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Examination of treatment outcomes and poor outcomes of acute bypass surgery in“-
real” clinical practice

Toshiichi WATANABE, M.D, Kenji KAMIYAMA M.D, Toshiki OSATO M.D, Kaori HONJYO M.D, Megumi MATSU-
DA M.D, Kohei ISHIKAWA M.D, Ryota NOMURA M.D, Hirohiko NAKAMURA M.D

Department of Neurosurgery,Nakamura Memorial Hospital

Abstract

There is no established evidence for acute STA-MCA bypass surgery for atherothrombotic progressive cerebral
infarction. However, at our facility, we have performed acute STA-MCA bypass surgery for acute atherothrombotic
cerebral infarction, in which symptoms or cerebral infarction progresses or worsens, and reported its effectiveness.
On the other hand, in actual clinical practice, although surgery is performed on the judgment of atherothrombosis in
the acute phase, it may be revealed that the actual disease type was different after surgery.

In this paper, we focus on all cases in which atherothrombosis was diagnosed in the initial diagnosis and under-
went acute bypass surgery, and discuss its characteristics, focusing on the disease type, treatment results, and poor
outcomes. We also included cases in which atherothrombosis was diagnosed in the initial diagnosis and was found to
be a different type after surgery. The outcomes at discharge were 2 3 patients (58.9%) with mRS 0-2 and 29 patients
(74.4%). Poor outcomes (mRS 4-6) occurred in 10 patients (25.6%). When comparing the independent walking acqui-
sition group (mRS 0-3) with the poor outcome group (mRS 4-6), there was no difference in patient clinical picture
and significant differences in bypass patency and NITHSS immediately before surgery and at discharge. There was
no significant difference in preoperative cerebral blood flow. Using the NIHSS score and outcome immediately
before the surgery, and the ROC curve was analyzed, the cutoff value was NIHSS 15 points. In this study, which
was diagnosed with atherothrombosis in the initial diagnosis and resulted in partial contamination of other disease
types, Acute bypass surgery was considered effective. Cases of deterioration to NIHSS 16 or higher before surgery
are poor outcomes and are not eligible for this treatment.

key word; STA-MCA bypass, revascularization, acute ischemic stroke
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Table.1

All patients gait independency(mRS0-3)  poor outcome(mRS4-8)
n=39 n=29 n=10 P value
Age mean(range) 65.4(38-82) 65.0(38-82) 66.8(57-81) ns "
Sex male 24 20 4
female 15 9 6 ns 2
Disease type atherosclerosis 35 27 8
cardiac emborism 2 0 2
dissection 2 2 0 ns 2
Etiology ICO 7 5 2
ICS 4 3 1
M10 17 13 4
M1S 7 6 1
M20 2 1 1
M2S 2 1 1 ns *
Side left 22 16 6
right 17 13 4 ns *2
Bypass methods double 21 18 3
single 18 11 7 ns *2
Bypass patency 89.70% 96.60% 70.00% 0.045 )
The ratio with the other side of the
cerebral blood flow,mean% 64.4%(n=25) 65.9%(n=19) 59.7%(n=6) 0.23 *3
Time to operation start from
aggravation,median 4h30min 4h20min 6h45min ns *1
NIHSS median On admission 5 4 85 0.058
Befor an operation 8 8 135 0.047
At discharge 3 2 12 0 *1
good outcome(mRS0-2) 23(58.9%)
gait independency(mRS0-3) 29(74.4%)
poor outcome(mRS4-6) 10(25.6%)
Table.2
4T & ZmRS 0-3132061(74.4%)C & - 7z, HHJF A R o]
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Abstract

Background and Purpose: The influence of renal function on stroke outcome is still controversial, but renal dysfunc-
tion may be associated with poor outcome in acute ischemic stroke (AIS) patient receiving mechanical thrombecto-
my (MT). We investigated the incidence and risk factors of acute kidney injury (AKI) following MT.

Methods: Retrospective single-center analysis of consecutive patients with AIS treated with MT between January
2018 and December 2020. The incidence of AKI following MT was determined using the baseline and post-procedure
serum creatinine. Clinical outcome was assessed by the modified Rankin Scale (mRS) score. To evaluate associations
between clinical factors and outcomes uni- and multivariate regression analyses were conducted.

Results: A total of 127 patients were included in the study. AKI following MT occurred in 12 (9.4%) patients. AKI
patients were older and had higher prestroke mRS score, lower serum albumin and total protein. In multivariable
regression analysis, male gender and puncture to reperfusion time (P2R) were associated with incidence of AKI.
Poorer functional outcome and higher mortality rate were seen in AKI patients.

Conclusion: For AIS patients underwent MT, older age, male gender, time from puncture to final recanalization, low-
er serum albumin and total protein may be associated with increased risk of AKI.

Keywords: mechanical thrombectomy, renal dysfunction, acute kidney injury
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Age, median 85 79 0.016
Gender (M:F) 84 57:58 0.259
Prestroke mRS, median 1.5 0 0.038
NIHSS on arrival, median 19.5 18 0.320
DWI-ASPECTS, median 7.5 8 0.934
Use of IV 1t-PA, n (%) 4(33%) 39 (34%) 0.968
02D, median (minutes) 124.5 100 0.714
D2P, median (minutes) 50.5 59 0.144
P2R, median (minutes) 70.5 44 0.110
P2R, average (minutes) 82.8 +56.0 50.5+25.0 0.072
D2R, median (minutes) 143.5 107 0.132
O2R, median (minutes) 271 208 0.354
TICI 2b-3, n (%) 9 (75%) 101 (88%) 0.958
Pass-number, median 1 1 0.592
Any ICH, n (%) 2 (17%) 19 (17%) 0.990
Symptomatic* ICH (%) 0 0

NIHSS 4 or more worsening

Table 1 Characteristics of patients and procedures

Age 1.110 0.996-1.237 0.060
Gender (male) 6.588 1.260-34.458 0.026
Prestroke mRS 1.308 0.834-2.051 0.243
P2R 1.026 1.008-1.045 0.005

Table 2 Predictors for acute kidney injury after mechanical thrombectomy by multiple logistic regression analysis

mRS at 7 days, median 5 3 0.015
mRS at 90 days, median 5 2 0.008
mRS 6 at 7 days, n (%) 2 (17%) 1 (1%) 0.001
mRS 6 at 90 days, n (%) 4 (33%) 4 (3%) <0.001

Table 3 Clinical outcomes



AKI (n=12) Non-AKI (n=115) P Value
P 64404 69406 0.002
ALB 34£04 38£04 <0.001
BS 1281277 1427+ 484 0.308
HbA1C 61+09 61108 0.810
T-cho 164.4 £ 38.4 184.5+39.1 0.094
LDL-cho 95.5+39.6 107.5+32.1 0235
HDL-cho 495%99 546+ 148 0.249
UA 50+1.2 58+1.7 0.107
BUN 19.6+6.4 20094 0.882
Cre 0.83+0.25 0.89 £ 0.39 0.632
Na 1384125 1393429 0.294
K 37406 41104 0.010
CRP 1284238 078+278 0.550
eGFR 66.6+222 63.6+222 0.663
WBC 7096.7 + 2080.8 7498.5 + 2842.1 0.637
RBC 39224756 416.7£60.3 0.197
Hb 12.26 £ 2.00 1278+ 1.88 0372
PLT 15.83+4.70 19.44 +6.28 0.057
Fib 3200 109.7 313.0£855 0.794
D dimer 8.78+12.34 3.76 £ 6.00 0.209
BNP 182.9+203.6 142.3 £ 167.2 0.439

Table 4 Baseline laboratory parameters
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A case of asymptomatic dural arteriovenous fistulas of the hypoglossal canal with
perimedullary venous drainage treated with surgical disconnection.
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Department of Neurosurgery, Nakamura Memorial Hospital
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Presentation

Intracranial arteriovenous fistulas (dAVF's) account for only 10%-15% of intracranial vascular malformations.

Dural arteriovenous fistulas of the hypoglossal canal (HCdAVFs) represent a rare subtype of dAVF's involving the
anterior condylar confluence (ACC) and/or the anterioe condylar vein (ACV). HCdAVFs represent 3.6%-4.2% of all
intracranial dAVFs.

We report a case of asymptomatic HCdAVFs with perimedullary venous drainage which underwent shunt transec-
tion.
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Fig. 1

(a) Coronal oblique maximum-intensity projection (MIP)
image of MRA shows arterial filling of the venous
pouch(arrow).

(b) Time-of-flight MRA source image shows a feeder
from the ascending pharyngeal artery within the right
hypoglossal canal and venous pouch near the hypo-
glossal canal. (arrow)

(Fig.1b).

L FEENRIGE OEIRAIZ 3T, feeder& L TAPA%
08, shunt pouch® fililti X T 72(Fig.2a), A4 FHH)
kB DO IR IZ F53 TId. pontomecencephalic vein%
91 L Tpetrousal veinlZ[fA* > T_E17§ Adrainer. &
Uanterior and posterior spinal veinZ {79 bdrainer
Dperimedullary venous drainage % it 72(Fig.2b), £ird
BRI Daxial TLHE{G L, T T RS O < Dshunt
pouchZ 7/~ L T\ 72 (Fig.2¢).

Lt F BRSO BIIRMIC I 1) 5 AP viewd & ULateral
viewlZ BT, MEF BIAR O WAL 2 5 2K Dfeeder &
R 72(Fig.3)s

Fi A SEE AR D 3D imaging & A HMEEFBINRO 3D imaging
%fusiond % &. 3K DfeederHishunt pouchtZHEH L T
TW/=(Fig.4).

CTAIZH W T, ik & &R X 2 725 iliffic TACCL
ACVAE 2T B 23, shunt pouch & D ] D 3 e P
IEHERE X e 20 > 72(Fig.5).

Fig. 2

(a.b) Arterial phase of right ECA injection angiogram,
shows a feeder from the ascending pharyngeal artery
(arrow) and also shows a venous pouch(arrowhead).
(a:anteroposterior view, b:lateral view)

(c.d) Venous phase of right ECA injection angiogram
shows ascending (toward the petrousal vein via the
pontomecencephalic vein, thin arrow) and descending
(to the anterior and posterior spinal veins, arrow
and arrowhead) perimedullary venous drainage.
(c:anteroposterior view, d:lateral view)

(e) Cone beam CT image of right ECA injection angio-
gram shows a venous pouch near the hypoglossal
canal.



Fig. 3

Arterial phase of right VA injection angiograms, anter-
oposterior view and lateral view, show two feeders from
the meningeal artery of vertebral artery(arrow and
arrowhead). (a:anteroposterior view, b:lateral view)

Fig. 4

Combining 3D imaging of the right external carotid
artery and right vertebral artery imaging, three feeders
are gathered in the shunt pouch.(arrow) (a:anteroposterior
view, b:posteroanterior view)

Fig. 5

Venous phase of CT angiograms show anterior condylar
vein (thin arrow) and shunt pouch (arrow), but the con-
nection of ACV and pouch cannot be comfirmed.
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Fig. 6

(a) Dilated arterialized veins are found on the cervical
cord.

(b) Feeders were clustered on the shunt pouch. A hypo-
glossal canal is found in the anteroinferior part of the
shunt pouch. But the their connection cannot be con-
firmed, because feeders overlap between them.

(¢) ICG shows that the feeders collect on the shunt pouch
and drain to the perimedullary veins.

(d) After coagulating the feeders, the drainer was closed
using temporary clip and resected.



it : B15 2 A A BHEIREED 37, A EMMAIZ T
dAVFsOER &R U (Fig.7). BERbtE -7,

Fig. 7

(a) Postoperative right ECA injection angiogram, anter-
oposterior view, shows the ascending pharyngeal
artery (arrow), but the venous pouch and the drainer
are disappeared.

(b) Postoperative right VA injection angiogram, anter-
oposterior view, shows complete obliteration of the
fistula.
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Clinical outcomes of microvascular decompression for trigeminal neuralgia and
hemifacial spasm in patients with antithrombotic therapy

Bunsho Asayama, M.D., Shusaku Noro, M.D., Yoshinobu Seo, M.D., Kaori Honjo, M.D., Masahiro Okuma, M.D., Yuki
Amano, M.D., Hirohiko Nakamura, M.D.

Department of Neurosurgery, Nakamura Memorial Hospital
South 1 west 14, Chuo-ku, Sapporo city, Hokkaido 060-8570, Japan

Abstract

Background: Patients with cardiovascular or cerebrovascular disease receiving oral antithrombotic drugs are
increasing worldwide. Some of them occasionally have trigeminal neuralgia (TN) or hemifacial spasm (HFS). The
aim of this study was to illustrate the influence of antithrombotic drugs on clinical outcomes of microvascular
decompression (MVD).

Methods: We retrospectively investigated 305 consecutive patients who had undergone MVD for TN and HF'S at our
hospital between April 2013 and November 2018. We compared intraoperative bleeding volume, postoperative hem-
orrhagic, ischemic and neurological complications between those who received oral antithrombotic drugs and those
who did not.

Results: 22 patents (7.2%) received antithrombotic drugs (antiplatelet drugs 13 cases, warfarin 2 cases, direct oral
anticoagulants 5 cases). All patients receiving antithrombotic drugs showed improvement of symptoms after sur-
gery. An asymptomatic slight subdural hemorrhage and transient abductor nerve paralysis were observed in each
one in the antithrombotic drugs group, but there was no significant difference between two groups in primary end-
points.

Conclusion: The clinical outcomes of MVD in patient with antithrombotic drugs are good and it is considered that
MVD can be selected regardless of whether or not antithrombotic drugs are taken.

Keywords: Microvascular decompression, Antithrombotic therapy, Antiplatelet therapy
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Table.1
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BEK (%) 22(7.2) 283(92.8)
FiHER (BERE) 71 (7.5) 58.2 (12.8) < 0.0001
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DEME (%) 6(27.3) 0 < 0.0001
BHIREE (%) 6(27.3) 4(1.4) < 0.0001
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Experience of stereotactic brain biopsy using navigation-guided frameless biopsy
system

Yuki Ishida, M.D.!2, Kenicchi Sato, M.D.! 2, Taku Asanome, M.D.! 2, Hironori Sugio, M.D.! 2, Ryunosuke Yoshihara,
M.D.'2, Hirohiko Nakamura, M.D.!

Department of Neurosurgery, Nakamura Memorial Hospital
Department of Neurosurgery, center of brain tumor , Nakamura Memorial Hospitaly

Summary

Background: Because of advancement of the molecular analysis, the importance of accurate pathological diagnosis
has been increased. With the advancement of neuro navigation technologies, frameless stereotactic brain biopsy sys-
tem has been developed. The present study reports our experiences with using frameless stereotactic brain biopsy
system.

Method: We started using frameless stereotactic brain biopsy system since May,2020. We decided first half to 30
months before May ,2020. and second half to 30 months after May, 2020. Stereotactic biopsy were perfomed using
Navigus biopsy solition® and Stealth Autoguide®. Comparison with first and second half, biopsy procedure, target
location, pathological diagnosis and hemorrhagic complication rate in craniotomy or stereotactic biopsy were evalu-
ated.

Result: Twenty-nine patients treated in first half, and Forty patients treated in second half. In second half, the per-
centage of stereotactic biopsy procedure (first half 63% vs second half 3%, p<0.01) and infratentorial lesion (first half
25% vs second half 3%, p=0.02) were increased. Asymptomatic and symptomatic hemorrhage rate are not signifi-
cantly different between craniotomy and stereotactic (Asymptomatic: 9.4% vs 11.5%, Symptomatic: 6.3% vs 7.7%).
Conclusions: For the cause of using frameless stereotactic system, the number of biopsies in the infratentrial lesion
increase. Hemorrhagic complication rate is not different between craniotomy and stereotactic biopsy procedure,
frameless stereotactic biopsy is considered usefull tool because of this accessibility and safety.

Key word : frameless stereotactic biopsy, navigus biopsy solution, stealth autoguide
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Fig. 1

Intraoperative photographs using flameless stereotactic system
A:Navigus biopsy solution

B:Stealth autoguide
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Table.1 Result of all biopsy cases in our series

First half Second half p value
Biopsy procedure
craniotomy 24 (83%) 8 (20%) <0.01
stereotactic 1 (3%) 25 (63%) <0.01
endoscopic 4 (14%) 7 (17%) 0.68
29 40
Target location
Supratentorial / Superficial 18 (63%) 18 (45%) 0.16
Supratentorial / Deep 10 (34%) 12 (30%) 0.69
Infratentorial 1 (3%) 10 (25%) 0.02
29 40
Pathological diagnosis
Glioblastoma 5 (17%) 6 (15%) 0.80
Other glioma 8 (27%) 10 (25%) 0.81
Lymphoma 10 (35%) 18 (45%) 0.38
Inflammatory disease 4 (14%) 7 (18%) 0.68
Others 2 (6%) 1 (2%) 0.38
29 40
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Table.2 Result of hemorrhagic rate

craniotomy Navigation guided p value
biopsy stereotactic biopsy
All hemorrhagic rate 15.6% (5/32) 19.2% (5/26) 0.71

asymptomatic 9.4% (3/32) 11.5% (3/26) 0.78
symptomatic 6.3% (2/32) 7.7% (2/26) 0.83
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Fig. 2
Gadolinium enhanced T1WI(a) showing ring enhanced tumor in
the deep side of cerebellar vermis.

MRI ASL.(b) showing increasing perfusion signal.

Examined Gadolinium enhanced T1IWI and 3D DSA(d,e), into
ventral side of tumor.

CT after stereotactic biopsy(c) showing there is no hemor-
rhage
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Biopsy strategy before start using flameless stereotactic biopsy system in our hospital
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Abstract

Background

ACF is a surgical procedure for cervical radiculopathy that avoids fusion and fusion-related complications, but its
long-term outcome has yet to be investigated.

Methods

A total of 61 ACF in 57 patients were performed at our hospital between 2004 and 2016.Clinical and radiological
results were examined at short- and long-term period. Of these patients, 21 patients followed for more than 5 years
were investigated to long term clinical results. Pre-and post-oeperative radiological findings were investigated in 15
patients, the mean follow up period of whom was 9.1 years.

Results

In short term follow up 84.2% patients receive excellent/good results, and in long term 80.9% patients excellent/
good results(success rate). The preoperative VAS was 75.7mm, which decrease 16.6mm in short term follow up, and
25.3mm in long term follow up. Two patients developed mild hoarseness, one patients developed transient grip dis-
turbance. Reoperation in operated level was performed in 1 patients, and three patients were reoperated for adja-
cent level lesions. There was no mortality and major complications. At final follow up point significant loss of disc
height (1.2mm, 17.2% p<0.01) and ROM (P<0.01) was detected at the operated level. At final follow up point, Four
patients(26.7% 4/15 cases) were resulted in spontaneous fusion. Success rate in spondylosis was 50%, and in disc
herniation was 100%.



Conclusions
ACF was safe and effective surgical procedure especially for disc herniation . The other hand, ACF causes significant
loss of disc height and ROM. In appropriate patient, ACF is useful procedures over long-term period.

Key word

anterior cervical foraminotomy; long term clinical results; radiculopathy

Introduction,

There was many procedures for cervical radiculopathy, non responsed sufficient conservative treatment, for example
anterior cervical discectomy with fusion(ACDF) ,posterior foraminotomy with or without endoscope, anterior cervi-
cal discectomy without fusion, anterior cervical foraminotomy (ACF) ,and artificial disc replacement. But it is still
unclear which procedure is superior. In these, ACDF is widely adopted, but fusion related problems were also report-
ed??3, ACF is a surgical procedure to preserve the functional motion of the cervical spine, and intend to avoid such
problems. Some authors reported excellent results of ACF*%¢ the others reported ACF results in many reoperation,
or causes disc degeneration’$®. Furthermore, few studies of the clinical or radiographic long-term results of this pro-
cedure have been reported.

In the presented study, clinical and radiological results of ACF for cervical radiculopathy with a follow-up period of

at least 5 years, are examined.

Materials and Methods,

Between January 2004 and May 2016, a total of 57 patients
with degenerative one- or two-level cervical radiculopathy,
underwent ACF procedures in our hospital. 19 patients
suffer from radiculopathy due to posterior spur, 38 patients

suffer from radiculopathy due to soft disc.

Approval of the ethics committee

This study has been approved by the research ethics
committee of Fujieda Heisei Memorial Hospital.(Permission

number: FHR No.28-3)

Clinical Evaluation

Preoperative symptoms and signs by using visual analogue
scale (VAS) and odom’ s criteria were assessed on
admission, at and short term and long term follow up
period. Postoperative evaluations were carried out at the
time of one month after surgery(short term follow up) and
final follow up period(long term follow up; at least 5 years
after surgery). Some patients cannot visit our hospital,

by whom the long-term follow-up data were obtained by

written questionnaires. All 57 patients were assessed with
short term clinical outcome, 21 patients were assessed by

long term results.

In the present study, odom’ s criteria defined as below.
Excellent : All symptoms disappeared or remarkably
improved ,no use of pain killer

Good: symptoms improved, but a little bit remain. To
relieve residual pain, pain killer is necessary. Daily life
goes without any problems.

Fair: Definite relief of some preoperative symptoms; other
symptoms; unchanged or slightly improved. To relieve
residual pain, pain killer is necessary. Daily life goes with
some problems.

Poor: Symptoms and signs unchanged or exacerbated

Radiological Evaluation

Pre- and post-operative radiological findings were
investigated in 15 patients(at least 5 years after surgey),
the mean follow up period of whom was 9.1lyears.
Radiographic measurements were performed on the lateral
view of the pre- and postoperative cervical spine. The
Cobb angle (CA), focal kyphosis(FK), and disc height(DH)



of the operated segment, were measured in the neutral
position. Segmental range of motion of the operated level
, functional segmental angle(FFSA), functional segmental
height(F'SH), spinous process distance(SPD) were measured
on dynamic lateral radiographs (Figure 1). We defined post

operative ASPD<3mm was spontaneous fusion.

Figure. 1

Operative indication

Patients with degenerative one- or two-level cervical
spondylosis or disc herniation with radiculopathy, who did
not respond to sufficient conservative treatment, underwent
ACF. Radiological confirmation of the underlying pathology
by magnetic resonance imaging (MRI), myelography,
and high-resolution computed tomographic scans after
myelography(CTM) were performed in all cases to correlate
with the clinical symptoms. The patients with cervical

myelopathy, or instability of cervical spine were excluded.

Statistics

Standard statistical analysis was performed by excel 2010
for Windows. A paired t test was used to compare pre- and
postoperative VAS and radiographic measurements. Also
x test was used to compare success rate in spondylosis
and disc herniation. Significance was accepted at a value of

p<0.05.

Surgical procedure

The patient is placed in the supine position without
rotation. A standard ACDF approach is made with the skin
incision located on the side of the lesion. After confirm
exact level, only symptomatic side longus colli muscle was
peeled away from vertebral body. The following surgical
procedures are performed under the surgical microscope.
The appropriate keyhole positions was determined by using
coronal section of CTM. Once detect pathology in coronal
section of CTM, shifted to the ventral, up to vertebral
surface. An about 7mmX10mm keyhole placed using this
image, preserving lateral bone cortex as possible (Figure2).
By this procedure, the injury of vertebral artery(VA) can
be prevented. Using 2- or 3- mm diamond drill, digging
into dorsal side. The direction of the key hole was toward
to the root sleeve. The posterior longitudinal ligament
(PLL) and residual cortical bone is removed by micro
currete and micro punch. Then the herniated disc fragment
and posterior spur can be gently removed. Sometimes the
lateral potion of the lesion can be approached from the

contralateral side.

Figure. 2



Results,

Average operation time was 97.6(50-178) min, blood loss
was 18.3(5-70)cec.

Patient Population

The studied patients were 45 men and 12 women, with a
average age of 53.1 (range, 27-76) years at the time of
surgery. b3 patients had one-level lesion and 4 had two-
level disease. The level of the lesion is C4/5 : 6cases.

C5/6 : 21cases. C6/7 28cases, C7/Thl 6cases.

Follow up

For the long term follow-up study, clinical outcomes of 21
patients were examined, in which the mean follow up period
was 8.9 (5-11.2) years. On the other hand radiographycal
outcomes of 15 patients were examined, in which the mean

follow up period was 9.1 (5.1-11.2) years.

Complications and Reoperations

There were 3 cases of post operative
complications(3/57:5.2%).There were no deaths or major
morbidity. There were no spinal cord or vertebral artery
injuries. Two patient had a mild transient hoarseness.
one patient suffered from transient grip disturbance. One
patient was performed ACDEF soon after the ACF, because
of persistent post operative radicular pain. Three patients

were re-operated for adjacent level lesions

Clinical outcome

Short-term

Of 57 patient, 38 demonstrated excellent result, 10
demonstrated good, 6 were fair, and 3 were poor. In the
present study, the patients with excellent or good result were
defined as successful result. In short-term follow up, success
rate was 84.2%(48/57). The average preoperative VAS score
was 75.7mm, postoperative VAS score was 16.6mm.VAS
scores were improved significantly (P< 0.01) (Table 1).

Long-term

Of 21 patient, 17 demonstrated excellent result, 1 were
fair, and 3 were poor. In long- term, success rate was
80.9%(17/21). The average preoperative VAS score was
81.7mm, postoperative VAS score was 29.2mm.VAS scores
were improved significantly (P<0.01).

Success rate in spondylosis was 50%, the other side
success rate in disc herniation was 100% .Outcome for disc

herniation is significantly favorable (P<0.01) (Table 1).

Table.1
nica esults asured by odon’s criteria
o1l good. fair Poor Success rate(excellent + good)
Short — term results 38 10 6 3 48/55 case 84.2%
Long — term results 17 0 1 3 17/21 case 80.9%
nica Res 8 eas ed by VA
VAS(pre OPE) VAS(post OPE) P value
Short — term results 75.Tmm 16.6mm P<0.01
Long — term results 81.7mm 25.3mm P<0.01
Success Not Success + good)
Soft disc 13 0 13/13cases | 100%
Spondylosi [} 4 4/8 cases | 50%

Radiological Outcomes in long-term result

The summary of the radiological changes are shown in

Table 2.
Table.2
Summary of radiographical measurement
PRE OPE POST OPE A P value
DH 6.1mm 4.9mm 1.2mm(17.2%) P<0.01
1.2-7.7) 0.9-7.0) Decrease
FSH 34.7Tmm 34.1mm 1.9% P<N.S
(31.7~37.6) (27.4~38.0) Decrease
FK -0.19° 2.58° 2.72° P<0.01
(7.7~3.1) (-6.2~10.7) (-3.11~13.33)
CA -0.29° 0.79° 1.565° P<N.S
(-4.8~1.5) (-2.7~2.9) (0.09~5.57)
AFSA 5.24° 5.39° 0.16° P<N.S
(0.3-14.4°) 0.7-22.79 Increase
ASPD 6.8mm 3.9mm 2.83mm P<0.01
Decrease

Disc height (DH)

Preoperative average DH was 6.1mm, whereas postoperative

DH was 4.9 mm. The postoperative DH decrease was 1.2

mm and it was statistically significant (P<0.01).



FSH

Preoperative average FSH was 34.7mm, whereas postoperative

FSH was 34.1 mm. There was no significant decrease.

Focal kyphosis(FK)

Preoperative average FK was -0.19°, postoperative FK was

2.58°. This made significant kyphotic change (P<0.01).

AFSA

There was no significant difference between preoperative

and postoperative value.

ASPD

Preoperative average ASPD was 6.78mm, postoperative
ASPD was 3.95 mm. There was significant loss of ROM
(P<0.01). Four cases(25%) result in spontaneous fusion. In
contrary, 75% cases preserved ROM in long term follow

up.
Discussion

Variations of Anterior Cervical Foraminotomy

Anterior cervical foraminotomy (ACF) is a surgical
procedure to preserve the functional motion of the cervical
spine while removing the underlying pathology. In 1968,
Verbiest reported a lateral approach '°, and in 1976,
Hakuba described transuncodiscal approach'’. After those
approaches, several authors described ACF, which can be
roughly divided into three groups. First, in 1989, Snyder
report anterior cervical interspace decompression’, which was
an anterior cervical partial discectomy through disc space.
This procedure seems most similar way to our procedure.
Second,In 1996, Jho described a transuncal approach of
anterior microforaminotomy(AMF), which was performed
through the uncinate process to preserve the remaining disc
in the intervertebral space while directly eliminating the
compressive pathological lesion’. Later Jho reported various

modifications of AMF, when the upper and lower vertebral

body are more extensively removed'®".

Last, transvertebral anterior cervical foraminotomy(TVAF),
in which a key hole is placed in the vertebral body to remove
the underlying pathology. The common concept of the various
kinds of surgical approaches mentioned above is to preserve

the disc content as much as possible.

Radiological analysis

Pre- and postoperative radiographic results of the present
study are summarized in Table 2. Disc height decreased in
1.2mm(17.2% ) postoperatively, comparing with pre-oprative
one. This post-operative decrease of the disc height seems
to reflect the characteristics of ACF, where the disc space
is not filled by any materials, such as iliac bone graft on
artificial intravertebral implant. In the following portion,
the results of ACF by other authors were compared, in
which they performed long follow up more than 3 years.
Park et al. followed up 44 patients of ACF for 8.8
years,reporting 10% decrease of disc height in 78% of
the patients'. Kim et al. also reported 1mm reduction
of disc height in 83.5% of the patients after 6.1 years
postoperative'. According to these reports and our
present results, disc height decrease can occur in ACF
more or less.

On the other hand, as to the post operative ROM changes,
various results have been described. Park et al. reported
significant decrease of ROM after surgery, but Kim et
al. did not describe a significant difference in the ROM
after surgery. The reason why the different results of the
post operative ROM changes may come from the lack of
radiological common standard. According to the present
study, significant loss of ROM was noticed, and 25% of the

patients showed spontaneous fusion of the operated site.

Clinical analysis

As mentioned before, several kinds of ACFs have been
advocated, the superiority of which is difficult to determine
due to lack of established evaluation method. Most authors
reported excellent improvements in 85% to 99% of patients

after ACF, although one reported unfavorable result,



improvement in only 52%’(Table3,4) .

High frequency of the additional re-operation was reported
by several authors. One of the reason for this frequent re-
operation is the too-much resection of the uncovertebral
joint, resulting postoperative spinal instability with painful
joint.

In spite of many reports about short term follow up st
udy*OARIeITIEI920 o authors examined the results of
long term follow up. According to the long term follow
up study, success rate were 89% ~ 90.3% and the outcome
was relatively good"". One of the emphasized parts of the
present study is the inclusion of long-term radiographic and
clinical results after ACF, which has been few reported
previously. In our series, success rate was 84.2%,which
is almost equal to other long-term follow up results. As
mentioned before in the radiological analysis, decrease of
ROM and spontaneous fusion can occur in ACF. However,
the grade of this decrease and fusion is mild compared with
ACDF, and no remarkable clinical symptoms are noticed

due to there phenomena.

Complications and Reoperations

In the present study, there were 3 cases of post-operative
complications(3/55:5.5%).But no deaths or major morbidity
associated with the ACF occurred. The reported
complication rate for this procedure varies between 7% and
22%21.

The report from Snyder, et al.’and Hacker et al. * showed
especially high complication rate, but in other reports the
figure was 0-10%.

In those complications, dysphagia, wrong level surgery,
thoracic duct injury, and surgical site infection®'? is
included. Perioperative complications, such as deep-vein
thrombosis(DVT) and acute myocardial infarction(AMI)
also occurred”. Although few, dural injury or
pseudomeningocele’, and spinal nerve injury'®* were
reported.

In ACDF operations, the incidence of VA injury was
reported 0.005%. VA injury seems the most serious

complication of ACF, about which no authors reported

(Table3) .

In our procedure, lateral part of uncinate process was
preserved as possible to avoid VA expose and prevent its
injury. The Luschka joint can also be preserved in our

surgical approach.

Surgical indication of ACF

We adapted ACF for treating for unilateral cervical
radiculopathy. Some authors advocated ACFE to treat the
midline pathological conditions, such as cervical tumorlZ2or

L3 Certainly,

midline disc herniation with myelopathy
ACF can depressurize the spinal cord, but for this plan
more large key hole is necessary. And this is paradoxaical
concept of ACF, preserve the uncinate process as possible.
In this study, long term result in disc herniation was very
favorable. Snyder says “ACF may be particularly appealing
for patients with multiple-level myelographic filling defects
to avoid a lengthy fusion” °. But, in our concept almost
these cases is favorable in posterior approach. Therefore

the author believe that the best indications of ACF is the

lateral lesion, such as lateral soft disc herniation.

Conclusion

In this study, ACF for cervical radiculopathy shows good
and safe long term result. It may cause significant loss of
disc height in long term follow up. Although decrease of
ROM is also noticed it is mild compared with the results
after ACDF.
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