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Abstract

Objectives To evaluate the safety, feasibility and diagnostic performance of real-time MR-guided brain biopsy using a 1.0-T open
MRI scanner.

Methods Medical records of 86 consecutive participants who underwent brain biopsy under the guidance of a 1.0-T
open MRI scanner with real-time and MR fluoroscopy techniques were evaluated retrospectively. All procedures
were performed under local anaesthesia and intravenous conscious sedation. Diagnostic yield, diagnostic accuracy,
complication rate and procedure duration were assessed. The lesions were divided into two groups according to
maximum diameters: < 1.5 cm (n = 16) and > 1.5 cm (n = 70). The two groups were compared using Fisher’s exact
test.

Results Diagnostic yield and diagnostic accuracy were 95.3% and 94.2%, respectively. The diagnostic yield of lesions < 1.5 cm
and > 1.5 cm were 93.8% and 95.7%, respectively. There was no significant difference in diagnostic yield between the two
groups (p > 0.05). Mean procedure duration was 41 + 5 min (range 33—49 min). All biopsy needles were placed with one pass.
Complication rate was 3.5% (3/86). Minor complications included three cases of a small amount of haemorrhage. No serious
complications were observed.

Conclusions Real-time MR-guided brain biopsy using a 1.0-T open MRI scanner is a safe, feasible and accurate diagnostic
technique for pathological diagnosis of brain lesions. The procedure duration is shortened and biopsy work flow is simplified. It
could be considered as an alternative for brain biopsy.

Key Points

* Real-time MRI-guided brain biopsy using a 1.0-T open MRI scanner is safe, feasible and accurate.

* No serious complications occurred in real-time MRI-guided brain biopsy.

* Procedure duration is shortened and biopsy work flow is simplified.
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Abbreviations

NeurolCU  Neuro intensive care unit
RF Radiofrequency

TIW-TSE  T1-weighted turbo spin echo
T2W-TSE  T2-weighted turbo spin echo

Introduction

Accurate diagnosis of brain lesions is an important prerequi-
site for optimised treatment. Although modern imaging pro-
vides ample information for diagnosis, it cannot replace the
crucial role of biopsy and histopathological diagnosis, espe-
cially in suspected malignancy. At present, there are three
major types of surgical procedures for brain biopsy: frame-
based, frameless and intraoperative MRI-guided brain biopsy.
Although frame-based stereotactic brain biopsy has been the
most commonly used method with good diagnostic perfor-
mance, there are limitations to this technique, the main one
being the absence of real-time image feedback during biopsy
procedure [1]. During operation, the accurate location of nee-
dle and biopsy target cannot be visualised, which may lead to
false negative results and intraoperative morbidity [2-5].
Real-time MRI-guided brain biopsy overcomes this limitation
and has been applied increasingly in recent years. Although
this technique provides high diagnostic yield and lower rate of
serious complications [6], the biopsy procedure requires aux-
iliary apparatus [7, 8]; and the procedure is complicated lead-
ing to longer procedure times [7]. In addition, most of the
reported procedures were performed using a closed-bore MR
scanner without a larger open access. In closed-bore scanners,
the patient access can be restricted to some extent [8].
Although low-field magnets have larger open access, the
signal-to-noise ratio is lower for biopsy guidance, which
may limit its application in brain biopsy. Open high-field
MR scanners with large open space and better imaging are
expected to feasible for biopsy guidance.

In our study, we used a 1.0-T open interventional MR scan-
ner, with large 160-cm left-to-right and 40-cm anteroposterior
apertures, and real-time technique for brain biopsy. Real-time
and MR fluoroscopy techniques in 1.0-T open MR have been
utilised in guidance of biopsy procedures and interventional
therapy, such as liver biopsy, radiofrequency ablation,
periradicular injection therapy, etc. [9—13]. Recent studies
have shown that real-time technique in 1.0-T open MR pro-
vides a time-efficient, simplified and accurate approach for
biopsy guidance with clinical value [9, 10]. However, to the
best of our knowledge, 1.0-T open MR has not been used in
brain biopsy procedures thus far.

The aim of this study was to evaluate the safety, feasibility
and diagnostic performance of applying a 1.0-T open MRI
scanner with real-time and MR fluoroscopy techniques in
brain biopsy.
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Material and methods
Patients

We selected a retrospective cohort from our medical record
system between July 2014 and February 2017. During the
time frame indicated, 86 consecutive patients (46 male, 40
female) with intracerebral lesions were biopsied using a 1.0-
T open MRI scanner in our institution. Thirty-three of the 86
patients underwent surgical resection subsequently. Patient
demographics, imaging data, surgical characteristics and his-
topathological diagnosis were retrospectively reviewed. All
patients had intracranial mass lesions shown by CT or MR
images. The 86 intracerebral lesions were divided into two
groups according to their maximum diameters: lesions < 1.5
cm (7 = 16) and lesions > 1.5 cm (n = 70).

This study plan was approved by the institutional review
board of Shandong University.

Equipment and technique

Real-time MRI-guided brain biopsies were carried out with
a 1.0-T open MRI scanner (Philips Healthcare, Amsterdam,
Netherlands). An out-of-room console and an in-room MR-
compatible radiofrequency (RF)-shielded liquid crystal
monitor (Philips Healthcare, Amsterdam, Netherlands),
which was placed near to the magnet, were used to display
images and guide biopsy procedure. The suite was
equipped with an MR-compatible electrocardiogram mon-
itor. A high-speed drill was used to penetrate the skull. An
MR-compatible coaxial needle with a blunt tip (16-G,
Wanlin Medical, Qingdao, Shandong, China) and a semi-
automated biopsy needle (18G, TSK TM, TSK Laboratory,
Tochigi-shi, Japan) were used to obtain specimens. All bi-
opsy procedures were performed by the same two experi-
enced interventional radiologists.

Preoperative preparation

Patients were placed on the operating table of the MR scan-
ner in a suitable position, which was determined by lesion
accessibility. The position of the patient was fixed by a vac-
uum bag. A receive-type flexible surface loop coil with the
diameter of 30 cm was wrapped around the patient’s head
close to the area of interest. An MRI-compatible electrocar-
diogram monitor was used to monitor vital signs, including
cardiac rhythm, oxygen saturation and blood pressure.
Haemostasis was maintained with ethamsylate (2.0 g) to
prevent bleeding in the biopsy procedure. Intravenous ad-
ministration of gadolinium-DTPA (0.2 ml/kg) was used for
contrast enhancement.
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Biopsy procedure

A fish oil capsule marker was placed on the surface of the scalp
before preoperative imaging. Then the patient underwent en-
hanced MR imaging. Enhanced images of T1-weighted turbo
spin echo (TIW-TSE) (TR 447 ms, TE 10 ms, flip angle 90°,
slice thickness/separation 5 mm/1 mm, matrix 240 x 165, FOV
230 x 199) and T2-weighted turbo spin echo (T2W-TSE) (TR
2494 ms, TE 107 ms, flip angle 90°, slice thickness/separation 5
mm/1 mm, matrix 240 x 158, FOV 230 x 199) were used to
confirm the target lesion. The fish oil capsule marker and the
target point were used to define the arbitrarily angulated plane to
display the entry point and the lesion in one image. The puncture
trajectory was determined to avoid eloquent areas, large arteries
and veins. According to puncture trajectory, the approach angle
and the distance from the skin to the lesion were measured. Then
the patient was moved outside of the magnet bore and given
local anaesthesia using lidocaine (2%, 2.5 mL) and intravenous
conscious sedation using diazepam (5 mg). A twist-drill hole
was made at the entry point by an interventional radiologist
using a battery-operated twist drill (3.5 mm diameter). Then
the patient was moved back into the magnet. On the real-time
interface, the puncture process was guided by MR fluoroscopy
with continuous real-time imaging (Figs. 1 and 2). Real-time
MRI sequences included TIW gradient echo sequence (T1W-
FFE), TIW-TSE sequence and T2W-TSE sequence (Table 1).
The highest image frame rate was 1 image per 2.9 s. Selection of
the sequence was determined by the enhancement features of the
lesion. The interactive dynamic viewing of needle orientation
and position could be displayed in two adjustable orthogonal
image planes on the monitor in the operating room (Fig. 3).
Needle orientation was adjusted if it was necessary according
to the continuous imaging until the needle punctured the target.
Then the patient was moved outside of the magnet bore again
and the sampling procedure was performed with an 18-G semi-
automated cutting needle. Three to five specimens were collect-
ed from different quadrants of each lesion for histopathological
examination. Immunohistochemical analysis was performed as
required.

Post-procedure evaluation

After the needle withdrawal, the patient was moved back into the
magnet and a final set of images of the entire brain was obtained.
By comparing with the preoperative imaging, we observed
whether any complications occurred. If haemorrhage was detect-
ed, the amount of bleeding was estimated. The procedure dura-
tion, the number of needle passes and postoperative complica-
tions were recorded. The time from patient positioning to the
removal of the needle was defined as the total procedure dura-
tion. One puncture trajectory was defined as one needle pass.
After the biopsy procedure, patients continued to be monitored
in hospital and were not transferred to the neuro intensive care

Fig. 1 A 60-year-old woman underwent real-time MRI-guided brain
biopsy. a, b Preoperative TIW contrast-enhanced MR images for
determination of the entry point and the puncture trajectory. Fish oil
capsule (arrow) was placed on the surface of skull to determine the entry
point. c—e TIW-FFE images of real-time MRI-guided puncture
procedure. The needle was displayed continuously in real time until it
punctured the lesion. f, g T2W-TSE images from the puncture procedure.
h T1W MR image after the biopsy procedure. Specimens were obtained
from the areas of'the lesion which were displayed in TIW MR image. The
biopsy specimen revealed an anaplastic astrocytoma

unit (NeuroIlCU) for observation; mannitol and haemostatic
drugs were administered to patients for 2-3 days. Postoperative
MRI was achieved routinely 1 day after biopsy procedure to
assess any delayed intracranial bleeding. A small amount of
haemorrhage was treated with conservative treatment, but any
severe symptomatic haemorrhage after biopsy was treated with
surgical evacuation by craniotomy.

Statistical analysis

Histopathology results were recorded. The diagnostic yield
and complication rate were calculated. The diagnostic accura-
cy was calculated by comparing biopsy histopathological di-
agnoses with final diagnoses obtained by surgery or clinical
follow-up of a mean of 14 months (range 12-24 months) after
brain biopsies. Two-tailed Fisher’s exact test was used to
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Fig. 2 A 37-year-old woman underwent real-time MRI-guided brain
biopsy. a, b Contrast-enhanced MR images before the puncture
procedure. Fish oil capsule (arrow) was placed on the surface of the skull
to determine the entry point. ¢ Enhanced T1W-FFE image from real-time
MRI-guided puncture procedure. The needle was displayed continuously
in real time until it punctured the lesion. d, e The position of the needle tip
was reconfirmed by sagittal and transverse images of real-time T1W-
TSE. f TIW MR image after biopsy procedure. Specimens were obtained
from the areas of the lesion displayed in TIW MR image. The biopsy
specimen revealed a neurosarcoidosis

compare diagnostic yield in two groups (maximum diameter <
1.5 cm, maximum diameter > 1.5 cm). Statistics analysis was
performed by SPSS 22.0 statistical software. P values less
than 0.05 were considered to indicate significant differences.

Results

In 86 patients with undefined intracranial lesions, 86 brain
biopsies were performed. Mean patient age was 52 years
(range 12-76 years). Mean maximum diameter of the lesion
was 2.1 = 0.8 cm (range 0.9—4.1 cm). Procedure duration was
41 = 5 min (range 3349 min). All biopsy needles were placed
with one pass.

All biopsy specimens were technically successfully obtain-
ed. Eighty-two procedures yielded definitive diagnoses in all
86 procedures (Table 2). Diagnostic yield was 95.3% (82/86).
There were four non-definitive histopathological results, in-
cluding two cases of atypical cells and two cases of gliosis.
The diagnostic yield of lesions < 1.5 cm and > 1.5 cm were
93.8% (15/16) and 95.7% (67/70), respectively. There was no
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Fig. 3 1.0-T open interventional magnetic resonance system. The
operator holds the needle and punctures the target under the guidance of
real-time MRI; images are displayed on the removable RF-shielded liquid
crystal monitor in front of the operator

significant difference in diagnostic yield between the two
groups; p > 0.05 by Fisher’s exact test (Table 3).

The final diagnoses of 31 cases with definitive histopatho-
logical diagnoses and 2 cases with non-definitive histopatho-
logical diagnoses at needle biopsy were obtained by subsequent
surgical resection; the final diagnoses of 53 cases were obtained
by clinical follow-up. The final diagnoses results confirmed the
biopsy results in 81 patients with diagnostic accuracy of 94.2%
(81/86) (Table 2). Two cases thought to be anaplastic astrocy-
toma after needle biopsy were confirmed to be higher grade
tumour (glioblastoma multiforme). One false negative case di-
agnosed as demyelinating lesion after needle biopsy was con-
firmed to be lymphoma by cytological examination of cerebro-
spinal fluid. The other two false negative cases diagnosed as
atypical cells were confirmed as lymphoma and anaplastic as-
trocytoma, respectively, by subsequent surgery.

No serious complications occurred. Minor complications
included three cases of a small amount of haemorrhage in
the biopsy procedure, including one case of epidural haemor-
rhage and two cases of cerebral haemorrhage. The amount of
bleeding was about 2.3 ml, 0.6 ml and 0.5 ml, respectively.
MRI revealed no increase in bleeding 24 h after operation. All
three patients had no obvious clinical symptoms after drug
treatments (mannitol and haemostatics) for 3—7 days. The
complication rate was 3.5% (3/86).
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Table 1 Parameters of real-time
MRI sequences Sequence TR (ms) TE(ms) Flipangle Slice Matrix FOV Acquisition
(degree) thickness (mm) time (s)
T1W-FFE 25 691 30 6 140 x 111 180 x 144 2.9
TIW-TSE 300 6.2 90 8 128 x 110 180 x 180 7.5
T2W-TSE 2500 108 90 5 256 x 154 230x183 2

TIW-FFE T1-weighted gradient echo, 7/ W-TSE T1-weighted turbo spin echo, 72W-TSE T2-weighted turbo spin
echo, TR repetition time, TE echo time, FOV field of view

Discussion

In our study, the diagnostic yield was 95.3% and diagnostic
accuracy was 94.2%, showing good performance for stereo-
tactic brain biopsy and were comparable with the data in re-
ported literature: the diagnostic yield in reported studies on
stereotactic brain biopsy ranges between 82.1% and 99.3%
[6, 14—-18]; the diagnostic accuracy ranges between 80% and
96.7% [2, 19, 20]. In these studies, frame-based and frameless
stereotactic brain biopsies are the main operative methods;
real-time MR technique was not widely used. There are some
drawbacks of the two techniques of stereotactic brain biopsy.

When performing brain biopsy using frame-based and most
frameless stereotactic techniques without imaging feedback,
preoperative images are used to access target tissue; therefore,
there are no intraoperative images confirming the location of the
needle, which may lead to deviation of the needle trajectory and
inaccurate sampling. It may also lead to serious or fatal compli-
cations, such as neurologic deficit and fatal haemorrhage [2-5,
21]. In our study, the real-time guided puncture process allowed
the operator to detect the intraoperative brain shift in time and to
compensate for the deviation, which is identified as a possible
cause leading to an inaccuracy diagnosis [22]. Grunert et al. [23]
used a frameless system with optical navigation to guide the

Table 2 Outcome of real-time

MR-guided brain biopsy (1 = 86) Histopathologic finding Needle  Follow-up Consistent *
biopsy
Resection  Clinical
Con CorR M O
Glioma 45 27 1 17 43
Glioblastoma multiforme (IV) 19 13 6 19
Anaplastic astrocytoma (I1I) 9 5 4 7
Anaplastic oligoastrocytoma (I1I) 4 2 2 4
Astrocytoma (IT) 8 2 1 5 8
Oligodendroglioma (II) 3 3 3
Oligoastrocytoma (II) 2 2 2
Ependymoma 2 0 2 2
Primitive neuroectodermal tumour (IV) 2 2 2
Lymphoma 10 0 10 10
Metastasis 7 2 5 7
Benign lesions 16 0 15 1 15
Demyelinating lesion 8 0 7
Abscess 2 0 2
Radiation necrosis 1 0 1 1
Neurosarcoidosis 2 0 2
Encephalitis 3 0 3
Non-definitive diagnosis 4 2 2 2
Atypical cells 2 2 0
Gliosis 2 0 2 2
Total 86 33 53 81

Con conservative management, C chemotherapy, R radiation therapy, M medicine, O observation

Histopathologic diagnoses obtained by needle biopsy with final diagnoses obtained by surgical resection and

clinical follow-up
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Table 3 Results of each group

based on the lesion size Maximum lesion Patients (1) Definitive (1) Not definitive (1) Diagnostic p* value
diameter yield (%)
<l5cm 16 15 1 93.8% (15/16) 0.568
> 1.5cm 70 67 3 95.7% (67/70)

*Fisher’s exact test

brain biopsy and came to the conclusion that the frameless sys-
tem was effective for performing brain biopsies of relatively
large lesions (> 1.5 cm). Our study indicated that, for lesions
with diameter < 1.5 cm, the diagnostic yield of the lesion was
comparable to that of lesions with diameter > 1.5 cm (Table 3).
We concluded that the precise guidance of the real-time tech-
nique and the multiparametric sequences clearly showing the
target and the needle simultaneously may have contributed to
this result. In our biopsy process, we were capable of visualising
the target lesion and needle position in two orthogonal MR
image planes (such as transverse and coronal planes) in real
time, which helped the operator to keep the needle in the right
direction until the needle was advanced into the target.

The four non-definitive histopathological diagnoses in-
cluded two cases of atypical cells and two cases of gliosis.
Two of the four cases had bleeding from the lesion in the
biopsy process, resulting in inadequate specimens and false
negative outcomes. Both of the other two patients with diag-
noses of gliosis had a history of previous chemoradiotherapy
with temozolomide. They were diagnosed with
pseudoprogression by follow-up for 18 months. Other re-
searchers reported the same difficulty of confirming the histo-
pathological diagnoses in patients with a history of radiother-
apy [6, 24]. The third false-negative case with diagnosis of
demyelinating lesion was confirmed to be lymphoma. We
consider that the heterogeneity of the tumour may have led
to the inaccurate result. It was found that neoplastic cells in
lymphoid neoplasms can be admixed with reactive brain ele-
ments, degenerative and inflammatory elements [25].

For the biopsy procedure, we used MR fluoroscopy tech-
nique to guide the puncture process. Real-time MR displays
the needle trajectory in two orthogonal planes, which can be
alternated repeatedly and rapidly. The image frame rate was
2.9 s per image. When it was necessary, the operator could
adjust the needle orientation easily and rapidly in an interactive
mode, without stopping the MR scanning and consequently
repetitively moving the patient out and back into the MRI bore.
The procedure duration was efficient. In our cases, the average
procedure duration was 41 + 5 min (range 33—49 min), which
was much shorter than that reported in earlier studies [7, 26, 27].
Gempt et al. [27] used frameless MR-guided stereotaxy for brain
biopsy. Mean patient time in the operating room, including nav-
igation registration, patient positioning and operation, was 99 +
28 min (range 49—189 min). Mohyeldin et al. [7] used real-time
MRI in the guidance of brain biopsy. Mean operative time was
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114 + 42.8 min. Our significantly shorter procedure duration
was not only attributed to our rapid imaging speed and real-
time technique but also to their unnecessary installation of fixa-
tion and navigation apparatus. Additionally, the application of
local anaesthesia also shortened the operation time. In our study,
we found that local anaesthesia in brain biopsy is feasible and
safe. The shortened operation time and application of local an-
aesthesia had some benefits. Firstly, as the biopsy duration is
short, the influence of the time-dependent washout of contrast
media is minimised. Secondly, the medical costs can be reduced.

As the interactive imaging platform simplifies the
workflow of the biopsy procedure, there is no need for the
apparatus that was formerly used, such as frames, rigid instru-
ment holder, neuro-navigator or optical tracking sensor. The
puncture needle has a large adjustment space and, should there
be any unwanted head movement, the needle can be visualised
before entering the dura and adjusted to the correct trajectory.
As a result there was no need for the skull-mounted aiming
device typically used in brain biopsy. As a whole, the real-time
MRI-guided brain biopsy can be seen to possibly reduce dis-
comfort caused by an ordinary patient frame’s bulkiness and
the risk of infection at the frame’s fixture points.

The complication rate in our study was 3.5% and no serious
complications occurred. For frame-based and frameless ste-
reotactic brain biopsy, complication rates are reported to range
from 3% to 12%, with an average mortality rate of 1.1% [14,
19, 28-30]. The complication rate in our study was in the
expected range and, more importantly, there were no severe
complications. As the image feedback was all in real time,
minor changes in the position of the patient or brain shift could
be detected in time, and the route of the puncture needle could
be adjusted in time if necessary. Hence, all patients were punc-
tured with one pass. It has been reported that multiple punc-
ture passes are associated with the presence of postoperative
haemorrhage [16]. Woodworth et al. [21] reported that cortical
biopsy samplings needed additional needle passes in 11% of
biopsy procedures when performing frame-based brain biop-
sy. In our study, we did not observe any increase in needle
passes due to inaccurate puncture execution; this may have
contributed to decreased complications in our study.

The selection of MRI sequences for puncturing guidance
was determined according to the lesion features. TIW-FFE,
T1W-TSE and T2W-TSE sequences were used in biopsy pro-
cedure with different acquisition time and size of the suscep-
tibility artefact of the needle. The acquisition time of T1W-
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FFE sequence is the shortest and the artefact of the needle is
the largest. The TIW-TSE sequence is not as fast as the T1W-
FFE sequence, but the size of the needle artefact is optimal.
The T1W-FFE sequence is a better choice for guiding biopsy
procedure of relatively large lesions in order to shorten oper-
ation time. The TIW-TSE sequence was adopted for biopsy
guidance of smaller targets, as T1W-TSE imaging was better
for displaying the accurate distance between the needle and
lesion with better image quality and optimal needle artefact. If
the lesion did not enhance with contrast, the T2W-TSE se-
quence was chosen.

A number of studies have been carried out using high-field
magnetic resonance imaging to guide brain biopsy [7, 8]. Hall
et al. [8] used a 1.5-T MRI system for brain biopsy and
showed its effectiveness for evaluating lesions of the brain.
However, as a result of the limitation of the scanner bore
opening, the patient’s position in the biopsy procedure was
limited. For example, the lateral position could not be adopted.
Open magnetic resonance scanners allow more free-
positioning which favours the biopsy procedure. Another ad-
vantage of the open magnet is that it allows the operator to be
close to the patient. It is beneficial for the operator to observe
any patient discomfort and to reduce the patient’s stress during
the biopsy process. The local anaesthesia contributes to pa-
tient safety by enabling the patients’ cognition to be monitored
during the procedure.

Our study has at least two limitations. First, the retrospec-
tive design may result in case selection bias. Second, we did
not have comparative studies concerning the diagnostic per-
formance, complication rate and procedure duration with
frame-based stereotactic brain biopsy.

In summary, real-time MR-guided brain biopsy with MR
fluoroscopy using a 1.0-T open MRI scanner is a safe, feasible
and accurate diagnostic technique for pathological diagnosis
of brain lesions. It could simplify biopsy workflow and short-
en procedure duration and could be considered as an alterna-
tive for brain biopsy.
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