enhancing brainstem lesions (MRI showed focal
hypointense lesion on T1W, noncontrast enhancing
lesion on T1W, and focal hyperintense lesion on
T2W) (Fig. 4).

Surgical Technique

Following the induction of general anesthesia, 76
patients underwent a stereotactic biopsy procedure
with a Talairach frame, and 20 underwent robotic brain-
stem biopsy (NeuroMate Systems). In all patients, tar-
geting of the biopsy site within the lesion was achieved
by MRI. Serial sampling was performed every 10 mm
of the trajectory with use of a side-cutting Sedan needle.

The center of the lesion was targeted, and when en-
hancement was identified, this region was also targeted.
The transfrontal approach was chosen in most cases,
except in middle pontine lesions with infiltration of the
middle cerebellar peduncule, for which a transcerebellar

approach was preferable. Thus, a transfrontal approach
was used in 79 patients and a transcerebellar approach in
17 patients. All biopsy specimens were formalin-fixed
and analyzed after staining with hematoxylin and
eosin, Masson trichrome, and immunostains.

Data Analysis and Statistical Analysis

Data analysis was performed using EpiInfo, version
6.02, and Medicalc, version 9.3.0.9. Univariate analysis
of the following variables was performed with regard to
the radiological findings and histological diagnosis:
aspect in T1 diffuse versus focal and enhanced versus
nonenhanced contrast. All lesions in T2 were
hyperintense.

Results

The mean duration of symptoms was 2 months.
Frequently reported symptoms consisted of waking dis-
turbance in 46 patients, visual impairment in 43, dys-
phagia in 23, signs of intracranial hypertension in 22,
facial paresis in 31, and hemiparesis in 48.

On the radiological findings, 32 patients had diffuse
nonenhancing brainstem lesions, 31 patients had
diffuse enhancing brainstem lesions, 10 patients had
focal nonenhancing brainstem lesions, and 23 patients
had focal enhancing brainstem lesions.

Fig. 1. Axial Gd-enhanced Ti-weighted MR image showing a

diffuse nonenhancing brainstem lesion.

Fig. 2. Axial Gd-enhanced Ti-weighted MR image showing a

diffuse enhancing brainstem lesion.

Fig. 3. Axial Gd-enhanced Ti-weighted MR image showing a focal

nonenhancing brainstem lesion.

Fig. 4. Axial Gd-enhanced Ti-weighted MR image showing a focal

enhancing brainstem lesion.
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Histological Results and Complications

A precise histological diagnosis was established in 92
patients (95.8%), and the diagnosis was confirmed by
their clinical course. A diffuse brainstem glioma diagno-
sis was determined in 63 patients.

Other neoplastic diseases were diagnosed in 19
patients: 7 lymphomas, 6 metastases, 4 pilocytic astrocyto-
mas, 1 craniopharyngioma, and 1 ganglioglioma.
Moreover, histological evaluation revealed nonneoplastic
lesions in 10 patients: 5 cases of inflammatory disease, 2 is-
chemic lesions, 2 fungal abscesses, and 1 gliosis.

The overall morbidity rate associated with biopsy in the
present study was 9% (9 patients), and in all these cases,
the patients had only aggravation of their preexisting
symptoms, showing no further symptoms: 2 patients had
worsening of hemiparesis, progressing from grade 1 to
grade 2; 3 patients developed worsening of facial paresis,
progressing from grade 2 to grade 3 (House-Brackmann
classification); 2 patients had aggravation of dysphagia;
and 2 had aggravation of third nerve paresis.

One patient died of causes associated with the pro-
cedure. This patient, who had a pontine-enhanced
lesion and aggravation of hemiparesis after biopsy,
died 11 days after the procedure. Postoperative CT
showed aggravation only of the associated edema. The
diagnosis was metastasis.

Correlation of Histological and Radiological Findings

Histological evaluation revealed diffuse brainstem
glioma in 25 (89.3%) of the patients with diffuse nonen-
hancing brainstem lesions. Of these, 18 cases were
low-grade glioma and 7 were high-grade glioma; more-
over, another neoplastic disease was identified in
1 patient (lymphoma), and there were 2 cases of inflam-
matory disease. The biopsy results were inconclusive in
4 cases (Table 1).

Diffuse brainstem gliomas were verified in 21 (68%)
of the 31 patients showing diffuse enhancing brainstem
lesions. Of these, 3 were low-grade glioma and 18
were high-grade glioma. Patients with pathologies
other than diffuse glioma had a wide variety of other
neoplastic diseases: 1 pilocytic astrocytoma, 4 lymph-
omas, 3 metastases, and 1 ganglioglioma. One case of in-
flammatory disease was also identified (Table 2).

In the cases involving focal nonenhancing brainstem
lesions, a diagnosis of diffuse brainstem glioma was
achieved in 9 patients; moreover, 1 ischemic lesion was
verified (Table 3). In the 23 cases involving focal enhan-
cing brainstem lesions, a diagnosis of diffuse brainstem
glioma was verified in only 8 (34.7%), of which 1 was
low-grade glioma and 7 were high-grade glioma.
Pathologies different from diffuse glioma were diag-
nosed in 15 patients (65.3%) (Table 4). A wide variety
of comorbidities was identified, ranging from other neo-
plastic diseases (3 pilocytic astrocytoma, 3 metastases, 2
lymphomas, and 1 craniopharyngioma) to nontumors,
including gliosis (1 case), ischemic lesion (1 case),
fungal abscess (2 cases), and inflammatory disease (2
cases).

Data analysis of the MRI findings revealed focal
(P , .05) and contrast enhancing lesions (P , .05),
and these lesions were significant factors associated with
the diagnosis of pathologies other than diffuse glioma.

Table 1. Histological diagnosis in patients with diffuse
nonenhancing brainstem lesions

Histology No. %

Low-grade glioma 18 56.3

High-grade glioma 7 21.9

Lymphoma 1 3.1

Inflammatory disease 2 6.3

Inconclusive 4 12.5

Total 32 100

Table 2. Histological diagnosis in patients with diffuse enhancing
brainstem lesions

Histology No. %

Low-grade glioma 3 9.7

High-grade glioma 18 58.1

Lymphoma 4 12.9

Metastases 3 9.7

Pilocytic astrocytoma 1 3.2

Ganglioglioma 1 3.2

Inflammatory disease 1 3.2

Total 31 100

Table 3. Histological diagnosis in patients with focal
nonenhancing brainstem lesions

Histology No. %

Low-grade glioma 9 90

Ischemic lesion 1 10

Total 10 100

Table 4. Histological diagnosis in patients with focal enhancing
brainstem lesions

Histology No. %

Low-grade glioma 1 4.3

High-grade glioma 7 30.4

Pilocytic astrocytoma 3 13.0

Metastases 3 13.0

Lymphomas 2 8.7

Craniopharyngioma 1 4.3

Gliosis 1 4.3

Ischemic lesion 1 4.3

Fungal abscess 2 8.7

Inflammatory disease 2 8.7

Total 23 100
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Focal lesions were a significant factor associated with
a diagnosis of nontumor lesions (P , .05). However,
MRI findings of contrast enhancing or nonenhancing
lesions were not significant factors (P . .05).

Discussion

The use of image-guided stereotactic brain biopsy is
regarded as a safe and reliable procedure for the manage-
ment of supratentorial lesions. However, its application
in lesions involving the brainstem remains limited.5

Recent progress in modern neuroimaging techniques, es-
pecially high-resolution MRI, permits greater precision
in determining the location and extension of brainstem
tumors and can indicate certain specific characteristics
of their nature.6 In such cases, the challenge is to know
whether the use of MRI alone is precise enough to
provide an accurate diagnosis or at least to permit the
classification of patients into specific treatment groups,
and, consequently, whether a pathological diagnosis is
still mandatory before initiating any therapy.7

Histological Results and Complications

Although several authors have discussed a wide variety
of histological results in brainstem masses by biopsy,
the indication for this procedure is still a controversial
matter. One objection to performing a brainstem stereo-
tactic biopsy procedure is that it may not be reliable
because the tumor may be heterogeneous.8 In addition,
heterogeneity often requires multiple sampling, which
is potentially dangerous in the brainstem.9 Even in the
most recent study by Kesari et al., involving a large
number of cases, a histological diagnosis was obtained
only in 53% of cases.10 Many authors claim a very re-
strictive indication for radiologically unclear lesions
because of the presumed high-risk profile.2

In a number of published studies, a large number of
complications occurred because of procedures involv-
ing stereotactic brainstem biopsies, reaching up to
10%.2 As a consequence, certain authors advocate a
noninvasive approach.11 In the current study, one
procedure-related death occurred in spite of the
highly eloquent target localization. Other than this, 9
patients showed only slight deterioration in preopera-
tive symptoms.

Others studies have found that stereotactic biopsy is a
safe and reliable method with a high diagnostic yield.11

In the current study, the rate of diagnosis was 95.8%, in
agreement with rates in the recent literature (range,
87% to 100%).1,5,8,12–15

In addition, some authors have found that incorpor-
ation of PET into stereotactic planning allowed for
better targeting of the biopsy sample and, thus, increased
the diagnostic yield. Therefore, better targeting will de-
crease the number of biopsy trajectories and samples,
thereby reducing the risk of brainstem injury.1,14,15

Massager et al.1 obtained a diagnostic accuracy of
100% in patients with brainstem tumors using MRI
and 18F-2-fluoro-2-deoxy-D-glucose (FDG)-PET. In

addition, Pirrote et al.14 reported, in a series of 20
patients with brainstem tumors, that FDG-PET and
11C-methionine (MET)-PET data contributed to the sur-
gical planning and also improved biopsy target selection
in all cases.16–18

According to Pirrote et al.,14 malignant tumors are
characterized by an increased FDG uptake. This
uptake is significantly correlated with the presence of
anaplasia and is a more accurate reflection of tumor
grade than MRI contrast enhancement.16 Furthermore,
the accumulation of MET in tissues is influenced by cel-
lular needs for protein synthesis precursors and is related
to tissue proliferation and malignancy.17 Protein metab-
olism is much higher in the tumor than in brain tissue,
and the sensitivity and specificity of MET-PET to
detect tumor tissue are both approximately 90%.18

Correlation of Histological and Radiological Findings

The current study analyzed the correlations between the
histological and radiological findings in patients with
brainstem tumor. Further analysis included the risk
profile for stereotactic brainstem biopsies and identified
the MRI characteristics associated with diagnoses other
than diffuse brainstem glioma.

This study showed that the greatest effect of the
biopsy on treatment occurred among patients with en-
hancing lesions; among those with enhancing diffuse
or focal brainstem lesions, a diagnosis of diffuse
glioma was achieved in only 67.8% (Fig. 2) and
34.7% (Fig. 4) of cases, respectively. Histological diag-
nosis verified a wide variety of comorbidities, including
metastasis, lymphoma, pilocytic astrocytoma, and in-
flammatory disease. This confirmed the data analysis
of the MRI findings, which showed that focal and con-
trast enhancing lesions were significant factors asso-
ciated with the diagnosis of pathologies other than
diffuse glioma. Moreover, analysis demonstrated that
focal lesions were a significant factor associated with
the diagnosis of nontumor lesions.

Therefore, with regard to the therapeutic conse-
quences of radiotherapy and radiochemotherapy,
patients with pathologies other than diffuse glioma
might have gained some benefit from the biopsy proced-
ure, especially patients with no histological evidence of
tumor, in whom treatment based solely on radiological
diagnosis could have severe consequences.3,19,20

The biopsy was also important in establishing the
degree of malignancy in diffuse gliomas, which accord-
ing to some authors, is an important factor in the
prognosis of such patients. In a recent report,
Rachinger et al.3 found that patients with diffuse low-
grade glioma had a 1-year survival rate of 93%,
whereas this rate was 42% among patients with
diffuse high-grade glioma. These authors also noted
that current data concerning prognosis and prognostic
factors in brainstem gliomas in adults remain scarce.
This may be attributable to the low incidence of these
tumors and the fact that histopathological diagnosis is
rarely confirmed.19,21,22
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Nevertheless, with respect to patients with nonenhan-
cing focal brainstem lesions, this study showed that the
biopsy had no effect on treatment, because in such
lesions, the diagnosis of diffuse low-grade gliomas
accounted for 90% of the cases, and MRI was a suffi-
ciently reliable diagnostic method. In addition, the
remaining case was of ischemic injury, which can be
diagnosed with imaging follow-up. Therefore, in these
cases, biopsy should not be offered as a first choice for
diagnosis.

In conclusion, the diagnostic effect of stereotactic
biopsy on intrinsic brainstem lesions was greater in
patients with focal enhancing lesions on MRI, in
whom the diagnosis of diffuse glioma was less frequent.
Stereotactic biopsy of brainstem tumors is a low-risk
procedure with a high diagnostic value in experienced
hands and, thus, should be regarded as standard in
adult patients with enhancing brainstem lesions.

Conflict of interest statement. None declared.
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