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Correlation of Magnetic Resonance Spectroscopy
and Perfusion at Non-Enhancing Edematous Area in
High-Grade Glioma for Tumor Recurrence After Maximal
Safe Resection

b
Thongnual Kittiponga, M.D., Witthiwej Theerapol , M.D.,

d
Chawalparit Orasac, M.D., Piyapittayanan Siriwan , M.D.,

a’bDepartment of Surgery,
Faculty of Medicine,

Background

Malignant glioma is the most common primary
malignant brain tumors. These tumors were classified
into WHO2007 grade lll (anaplastic astrocytoma, ana-
plastic oligodendroglioma, anaplastic oligoastrocytoma,
anaplastic ependymoma, gliomatosis cerebri) and WHO
grade IV (glioblastoma and gliosarcoma).z’3

These malignant tumors had poor prognosis, even
with optimal treatment such as maximal safe resec-
tion, radiotherapy or chemotherapy. Median survival time
for patient with glioblastoma is less than 2 years and
for anaplastic glioma is 2 - 5 years4_7 because of
high infiltration and destruction of adjacent brain tis-
sues.?

Many studies reported the extent of tumor cells
that are wider than the demonstrations by conven-
tional MRI T1W with contrast study.” > They sug-

gested that the consideration of extent of high-grade

Sangruji Tumtipe, M.D.

C’dDepartment of Radiology, eDepartment of Pathology,
Siriraj Hospital, Mahidol University, Bangkok, Thailand

glioma by using MRI T2W images or T2-FLAIR images
that demonstrated wider area than the imaging of T1TW
with contrast13’15, which in this study are referred to
the “non-enhancing edematous area” (NEA).

The Proton MR-spectroscopy (MRS) signal can
be used to diagnose abnormal biochemical or metabo-
lism of the lesion in brain tissue. '’

The height of each biochemical spectrum often
overlaps between malignant and low grade tumor.
Therefore, The mainly useful measurement will be in
the ratio' ° ' °, such as Cho/Cr, Cho/NAA

In addition, Alfonso et aI.14 reported the study
about MRS in non-enhancing edematous area to dis-
tinguish non-enhancing edematous area from purely
vasogenic edema area, the results of MRS with high
Cho / NAA more than1 shows that the edema area will

infiltrated with tumor cells (infiltrative tumor). These

non-enhancing edematous area are very important to
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Figure 1 Demonstrate enhancing area (T1w gd) and Non-enhancing edematous area (NEA) (T2 FLAIR).

determine the extent of these high grade brain tumor
for surgical planning or radiation therapy and associ-
ated with predictors of survival after treatment.20

Perfusion magnetic resonance imaging is poten-
tial methods for detecting tumor infiltration in
NEA..Relative cerebral blood volume is also interested
in many study.

The study of Weber MA et.al. on Perfusion MRI
with sensitivity to detecting malignant glioma was
97%.In Siriraj hospital, Piyapittayanan S.,10 also dem-
onstrated the effectiveness of discrimination between
low grade and high grade glioma by using perfusion
MRI.

In our institution, surgical treatment of brain high-
grade glioma is an essential primary treatment in order
to achieve maximal safe resection and tissue for patho-
logic diagnosis. As usual, surgical area will be resected
based on T1W with contrast MRI but the extent of the
abnormalities in brain tissue called “non-enhancing

edematous area” may remain after surgery, these may

have opportunities to regrowth of the tumor. Hence,
this study aimed to determine the correlation between
recurrent time of the high-grade brain glioma patients
who treated with standard treatment and the meta-
bolic effects of magnetic resonance spectroscopy and

perfusion MRI in non-enhancing edematous area.

Objective

To study between the correlation of magnetic reso-
nance spectrometry parameter and perfusion MRI and
the recurrent time of malignant glioma after maximal
safe resection. Progression free survival and recurrent

time after adjuvant therapy were analyzed.

Materials and Methods

During February 2009 to December 2014, 62
cases with clinically suspicious of malignant glioma
were collected for advanced MRI project in Siriraj hos-
pital. Included patients with newly diagnosed with a

group of high-grade brain glioma, the diagnostic MRI
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and advanced MRI including MR-spectroscopy and
perfusion MRI were performed before maximal safe
resection. The patients were excluded for analysis if
they treated with other methods such as biopsy, ra-
diation or chemotherapy alone without maximal safe
tumor resection. All of these patient underwent maxi-
mal safe resection met the inclusion criteria. Extent of
resection was categorized to total resection (GTR>
90%), near-total resection (NTR 75-90%), partial

)20-23 and confirm with immediate

resection (<75%
post op MRI (within 72 hours).

The histopathology reports of all 62 patients con-
firmed high-grade glioma according to the current World
Health Organization (WHO) classification 2007 . Ra-
diation and neuro-oncologists were consulted for ap-
propriated radiation chemotherapy.

We reviewed the medical records to obtain infor-
mation of the patients and treatment characteristics.
The patiendts age, sex, date of preoperative MRI and
MRS, date of maximal safe resection, adjuvant treat-
ment, date of follow up imaging that defined as 1st
recurrence, and date of last follow up.

Tumor recurrence was also defined by the ap-
pearance of residual tumor growth on imaging studies
compared with previous imaging studies during treat-
ment period24.

Recurrent time was defined by the time from date
of maximal safe resection to the time that 1st tumor
recurrence (the time point at which the contrast-en-
hancing volume increased) was found on follow-up
imaging studies (CT and/or MRI) as determine by
neuro-radiologist.

Degree of edema was classified by percent of
NEA size on tumor size.

Mild edema = <50% tumor size

Moderate edema = 50-75% tumor size

Severe edema = > 75 % tumor size

The Multi-voxel MRS was performed after ad-
ministration of gadolinium25. Multi-voxel proton chemi-
cal shift imaging or spectroscopic imaging used the
turbo spin echo technique with TR, TE, and NEX of
2000, 288 ms, and 1 respectively. Single section
with 15-mm section thickness was obtained in 4 min-
utes and 42 seconds on axial plane. The volume of
interest (VOI) consisted of a 10x10 cm-region placed
within a 23x19 cm field of view (FOV), with a voxel
size of 1x1x1.5 cm?®. Single voxel MR spectroscopy
used a point-resolved spectroscopy (PRESS) turbo spin
echo with TR and TE of 2000 and 35 ms or 128 ms,
respectively. The voxel size varied from 1x1x1 to 2x2x2
cm? depending on tumor size. The metabolite peaks
were assigned as follows: Cho, 3.22 ppm; Cr, 3.02
ppm, NAA, 2.02 ppm; metabolite lipids, 0.5-1.5 ppm;
Lactate, 1.33 ppm. The MRS data was sent for pro-
cessing on the commercial software (Spectro-tool,
ViewForum, Philips, the Netherlands). The selected
slices were based on Gd-T1WI at the areas of lesion
enhancement. If no enhancing area was demonstrated,
FLAIR and T2WI were used for selection region of in-

terest (ROI) by a neuroradiologist. The radiologist se-

Table 1 Show the spectrum of specific metabolites. Lo-

cations (ppm) and properties of substances that

. 6,

were often used in the MRS study1 v
ppm Metabolite Properties
0.9-1.4 Lipids Products of brain destruction
1.3 Lactate Product of anaerobic glycolysis
2.0 NAA Neuronal marker
3.0 Creatine Energy metabolism
3.2 Choline Cell membrane marker
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Tumor

Figure 2 Region of interest was placed in tumor (cluster of yellow square). The spectrum of each metabolite was measure,the
vertical axis is the height of peak of the metabolite; the horizontal axis is the specific ppm (Iocation) of each

specific metabolite.

| .
| Non-enhancing edemdtous area

Figure 3 Region of interest was placed in NEA (cluster of yellow square). The spectrum of each metabolite was measure,
the vertical axis is the height of peak of the metabolite; the horizontal axis is the specific ppm (Iocation) of each

specific metabolite.
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lected the areas which was the most compatible with
solid part of the tumor.

The region of interest was placed for measuring
each metabolite at enhancing area (EA), Non-enhanc-
ing edematous area (NEA), and contralateral normal
white matter. The metabolites displayed on the moni-
tor were collected from the highest values of areas
including lesion choline (Cho), creatine (Cr), N-acetyl-
aspartate (NAA), lactate (Lac), lipid (Lip), ratio of Cho/
Cr and Cho/NAA. Calculation of ratio of lesion Cho to
normal Cho(nCho), nCr(Cr lesion/Cr normal) and nNAA
(NAA lesion/NAA normal) was also performed.

The relative cerebral blood volume was measure
and compare between tumor and NEA (rCBV ratio =
rCBV[tumor]/rCBV[contralateral white matter a ] be-

cause histological heterogeneity within malignant glio-

mas is common, rCBV maps of high-grade tumors are

often heterogeneous, containing both high and low rCBV

foci.We focus on maximal CBV is taken to be repre-

sentative of the region of interest,enhancing area and
30,31

NEA . Stephan G et.al. studied on best method to

measure CBV,and suggest to use maximal CBV.

Statistical analysis

Statistical analysis was performed by using SPSS
version 18. Descriptive statistics, inferential statistics
for general data, Kaplan-Meier survival analysis, and
Cox-regression analysis with recurrent time as the de-
pendent variables were analyzed. The two-sample t
test is used to compare the average metabolic ratio
for non-enhancing edematous area and the enhancing

area.

Output panal

ROI of NEA

ROI of
contralateral
normal brain

Figure 4 Show work station window to measure region of interest by pick up highest CBV foci in each ROI.
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Table 1 Summarizes the clinical characteristics, tumor characteristics and surgical resections of all 62 patients.
(GBM=inob|astoma multiform, AA=anaplastic astrocytoma, AO=Anaplastic oligodendroglioma, AE=anaplastic

ependymoma, RT=Radiotherapy, CMT=Chemotherapy)

All patient GBM AA AO AE
Characteristic n=62 n=50 n=5 n=6 n=1
Mean age in years (SD) 46.48 (13.87) 47.26 (14.5) 41.40(13.77) 42.33(6.6) 58
Sex Male (%) 35 (56.5) 28 (56) 4 (80) 3 (50) 0
Female (%) 27 (43.5) 22 (44) 1 (20) 3 (50) 1 (100)
Size (cm), (SD) 4.11 (1.71) 4.22 (1.65) 3.22 (1.76) 4.16 (2.28) 2.6
Side Left (%) 31 (50) 24 (48) 4 (80) 2 (33.3) 1 (100)
Right (%) 30 (48.4) 25 (50) 1 (20) 4 (66.6) 0
Bilateral (%) 1 (1.8) 1(2) 0 0 0
Lobe Parietal (%) 21 (33.9) 16 (32) 4 (80) 1(16.6) 0
Frontal (%) 19 (30.6) 15 (30) 0 4 (66.6) 0
Temporal (%) 14 (22.6) 12 (24) 1 (20) 1(16.6) 0
Insular (%) 4 (6.5) 4 (8) 0 0 0
Occipital (%) 2 (3.2) 1(2) 0 0 1 (100)
Brain stem (%) 1 (1.8) 1(2) 0 0 0
Cerebella (%) 1 (1.6) 1(2) 0 0 0
Edema  Absence (%) 4 (6.5) 2 (4) 0 2 (33.3) 0
Presence (%) 58 (93.5) 48 (96) 5 4 (66.6) 1 (100)
Mild (%) 20 (32.3) 15 (30) 1 (20) 3 (50) 1 (100)
Moderate (%) 18 (29.0) 16 (32) 1 (20) 1 (20) 0
Severe (%) 20 (32.3) 17 (34) 3 (60) 0 0
Resection Gross total (%) 44 (71.0) 36 (72) 3 (60) 4 (66.6) 1 (100)
Near total (%) 17 (27.4) 13 (26) 2 (40) 2 (83.3) 0
Partial (%) 1 (1.6) 1(2) 0 0 0
Deficit ~ Absence (%) 46 (74.2) 40 (80) 3 (60) 6 (100) 1 (100)
Presence (%) 12 (19.4) 10 (20) 2 (40) 0 0
Adjuvant Therapy
Radiotherapy (%) 28 (45.2) 22 (44) 2 (40) 3 (50) 1 (100)
CMT+RT (%) 21 (33.9) 18 (36) 1 (20) 2 (383.3) 0
None (%) 13 (21.0) 10 (20) 2 (40) 1(16.6) 0
Median Time to recurrence in 4.7 4.5 14.2 15.1 4.2

months (n=44)
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Time to recurrence was censored if the patient
had progression free at the time of analysis.
Approval for this study was obtained from the

Siriraj Institutional Review Board, Mahidol University.

Result

62 patients with suspicious clinical symptoms and
initial imaging of gliomas underwent conventional and
advanced MRI for brain tumor. All of the 62 patients
underwent maximal safe resection and histopathologic
results of high-grade glioma were selected for
evaluation.The pathologic diagnosis was based on WHO
2007 included. Demographic data, diagnosis, tumor
size, tumor location, grade of tumor edema and extent
of maximal safe resection were summarized in Table 2

In this study, there were 35 male and 27 female
with median age of 46.5 years. Almost of tumor lo-
cated in subcortical area, parietal (21 out of 62), fron-

tal (19 out of 62) and temporal (14 out of 62) re-

spectively. Most of the patient has edema (93.5%)
on preoperative MRI with no significant different in de-
gree of edema. Forty four out of 62 patients (71%)
accomplished gross total resection. Forty six from 62
had no immediate post op deficit (74.2%.). The vast
majority of pathologic result was glioblastoma (WHO
2007 grade IV), anaplastic oligodendroglioma (WHO
2007 grade Ill) and anaplastic astrocytoma (WHO
2007 grade III) respectively. Adjuvant therapy in our
study mainly is radiotherapy, and concurrence radio-
therapy and chemotherapy based on evidence based

support. Recurrent time was calculated and present in

Table 2 Time to recurrence depend on presence of edema

(months)
edema Mean SD
no edema 8.50 7.77
edema 6.69 6.16
Total 6.82 6.14

Table 3 Time to recurrence depend on degree of edema (months).

Pathology Total (n=26) Mild (SD) Moderate (SD) Severe (SD)
GBM 5.9 (21) 4.1 (2.8) 6.0 (8.4) 7.5 (4.2)
AA 18 (2) 24 (-) 12 (-) -

AO 4.5 (2) 4.5 (4.9)

AE 4(1)

All pathology (SD) 6.7 (6.2) 6.0 (6.5) 6.8 (8.0) 7.5 (4.2)

Table 4 Compare mean of radiologic factor and difference between enhancing area (EA) and Non-enhancing edematous

area.
Mean (SD)
Radiologic parameter p-value
EA NEA
Choline /NAA 2.96 (3.10) 1.11 (2.38) 0.001
Choline/Creatin 3.14 (6.70) 1.24 (0.62) 0.041
rCBV 5.36 (5.94) 2.16 (1.94) 0.01
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“months”. Median recurrent time was 4.7 months and
slightly decrease in GBM, while patients with grade Il
WHO2007 has tendency to recurrence after 1 years

Mean recurrent time in patients with peri-tumoral
edema and those without peri-tumoral edema was show
in Table 2. Overall recurrent time was 6.82 months
with much more longer recurrent time in patients with-
out peri-tumoral edema 8.50 months compare with
6.69 months in group of peri-tumoral edema.

The degree of edema was compare based on
pathologic result, there is no statictic significant be-
tween degree of edema and recurrent time based on
pathologic feature.

There was statistic significant in all three param-

eter (Choline/NAA,Choline/Creatin,rCBV) to differen-

Table 5 Univariate predictorof TTR, cox propportional Hazard.

tiate enhancing edematous area and non-enhancing
edematous area (Table 4).

Univariate analysis of predictor of recurrent time
(Table5) in ours study revealed no statistic significant
in variable of general parameter and ratio of metabo-
lite in lesion and NEA. Relative cerebral blood volume
was not significant different in lower and more than 1.
There was no statistic significant in recurrent time in
quality of resection. Adjuvant treatment with concur-
rence chemotherapy and radiation had longer time re-
current when compare to radiotherapy alone.

GBM had tendency to progress earlier, while WHO
grade lll tend to progress later (anaplastic astrocy-
toma and anaplastic oligodendroglioma). The degree

of edema and recurrent time was analyzed. (Figure 3)

Variable Hazard ratio 95% CI P value TTR in months (median)
Age <60 1 5.2
Age>,=60 1.01 0.46-2.20 0.972 3.8
Male 1 4.8
Female 0.72 0.39-1.33 0.298 4.4
Degree of edema

Mild 1 6.0

Moderate 1.28 0.57-2.84 0.541 6.8

Severe 0.70 0.33-1.49 0.260 7.5
Resection

GTR 1 4.7

NTR 0.99 0.46-2.97 0.989 3.0

STR 5.03 0.64-39.30 0.120 1.9
Adjuvant

RT 1 4.6

RT+CMT 1.02 0.50-2.09 0.949 3.6

Chol/NAA<1 1 4.6

Chol/NAA>,=1 0.48 0.18-1.26 0.138 5.2

Chol/NAA peri<1 1 4.6

Chol/NAAperi >,=1 0.95 0.41-2.18 0.899 5.1

rCBVPeri<1 1 5.9

rCBVPeri>,=1 0.67 0.24-1.86 0.442 4.2
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Interestingly moderate edema had shortest progres-

sion time when compare with mild and severe edema.

Discussion

Previously paper from our center Wongpraphairot
Suban32 study on choline/NAA, Choline/Creatine pa-
rameter on recurrent time in high grade glioma and
found statistic insignificant between these parameter
(only age parameter that is significant correlation with
recurrent time). Chen-Xing Wu et al.* study on 87
patient and found significant correlation between pres-
ence of peri-tumoral edema and tumor necrotic on
survival of malignant glioma. In many study there were
many significant variable on recurrent time (age, ex-
tent of surgical resection and chemo-radiation treat-

20,26-29
ment)

, but in our study there was statistic in-
significant in these parameter

In our study from 62 patient we found significant
different in MRI parameter Choline/NAA, Choline/
Creatin, rCBV on enhancing and

non-enhancing edematous area.But when we
compared hazard ratio of below and equal to higher
than 1 in these parameter we found statistic insignifi-

cant to predict recurrent time. This insignificant may

need more sample size and follow up time.

Conclusion

Relative cerebral blood volume (rCBV) and ratio
of Choline/NAA in non-enhancing edematous area is
different from enhancing area. To predict tumor recur-

rent time, these radiologic parameters may not useful.
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Factor Influencing Outcome of Pyogenic Spondylodiscitis

Kakanan Chumpon, Ponwijit Luckchai

Department of Surgery and Neurosurgery division at Faculty of Medicine Siriraj Hospital

Unnngoa Abstract

Background: Pyogenic spondylodicitis is a rare condition but might be devastating and fatal. Tradi-
tional treatment is surgical debridement follow by antibiotics. A retrospective study was designed to assess
the effect of clinical findings and treatment methods on the outcome.

Material and Metods: 21 patients were reviewed. There were 13 men and 8 women, with age ranging
from 24 to 85 years, mean age 61.9 years. 5 patients with complete cord. Pyogenic spondylodicitis found
in cervical [12] thoracic [2], lumbar [4] and mutiple [3] regions. The diagnosis was defined by clinical
findings, culture, histopathology, and radiological methods such as magnetic resonance imaging [MRI] and
computed tomography [CT] scans. All patients received surgical debridement and follow with medication.

Results: A total of 21 patients,operative treatment was performed. Surgical debridement with or
without instrumentation was done in all cases. After surgical debridement, clinical was improved. The most
presenting symptom is spinal pain. All of patients have elevated ESR and CRP. The most common bacterium
isolated was Staphylococcus spp. Two motality case was observed.

Conclusion: Pyogenic spondylodiscitis should be suspected in people having pain and local tender-
ness in the spinal region with rise in infalammatory parameters in blood. The most common bacterium was
Staphylococcus species, but there were not still a greater number of patients in this study. Therefore, In
case with severe neurological deficit, surgical debridement follow by antibiotic therapy is the most effective

treatment. Limitation of data is lack of uncontrolled study group.

Keywords: factor influencing, pyogenic spondylodiscitis

. J
Introduction and Epidemiology that involves one or more of the extradural compo-
Infection of the intervertebral disc and the adja- nents of the spine. Its complications include epidural,
cent vertebrae, variably referred to as pyogenic paravertebral, and psoas abscess formation.' The in-
spondylodiscitis (PS), disc space infection, and ver- cidence has been reported to be between 0.2 and 2
tebral osteomyelitis, all with or without associated epi- cases per 100,000 per annum and there is evidence

dural or paravertebral abscesses. PS is an infection suggesting that the incidence is rising, possibly re-
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lated to the improved life expectancy of patients with
chronic debilitating diseases.”™ Diagnosis, which can
be difficult, is based on clinical, laboratory, and radio-
logical features. It is often delayed or missed due to
the rarity of the disease, the insidious onset of symp-
toms, and the high frequency of spinal pain in the gen-
eral population.5 It is important because of its po-
tential morbidity and mortality; therefore, early diag-
nosis and effective antibiotherapy and surgical decom-
pression with debridement are required.6 The aim of
this study was to evaluate the risk factors, bacterio-

logical features, clinical, laboratory and radiological find-

ings of PS, and treatment outcome.

Materials and Methods

This study was performed in the Neurosurgery
division, department of surgery at Faculty of Medicine
Siriraj Hospital. Patient who underwent treatment for
pyogenic spondylodiscitis between January 2012 and
October 2015. We were retrospectively evaluated.
Medical records, radiological imaging, bacteriologic re-
sults, antimicrobial and surgical therapies were re-
viewed.

The diagnosis of PS was defined by clinical find-
ings, blood count, C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), culture, histopathol-
ogy, and radiological methods such as magnetic reso-
nance imaging (MRI) and computed tomography (CT)
scans.

The diagnosis of PS was established when 1. clini-
cal symptoms of spinal pain with inflammatory char-
acteristic features [unrelieved by rest] or fever [tem-
perature of 38°C],as well as neurological deficit on
physical examination; 2. Imaging finding compatible with

e 7 . . . .
vertebral osteomyelitis 3. microbiological evidence

such as isolation of a microorganism from open bone
biopsy specimens, cultured blood, and/or specimens
from another adjacent infectious foci. Adjacent infec-
tious foci included epidural abscesses or masses, ab-
scesses in paravertebral or psoas or iliopsoas muscles.

We analyzed the following data. age; sex; dura-
tion of symptoms before surgical treatment; patient-
related risk factors or chronic underlying diseases (e.g.,
diabetes mellitus, previous bacteremia or focal infec-
tions, intravenous drug used and immunodeficiency);
clinical features; hematologic and biochemical features
(blood count, erythrocyte sedimentation rate [ESR], and
C-reactive protein[CRP] value); radiological features
(from CT, and/or MRI); microbiological features; thera-
peutic records.

Therapeutic failure was defined as worsening
symptoms after a month of specific treatment. Func-
tional sequelae were considered to be stratifying the
level of functional restriction in mobility from myelopa-
thy, by Nurick functional scale® and ASIA Classifica-
tion. Outcome was defined as poor if the patient had
therapeutic failure.

For the statistical analysis of data we used the
IBM SPSS Statistics Data Editor (version 22). De-
scriptive statistics was analyzed by SPSS.

The Mann-Whitney U nonparametric test or
Students t test was used for comparison of means.
Fishers exact test or Pearsons x2 test, and Wilcoxon
Signed Ranks test for comparison of proportions. Dif-
ferences were considered significant at a P value of

<.05.

Result

Based on the established diagnosis, 21 patients

were finally hospitalized in the department of neuro-
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surgery. The demographic data of the patients is shown
on Table |. There were 13 men and 8 women, with age
ranging from 24 to 85 years, mean age 61.9 years.
Of 21 patients, 7 [33%] had diabetic mellitus, 11
[52%] had hypertension, 2 [9.5%] had dyslipidemia,?2
[9.5%] had cirrhosis, 1 [4.8%] had nasopharyngeal
cancer, 1 [4.8%] had chronic renal failure. Six [28.6%]
patients had no comorbidity.

In 7 [37.3%] patients presented cause of source
of infection, most common cause was urinary tract in-
fection [ 4 patients; 19%], 2 [9.5%]patients had sepsis
from MSSA and Streptococcus spp.[Table ]

Among various primary symptoms distinctly ob-

served in these patients, an episode of pain was the
most frequently encountered symptom in 18[85.7%]
patients, followed by fever in 10[47.6%] patients. The
duration from onset of disease to first examination
ranged from 4 days to 8 months. A total of 20 pa-
tients [95.2%] showed myelopathy and motor weak-
ness. Only one patient NO: 14 showed without clinical
myelopathy. Among the 21 patients in our study, there
were ASIA and Nuricks Classification [Table 2]
Laboratory investigations revealed elevated CRP
[>5mg/L] in 15 [71.4%] patients, elevated ESR [>15
mm/h]in 16 [76.2%] patients, and leukocytosis [leu-

kocyte count of >10.5 x 109/L] in 11 [562.4%] pa-

Table I Demographic and clinical data

Patient Alcohol Time to diagnosis Predisposting
No Age Sex Medical history Smoking Drinking (Day) factor
1 64 F HT N N 30 NO
2 57 M DM,HT,CA nasopharynx Y Y 30 UTI
3 40 M DM,HT Y Y 4 NO
4 55 F - N N 60 NO
5 59 M CA nasophaynx Y Y 90 NO

6 63 F DM,HT,cirrhosis N N 21 Pasaspinal abscess
7 69 M DM,GT,DLP,gout N N 240 uTl
8 73 M - N N 14 NO
9 76 M - N N 14 Sepsis
10 77 F HT N N 90 NO
11 40 M DM, cirrhosis N Y 14 NO
12 53 M - N N 14 NO
13 47 M - N N 14 NO
14 24 M - N N 60 NO
15 69 F DM, HT, CRF N N 14 Sepsis
16 49 M Old CVA N N 60 NO
17 73 F HT N N 45 NO
18 74 M HT N N 14 uTl
19 75 F HT N N 30 NO
20 78 M DM, HT N N 10 NO
21 85 F HT, DLP N N 14 UTI
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Table 2 Clinical finding in case of preoperative pyogenic spondylodiscitis

Clinical finding NO. of cases(%)

Neck pain 13 (61.9)

Back pain 8 (38.1%)

Fever 10(47.6%)

Tenderness 13 (61.9%)

Limit ROM 17 (81%)

Radiculopathy 0 (0%)

Myelopathy 20 (95.2%)

Weakness 20 (95.2%)

13 (61.9%)
A: 5(23.8%) B: 4(19%) C: 9(42.9%) D: 2(9.5%) E: 1(4.8%)
0: 1(4.8%) 2: 4(14.3%) 3: 1(4.8%) 4: 6(28.6%) 5: 10(47.6%)

Bowel-bladder involvement
ASIA Score

Nurick’s Classification

Table 3 Laboratory finding in case of preoperative pyogenic spondylodiscitis

Patient Leukocytosis ESR CRP
No (> 1 0,500) (mm/hr) (mg/dl) Hemoculture Tissue culture
1 No - - no Strept_spp
2 Yes 98 76 no Pseudomonas_spp
3 Yes 58 9 no No
4 Yes 110 406 no MSSA
5 No - - no No
6 No 92 71 Stap_spp MSSA
7 Yes - - no E.coli
8 No - - no MSSA
9 No 94 17 Strept_spp Strept_spp
10 No 86 148 Bacillus spp Stap_spp
11 Yes 87 74 MSSA MSSA
12 Yes 86 129 No No
13 Yes 46 241 No Strept_spp
14 No - - No No
15 Yes 117 137 MSSA MSSA
16 No 94 57 No Stap_spp
17 No 103 104 No Strept_spp
18 Yes 53 17 Stap_spp E.coli
19 No 86 148 No Stap_spp
20 Yes 105 132 No No
21 Yes 53 3 No No
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tients. Blood and tissue cultures were taken all of case,
6/21 [28.6%] of the blood cultures were positive;
Tissue samples cultures were positive in 15 [71.4%]
[Table 3].

Five microorganisms were isolated in 15[71.4%]
cases of pyogenic spondylodiscitis. The most frequent
etiologic agent was Staphylococcus species[53.3%],
5 [55.5%] of 8 staphylococcus species were methi-
cillin-sensitive-Staphylococcus aureus. Four [26.6%]
patients were diagnosed as having Streptococcus spe-
cies. 1 patient was infection by Psuedomonas species

and 2 patients were infection by Escherichia coli. All

cases of gram negative infection were related to UTI.
Table 3 shows the distribution of microbiological find-
ing isolated from operative samples.

There were no differences in leukocyte counts de-
pendent on the presence or absence of positive blood
cultures[P = 0.63], abscesses, or epidural masses
[P=0.47][Table 4.1,4.2]. At diagnostic time, raised ESR
(>15 mm/h) found in 100% of the 16 patients for
whom it was evaluated, and 15 of 16 [95.2%] pa-
tients have raised CRP level (>5 mg/L) for whom it
was evaluated. Improvement of Nurick or ASIA score

showed significant decrease ESR after surgical de-

Table 4.1 Comparison of Leukocytosis condition with hemoculture report.

Positive hemoculture

Total
No Yes
leukocytosis  no Count 7 3 10
% within leukocytosis 70.0% 30.0% 100.0%
yes Count 8 3 11
% within leukocytosis 72.7% 27.3% 100.0%
Total Count 15 6 21
% within leukocytosis 71.4% 28.6% 100.0%
P value 0.63
Table 4.2 Comparison of Leukocytosis condition with epidural abscess
epidural_abscess
Total
no yes
leukocytosis  no Count 1 9 10
%within leukocytosis 10.0% 90.0% 100.0%
yes Count
% within leukocytosis 0 11 11
0.0% 100.0% 100.0%
Total Count 1 20 21
% within leukocytosis 4.8% 95.2% 100.0%

P value 0.47
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compression [ P<0.05][Table 5.1] and all of patients
in this study have decresed of the CRP after surgical
dempression in significantly [P<0.05] [Table 5.2]

Among the 21 patients in our study, there were
11 cervical lesions, 2 thoracic lesions, 4 lumbar le-
sions, and 3 multiple combined lesion. Associate finding
were evaluated, the 14 patients had epidural abscess,
6 had epidural and paraspinal abscess and 1 had burst
fracture.

In 21 patients the initial treatment method was
surgical decompression and debridement under gen-
eral anesthesia. The most frequent indication were
drainage of abscess, relief of compression of spinal
cord and spinal stabilization. In 3 patients [patient No:
4,10,19] the percutaneous drainage of paraspinal
abscess were performed under intervention. The ap-
plication of metallic instrumentation to the spine [to-
tally 16 patients. 2 patients [No:7,12] underwent to
reoperation. In No:2 patient have occipital screw pull
out and revised occipital screw with wiring fixation were

done and No:12 patient underwent to reexplore re-

move screws of right LS and laminectomy S1 with re-
vision of L5-S1 rods. Antibiotic therapy was apply as
an initial treatment medthod after surgical decompres-
sion. Antibiotic therapy was applied according to mi-
crobiology culture. All patients received minimum 2
weeks of L.V. antibiotics. [Table 6]

Follow up was completed for all patients, except
2 patient had died from cardiovascular event and up-
per airway obstruction. After the therapy, patient out-
come was evaluated by improvement of Nurick func-
tional scale or ASIA Classification.” [38.1%] patients
had recovered, therapeutic failure was defined in 6
[28.6%] patients, persistent was 7 patients and 8 pa-
tients better symptoms after a month of specific treat-

ment.

Discussion

Pyogenic spondylodiscitis is an uncommon dis-
ease. The annual incidence of disease ranges from
0.2 to 2.0 cased per 100,000 inhabitants. Although

rare, pyogenic spondylodiscitis is the main manifesta-

Table 5.1 Comparative data between outcome and different value of ESR & CRP

Different value of Mean ESR

Different value of Mean CRP

Clinical (mm/hr) (mg/L)
Improvement 8.9 6.8
Not improvement 4.79 6.29

P value .048 .876

Table 5.2 Laboratory data : Mean of ESR,CRP
Preoperative: Mean Postoperative :Mean P value

ESR (mm/hr) 85.5 78.6 449
CRP (mg/L) 110 52 .041
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Table 6 Treatment data and level of involvement

Patient

No Location Operative treatment Medical treatment
1 C corpectomy C3-4 with drainage and fixation Ceftriaxone
2 C ACCF C3-6 with occiput to T1 posterior fixation Tazocin

3 C ACCF C6-7 Cefazolin

4 T T7-10 laminectomy and corpectomy T8-9 with posterior Cefazolin

fixation with PCD

5 C ACCF C6 ceftazidime+vancomycin
6 C ACCF C3-4 Cloxacillin

7 C Transoral odentoidectomy with laminectomy C2-4 and CO-5 fixation Cloxacillin
8 C ACCF C3-5 with C2-6 posterior fixation Cefotaxine
9 C ACDF C3-7 with corpectomy C4 Ceftriaxone
10 multiple ACCF C5 and laminectomy T6-7 T9-12 L2-5 with PCD Ceftriaxone
11 L Partial laminectomy L2,L5 with debridement Ceftazidime
12 T Laminectomy T7-9 with ACCF C5-6 Levofloxacin
13 C Laminectomy C3,5,7 Ceftriaxone
14 L Laminectomy L4-5 Cefazolin
15 multiple Laminectomy C7,T3,T8-9 Cefazolin
16 L corpectomy L4-5 with posterior fixation Fosfomycin
17 L Laminectomy L2-3 Cefazolin
18 C ACCF C3-4 with ACDF C5-6 Ceftriaxone
19 multiple ACCF C2-5 with laminectomy T6-7,9-12 L2-5 with PCD Levofloxacin
20 C ACCF C3-4 Cefazolin
21 C ACCF C4-5 Meropenem

tion of hematogenous osteomyelitis in patients age over
50 yearsg’10 in our series 76% of our patients were
older than 50 years, mean age of nearly 62 years and
represents 37.5% of patients whom older than 50
years have hematogenous source.

Most of the patients with pyogenic spondylodiscitis
is associated with an disease [such as Diabetis Mel-
litus, Chronic renal failure,cancer, cirrhosis] or condi-
tion that suppress the immune system (e.g. alcohol-
ism, L.V. drug abuse, trauma). DM is the most com-
mon disease as a factor in 33.3% of cases. Only

28.6% of patients have no predisposing factor. We

observe similar finding; 7 patients [33.3%] had DM,
one patient had chronic renal failure and two patients
had cirrhosis. The symptom of spondylodiscitis are non-
specitic. Back or neck pain is very common, but up to
19% of patients may be pain-free. Fever is less com-
monly presented and occurs in only about half of pa-
tients.'>"®

In Safak et al.’s study14, back pain was the most
common symptom, with 90.7% of patients reporting
back pain. In the same study, fever was present in

28.9% of patients, and in 12.1% of patients, varying

degrees of neurological deficits (weakness or mild dys-
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esthesia) were seen. In our study, back pain, neck
pain, fever, and neurologic abnormalities were found
in 8 (38.1%), 13 (61.9%), 10 (47.6%), and 20
(95.2%) patients [Table 2], respectively. In patients
whom have not clinical neck pain related with improve -
ment outcome in significantly.[P value.046] [Table 7]

Pyogenic spondylodiscitis was more evenly dis-
tributed among lumbar, thoracic, and cervical disc
spaces, although the lumbar disc spaces were still the
most frequently involved.'® The foci in the vertebral
column were located in the cervical area in 22% of the
patients, the thoracic area in 23%, and the lumbosacral
area in 55%.16 In our study, 4 (19%) patients had
pyogenic spondylodiscitis in the lumbar region, 2 [9.5%]
is thoracic, 12 [57.1%] is cervical. All of cases, 25%
are associated with epidural abscesses.1 ! In this re-
view, 20 [95%] patients had epidural abscesses.

A rise in ESR and CRP is seen over 90% of pa-
tients.'®?° ESR is a sensitivity marker for infection
but lacks specificity. In our study found in 100% was
evaluated ESR, 95.2% patients have raised CRP level.
Decrease of postoperative ESR was related with clini-

cal improvement [P value.048]. In postoperative con-

dition, CRP was differed from preoperative condition in

significantly [P value.041].

Concerning the therapeutic strategy for
spondylodiscitis, there is no clear consensus.m’22
Antibiotics without surgery seem to be the best treat-
ment for spondylodiscitis.23 Surgery is reserved for
decompression of neural structure, especially with as-
sociated spinal epidural abscess or compression by
reactive granulation tissue. Although an emergency op-
eration is of course necessary when the symptoms are
progressing rapidly, it is desirable to evaluate the na-
ture, that pyogenic or tuberculosis, as accurately as
possible.zz’z4 In our study, all of case, operative treat-
ment is performed to eradicate the infection, definite
tissue culture, restore and preserve the structure and
function of the spine, and to alleviate pain.ﬁ’14

A detailed review of surgical management in this
study. Surgery can improve clinical outcome, all of com-
plete cord patients had improvement after surgical de-
compression. Although incomplete cord patient,
10[62.5%] of 16 patients were improved but were
not significantly [Table 8]. All of patients in this study
revealed greater improvement in with surgical decom-

pression that showed better or persistent ASIA score

after surgical decompression [Table 9]. Better ASIA

Table 7 Relation between clinical neck pain and improvement outcome.

Improvement
Total
no Yes
neck_pain no Count 0 8 8
% within neck_pain 0.0% 100.0% 100.0%
yes Count 6 7 13
% within neck_pain 46.2% 53.8% 100.0%
Total Count 6 15 21
% within neck_pain 28.6% 71.4% 100.0%

P value.046
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Table 8 Result of treatment between complete cord and incomplete cord patients.
complete_cord * improvement Crosstabulation
improvement
Total
no yes
complete_cord incomplete Count 6 10 16
% within complete_cord 37.5% 62.5% 100.0%
% within improvement 100.0% 66.7% 76.2%
% of Total 28.6% 47.6% 76.2%
complete Count 0 5 5
% within complete_cord 0.0% 100.0% 100.0%
% within improvement 0.0% 33.3% 23.8%
% of Total 0.0% 23.8% 23.8%
Total Count 6 15 21
% within complete_cord 28.6% 71.4% 100.0%
% within improvement 100.0% 100.0% 100.0%
% of Total 28.6% 71.4% 100.0%
P value.262
Table 9 ASIA score condition at before and after operative treatment.
ASIA_post
Total
A B (0 D E
ASIA_pre A 3 2 0 0] 0 5
B 0 0 3 1 0 4
C 0 0 7 0] 2 9
D 0 0 0 1 1 2
E 0 0 0 0 1 1
Total 3 2 10 2 4 21
Table 10 Result of treatment between complete cord and incomplete cord patients.
Improvement
Total no Yes
instrument No Count 0 5 5
% within improvement 0.0% 33.3% 23.8%
Yes Count 6 10 16
% within improvement 100.0% 66.7% 76.2%
Total Count 6 15 21
% within improvement 100.0% 100.0% 100.0%

P value.262
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score in 9 patients and persistent ASIA in 12 patients.

Debridement and instrumentations were per-
formed in 16 cases of this study for instability due to
disc and bone destruction and erosion. Instrumenta-
tion after debridement has gained wide acceptance in
the setting of concomitant infection. Several retrospec-
tive studies revealed greater improvement in patients
with posterior instrumentation than in those without
instrumentation.zg”26 In this study patients with in-
strumentation was improvement better than without in-
strumentation for 2 times [Table 10]. In this study,
however, the instrumentation did need to revised for 1
patients [No: 7]. In no:7 had occipital screw pullout
and revised occipital screws wiring was performed,
Fortunately the instrumentation did not contained local
infection.

The overall attributable mortality varies across
reports but probably stands between 2 and 11 %.1 9.27
Between O and 16% of patients experience recur-
rence of infection, particularly those who are immuno-
suppressed.m’28

In all cases of this series, appropriate antibiotics
in reference to sensitivity were administrated, and im-
provement was noted. However, the death of 2 pa-
tients was due to the other severe systemic illnesses
and upper airway obstruction.

Limitation of this study is less sample size and

have not comparable with nonoperative treatment or

conservative group

Conclusion

Pyogenic spondylodisitis remains an uncommon
diagnosis. Pyogenic spondylodiscitis should be sus-
pected in people having pain and local tenderness in

the spinal region with rise in infalammatory param-

eters in blood. Early diagnosis is a major challenge.The
most common bacterium was Staphylococcus species,
but there were not still a greater number of patients in
this study. Operative treatment can improve outcome
and improve or persist motor function in moderate to
severely neurological deficit patient. Therefore, antibi-
otics therapy should be start after diagnosis with sur-
gical decompression that effective treatment, it is im-
portant to determine improvement of outcome. Limi-

tation of data is lack of uncontrolled study.
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clip (UM 11) FeoanuuuiewizaieLiu dog-ear
16
remnant
3 ” a H dl 5
Closure plane” A8 3W1U284 closure line NLU%
19 [% . 1 &5 .
L*WlAd (curve closure line) wusaaniu axial, coronal
Wae sagittal plane (3UN 12) waz AW A9 closure

plane 2849 anterior communicating artery aneurysm

— Closure line

5UN 8 Crankshaft (Shank) clip #59U3L30 clip blade soilugaainaaegUuauinle Feuna closure line Auzuingaas

M aa , 1
crankshaft clip lawafn (AauUasan Ishikawa T et al. )

Thinner wall

Primary clip

Second clip
(fenestrated clip)

sUf 9 13l ‘ARunaneRaSesin (tandem clipping) tagldAdusauan (primary clip) witu "wlnaj2as aneurysm neck
AuNNThIU1INIAB (thinner wall) waldRAUBNAT (second clip) niusiaanARUAILsALNEnHU dog-ear remnant

(AuUaIan Ishikawa T et al.' )
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gﬂﬁ 10 A5} 'AEUKUU tandem clipping back-to-back clipping (5U A) cross clipping (35U B) waz under clipping (3U C)

(AuUa9aN Ishikawa T et al.' )

5UN 11 Fenestrated mini-clip 2 #%a (3U A) n13l ' fenestrated mini-clip WaLAU dog-ear remnant (5U B) (AauUas

310 Ota N et al.16)

(5Uf 13)"

“Application plane” AE STWIVU clip applier ‘ﬁ
\ARa1nfiaawluaed clip blade fiusznuiw daifln
W ITEWIULAETU Closure plane (U 14)"

“Application angle” A AFnneluwaist ' clip applier
\oniiu aneurysm'®

luu19 surgical approach N5l ‘AAUluUIIYN
Lﬁlaiﬁﬁ closure plane I%UN plane V[,N' ﬂmmﬁﬂﬁ“f

9539 hesanngndnnalezaunzlrandswes tduw lu

sl 'maUifianiiu anterior communicating artery
(AcoA) aneurysm W19 Transsylvian approach Tad
330l ‘aduln sagittal plane T (U7 14) uaz Basal
interhemispheric approach "[,N' ’134’13515[, 'ﬂa‘d(’[% coro-
nal plane st (gﬂﬁ 15) '*
Nakayama NUI1 anterior communicating artery
aneurysm \J bifurcation type 90.6%, trunk type 5.6%,
ae combined type 3.8% Iaelas bifurcation type WU

918 ideal closure plane Touunn sagittal 66%, axial
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Closure line

|
| _‘
h/

gﬂﬁ 12 Closure plane Aa SEW1U289 closure line ﬁLffl%
L “wl#s (curve closure line) (AALUA¥aTN

Kamiyama H et aI.15)

16.1% WAz coronal 17.9% W AIIALAWIY "wlng)
289 anterior communicating artery aneurysm H closure
plane 1%LLWJ sagittal plane ALy transsylvian approach
2zlal 1anaal 'ARUTH closure plane agluuwadh ot
WHl "Imiﬂﬁ’lv[ﬁﬁ?&l interhemispheric approach14
Ishikawa LaZAMENUIT middle cerebral aneurysm
L"T;Iu bifurcation type 76.5%, trunk type 17.6%, LLag
combined type 5.9% Imﬂi‘ﬁ transsylvian approach
111501 ‘AAUlwURI ideal closure line 16 92%' N5
A& middle cerebral aneurysm [GERIRIRN! transsylvian
approach 1w 31501 'AaUlAlwL axial waz coro-

nal plane tataignn wain1sl '‘AaUlwLwWI sagittal plane

Sagittal plane

Axial plane

= =Ny Yl
\ e P i Y, \ P <
\\\ P A\/;J £ o y \\\ / \I
e o = 2 |
r *h&) i I 4 /3\\
= Zf fes (L y

Coronal plane

gﬂﬁ 13 Closure plane 284 anterior communicating artery aneurysm 849310 basal interhemispheric approach (ﬁﬂLLﬂm

370 Nakayama N' )
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31]‘7; 14 Application plane A8 STWIUUS clip applier ‘Vdil,ﬁﬂ
anfasuwlugas clip blade fivsznuriv (sUA)
clip applier #fafi 1wnsanszanUanemauls
wiols 1n13al 'maulsmananalu application
plane LA (3U B) (AnUUAI9IN Nakayama N' )

vwa1avildenningninAmnsas bony exposure fiLEN
w3an19.UR sylvian fissure Aldnione (gﬂﬁ 16)
TwrinuaaiReaiun1suihu intemal carotid artery (ICA)
aneurysm IEIEJBJ’I%‘V]'N transsylvian approach ﬂ’l‘ﬂ'
Aaulwlwa sagittal plane NYinlaABWIN I8 NLABLE I
nsl ‘aRUlALS ideal closure line AasRansunfe
closure plane a2 application angle ﬁauwﬂ%\m’lﬂ '
clip applier gndfimsiazaunzlnandsusaasusas sur-
gical approach 39AAININTUABINAT mobilize F7
parent artery ¥3alawiviaanLian (efferent artery)
LﬁaLﬂﬁlﬁl%LLua closure plane Ui aneurysm neck Tﬁ
14150} clip applier Lﬁaﬁﬂﬂﬂﬁﬂiﬁ' closure plane
Elgljsf,%LLWJﬁmmz N qrﬂ"[,ﬁ’ N15WEN aneurysm aan

& & =
AMNVFDELADALASLE NDINBYIaY (complete dissec-

Coronal closure plane

O

Transsylvian approach for AcoA aneurysm

Axial closure plane

O

Sagittal closure plane

&5

E‘Uﬁ 14 Transsylvian approach LWa#iku anterior communicating artery (AcoA) aneurysm 1x130t 'AaUlwLRI coronal

) [% v o 1 a . v, @ 14
uae axial plane 16 uald 18150l ‘ARUTwUR sagittal plane 16 (ARLUAI1N Nakayama N )
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&

Y
o R

Axial closure plane

Basal interhemispheric approach for AcoA aneurysm

Sagittal closure plane

e /.

Coronal closure plane

%

gﬂﬁ 15 Basal interhemispheric approach aw#u anterior communicating artery (AcoA) aneurysm #1301 ‘AaUlw

. . U 1 1 1 a U s 14
W) axial WAz sagittal plane 16 wald 1815al ‘ARUTwURI coronal plane 16 (ARUUaI91N Nakayama N' )

tion) WA surgical approach ‘ﬁmm: AN T1INDH
" Aagtenntnsl ARUlwuwl ideal closure
line lunsdifilal 1330l 'AdUTwuwa ideal closure line
16 Tiansmn] 'mauluuwafilndiAeeiiv ideal closure
line elﬁmn‘vdll qmﬁaiﬁmﬁa aneurysm remnant “ae
in"® (Uit 17)"°

nsendaLiioniiu anterior communicating artery
aneurysm Ing ﬁ%iﬁﬂjﬁ]xﬁ"lﬂh% pterional approach
18i919219% subfrontal approach Y38 transsylvian ap-
proach z’iommzﬁ’u aneurysm ‘ﬁfl closure plane 1w

coronal 38 axial plane (WuUsznnes 34% 289 aneu-

a & a a v o | o A
rysm 'ﬂ%ﬂ%14) ATININIEUIULNDNYTNNNASNIBAN I

]
- | o

Agfazyinld annsal ‘mduldedianan: § Tud
2009 Chen LLazﬂmz‘lﬁlL BOLKINIINITNINTUN
vRand19lun15616R anterior communicating artery
aneurysm B pterional transsylvian approach Tnelu
ﬂiiﬁﬁ aneurysm dome ‘ﬂﬂﬁﬁ%t’l’ﬂﬂ (lateral) %WU%
(superior) #5385 WY (anterior) unz9iHNARENg
fi ipsilateral A2 aﬂﬁﬁﬂﬂﬁﬂ contralateral A2 (side of
open A2 fork) ﬂifﬁﬁ aneurysm dome ﬁu/[.ﬂﬁ’mvﬁélﬂ
(posterior) wwzyIRHNARFT ipsilateral A2 ag

#1n197 contralateral A2 (side of closed A2 fork)
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Axial closure plane

1T

Transsylvian approach for MCA aneurysm

Sagittal closure plane

L
i

gt
Lt

E‘Uﬁ 16 n151 'AGULNaviTiU middle cerebral artery (MCA) aneurysm IAEH1UN19 transsylvian approach w3 axial,

- - 14
coronal WA sagittal plane (ARLUAIIIN Nakayama N )

a =3 v & [ o
WHB99n 1w1IaLEY A2 Tane a9d1s (3UN 18) uaz
nsdl aneurysm dome #¥a9and (inferior) wwgule

|

H1ARZ19N dominant A1 Lﬁ;mmnn’li retract frontal
lobe 813¥11#LAR premature rupture’
seinaluladniess “Snenfinmmw luagroannln
UagU% 12 3D-CT angiography (3D-CTA) vi38 3D-
digital subtraction angiography (3D-DSA) ¥l
TH190LAK3UI19ANYAZADS aneurysm LABE1
AALAWNDBNNTEIFAA FINAUNITU concept of ideal clo-
sure line #11ZTnuwIN19lN15NURBABWYNE AR

ﬁ?ﬂiﬁﬂiwﬁa%miﬁ'}ﬁﬂﬁ ideal closure line Wa% clo-

sure plane agﬂuuwﬂm application angle agﬂuagu‘lﬂ
vl# 1n19aL8an surgical approach WazzRiA289
ARURANIE 8 aneurysm Tl Faeldinasdnsn
\Auluagrefusz"nsnmanni
waRAlwNsHiuraenian waslUsnasluurensdl
T4n36i7 aneurysm wall waaviaaadenlaegsau
U190 "Juﬁﬂ atherosclerotic change nst ‘Add
mIsnanLaesnIsriuuSmaenatniedesiuniiz
uaammﬁamé’mﬁrﬂmn?imﬁawqﬂaaa (emboli)
WAT N1TQAAWIBY parent artery NIBUIWINABALADA

(efferent artery)''® (gﬂﬁ 19)



Neurological Surgery
Vol. 7 No. 1 January - June 2016

35

A. Left transsylvian approach

Another closure line
by oblique clipping

Best closure line (sagittal plane)
need perpendicular clipping

B. Basal interhemispheric approach

L S < B 7\ 7
v
\ £/ \
AT/ /
NP ) -
Best closure line (coronal plane) Another closure line
need perpendicular clipping by parallel clipping

;iﬂﬁ 17 Left transsylvian approach Weamay anterior communicating artery aneurysm %98 ideal closure line E]gﬂ%LLWJ

& 1 1 a o & I a o v a o
sagittal plane #olad wnsnl ‘Aduln plane ‘lﬂﬁfﬂﬂiﬁ approach % F0l '‘mauln plane AlN&LAEAY ideal closure

line #1091 A (oblique clipping) (3U A) N15AAY anterior communicating artery aneurysm 18l ideal closure line

1144473 coronal plane TAeH1wN19 basal interhemispheric approach Zalal w50l ‘AaUlw plane ﬁ‘lﬁfﬁlﬁlw’ ap-

proach % 341 'mAUlw plane AilnalAesAU ideal closure line 8N .7 (parallel clipping) (3U B) (Anudasain

Nakayama NM)

(=3 =] =] s =]
'iﬂﬂﬂ’l‘iﬂﬂ‘isﬂﬂ"l‘iv[ﬁ/iElL’]El%LﬂE]GII%G]TJ‘ﬁﬂE]EIL'ﬂE]EI

NoalUanay (hemodynamics of aneurysm) WU 0

'
d

Maealnaiewdrluln aneurysm (inflow zone)

o . & | a9 v

A8 distal neck of aneurysm Z9LU% WALASU hemo-
) o & wm a o

dynamic stress H10N & 0 UNUIIUN aneurysm

92§in132818awIAAWLAEN (aneurysm enlargement
| a a a

zone) ’mﬂqmmaamv[ﬁansmaanﬁ]'m aneurysm (out-

flow zone) Aa proximal neck bAsU hemodynamic stress

Tadnnn  USIMA59INa19289 aneurysm dome L%

a i s 19-2
USunAn1slnazasiaansn o o

(5U 20)

Aneurysm #finfiagszninsuananaaniion ag
uaud (bifurcation aneurysm) WU71 G1LARIHADE
\RanTig a9y laitvinin (asymmetrical outflow) in-
flow zone azagUSLINL distal neck LaztduuFIAs
hemodynamic stress N'm‘vdi N 1L %INaan
\RaAYIyNNAK (symmetrical outflow) inflow &
AANIIH aneurysm neck v[,‘tJ‘lel dome la8im59 hemo-
dynamic stress USLamfiaznnnadasiwiy
§nwmzaa9n1slralinga aneurysm WAUSLIAAT he-
modynamic stress NINA aneurysm neck ‘ﬁga D9A
(5Uf 21)"

Tunsdinams winfzas aneurysm dome fa

Transsylvian approach
Right side

Left side

T Anterior projection

== Superior projection

X Posterior projection

open A2 fork

closed A2 fork \\

3‘1]"'71' 18 mﬁr;hﬁmﬁaﬁﬁu anterior communicating artery
aneurysm [EETRISIER Transsylvian approach
NIAWAIVIade Tib aneurysm ‘ﬁﬁ projection
f199 (AAuUAI91N Chen Letal.' ')

w289 aneurysm neck HATNINALLARNS AT
a o o o ° )
\BaaNgn (stagnant flow) NeluAa aneurysm ¥ild
aneurysm wwiilant indniannieln (thrombotic
v ' dda o &
aneurysm) lannn lae ufisinnslvaiewiion
A8lwsa thombotic aneurysm %wanazidw inflow

zone®' (;5‘1_]“7; 22)
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5UN 19 N1k atherosclerotic aneurysm fINANYME
#7197 (3U A, B) AISNANLABINITHIUUTLIMNS
atherosclerotic change (~1n&ad) (ARLUAIRIN

Sakarunchai | et aI.18)

_Central zone

Outflow zone : ;
Distal inflow zone

Sritmormattanadel X

g‘dﬁ 20 Hemodynamics aeln aneurysm 1m¢ inflow zone
agiu'%mm distal neck (AAWUAIAIN Bederson
21
1B

"

Asymmetrical outflow

Symmetrical outflow

g‘d"?; 21 Hemodynamics 284 bifurcation aneurysm anln
49hm asymmetrical outflow inflow zone U312 A
stress 7Nl A azagf distal neck duluadin
symmetrical outflow ‘U%L?mﬁﬁ stress mﬂ“fdl' N2
22867l aneurysm neck 119 896 % (FAUUAIN

Bederson ”321)

Thrombus

Fresh blood

/ Distal inflow zone

Sriamormattanabul X

5Uf 22 n13ifia thrombotic aneurysm ufifinislnaiien
\doAvzagNIuSian distal neck (ARAKUAIRIN

Bederson JBm)

91NAIN3389 hemodynamics HRNIIUIT 9%
distal neck 289 aneurysm LUWUSINABIIHAINN
) Qs [~ [=) d’ v o v U =)
1A dniitAwiaziasniuldnunmisnfl wsie
I a = = 21 !
Wuusiamd aneurysm fn1s2eneauwin’’ lag
proximal neck #9anduzwszasnasnidonag 1u
Uens@ala wnsaniiu milanaansizasvinlg
WIWINABALAAULERARY N13LWAD proximal neck T
a - B @ a o © o ) o
Wealanwaefln ednduiiald 1unsasnuinawe
naaaiantd laalant 7 aneurysm 922818AUIAINN
uSaivwlainingn 3801588 n1s0nAdY (rotation)
1w clip blade A% distal neck NARIU distal neck
1W3an1na A 91317 suction tube A3EHY aneurysm

o v a o L d 15
dome e lALAAWIINTZYINlwLWIRSITIN (JUN 23)

suU

=]

nsldaduniuviaamann Nagllawaelvnanle

' ' '
a ddd

I o oa & a I o ° |
N1SRARNEIATIAENTR INAN A n1sRasvidn
wwlanesRanaElafisanwauzgunssasnaandan
Aldewas 550151 ‘AAUMANT NlnLARZLUU waz

a =] Qs =] 1
nstradewiionluaiviaandon Nagldowag Ideal
) I3 e d @ o
closure line LUBUWIARNLUBIUSIINIRALA® 18150
° U (D) 1 1 > v A
N TN T In19ln15I19LR A wHAR 1AdL8an

surgical approach WAARA2AIARUMMNIE N YNl
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sU 23 n158aREY (clip rotation) # clip blade 6% distal neck NASIU distal neck 1¥3ax1nT 6 Ineld suction tube

T 4 9va o o o ) 15
278AW aneurysm dome Walwifnusinszvinlwiwinsedna (ARWUAIINN Kamiyama H et al. )

=] A 1 U 1 [=} =Y =}
TNV WURNBALABR NE]GIUGWE](‘IIE]E]EJ’NNU‘E& NANIN

NN A
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