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Abstract
Objective: The aim of this work was to compare fiducial-
based and intraoperative computed tomography (iCT)-
based registration for frameless stereotactic brain biopsy. 
Methods: Of 50 frameless stereotactic biopsies with the Var-
ioGuide, 30 cases were registered as iCT based and 20 as fi-
ducial based. Statistical analysis of the target registration er-
ror (TRE), dose length product, effective radiation dose (ED), 
operation time, and diagnostic yield was performed. Re-
sults: The mean TRE was significantly lower using iCT-based 
registration (mean ± SD: 0.70 ± 0.32 vs. 2.43 ± 0.73 mm, p < 
0.0001). The ED was significantly lower when using iCT-
based registration compared to standard navigational CT 
(mean ± SD: 0.10 ± 0.13 vs. 2.23 ± 0.34 mSv, p < 0.0001). Post-
biopsy iCT was associated with a significant lower (p < 
0.0001) ED compared to standard CT (mean ± SD: 1.04 ± 0.18 
vs. 1.65 ± 0.26 mSv). The mean surgical time was shorter us-
ing iCT-based registration, although the mean total operat-

ing room (OR) time did not differ significantly. The diagnostic 
yield was 96.7% (iCT group) versus 95% (fiducial group). 
Post-biopsy imaging revealed severe bleeding in 3.3% (iCT 
group) versus 5% (fiducial group). Conclusion: iCT-based 
registration for frameless stereotactic biopsies increases the 
accuracy significantly without negative effects on the surgi-
cal time or the overall time in the OR. Appropriate scan pro-
tocols in iCT registration contribute to a significant reduction 
of the radiation exposure. The high accuracy of the iCT makes 
it the more favorable registration strategy when taking biop-
sies of small tumors or lesions near eloquent brain areas.

© 2020 The Author(s) 
Published by S. Karger AG, Basel

Introduction

In the second half of the 20th century stereotactic bi-
opsies evolved to a safe standard procedure in the diag-
nosis of brain tumors [1] and became an integral part of 
many other neurosurgical procedures [2–9]. Subse-
quently developed image-guided frameless stereotactic 
systems proved to reach targeting errors and clinical re-
sults similar to those of frame-based stereotaxy [10, 11]. 
Previous reports on the frameless VarioGuide system 
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(Brainlab AG, Munich, Germany) focused on accuracy, 
diagnostic yield, and complications after standard regis-
tration (Z-touch, anatomical landmarks, fiducials) [12–
14]. In frameless stereotaxy registration based on ana-

tomical landmarks or skin fiducials provides compara-
ble target registration errors and therefore may be used 
interchangeably depending on the surgeon’s preference 
[15]. Nonetheless, standard registration procedures are 
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Fig. 1. The accuracy is checked by touching landmarks with the pointer, then the registration is verified (a). After 
coarse positioning of the head of the unit (b) the three joints (c–e) are adjusted close to 0°. A review of the align-
ment is displayed, pointing out the calculated entry and target deviation (f). 
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highly user dependent. The introduction of modern in-
traoperative computed tomography (iCT), such as the 
O-arm (Medtronic) [16] or the AIRO-CT (Brainlab), al-
lows user-independent automatic registration with high 
accuracy and low radiation exposure in cranial proce-
dures, as we reported earlier [17]. Recently, iCT-based 
registration for stereotactic surgery has been described 
as a safe, reliable, and accurate alternative to standard 
stereotactic procedures [18]. However, little is known 
about the implementation of iCT into frameless stereo-
tactic biopsy procedures. To our knowledge, there is a 
single report on a VarioGuide supported drainage of a 
brainstem abscess using the AIRO-CT scanner for reg-
istration [19], but larger series of this approach are lack-
ing and there are no data available concerning registra-
tion accuracy, radiation exposure, operation time, and 
diagnostic yield of iCT-based frameless biopsies. With 
the intention of closing this lack of data, we present our 
experience of 50 cases of frameless stereotactic biopsies 
with the VarioGuide system comparing fiducial with 
iCT-based registration. We hypothesized that the im-
plementation of iCT-based registration for frameless 
stereotactic biopsies is associated with a higher registra-
tion accuracy, a lower radiation exposure, a comparable 
diagnostic yield, and does not prolong the whole opera-
tive procedure. 

Materials and Methods

In this retrospective analysis all cases of frameless stereotactic 
biopsies with the VarioGuide system obtained between May 2017 
and April 2019 were included, giving a total of 50 patients (25 fe-
males and 25 males; age range from 7 to 93 years). Fiducial-based 
registration was used in 20 and iCT-based registration in 30 cases. 
In all cases preoperative imaging revealed a brain lesion of un-
known etiology, and an interdisciplinary tumor board recom-
mended biopsy. The decision on the registration method was only 
based on the availability of iCT and trained staff, patient-related 
criteria were not taken into account. No case was excluded. In-
formed written consent was obtained from all patients or their ap-
propriate family members. We obtained ethical approval for pro-
spective archiving of all relevant clinical and technical data with no 
need for further approval of retrospective analysis. 

Preoperative Imaging and Registration
All patients underwent magnetic resonance imaging (MRI) for 

diagnostic purposes prior to surgery. In the fiducial-based registra-
tion group at least 7 skin fiducials were placed on the patient’s head 
and a cranial fine-cut 3D-CT scan was performed in the Depart-
ment of Neuroradiology on the day before surgery, except in case 
No. 1 and 7, where a navigation-MRI was implemented in the 
work-flow. Preoperative CT and MRI images were rigidly regis-
tered applying the image fusion software element (Brainlab). After 

placing the head in a standard 3-pin head holder, the reference ar-
ray was attached to the head clamp and the navigation camera 
aligned in a way that allowed the detection of the reference array 
and navigation pointer when placed on the head. Using the regis-
tration module of the navigation software, patient registration was 
then established by placing the tip of the navigation pointer in the 
divot of each fiducial, except one used to determine the target reg-
istration error (see below).

In the iCT-based registration group the patient’s head was 
attached to the operating room (OR) table with a radiolucent 
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Fig. 2. A precalibrated, navigated biopsy needle is inserted. The nav-
igation monitors display the position of its entry (a), whilst advanc-
ing (b), and when reaching and exceeding the target position (c). 
The autopilot (left in a–c) gives a straightforward feedback on the 
penetration depth of the biopsy needle, the probe’s eye view (right 
in a–c) demonstrates the needle within the planned trajectory.
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skull clamp and standard metallic pins, which were placed out-
side the scanning area. Although not needed for registration, 
three skin fiducials were placed within the planned scan section 
allowing accuracy measurement later. A radiolucent reference 
array was fastened to the head holder, the OR table was rotated 
by 90°, and an iCT registration scan carried out (60-mm scan 
length). For iCT scanning a 32-slice movable CT scanner (AIRO, 
Brainlab) was used, closely integrated in the navigation setup 
consisting of a ceiling-mounted double monitor navigation sys-
tem in combination with a wall-mounted dual display system for 
consecutive visualization of co-registered images and operation 
of the stereotactic Brainlab elements software. It is mandatory 
that during the scanning process the reference array and reflec-
tive markers on the scanner are in the field of view of the naviga-
tion camera. A lateral scout and different low-dose scan proto-
cols were applied; details of the setup have previously been pub-
lished [17]. After automatic registration, the iCT registration 
scan and preoperative MRI datasets were rigidly registered as in 
the fiducial group.

In order to determine the registration accuracy, the tip of the 
navigation pointer was placed in the divot of a fiducial marker, 
which was not part of the registration process, and the target reg-
istration error (TRE) was calculated as the Euclidian offset of the 
pointer tip.

Procedure
In all cases, biopsy targets were identified in preoperative imag-

ing and marked with the smart brush tool element (Brainlab), 
which allowed the measurement of the total target volume. Opti-
mal trajectories were planned preoperatively by determining the 
entry and target point with the trajectory tool element (Brainlab), 
which could be adjusted or re-planned in the OR, if needed.

All procedures were performed under general anesthesia, with 
the patients placed in a prone or supine position. After the regis-
tration procedure, the preplanned entry point was identified with 
the navigation pointer and marked on the skin. After surgical skin 

preparation and draping the VarioGuide arm was attached to the 
head clamp. Following skin incision, burr hole trepanation, and 
dura opening, the navigated head of the VarioGuide was roughly 
placed over the entry point. The software setup assistant was 
opened and provided guidance through the fine adjustment by 
exact positioning of the three lockable joints in the head of the unit 
(Fig. 1). A navigated, precalibrated 1.8-mm disposable side cut-
ting biopsy needle (Pajunk, Geisingen, Germany) was inserted 
through the head of the VarioGuide and the advancement of the 
needle was displayed in real-time on the navigation monitors 
(Fig. 2). Once the needle reached the target point, sequential bi-
opsies were taken, and smear preparations of the sample tissue 
were performed right away in the OR by the neuropathologist 
with instant feedback to the neurosurgeon. The biopsy needle was 
only repositioned, and a second series of biopsies taken, when the 
neuropathologist could not detect pathological tissue in the first 
probe.

Finally, as a control in the iCT group, 0.5 mL of air were insuf-
flated into the site of biopsy (Fig. 3). After wound closure, either a 
second iCT scan (iCT group) was performed as a full-dose CT with 
a restriction of the scan length to 60 mm (except case No. 9), which 
allowed an overall reduction of the radiation exposure, or the pa-
tient received a conventional cranial CT scan in the Department 
of Neuroradiology (fiducial group). 

The dose length product (DLP) refers to a phantom with a di-
ameter of 16 cm. For an estimation of the effective radiation dose 
(ED), current ED/DLP conversion factors were estimated to be 2.4 
µSv/mGy • cm for head scans [20].

Statistical Analysis
Statistical analysis was performed with GraphPad Prism 8.1.2 

for MacOS. Parametric data were analyzed with the t test with 
Welch’s correction under the assumption of unequal standard de-
viation (SD), for non-parametric data the Mann-Whitney test was 
used. Fisher’s exact test was used in the analysis of contingency 
tables. A p value < 0.05 was considered statistically significant. 

a b c

Fig. 3. Documentation of the correct biopsy site: fusion of the preoperative MRI (a), registrational CT (b), and 
postoperative CT (c) show the instilled air within in the target volume.
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Results

The mean patient age in the iCT group was 62.0 years 
(range 21.4–86.6), 15 patients were females and 15 were 
males (Fig. 4a). Histological work-up revealed 16 glio-
blastomas, 1 diffuse midline glioma, 1 anaplastic astro-
cytoma, 1 diffuse astrocytoma, 5 diffuse large B-cell lym-

phomas, 1 case of vasculitis, 1 case of encephalitis, 1 case 
of progressive multifocal leukoencephalopathy, 1 cere-
bral cavernous hemangioma, 1 case of axonal degenera-
tion after injury, and 1 inconclusive diagnosis. This 
amounts to a diagnostic yield of 96.7%, which is slightly 
higher but not statistically significant than in the fidu-
cial-based registration group (95.0%), encompassing 10 
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Fig. 4. Scatter dot plots with lines at the median (a–e) or at the 
mean (f). a The mean patient age in the iCT group was 62.0 years 
(n = 30) versus 66.3 years in the fiducial group (n = 20), the me-
dian in both groups was 64.0 years. b The median surgical time in 
the iCT group was 33 min (n = 29) versus 40 min in the fiducial 
group (n = 20). This was statistically significant (p = 0.0094, two-
tailed Mann-Whitney test). c The median time in the OR in the 
iCT group was 100 min (n = 29) versus 117.5 min in the fiducial 
group (n = 20). This was not statistically significant (p = 0.23, two-
tailed Mann-Whitney test). d The preoperative radiation exposure 
was significantly lower using iCT for registration (p < 0.0001, two-

tailed Mann-Whitney test): iCT group (n = 28), median DLP = 17 
mGy • cm, ED = 0.04 mSv versus fiducial group (n = 18), median 
DLP = 961 mGy • cm, ED = 2.31 mSv. e The postoperative radiation 
exposure was significantly lower with iCT registration (two-tailed 
Mann-Whitney test): iCT group (n = 26), median DLP = 437 
mGy • cm, ED = 1.05 mSv versus fiducial group (n = 14), median 
DLP = 695 mGy • cm, ED = 1.67 mSv. f Regarding accuracy, the 
TRE was significantly lower using iCT for registration (p < 0.0001, 
two-tailed unpaired t test with Welch’s correction); iCT group  
(n = 28): 0.70 ± 0.32 mm (mean ± SD) versus fiducial group (n = 
13): 2.43 ± 0.73 mm.
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females and 10 males at a mean age of 66.3 years (range 
7.4–93.2). Here, in 7 cases a glioblastoma and in 1 case 
an anaplastic astrocytoma were diagnosed, and 6 pa-
tients suffered from diffuse large B-cell lymphoma. Fur-
thermore, histological examination showed 1 brain ab-
scess, 1 case of echinococcosis, 1 case of progressive 
multifocal leukoencephalopathy, 1 metastasis of small 

cell lung cancer, 1 case of resorptive tissue after intrace-
rebral hemorrhage, and 1 suspected neuronal heteroto-
pia (the final diagnosis remained unclear). The mean 
target volume encompassing the whole lesion was 33.2 
cm3 in the iCT group and 16.6 cm3 in the standard reg-
istration group.

The mean duration of the operation was 36 min (me-
dian 33) in the iCT group (case No. 47 was excluded, since 
the concept was changed to open surgery intraoperative-
ly) compared to 46 min (median 40) with standard regis-
tration. Thus, the surgery was performed significantly 
faster using iCT-based registration (p = 0.0094, two-tailed 
Mann-Whitney test; Fig.  4b). Although the mean total 
time in the OR, which includes positioning of the patient 
and the registration procedure, was shorter in the iCT 
group (mean 105 vs. 114 min, median 100 vs. 117.5 min), 
the difference was not significant (p = 0.2300, two-tailed 
Mann-Whitney test; Fig. 4c).

Analysis of the preoperative radiation exposure 
(Fig. 4d), comparing the navigational CT to the intraop-
erative iCT scan, showed a significant lower exposure in 
the iCT group (p < 0.0001, two-tailed Mann-Whitney 
test). Whilst with the navigational CT a median DLP of 
961 mGy • cm (mean ± SD 931 ± 142) equivalent to a me-
dian ED of 2.31 mSv (mean ± SD 2.23 ± 0.34) was applied, 
the median DLP was only 17 mGy • cm (mean ± SD 45 ± 
55) and median ED 0.04 mSv (mean ± SD 0.10 ± 0.13) in 
the iCT group (in case No. 1 and 7 a navigational MRI was 
performed, in case No. 13 and 31 no data on the DLP were 
available, thus they were excluded). The scan length was 
60 mm in the iCT group, but ranged from 140 to 209 mm 
(mean 168 mm) in the fiducial group. 

Additionally, in the postoperative control DLP and ED 
were lower using iCT (median DLP 437 mGy • cm; mean 
± SD 434 ± 73 mGy • cm; median ED 1.05 mSv; mean ± 
SD 1.04 ± 0.18 mSv) compared to a control CT in the De-
partment of Neuroradiology (median DLP 695 mGy • cm; 
mean ± SD 687 ± 108 mGy • cm; median ED 1.67 mSv; 
median ± SD 1.65 ± 0.26 mSv), which was also statisti-
cally highly significant (p < 0.0001, two-tailed Mann-
Whitney test; Fig. 4e). Again, the iCT scan was restricted 
to a length of 60 mm (except case No. 9: 90 mm), whilst 
the scan length in the fiducial group ranged from 126 to 
173 mm (mean 154). No postoperative CT was performed 
in cases 1, 2, 3, 7, 25, 35, and 37; therefore, these were ex-
cluded from the analysis. Cases 13, 31, and 47 were ex-
cluded because they were registered with iCT but received 
a conventional post-biopsy CT scan. 

The second iCT scan revealed an intracranial hemor-
rhage at the biopsy site in case No. 17 (Fig. 5), which led 

a

b

c 

Fig. 5. Case 17: preoperative MRI (a) and navigational iCT (b) do 
not show any bleeding. The corresponding axial slices of the post-
operative iCT (c) document a hemorrhage at the biopsy site.
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to a mild hemiparesis, but did not demand further treat-
ment. Case No. 41 developed a transient aphasia, although 
no postoperative bleeding was found. In case No. 13 a thin 
layer of blood and in case No. 31 a minimal hemorrhage 
at the biopsy site were detected, both received a conven-
tional CT control. Case No. 13 was disoriented post-biop-
sy, while case No. 31 did not develop new deficits. In cas-
es 8, 9, 10, 16, 17, 18, 20, 21, 23, 25, 26, 32, 40, 41, 43, 45, 
and 46 further imaging was performed within a few days 
for different reasons (e.g., irradiation planning), none of 
them revealing new bleeding at the biopsy site.

In the fiducial-based registration group, minor post-
operative hemorrhages were detected in cases 5 (intra-
ventricular), 24, 34, and 44, and a severe bleeding in case 
no. 6 (Fig. 6). None of them were clinically apparent. 

In all cases that received postoperative imaging, the 
insufflated 0.5 mL of air at the biopsy site was able to doc-
ument the sample being taken within the planned target 
area. Interestingly, in case No. 9 a major hemorrhage 
within the tumor was identified in the preoperative iCT 
scan, which was not documented in the earlier imaging, 
and led to a rapid deterioration of the patient.

There was a highly significant difference (p < 0.0001, 
two-tailed unpaired t test with Welch’s correction) of the 
target registration error using iCT for patient registration 
(Fig. 4f), which was 0.70 ± 0.32 mm (mean ± SD), com-
pared to the accuracy in the fiducial-based registration 
group (mean ± SD 2.43 ± 0.73 mm); however, 9 cases had 
to be excluded from the analysis due to a lack of an ade-
quate intraoperative documentation to allow reliable ret-
rospective analysis (cases 7, 14, 17, 27, 29, 31, 34, 36, and 
44). 

Discussion

In our retrospective analysis of 50 cases, we found the 
application of iCT-based automatic, user-independent 
registration to be associated with a registration error as 
low as 0.70 ± 0.32 mm, whilst it was 2.43 ± 0.73 mm in the 
fiducial-based registration group. Additionally, the radia-
tion exposure using iCT for registration was reduced to a 
DLP of 17 mGy • cm, which is equivalent to an estimated 
ED of 0.04 mSv, and thus far lower when compared to a 

a b c
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Fig. 6. Illustrative case (No. 6) of a severe hemorrhage detected in postoperative CT in the fiducial group: axial 
slices of the preoperative MRI (a), CT (b), and the corresponding slices in the postoperative CT (c). d–f Coronal 
slices of preoperative MRI and CT, and postoperative CT.
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standard navigational fiducial CT in the Department of 
Neuroradiology (median DLP 961 mGy • cm; ED 2.31 
mSv). The implementation of iCT into the registration 
procedure turned out to be uncomplicated and user 
friendly, resulting in a significantly shorter mean surgical 
time (36 vs. 46 min), whereas the mean total time in the 
OR was only slightly shorter (105 vs. 114 min, not sig-
nificant). Regardless of the mode of registration the diag-
nostic yield was exceptional high (iCT group 96.7%, fidu-
cial group 95%), and severe hemorrhage was found in 
only 1 case in each group.

Studies on the accuracy of navigated guided biopsies 
reach as far back as 1999, when Dorward et al. [21] re-
ported a mean localization error in phantom studies of 
1.3 ± 0.6 mm, but revealed a noticeably greater mean Eu-
clidean error of 4.8 ± 2 mm as measured in postoperative 
MRI. In 2009 the newly developed VarioGuide biopsy 
system was assessed by Ringel et al. [12], who performed 
phantom-based accuracy measurements and calculated a 
mean localization error of 1.44 ± 0.98 mm. They found a 
maximum deviation of 5 mm in one direction and there-
fore assumed a spherical lesion of a diameter of 10 mm 
(and a total volume of 0.524 cm3) to be biopsied with a 
100% probability that the needle actually entered the tar-
get volume. Bradac et al. [14] studied the accuracy of the 
VarioGuide system compared to frame-based stereotaxy 
in the clinical setting by obtaining intraoperative MRI 
scans after wound closure, and found a mean distance 
between the planned and real target of 2.90 ± 1.26 mm in 
the VarioGuide group, which did not significantly differ 
from the mean offset of 2.65 ± 1.12 mm in frame-based 
stereotaxy. In our analysis, we found a similar accuracy 
using fiducial-based registration (2.43 ± 0.73 mm), but a 
far lower target registration error (0.70 ± 0.32 mm) with 
iCT-based automatic registration, providing strong evi-
dence for its superiority in terms of accuracy. Yet, one has 
to point out that we used a different method for calculat-
ing the localization error, as we did not compare the 
planned and real targets in the postoperative imaging. Al-
though we instilled 0.5 mL of air at the biopsy site, which 
allowed us an instant control to determine we actually 
reached the target volume, we found it to be inconvenient 
and imprecise as a method of accuracy measurement and, 
therefore, we calculated the TRE with fiducial markers as 
mentioned above. This approach has been published in a 
similar manner before [22–24], but Mascott et al. [25] 
pointed out that the measurements might be prone to er-
ror due to fiducial shifting and the distance between the 
skin-attached fiducial and the actual target. To avoid in-
accuracy due to the aforementioned problem, they placed 

small drill holes as targets in the cranium and addition-
ally 1-mm titanium hemoclips along the falcine or basal 
dura for accuracy measurement. However, we found 
these measures not to be feasible in the setting of frame-
less stereotactic biopsies because the surgical site is lim-
ited to a small skin incision and a burr hole. Additionally, 
we believe the suspected errors in both groups to be sim-
ilar, allowing a comparison and conclusion on the accu-
racy. The shorter mean surgical time in the iCT group (36 
vs. 46 min), which was overall similar to other reports 
(42–49 min) [26, 27], can hardly be explained by the 
mode of registration, because there is no difference in the 
procedure once the registration is finished. Although the 
VarioGuide is straightforward to use [12], it can be as-
sumed that the surgical time is likely biased by different 
surgeons’ experiences with the system. This might also 
explain the non-significant differences in the mean total 
time in the OR (105 vs. 114 min), which in both groups 
was substantially shorter compared to a report on older 
frameless stereotactic systems (185 min) [28]. However, 
these data suggest that the implementation of iCT into the 
registration process does not delay the whole procedure 
and registration time is probably shorter and more effi-
cient than in the fiducial-based approach. 

Performing an iCT scan for registration is associated 
with radiation exposure to the patient. The applied low-
dose CT accounted for only an ED of 0.04 mSv, which is 
similar to the ED of a single posteroanterior X-ray exam-
ination of the chest [29], revealing a tremendous differ-
ence to a standard navigational fiducial CT with an ED of 
2.31 mSv in the Department of Neuroradiology. Howev-
er, different approaches might reduce radiation in stan-
dard fiducial registration procedures. A preoperative 
navigation-MRI, as implemented in case No. 1 and 7, 
could avoid any radiation exposure entirely, but due to 
restricted MRI capacity is reserved for exceptional cases 
only. There is certainly great potential in lowering the ex-
posure to the patient from navigational fiducial CT by the 
application of low-dose protocols and adjustment of the 
scanning range. The latter will be difficult realize because 
the neuroradiologist is not very familiar with neurosurgi-
cal approaches and positioning of the patient, which is a 
prerequisite for the shortening of the scan length. Addi-
tionally, the navigation fiducial CT is typically performed 
1 day prior to surgery and is therefore prone to fiducial 
shifting up to surgery, making it susceptible for registra-
tion errors. Taken together, the application of iCT after 
patient positioning offers the ideal setting for the reduc-
tion of radiation exposure and minimizes the risk of reg-
istration errors. 
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One approach to avoid radiation exposure at all is the 
implementation of intraoperative MRI (iMRI) into the 
biopsy procedure, if available. Different scenarios of how 
iMRI can be integrated into biopsy procedures have been 
described. Moriarty et al. [30] reported an excellent target 
localization in a series of phantom experiments and 68 
frameless stereotactic biopsies using iMRI and pointed 
out the advantage of real-time imaging permitting the 
confirmation that the biopsy needle actually reached the 
target, but iMRI has also been described to be safe and ef-
fective when integrated in frame-based stereotactic biop-
sies [31]. The real-time assessment of the needle position 
when using iMRI allows the evaluation of brain shift dur-
ing the procedure or detection and compensation of a 
needle deviation from the planned trajectory [32]. Stan-
dard frame-based, frameless stereotactic, or iMRI-guided 
biopsies proved to have a comparable diagnostic yield 
[32]. It is noteworthy that the use of iMRI in frameless 
stereotactic biopsies prolongs the whole procedure on the 
one hand [33], but on the other hand possibly reduces the 
length of hospital stay and lowers the risk of serious com-
plications when compared to standard frame-based or 
frameless stereotactic biopsy techniques [32]. When dis-
cussing the application of iMRI-guided biopsies, the 
overhead costs of MRI acquisition and maintenance 
should not be underestimated [32], but, nevertheless,  
iMRI-guidance can be recommended for the minority of 
those who have already integrated an iMRI into their sur-
gical theater [31]. 

Interestingly, in case No. 9, preoperative iCT was able 
to detect a major hemorrhage within the tumor, which 
was not seen on prior MRI scans, and led to a rapid dete-
rioration of the patient. This would most likely have been 
diagnosed as an intraoperative complication otherwise. 
Since this was one of the early cases, when we were still in 
the process of a stepwise reduction of the dose to a mini-
mum that would still allow a reliable registration perfor-
mance, the effective dose was rather high (0.43 mSv). Ap-
plying the current low-dose protocols would render it 
highly unlikely that the hemorrhage would have been de-
tected. 

Another advantage of iCT is the possibility to perform 
a first imaging control in the OR and instantly rule out 
adverse events or, if applicable, to react promptly. The 
restriction to a scan length of 60 mm, focused on the tar-
get volume, led to a median ED of 1.05 compared to 1.67 
mSv when the control was performed in the Department 
of Neuroradiology. Yet only two hemorrhages were iden-
tified in the postoperative iCT, one of them severe. We 
found an overall bleeding rate of 16% in the VarioGuide 

procedure, whereby it was 10% in the iCT group and 25% 
in the conventional registration group, but not a single 
case demanded revision. Notably, in both groups only 
one hemorrhage (approx. 3.3 and 5%, respectively) was 
classified as severe, which is comparable the findings of 
others [12, 14]. Only 2 cases in which we found postop-
erative bleeding developed neurological deficits (disori-
entation, mild hemiparesis), and 1 patient showed a tran-
sient aphasia without correlate in the postoperative imag-
ing. 

In recent years, the high diagnostic yield of different 
navigated frameless biopsy techniques has become evi-
dent, ranging from 87 to 100% [34]. Previous studies on 
VarioGuide biopsies reported a diagnostic yield rang-
ing from 90 to 94.6% [12, 26, 27, 13, 35, 36]. Here, we 
found a slightly higher diagnostic rate of 96.7% with 
iCT registration and 95% with standard registration, 
probably as a result of the consequent implementation 
of intraoperative examination of the specimens into the 
workflow.

We are aware of the limitations of this study, which 
are mainly due to its retrospective nature, such as the 
missing randomization and blinding, and differences in 
quality and quantity of documentation of the procedure 
and the patient outcome. The lack of data led to an exclu-
sion of cases, for example in the analysis of accuracy in 
the standard registration group, whilst the documenta-
tion was thorough in the iCT group. However, the num-
ber of excluded cases did not reach a level that affected 
the overall reliability of the statistical analysis. Another 
shortcoming of this study is the fact that different sur-
geons where involved in the procedures, and the impact 
of this on the measured parameters remains somewhat 
unclear. It seems unlikely that there is a significant effect 
on the registration accuracy, but parameters like the op-
eration time or overall time in the OR are probably influ-
enced by the surgeon’s experience. Thus, as stated above, 
care has to be taken when interpreting these data. Taken 
together, despite these limitations, we believe that the 
data acquired are strong enough to allow a reliable con-
clusion.

Conclusion

iCT as a registration device for frameless biopsy is su-
perior to fiducial-based registration in terms of accuracy, 
whereas the radiation exposure is significantly reduced 
when compared to a standard registration CT. The regis-
tration procedure is straightforward in use, user indepen-
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