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ABSTRACT

Introduction: Percutaneous balloon compres-
sion (PBC) is an effective and safe option for
patients with trigeminal neuralgia. A pear-
shaped balloon can be used to identify the
proper compression of the Gasserian ganglion
during the PBC procedure. The aim of this study
was to evaluate the relationship between the
foramen ovale (FO) size and intraluminal pres-
sure of the pear-shaped balloon.

Methods: Thirteen patients that presented with
classical trigeminal neuralgia were scheduled to
undertake PBC surgery at the Pain Department
of the Third Xiangya Hospital, Central South
University, from November 2020 to April 2021.
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Three-dimensional computed tomography
reconstruction of the skull base was performed
to capture the feature of FO preoperatively. The
intraluminal pressure was continuously recor-
ded when a pear-shaped balloon was obtained
during the procedure. Correlation analysis was
calculated to determine the association of the
intraluminal balloon pressure with FO
parameter.

Results: All participants reported complete
relief of pain at discharge. The enduring anal-
gesic effect of PBC was maintained in all
patients with a median follow-up up to
5.5 months (range, 3-8 months). The average
intraluminal balloon pressure was 161.5 + 29.4
kPa at the initial compression (P1), and
134.8 &+ 21.5 kPa at the ending of compression
(P2), respectively. P1 was significantly corre-
lated with the length (r = 0.61, P = 0.024) of FO.
Similarly, a significant and positive correlation
was observed between P2 and the length
(r=0.63, P =0.022) of FO.

Conclusions: Preoperative assessment of FO
may be a potential predictor of intraluminal
pressure to reach a pear-shaped balloon during
PBC treatment. Narrow FO is associated lower
intraluminal balloon pressure.

Keywords: Trigeminal neuralgia; Percutaneous
balloon compression; Foramen ovale;
Intraluminal pressure; Pear-shaped balloon
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Key Summary Points

Why carry out this study?

Percutaneous balloon compression (PBC)
is an effective therapy for patients with
primary trigeminal neuralgia.

The key of PBC is to obtain a pear-like
shaped balloon and proper intraluminal
balloon pressure.

Over-compression is associated with a
greater risk of complications, however,
insufficient intraluminal pressure may
contribute to the failure of surgery. Can
we predict the target pressure during PBC
when a pear-shaped balloon appears?

What was learned from the study?

Narrow foramen ovale was correlated with
lower intraluminal pressure when a pear-
shaped balloon was obtained.

Preoperative assessment of the foramen
ovale may be useful in predicting the
intraluminal pressure during PBC.

INTRODUCTION

Trigeminal neuralgia (TN) is a debilitating facial
pain syndrome characterized by sudden usually
unilateral severe, brief, stabbing, recurrent epi-
sodes of pain in one or more dermatomes of the
fifth cranial nerve [1]. It has been estimated that
the prevalence of TN ranges from 0.03 to 0.3%
[2, 3]. Carbamazepine remains the first-line
medication for initial pain management of TN.
However, the therapeutic effect of medication
may decrease over time, even with increasing
doses and/or additional analgesic agents [4].
Invasive procedures may be considered when
TN patients cannot control pain with conser-
vative therapy. About 75% of TN patients ulti-
mately chose surgical intervention to treat
trigeminal pain [5].

Microvascular decompression (MVD) is the
most applied procedure for TN population.
Although immediate postoperative pain relief
was complete in 82% cases, the annual risk of
recurrence ranged from 2-5% five years after
surgery [6]. For recurrence of TN, percutaneous
balloon compression (PBC) may be an alterna-
tive option for those underwent MVD or other
destructive neurosurgical techniques (e.g.,
gamma Kknife, radiofrequency, and glycerol rhi-
zotomy) [7].

It is well accepted that the appearance of a
pear-like shaped balloon during PBC procedure
is the key factor of surgery [7-10]. With a lateral
view of the skull, physicians can confirm the
balloon’s position and adequate compression
during operation [9]. However, the air-fluid
level in the balloon may hinder effective com-
pression [10, 11]. As a result, the patient may
still present severe pain and require further
treatment after surgery. Conversely, postopera-
tive cranial nerve deficits were associated with
over-compression, which was reported in 1.5%
of patients after PBC [12, 13]. To achieve pain
relief with minimal sensory deficit, the intralu-
minal balloon pressure can be monitored to
determine the proper tissue compression
(14, 15].

Despite a different procedural kit, the target
intraluminal pressure ranged from 1.3 to
1.6 atm across studies [14-17]. Consistent with
the guidance of the pear-shaped balloon, the
initial intraluminal pressure was significantly
higher when the balloon was positioned prop-
erly inside the Meckel’s cave than those outside
the Meckel’s cave or into the posterior fossa
[15]. However, intraluminal balloon pressure
monitoring is not routinely performed by neu-
rosurgeons, and the pear shape may not always
appear [18]. Previous anatomical evidence has
demonstrated that the size of foramen ovale
(FO) is correlated with the pathogenesis of TN
[19-21]. In addition, it is necessary to perform
the reconstruction of the FO to achieve correct
cannulation during PBC surgery [22]. However,
the relationship between the size of FO and
intraluminal balloon pressure remains unclear.

Therefore, in this study we aimed to capture
the features of FO with high-resolution CT to
examine its relationship with intraluminal
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pressure of a pear-shaped balloon in a PBC
procedure.

METHODS

Study Design and Participants Population

The A Prospective Study to Examine the Association
of the Foramen Ovale Size with Intraluminal Pres-
sure of Pear-Shaped Balloon in Percutaneous Bal-
loon Compression for Trigeminal Neuralgia was
designed to examine the relationship between
the size of FO and intraluminal pressure of a
pear-shaped balloon during a PBC procedure.
From November 2020 to April 2021, we enrolled
13 TN patients at the Pain Department of The
Third Xiangya Hospital, Central South Univer-
sity, Changsha, China. All patients were diag-
nosed with primary TN (TN type 1), with one or
more trigeminal branches affected. In addition
to a clinical diagnosis of TN, all patients were
not treated with any other surgical intervention
such as MVD, radiofrequency thermocoagula-
tion to avoid potential bias. The flow chart of
participant selection is shown in Fig. 1. The
study was conducted in accordance with the
Declaration of Helsinki and approved by the

Patients diagnosed with orafacial pain between Nov 2020 and Apr 2021. n =41 |

Patients with secondary trigeminal neuralgia, headache
disorder were excluded for further analysis. n=21

_—

v

Patients diagnosed with primary trigeminal neuralgia. n=20 ‘

Patients treated with previous surgical intervention
were excluded. n=6

_—

v

Fourteen patients were scheduled to perform PBC surgery.

A standard pear-shape balloon was not obtained in
PBC di n=1

>

v

A total of 13 patients were enrolled in this study. |

Fig. 1 The flow chart of patient selection

Ethics Committee of The Third Xiangya Hospi-
tal, Central South University (#21027). Written
consent was acquired from all participates in
this study. The study was registered at chic-
tr.org.cn (ChiCTR2100046203).

Measurement of Foramen Parameter

Three-dimensional computed tomography
reconstruction of the skull base was performed
on a 64-detector row scanner (Philips) or
equivalent for all patients in this study (Fig. 2a,
b). Helical images were acquired in a plane
parallel to the infraorbitomeatal line with
0.625 mm detector width, 120 kVp, and 200
mAs. The data were transferred to the imaging
workstation (Philips) for the reconstruction of
FO. The dimension of FO was calculated with an
imaging viewing tool (Philips) by two inde-
pendent reviewers (Q.W. and C.C.). Measure-
ment of FO is shown in Fig. 2.

Surgical Techniques

The surgical detail of PBC was initially reported
by Mullan and Lichtor [10]. Briefly, the patient
was placed in supine position with the neck
slightly extended to achieve better visualization
of the FO. General anesthesia with intubation
was performed to ensure the hemodynamic
stability during the procedure. A 14-gauge nee-
dle with stylet (CTZ-14; Qingyuan, Shenzhen,
China) was inserted 2.5-3 cm lateral to the
angle of the mouth. The needle was advanced
gradually into the FO under the guidance of
C-arm fluoroscopy (TOSHIBA), as shown in
Fig. 3. The stylet was then removed, and a 4F
Fogarty balloon catheter (QK08S50; Qingyuan,
Shenzhen, China) was inserted less than 2 cm
beyond the tip of the needle. One electrical
pressure transducer (BPI-01; Qingyuan, Shen-
zhen, China) was connected to the Fogarty
balloon catheter for the recording of intralu-
minal pressure. Before the balloon inflation, we
can check the pressure in vitro with different
volume of contrast (Fig. 4). About 0.4-0.8 ml of
iohexol at a concentration of 120 mg/ml was
injected to inflate the balloon to achieve a
standard shape of a pear (Fig.3c). The
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(a)

(d)

Fig. 2 Measurement of FO parameter. a Three-dimensional reconstruction of the skull base by high definition of computed
tomography. b The antapical view of FO. ¢ The transverse section of FO. d The width and length of FO (scale bar 10 mm)

compression was held for 120 s before the con-
trast was extracted, and then the needle and
catheter were removed.

Therapeutic Assessment and Follow-ups

The therapeutic effect of PBC was evaluated by
the Barrow Neurological Institute (BNI) criteria
[23]. The detail of BNI scoring system is given in
Table 1. One simplification of the BNI ques-
tionnaire was used for better illustration of data
in this study [24]. Specifically, BNI grades of
I-III were classified as effective relief from TN.

BNI grades IV and V indicates insufficient pain
relief [24]. One telephone interview was con-
ducted routinely 1, 3, and 6 months after PBC
procedure.

Statistical Analysis

The information of the patients was collected
with one standard questionnaire. Descriptive
analysis was applied to capture the demo-
graphic features of the participants. The quan-
titative wvariables are presented as the
mean =+ standard deviation. The Shapiro-Wilk
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(a)

Fig. 3 Placement of the balloon identified by the
fluoroscopic imaging. a Anterior—posterior view of the
cannulation of FO. b Location of the Fogarty balloon
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catheter at the lateral view before compression. ¢ A
standard pear-shaped balloon obtained during the surgery
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(b)

Fig. 4 Measurement of the intraluminal balloon pressure. a The mini electronical pressure transducer for intraluminal
balloon pressure recording. b The effect of contrast volume on the intraluminal balloon pressure in vitro

test was performed to measure the normality
value of each variable. Pearson correlation
coefficient was performed for variables with
normal distribution. Spearman’s correlation test
was applied on abnormal distribution value.
P value < 0.05 was considered statistically sig-
nificant. Data analysis was performed with
Prism v8 (GraphPad, San Diego, CA, USA).

RESULTS

General Demographics

A total of 13 patients diagnosed with TN were
enrolled in this study, with a mean age of
66 + 13 years old. Most of the participants
(eight out of 13) were females. The axillary (V2)
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Table 1 Barrow Neurological Institute (BNI) pain
severity scoring system

Table 2 General characteristics of patients that under-
went percutaneous balloon compression

Score Characteristics
I No trigeminal pain, no medication Age (mean =% standard deviation, years) 66 £ 13
I Occasional pain, not requiring medication Sex (male/female) 5:8
I Some pain, adequately controlled with medication Disease duration (median, range, months) 60 (2-240)
I\% Some pain, not adequately controlled with Affected side (left/right) 9/4
medication Affected branch (n, %)
\4 Serve pain/no pain relief Vi 5 (23.8)
V2 8 (38.1)
V3 8 (38.1)
and mandibular (V3) were mostly affected in .
this study. All patients presented with severe Number of affected branches (1, %)
facial pain with baseline visual analogue scores 1 7 (53.8)
of 7.0 £ 1.0. In this study, 12 of 13 patients 5 4 (308
were treated with carbamazepine, and one (308)
patient took oxcarbazepine after the carba- 3 2 (154)
mazepine lost its effectiveness. The last patient . . .
. . 3 Preoperatlve pain severity
took gabapentin instead of oxcarbazepine or
carbamazepine for drug-related liver damage. VAS (mean =+ standard deviation) 7+1
The general demographic data is given in the BNI grade I-III 0
Table 2.
BNI grade IV 3
Clinical Outcome and Follow-ups BNI grade V 10
Previous medication (7, %)
We conducted one routine follow-up for the .
patients 1, 3, and 6 months after PBC therapy. Carbamazepine 12 (92.3)
The duration of last follow-up ranged from 3 to Oxcarbazepine 1(7.7)
8 months, with a median time of 5.5 months. Gab ) |
Twelve of 13 participants reported being total abapentin (7.7)
pain free immediately after surgery (BNI grade Follow-up time (median, range, months) 5.5 (3.0-8.0)

I), only one patient felt occasional pain and the
pain was completely relieved before discharge
and at the 1- and 3-month follow-up. At the
3-month follow-up, one patient experienced
mild recurrent pain that was well controlled by
carbamazepine (0.1 g once per night). Seven out
of 13 patients completed the 6-month follow-
up and were rated as BNI grade I. The clinical
outcome collected at each time point is shown
in Table 3.

VAS Visual Analog Scale, BNI Barrow Neurological
Institute

Intraluminal Balloon Pressure Recording

To examine the effect of contrast volume, the
intraluminal pressure in vitro was recorded
continuously with an electronical pressure
transducer (Fig. 4). The two connecting lines in
Fig. 4b indicated two trails of pressure recording
performed by two independent researchers
(H.Z. and Q.W.). The opening pressure (P1)
increased around 70-75 kPa rapidly with 0.1 ml

A\ Adis



Pain Ther (2021) 10:1439-1450

1445

Table 3 Assessment of pain relief at each time point

Baseline Initial relief 1 month 3 months Last follow-up
BNI grades I-1II 0 13 13 13 13
BNI grades IV and V 13 0 0 0 0

BNI Barrow Neurological Institute

contrast inflated. The pressure gradually drop-
ped to a lower level after 0.3 ml contrast was
injected. The volume of contrast we applied
during the PBC surgery ranged between 0.4 and
0.8 ml, in which the intraluminal increased
with contrast volume. The change of intralu-
minal balloon pressure with different contrast
volume in vitro is given in Fig. 4.

Correlation Between Intraluminal
Pressure and Foramen Parameter

In Fig. 5, we present the correlations of intra-
luminal balloon pressure with the width,
length, aspect ratio, and square of FO. Correla-
tion analysis demonstrated that the length of
FO was significantly and strongly associated
with the initial intraluminal balloon pressure
(r=0.61, P = 0.024). Similarly, the intraluminal
pressure after compression (P2) was also signit-
icantly and positively associated with the
length of FO (r = 0.63, P = 0.022), as shown in
Fig. 6. Given the abnormal distribution, we
performed the Spearman’s correlation test to
evaluate the relationship between the square of
FO and the intraluminal pressure. Neither P1
nor P2 showed significant correlations with the
width, aspect ratio, and square of FO.

DISCUSSION

PBC is an effective and safe procedure option for
TN patients who refuse to undergo open surgery
or recurrence after MVD. Valid compression of
the trigeminal ganglion and nerve root is the
key factor of PBC surgery, which can be judged
by the intraluminal balloon pressure and shape
of balloon. Here, we examined the relationship
between the intraluminal pressure of pear-

shaped balloon and FO size. We found that the
size of FO was significantly associated with the
intraluminal balloon pressure, a narrower FO
indicated lower intraluminal pressure of pear-
shaped balloon during the PBC procedure.

Carbamazepine remains the first-line ther-
apy after initial diagnosis of TN. Even when TN
patients increase the dose of carbamazepine, the
analgesic effect may still decrease over time [4].
Invasive intervention may be considered if
conservative therapy cannot provide sufficient
control of pain. After separation of tangled
vessels and trigeminal nerve, the MVD tech-
nique has been reported to achieve a consider-
able success rate for TN population [25].
However, many patients may refuse the open
surgery and the surgery-related mortality rate
was about 0.37% [26]. In addition, patients may
present with recurrent pain due to vessel com-
pression, Teflon compression, or granuloma
and arachnoid adhesion [27].

To reduce the risk of severe complications,
percutaneous minimally invasive method is
commonly performed to treat TN. It has been
demonstrated that PBC is an effective and safe
option for the elderly population [28]. The
other advantage of PBC is the considerable high
success rate for recurrence TN after PBC or other
unsuccessful treatment [29]. However, we
excluded the participants who were treated with
previous MVD or destructive trigeminal surgery
to avoid the potential bias in this study. Con-
sistent with previous data, a pear-shaped bal-
loon, which indicates the correct compression
applied to the Meckel’s cave, is an important
predictor of successful clinical outcome [8]. As a
result, all patients in this study reported com-
plete relief from pain before discharge.

Neurological physicians can confirm the
location of compression by the balloon shape.
Also, a properly positioned balloon had greater
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Fig. 5 Relationship between the initial compression pressure (P1) and the FO length (a), width (b), aspect ratio (c), and

square (d)

intraluminal pressure due to the resistance from
stretching of the dura around Meckel’s cave
[15]. The target intraluminal balloon pressure at
initial compression ranged from 1065 to
1215 mmHg [14, 135]. Likely, we found that the
average intraluminal balloon pressure was
161.5 + 29.4 kPa (1211 + 220 mmHg) at the
initial compression. However, the individual
pressure was dramatically variable. In this
study, the maximal intraluminal balloon pres-
sure (203 kPa) was almost twice higher than the
lowest one, both of whom achieved standard
pear-shaped balloon during the surgery. Thus, it
is necessary to perform the individualized

compression pressure monitoring for PBC
procedure.

Despite the balloon shape, the cannulation
of FO is also important for PBC and the diversity
of the FO shape may contribute to the operative
difficulties [29]. To facilitate the cannulation,
the reconstruction of the FO is useful with CT
navigation perioperatively. In this study, we
recorded the parameter of FO and examined its
relationship with the intraluminal balloon
pressure. Greater width and length of the FO
was found in this study when compared with
previous data [19]. The range of width was
4.1-11.0 mm, and 3.4-8.1 mm for length of the
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FO respectively. However, the aspect ratio was
similar to the number reported by Liu et al. [19].

Anatomical studies have revealed the asso-
ciation of the size of FO with TN, and narrower
FO may be correlated with higher risk of TN
[19-21]. Our study focused, for the first time, on
the relationship between the FO size and intra-
luminal balloon pressure in PBC surgery. When
a pear-shaped balloon appeared, both initial
and ending compression pressures were signifi-
cantly and positively correlated with the length
of FO. Our finding indicates a potential

predictor of intraluminal pressure target, which
can be performed by the preoperative three-di-
mensional reconstruction of FO. Combined
with the intraluminal pressure monitoring sys-
tem, the individualized assessment of the FO
may help reduce the incidence of complications
caused by over compression [12-14].

To obtain one pear-shaped balloon, the
needle should be placed close to the posterior
rim of foramen ovale, demonstrated by the lat-
eral view of fluoroscopy (Fig. 3b). Meanwhile,
the needle should be placed close to the middle

I\ Adis



1448

Pain Ther (2021) 10:1439-1450

or medial end of foramen to ensure that the
needle enters the Meckel’s cave, which can be
confirmed by the anteroposterior view of fluo-
roscopy (Fig. 3a). Thus, the angle of needle
insertion should be further off the sagittal plane
to target the middle or medial end of foramen.
As a result, the balloon approaches close to the
medial bony side of the Meckel’s cave, which in
turn induces a higher intraluminal pressure by
mechanical compression. Thus, we pressume
that the angular factor of cannulation may
contribute to the changes of intraluminal bal-
loon pressure across different size of foramen
ovale.

Our study has several limitations. First of all,
the main limitation is the observational nature
of study design. Second, we excluded the par-
ticipants who did not obtain a standard pear-
shaped balloon in the surgery. The effect of
balloon shape on the intraluminal pressure
needs to be further confirmed in a future study.
Third, the number of samples is relatively lim-
ited. Finally, the duration of follow-ups was
relatively short. The effect of intraluminal
pressure on long-term recurrence rate and
complications should be examined in the
future.

CONCLUSIONS

Taken together, preoperative assessment of FO
may be a potential predictor of intraluminal
pressure to reach a pear-shaped balloon during
PBC. Narrow FO is associated with lower intra-
luminal balloon pressure.
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