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Purpose: Although conventional neuro-navigation is a useful tool for image-guid-
ed glioma surgery, there are some limitations, such as brain shift. We introduced 
our methods using an identifiable marker, a “tailed bullet”, to overcome the limita-
tion of conventional neuro-navigation. A tailed bullet is an identifiable tumor loca-
tion marker that determines the extent of a resection and we have introduced our 
technique and reviewed the clinical results. Materials and Methods: We have de-
veloped and used “tailed bullets” for brain tumor surgery. They were inserted into 
the brain parenchyma or the tumor itself to help identify the margin of tumor. We 
retrospectively reviewed surgically resected glioma cases using “tailed bullet”. To-
tal 110 gliomas included in this study and it contains WHO grade 2, 3, and 4 glio-
ma was 14, 36, and 60 cases, respectively. Results: Gross total resection (GTR) 
was achieved in 71 patients (64.5%), subtotal resection in 36 patients (32.7%), and 
partial resection in 3 patients (2.7%). The overall survival (OS) duration of grade 3 
and 4 gliomas were 20.9 (range, 1.2‒82.4) and 13.6 months (range, 1.4‒173.4), re-
spectively. Extent of resection (GTR), younger age, and higher initial Karnofsky 
Performance Status (KPS) score were related to longer OS for grade-4 gliomas. 
There was no significant adverse event directly related to the use of tailed bullets. 
Conclusion: Considering the limitations of conventional neuro-navigation meth-
ods, the tailed bullets could be helpful during glioma resection. We believe this 
simple method is an easily accessible technique and overcomes the limitation of 
the brain shift from the conventional neuro-navigation. Further studies are needed 
to verify the clinical benefits of using tailed bullets.
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INTRODUCTION

The role of surgery is still in debate regarding the management of glioma. Even 
though there is little doubt for low-grade gliomas, but there is growing evidence 
that radical excision is associated with improved outcomes in the management of 
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in a given operation was dependent on the location, size, 
and shape of a lesion and the purpose of bullet insertion. 
We inserted more bullets near the pyramidal tract on diffu-
sion tensor tractography merged image. We had used 5‒15 
(average 8‒10) bullets per single surgery to fence the most 
part lesion. 

Operation procedures
During our initial experience from 1995 to 2000, we used 
stereotactic frame based methods to insert the bullets. Al-
though stereotactic methods could be more accurate than 
the navigation method, the stereotactic frame itself caused 
technical difficulties during the operation (space limitation), 
in addition to discomfort to patients during frame fixation. 
After neuro-navigation became available, we have used the 
neuro-navigation system (Stealth Treon, Medtronic, Minne-
apolis, MN, USA) for bullet placements. After craniotomy, 
a minimal multiple dural incisions were made for the bul-
lets’ insertion to decrease the cerebrospinal fluid (CSF) drain 
and prevent parenchymal herniation before dural opening 
(Fig. 2A). We are trying to choose the bullet route avoiding 
the ventricle system as if tumor biopsy. After bullet inser-

low grade glioma and high grade glioma.1-11 To perform rad-
ical resection, many modalities have been used to determine 
the surgical margin, which is difficult to identify due to the 
infiltrating features of glioma. Image-guided neurosurgery is 
a promising modality for maximal resection. Conventional 
neuro-navigation is the most widely used image-guided mo-
dality but has some critical limitation such as brain shift. To 
overcome this limitation, intraoperative imaging using mag-
netic resonance image (MRI) or computed tomography (CT) 
has been drawing attention. However, these techniques also 
have some drawbacks, of which the two main examples are 
difficulty of use and high cost.12

We have used a new method of image-guided surgery 
technique, using reference points marked as ‘tailed bullets’. 
Here, we introduce the technical details and review clinical 
results and its limitations.

MATERIALS AND METHODS

Tailed bullet
We have developed and used the new image-guided sur-
gery method and reported our preliminary results.13 The 
“tailed bullets” was invented to identify the surgical margin 
during brain tumor surgery and consists of 3 parts: bullet, 
string, and the tag (Fig. 1). All materials were made as sin-
gle use only. The bullet is made from a metal cylinder with 
smooth rounded head which was coated with silicon 
(5×2×2 mm). It is inserted into the brain parenchyma by 
stereotactic methods, to help identify the boundary of tu-
mor margin. Delineation of tumor and normal brain tissue 
is difficult, or sometimes impossible, even under a surgical 
microscope. To identify each bullet when multiple bullets 
are used, the numbered tags were attached to each bullet, 
using the string between the bullets and numbered tags. The 
string, which connects the bullet and numbered tag, hold 
tight during the bullet insertion and is then buried in the 
brain parenchyma during operation. The string prevents 
missing of inserted bullet in the brain parenchyma. We used 
tailed bullet for two purposes: maximal surgical resection 
and minimal morbidity. For maximal resection, we placed 
the bullet on the border of tumor and normal brain, based on 
preoperative MRI. For minimal morbidity, if a tumor infil-
trates the eloquent area, post-operative neurological worsen-
ing might be expected, and the resection is limited to the lo-
cation of bullets, which are placed in relative safe areas 
within/around the lesion. The number of tailed bullets used 

Fig. 1. Photos of tailed bullet used in image-guided surgery. (A) A tailed bul-
let and probe for the insertion. Optical sensor for navigation is attached to 
the probe. (B) Enlarged view of the bullet. The bullet is in a cylindrical 
shape and is coated with silicon. The hollow space is fitted to the probe. A 
number is tagged to each bullet. (C) Navigation probe fitted with a bullet. 
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Patient population
A retrospective review was performed for 110 cases of glio-
ma resected using the tailed bullet method. Medical records 
were reviewed for detailed clinical, radiologic, and patho-
logic findings. Pre- and postoperative MRI studies were re-
viewed through the final report by radiologists. The length 
of survival was calculated from the date of pathologic diag-
nosis to the date of death, as acquired though chart review 
and follow-up telephone interviews. Volumetric measure-
ments from immediate postoperative MRIs (within 48 hours 
for enhancing tumors, 4 months after surgery for non-en-
hancing tumors) were used to evaluate the extent of resec-
tion. Enhancing tumors were defined as gross total resec-
tion (GTR) if the postoperative MRI revealed no evidence 
of an enhancing lesion. For non-enhancing tumors, fluid-at-
tenuated inversion recovery and T2-weighted image were 
used to determine the extent of resection. A resection was 
designated as a subtotal resection (STR), if more than 80% of 
the tumor was resected. Otherwise, a resection was deemed 
to be a partial resection (PR) if less than 80% of the tumor 
was resected. 

Statistical analysis
We analyzed various factors affecting survival. Statistical 
analyses were performed with SPSS version 19.0.0 (SPSS 
Inc., Chicago, IL, USA). Dichotomous data were assessed 
using the chi-square test. Survival was evaluated using the 
Kaplan-Meier estimates. Potential factors influencing sur-
vival were assessed in a multivariate analysis using the Cox 
proportional hazards model. Variables included in this anal-
ysis were patient age, KPS score, number of bullets used, 
and extent of resection (GTR vs. non-GTR). p-values <0.05 
were considered statistically significant. 

RESULTS
 

Patient characteristics
Demographic data of the patients are summarized in Table 
1. The mean age was 46.64 years (range 11‒75 years), with 
57 males and 53 females. The location of lesions was frontal 
in 57 patients (51.8%), temporal in 28 patients (25.5%), pa-
rietal in 22 patients (20.0%), occipital in 13 patients (11.8%), 
and cerebellar in 2 patients (1.8%). Twelve patients (10.9%) 
had lesions involving 2 or more lobes. By the WHO classi-
fication of glial tumors, 60 patients (54.5%) had grade 4 
disease, 36 patients (32.7%) with grade 3, and 14 patients 

tion, resections were performed in the usual manner until 
the bullets were encountered. At this point, the resection 
was considered to have been carried out to the critical mar-
gin (Fig. 2B). Because the tailed bullets were inserted dur-
ing initial steps of surgery, brain shift was minimal to none.

Fig. 2. Intraoperative photos of bullet insertion. (A) After craniotomy, a small 
dura incision was made for tailed bullet insertion under navigation guidance. 
(B) Buried bullet in brain parenchyma. When the bullet is encountered, the 
resection has carried out to the tumor margin or eloquent location.

A

B

Table 1. Demographic Data and Characteristics in 110 Pa-
tients in This Study

Characteristics No. (%)
Sex
    Male 57 (51.8)
    Female 53 (48.2)
Method
    Stereotactic frame 28 (25.5)
    Meuro-navigation 82 (74.5)
Pathology
    WHO grade IV 60 (54.5)
    WHO grade III 36 (32.7)
    WHO grade II 14 (12.7)

WHO, World Health Organization.
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number of bullets had no relation with GTR rate (p=0.90). 
The tailed bullets were used with the frame-based stereo-
tactic method in 28 patients and with the neuro-navigation 
guided method in 82 patients. Although the accuracy of 
placement might be better in frame based on the stereotac-
tic method than the neuro-navigation guided method, there 
was no statistical difference in the GTR rate between these 
two methods (p=0.861). Among the 14 cases of grade-2 gli-
omas, GTR was achieved in 13 patients with STR in 1 pa-
tient. There was no death or disease progressing during the 
follow-up period for these 14 cases.

Complications
Among the 110 cases, postoperative bleeding had occurred 
in 4 (3.6%) patients, with postoperative infection in 3 pa-

(12.7%) with grade 2 disease. GTR, STR, and PR had been 
achieved in 71 (64.5%), 36 (32.7%), and 3 (2.7%) patients, 
respectively.

Surgical results
Among the 60 cases of grade-4 malignant glioma patients, 
GTR was achieved in 47 (78.3%) patients. The median 
length of survival was 19.3 months (range 1.4‒173.4 months) 
for the GTR group and 10.4 months (range 1.8‒48.8) for 
the non-GTR group (p=0.012). Survival, according to vari-
ous factors, including age, sex, extent of resection, perfor-
mance status (KPS score), and number of bullets used, was 
also analyzed. Age (p=0.012), KPS (p=0.041), and GTR 
(p=0.002) were associated with significant improvements 
in median overall survival for grade-4 malignant glioma. The 

Fig. 3. Illustrative case for high grade glioma. (A) A preoperative MRI reveals a 2 cm left thalamic enhancing mass. (B) After craniotomy, 
several bullets were inserted at tumor margins. (C) During resection, the bullets delineate tumor margin. (D) Postoperative MRI reveals 
no residual enhancing lesion.
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tion guidance. Post-operation course was uneventful. There 
was no further neurological deterioration after the operation. 
Postoperative MRI revealed no residual tumor (Fig. 4C and 
D). The pathologic diagnosis was confirmed as a diffuse as-
trocytoma.

DISCUSSION

Surgical role in glioma
In the absence of prospective randomized clinical trials, the 
association of aggressive tumor removal and survival in gli-
omas have been debated for a long time.2,3,6 For low grade 
glioma, though some debate, there is growing evidence that 
radical excision is associated with improved outcomes.5,8-11 
Current standard treatment of glioblastoma is maximal safe 
resection, followed by concurrent radiation and chemother-
apy (temozolomide) and adjuvant chemotherapy.14 Despite 
following this guideline, outcomes have been dismal, and 
thus, many clinical trials are being attempted. Stummer, et 
al.7 analyzed 3-randomized phase 3 trials on the role of sur-
gery in glioblastoma and concluded that, if radical GTR 
can be achieved safely, complete resection appears to im-
prove the surgical outcomes and increases the efficacy of 
adjuvant therapies. Thus, complete resection is the only sin-
gle prognostic factor that can be modified by surgical means 
in the management of this disease.

Limitation of conventional image guided surgery
In order to maximize the surgical resection, especially for 
gliomas, several techniques have been developed in recent 
years. On the past time awake surgery is considered as the 
method of choice to precisely identify the eloquent location 
with intraoperative monitoring such as motor evoked po-
tential and somatosensory evoked potential. Fluorescence 

tients (2.7%). There were one case each of neurological 
worsening (motor functions), post-operative pneumonia, 
and pulmonary-thromboembolism. 

Illustrative case 1, tailed bullet surgery for high grade 
glioma 
A 45-year-old female patient presented with aphasia and 
right-sided weakness. Neurological examination revealed a 
grade-3 hemiparesis on the right side. A work-up MRI study 
identified a mass lesion in the left basal ganglia (Fig. 3A). 
Initial impression was a malignant brain tumor, and a resec-
tion with tailed bullet guidance was planned. Under general 
anesthesia and in supine position, a three-pin rigid head fix-
ator was applied, along with a neuro-navigation system. A 
C-shape craniotomy was performed around the left frontal 
area, above the superior sagittal sinus. After a minimal dura 
incision, 6 bullets were inserted to mark the tumor margins 
under navigation guidance (Fig. 3B and C). After bullet in-
sertion, the dura was incised widely in a circular fashion. 
Resection was performed through the inter-hemispheric ap-
proach (Fig. 3D). Post operation course was uneventful. 
There was no further neurological deterioration, immedi-
ately after the operation. Postoperative MRI revealed the 
resection to be a GTR. The pathologic diagnosis was con-
firmed as a glioblastoma.

Illustrative case 2, tailed bullet surgery for low grade 
glioma
A 45-year-old female patient presented with seizure. Neuro-
logical examination revealed no abnormal finding on admis-
sion. A work-up MRI study identified a mass lesion in the 
left parietal area without enhancement (Fig. 4A and B). As 
the same manner, we performed surgical resection under 
tailed bullet guidance. After a minimal dura incision, 7 bul-
lets were inserted to mark the tumor margins under naviga-

Fig. 4. Illustrative case for low grade glioma. A preoperative MRI reveals non-enhancing mass on left inferior frontal gyrus on T1 weighted image (A). The 
mass was shown in high signal intensity on T2 weighted image (B) and FLAIR image (C). Postoperative MRI reveals no residual high signal intensity on 
FLAIR image (D). FLAIR, fluid-attenuated inversion recovery.

A B C D



Image Guided Surgery Using “Tailed Bullet”

Yonsei Med J   http://www.eymj.org   Volume 56   Number 2   March 2015 393

neurologic deficits.27,28 Also, although a trial is currently un-
dergoing for 5-ALA in patients with low-grade gliomas, 
currently its indication is limited to high-grade gliomas (en-
hancing lesions).29 Compared to the results reported for 
these methods, we were able to obtain a higher rate of GTR 
(13/14, 92.9%) for patients with low-grade gliomas. Thus, 
we believe that the tailed bullet method could be helpful for 
resection of non-enhancing lesions.30,31

Another limitation of intraoperative MRI is technical chal-
lenges and longer operation time.32 Intraoperative image ac-
quisition requires additional time during an operation. If the 
surgeon needs more accurate image update, the number of 
imaging will increase, which would increase the operation 
time‒an important prognostic factor in neurosurgery. Imag-
ing not only interrupts the flow of operation but adds sub-
stantial extra-nonsurgical time to the overall duration of a 
procedure.33

 Advantages of “tailed bullet” using surgery
There has been several attempts to avoid locational error 
due to brain shift. Kelly, et al.34 reported their surgical tech-
nique using stereotaxic CT scanning data in stereotaxic 
space. They placed a series of 1-mm stainless steel refer-
ence balls at 5-mm intervals through the tumor along the 
surgical viewline. Yoshikawa, et al.35  reported their experi-
ence using navigation-guided fence-post. They try to avoid 
locational error due to brain shift by developing fence-post 
procedure. They used silicon tubes as a fence post under 
navigation guidances.

Similar to the previous attempts, we also tried to avoid 
locational error. The main advantage of our method is that 
it could be easily adopted and applied. The system takes 
one or two minutes to insert the bullets under conventional 
neuro-navigation guidance. We used the more bullets (up to 
20) to increase accuracy of surgical margin for the larger tu-
mor. The bullet is inserted at important landmark locations, 
which is used as references to adjust for errors from con-
ventional neuro-navigation. Operative methods are not sig-
nificantly different from conventional neuro-navigation guid-
ed biopsy procedure using a biopsy module. Because we 
insert the tailed bullets during the initial stage of an opera-
tion and because the bullets move together with brain pa-
renchyma, errors in obtaining proper tumor margin could 
be minimized. Additionally, the “tail” itself could be used 
to guide the orientation of marker’s location, and the risk of 
mis-orientation could also be minimized without risk of 
missing of bullets. As such, our method more accurately in-

dye (5-aminolevulinic acid, ALA), is also considered as the 
very effective tool for maximal resection.5,15-17 Although the 
classical image-guided surgery using neuro-navigation is 
widely used in brain tumor surgery, this technique requires 
the assumption that intraoperative anatomy of the brain will 
not change from the preoperative image, which has been 
found to be untrue due to parenchymal changes (brain shift 
and/or edema) and CSF drainage.18-21 To overcome this lim-
itation, intraoperative MRI have been used during the re-
section.22 However, this method also presents considerable 
technical and logistical obstacles.

The main problem with intraoperative imaging update is 
the high cost. Despite using a less expensive type of intra-
operative MRI (low teslor type), the overall initial capital 
cost was over US $3 million, with the annual running costs 
reaching 4% of this investment.12 Making matters worse, 
the economic lifespan of such an intraoperative MRI sys-
tem is only 5 years, with zero end-of-life salvage value, ac-
cording to the 2008 American Hospital Association Health 
Data Management Group guidelines.23 Additionally, the de-
preciation life of anesthesia and monitoring equipments are 
also 5 years, and the depreciation life of infrastructural 
modifications of an operating room is 10 years. Based on 
these figures and yearly utilization frequency, depreciation 
expense per procedure increases threefold over the lifetime 
of an intraoperative MRI.12 Moreover, high-tesla type intra-
operative MRI systems require an even greater amount of 
investment. All equipment (surgical and anesthetic) used 
within the operation room has to be compatible with the 
magnetic field generated by the imaging machine, as well as 
the construction and outfit of the operation room. The MRI 
equipment will require an upgrade or be changed for a new 
one every 3‒5 years due to technical developments. In coun-
tries with limited financial resources available for healthcare 
expenditure and in smaller hospitals, the equipment utiliza-
tion would be unforgivingly high due to the small number 
of cases, and the cost of adopting intraoperative MRI will 
be prohibitive in the majority of neurosurgical departments 
around the world.24

Fluorescent-guided surgery (5-ALA) is another available 
option for maximal resection of glial tumor. This technique 
does not require large magnitude of investments; however, 
this method is limited to enhancing lesions.25,26 And also 
5-ALA induced fluorescence is observed in areas that are 
devoid of tumor cells due to protoporphyrin IX leaks into 
surrounding edematous area form neoplastic cells. In such 
reason, only fluorescent-guided surgery may make new 
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non-enhancing glioma, such that the method appears to be a 
valid option to increase the accuracy of conventional neuro-
navigation. However, our study has some limitations. First, 
there is no control group (conventional neuro-navigation 
group). Because this study represents the initial experience 
of this surgical technique, further study such as randomized 
trial or case control study is required. Second, the proportion 
of high-grade glioma cases was little high relative to the 
number of low-grade glioma cases. In our experience, the 
tailed bullet method appears more helpful for tumors with 
more obscure margins and for non-enhancing tumor (diffi-
cult to use 5-ALA), such as low-grade gliomas. However, 
our study contains more patients with grade-4 glioma (60 
patients, 54.5%) than with low-grade glioma (14 patients, 
12.7%). Because of this, it is difficult to say our method sig-
nificantly increase the possibility of GTR in low-grade glio-
ma, though actual GTR rate was high for this group of pa-
tients (92.9%, 13 GTR out of 14 low-grade glioma). Another 
limitation of our method is incomplete fencing of the lesion. 
Because we used a limited numbers of bullets, we inserted 
more bullets at functional eloquent area among the whole le-
sion. The last limitation is with the actual locations of insert-
ed tailed bullets. In the early experience of tailed bullet resec-
tions, we had obtained CT scans after the insertion of “tailed 
bullets” prior to the resection to confirm the location (unpub-
lished data). However, this step may increase infection poten-
tial with time consuming, and subsequently, we have stopped 
verifying the bullet insertion locations. Thus, it is possible 
that there is minute possibility of target deviation, but this has 
not been a problem in our experience.

In conclusion, we describe a resection technique using 
tailed bullets as an alternative technique to overcome the 
limitations of conventional neuro-navigation guided sur-
gery. We believe that this method could easily be applied, 
save time, and be relatively safe in glioma surgery. Consid-
ering the disadvantages of intraoperative imaging surgery or 
conventional neuro-navigation guided surgery, our method 
could be considered as a cost effective image-guided sur-
gery method that overcomes the limitation of conventional 
neuro-navigation. Further studies should be performed to 
compensate for the limitations of this study.
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