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ABSTRACT
To  investigate  the  efficacy  and  safety  of  percutaneous  micro-balloon  compression  (PBC)  assisted  by  Dyna-CT-based  image
fusion technique in the treatment of trigeminal neuralgia (TN). This study is the retrospective analysis of the efficacy and safety
of 18 patients with TN treated by PBC assisted with Dyna-CT-based image fusion technique from May 2020 to May 2021. The
puncture route from the skin to the foramen ovale（FO）was reconstructed after Dyna-CT scanning; and the puncture direction
was adjusted according to the virtual  puncture route until  the puncture was completed.  Dyna-CT-assisted puncture was
successful  in  all  18 patients.  The puncture was accurate and effectively  shortened the operation time.  Importantly,  pain  was
relieved in all patients, and no puncture-related complications occurred. Dyna-CT-based image fusion real-time-assisted PBC for
the  treatment  of  TN is  safe  and effective,  making  the  operation  easier  and faster,  greatly  improving  the  success  rate  of  the
puncture, and reducing the risk of operation-related complications.
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Trigeminal  neuralgia  (TN),  the  most  common  neurological
disease, is mainly characterised by intermittent and severe pain
in the facial distribution area of the trigeminal nerve; and mainly
occurs  in  middle-aged  women.  In  1983,  Mullan  et  al.  first
reported percutaneous micro-balloon compression (PBC) in the
treatment of TN.1 PBC is widely used in patients who could experi-
ence  difficulty  during  micro-vascular  decompression  (MVD),
patients with recurrence after MVD, and radiofrequency surgery,
and elderly patients.

The failure of PBC is mainly due to difficulty in puncturing the
foramen ovale (FO). Accurate puncture of the FO is difficult for
novice surgeons, and repeated puncture failures increase the
risk of unpredictable vascular and nerve injury.2,3 It has been
reported that Dyna-CT-assisted PBC treatment of TN can achieve
visualisation and accurate FO puncture, which can reduce the
risk and difficulty of the procedure.4 Using Dyna-CT-assisted PBC
treatment of TN, a multimodal image fusion reconstructed the
skull base and the FO, and simulated the puncture route able to
be generated, resulting in an FO puncture that was more accu-
rate.
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From May 2020 to May 2021, 18 patients with TN received Dyna-
CT-assisted PBC in The Second Affiliated Hospital of Bengbu
Medical  College  (Bengbu,  Anhui  Province,  China).  Inclusion
criteria were primary TN, which did not respond to medication or
had side effects,  and the patients agreed to PBC.  Exclusion
criteria as secondary TN. The 3D Slicer software version 4.11
(http://download.slicer.org/)  was  used  to  reconstruct  the
trigeminal  nerve  and  its  adjacent  vascular.  The  length  and
width  of  FO  were  measured.  The  three-dimensional  (3D)
anatomical structures of the trigeminal nerve, Meckel’s cave,
and  offending  vessels  were  reconstructed.  The  head  was
scanned by Dyna-CT, and the skull was then reconstructed. The
puncture route from the skin to the FO was sketched on a post-
processing  workstation  (GE  model:  Discovery  IGS  630,  AW
AWVOLUMESHORE7, Wisconsin, USA). Under real-time fluoros-
copy, 0.2–0.8 ml of non-ionic contrast medium was injected into
the balloon until a typical pear-shaped structure appeared. The
balloon  was  emptied  after  continuous  compression  for  2–5
mins, then image fusion reconstruction was performed after
another Dyna-CT scan to confirm the position and shape of the
balloon.

The preoperative images of the 18 patients were reconstructed
by the 3D slicer. The average FO was 4.37 ± 0.59 mm in length
and 2.21 ± 0.61 mm in width. The offending vessels of 12 of the
18 patients were ipsilateral superior cerebellar arteries. Dyna-
CT scanning was performed before the operation, and the punc-
ture route from skin to the FO was constructed and simulated.
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Table I: Clinical data of 18 patients with TN treated with Dyna-CT-assisted PBC.

No. Sex/Age Side Symptoms Preoperative
BNI score

Length
of FO

Width of
FO

Offending
vessels

Operation
time (min)

Compression 
time (min) Outcome Facial

numbness
1 M/56 R V2 IV 4.39 2.89 AICA 60 3 NO pain ++
2 M/57 R V2 V 4.4 1.96 SCA 70 2.5 NO pain +
3 M/83 R V2 IV 5.24 2.93 AICA 60 2.5 NO pain + +
4 M/56 R V1, 2, 3 IV 3.51 1.26 SCA 80 2.5 NO pain +
5 F/59 L V2 IV 4.6 3.08 SCA 65 2.5 NO pain +
6 F/68 R V2, 3 V 4.7 2.17 SCA 90 3 NO pain +++
7 M/74 R V2, 3 IV 4.6 3.08 SCA 60 2 NO pain +
8 F/59 R V2 IV 3.7 2.59 BA 105 2.5 NO pain +
9 F/87 L V2 IV 3.47 1.52 AICA 60 3.5 NO pain ++
10 F/56 R V2 III 5.2 2.21 AICA 115 2.5 NO pain +
11 M/69 R V2 IV 4.24 1.83 AICA 75 3.5 NO pain +++
12 F/70 L V3 IV 3.79 1.5 SCA 105 3.5 NO pain +
13 F/66 L V3 IV 3.7 2.44 SCA 70 3 NO pain +
14 F/64 R V1, 2 IV 3.93 1.7 SCA 35 2 NO pain +
15 F/65 R V2 IV 4.62 2.37 SCA 70 2 NO pain +
16 M/57 L V2 IV 5.1 3.42 SCA 60 2.5 NO pain +
17 F/84 R V2, 3 IV 4.32 1.53 SCA 60 3 NO pain +
18 F/84 L V2 IV 5.24 2.14 SCA 45 4 NO pain +++
M: Male; F: Female; R: Right; L: left; BNI: Barrow neurological institute; FO: Foramen ovale; Millimeters (mm) for the length and width of FO; V1 (Ophthalmic);
V2 (maxillary) and V3 (mandibular); Mild:+; Moderate:++; Severe:+++.

The puncture was carried out according to the virtual punc-
ture  route  during  the  operation  until  the  typical  pear-
shaped structure appeared, and then Dyna-CT scan was
performed again to confirm the shape and position of the
balloon. Overall, the success rate of PBC was 100%, the
operation  time  was  71.39  ±  20.92  minutes  and  the
compression time was 3.44 ± 0.48 minutes. The pain was
completely relieved after the operation in all 18 patients.
There was no recurrence during the follow-up period of
half to one year (Figure 1, Table I).

MVD and PBC are the most widely used surgical  treat-
ments for TN. It has been proven that PBC has the advan-
tages  of  being  minimally  invasive,  simple,  effective,  low
cost and safe. However, studies have reported that punc-
ture-related complications of PBC due to incorrect location
of  FO during punctures,  such as internal  carotid  artery
injury, cerebrospinal fluid leakage, nerve injury caused by
puncture  into  the  infraorbital  fissure  or  orbital  wall,  are
common.5  Recently, a series of studies have found that
some methods can assist puncture to improve the success
rate of PBC and reduce complications.  Xiao et al.  used
Dyna-CT to achieve accurate puncture of the FO, which
improved the success rate of the surgical puncture and
reduced operative complications.6 Personalised 3D printing
guide plate was used to assist PBC to accurately locate the
puncture  point.  Electromagnetic  neuronavigation  tech-
nology assists PBC to achieve accurate and rapid puncture
of the FO.

In this study, 18 patients underwent preoperative multi-
modal image fusion with 3D slicer, and the FO, trigeminal

nerve,  and  offending  vessels  were  reconstructed.  Skull
base reconstruction was able to accurately reconstruct the
shape and size of the FO. Unfortunately, it is unable to
evaluate  the  offending  vessels  from  veins.  Dyna-CT  3D
scanning fusion was used to simulate the puncture path
from  skin  to  the  FO,  and  the  puncture  direction  was
adjusted in real-time to make the puncture more accurate,
greatly  improving  the  puncture  efficiency  and  shortening
the  operation  time.  Image  fusion  reconstruction  was
performed again postoperation to determine the position
and shape of the balloon.

The  number  of  patients  is  limited  and  there  is  no
controlled comparison, so this study has some limitations.
The future research will have larger sample size, with a
control group and longer follow-up time.

An accurate and rapid puncture can shorten the operation
time and reduce the related complications caused by the
puncture. In this study, Dyna-CT-assisted PBC treatment of
TN, which provided accuracy in locating the FO, avoided
repeated punctures,  shortened the  operation  time,  and
improved the success rate of  the puncture.  The image
fusion processing after Dyna-CT scan can assist  PBC in
real-time during the treatment of  TN by simulating the
puncture path and correcting the puncture direction, which
can significantly improve the success rate of puncture, and
avoid complications caused by puncture errors.  Dyna-C-
T-assisted  PBC  treatment  of  TN  is  safe  and  effective,
making the operation easier and faster, greatly improving
the success rate of the puncture, and reducing the risk of
operation-related complications.
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Figure 1: Dyna-CT-assisted PBC treatment of TN. (A) The lateral corner of the mouth was marked with metal; (B) Dyna-CT scanning; (C) Reconstruction
the puncture path; (D) The dotted line is the puncture path from the skin to the FO; (E) The black solid line is the puncture needle, and the direction
and position of the puncture are adjusted according to the dotted line; (F) The coincidence of the solid line and the dotted line indicates that the
puncture is successful; (G,H,I): The pear-shaped structure was reconstructed after Dyna-CT scanning.
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