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Pulmonary Valve Replacement with Valved Conduit
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SUMMARY

The aim of this study was to evaluate the mobility, calcification, and anti-thrombotic properties of valved con-
duits for the surgical palliation of pulmonic stenosis in dogs. This study included four healthy dogs and valved
conduits with two leaflets on the inner side. The three valved conduit types used in this study were autologous
pericardium, denacol-treated bioprosthetic valve, and ePTFE. Postoperative echocardiography demonstrated
the smooth movement of the leaflets in all valved conduit types. Histological examination of the specimens
obtained six months after implantation did not show any thrombus or marked calcification. The surface of the
conduit was covered by neointima, including fibroblasts, and was formed at the anastomosis of the valve. How-
ever, the long-term outcome of these implanted valved conduits requires further investigation. Nevertheless,
these valved conduits may have potential applications for the surgical palliation of pulmonic stenosis in dogs.
—— Key words : artificial valve, congenital heart disease, extracorporeal circulation, open heart surgery, implantation.
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The pathological implications of heart transplantation:
Experience with 50 cases in a single center
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Heart transplantation started in Japan in 1999. Since then,
50 transplants have been performed at our center. We per-
formed histopathological analyses of the 50 explanted
hearts and the post-transplant biopsy specimens. The
median age of recipients was 39 years. The primary dis-
eases before transplant were idiopathic dilated cardiomy-
opathy in 33 patients (66%), hypertrophic cardiomyopathy
in seven (14%), restrictive cardiomyopathy in one,
arrhythmogenic right ventricular cardiomyopathy in one,
and secondary cardiomyopathy in eight (16%). Before trans-
plantation, 47 patients (94%) had left ventricular assist
devices. No severe cardiovascular failure due to allograft
rejection occurred. The post-transplant survival rate was
97.6% at 1 year and 93.1% at 10 years. One recipient was lost
to sepsis from myelodysplastic syndrome in the fourth year,
one died of multiple organ failure and peritonitis 8 months
after transplant. Another patient died of recurrent post-
transplant lymphoproliferative disorders (PTLD). Mild
cardiac dysfunction occurred in seven recipients in the
early postoperative period. Moderate acute cellular rejection
occurred in six patients (12%), and antibody-mediated rejec-
tion occurred in three (6%). The number of heart transplants
performed in Japan is very small. However, the outstanding
10-year survival rate is due to donor evaluation and post-
transplant care resulting in low grade rejection. Pathologi-
cal evaluation has also greatly contributed to the results.

Key words: acute rejection, cardiomyopathy, endomyocardial
biopsy, heart transplantation
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The world’s first heart transplantation (HTx) was performed in
1967 in South Africa. Heart transplants have become a stan-
dard therapeutic option for the treatment of profound heart
failure since the 1980s, mainly in Western countries, with
3000-4000 performed annually worldwide." In Japan, the first
HTx from a brain-dead donor was performed at Osaka Uni-
versity Hospital 2 years after the Organ Transplant Law of
Japan was enacted in 1997. Since then, until the end of
September 2012, 141 HTx have been performed at seven
institutes in Japan (Fig. 1). Of these, 50 were performed at the
National Cerebral and Cardiovascular Center (NCVC),
Osaka, Japan. The clinical course after transplantation has
been good, and patients have been able to return to social
activity such as work, school, and housekeeping. Our 10-year
survival rate following HTx is 93.1%, which are excellent
results compared with international reports (Fig. 2). The
important factors associated with this success, in addition to
recipient selection, are careful management of transplant
candidates, identification of donors, donor and recipient
surgeries, perioperative care and post-transplant manage-
ment. Diagnosis and treatment, including assessment of
acute rejection mainly through regular postoperative
endomyocardial biopsies (EMB), is also thought to have con-
tributed to the excellent results. However, a shortage of donors
means that many patients die while waiting for HTx without
having reached the stage of transplantation. Based on our
experience with 50 HTx at NCVC, we discuss the implications
of HTx from the pathologists’ point of view, and describe the
important role of pathology in the diagnosis and management
of HTx candidates both before and after the transplant.

MATERIALS AND METHODS

This was a retrospective pathological study of 50 heart trans-
plants performed at our center, between May 1999 and
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Figure 1 Number of HTx by vyear in
Japan as of September 2012. The number
has been dramatically increasing after the
revision of organ transplant law in 2010.
mmm Before the revision of Organ Trans-
plant Law (69 cases); "mm After the revi-
sion of Organ Transplant Law (72 cases).
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October 2012, with the approval of our institutional review
board.

Patient characteristics

The median age of the 50 heart transplant recipients was 39
years (range, 17-61 years), and 39 (78%) were men. Mean-
while, the median age of the donors was 41 years (range,
16-68 years), and 28 (56%) were men. In the patients evalu-
ated in this study, left ventricular assist systems (LVAS) were
employed in 47 (94%) recipients due to the shortage of donors
and the prolonged waiting period. Of those, 41 were implanted

112 Cases (ISHLT Registry
29" annual report, 2012)

Post-transplant survival
over 13 years: 2cases

36%

Post-transplant survival

25 2
S Figure 2 Kaplan-Meier long-term sur-

vival curves after heart transplants of
patients in the International Society for
Heart and Lung Transplantation (ISHLT)
Registry and our institute, National Cere-
bral and Cardiovascular Center (NCVC).
The ISHLT Registry data were obtained
from hitp://www.ishit.org/registries  and
Reference 1.

12 14

with Nipro-Toyobo extracorporeal systems and 6 were
implantable LVAS (2 HeartMate VE, 1 Novacor, 1 EVAHEART,
1 Jarvik-2000, and 1 HeartMate II) following the Japanese
guidelines.? At our hospital, before submitting an application
for HTx to the Japanese Circulation Society, clinical confer-
ences to discuss the transplant candidate were frequently
held, which included specialists from various departments,
such as intermal medicine, cardiac surgery, pediatrics, pathol-
ogy and nursing. Besides evaluation of cardiac function by
echocardiography and cardiac catheterization, EMB provided
important information in evaluation of severe heart failure
patients as a candidate for HTx. The key pathology findings
looked forin the EMB specimen before HTx were: (i) degree of
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Figure3 (a) A photomacrograph of
explanted heart transverse section from a
case of DCM. Dilatation of left ventricle
with endocardial fibrosis. (b) Most parts of
both atria of the explanted heart are left in
recipient for anastomosis to donor’s heart.
Heart weighing is 380 g without apex
where conduit of LVAS had been inserted.
(c) A photomicrograph of representative
part of LV. Diffuse interstitial and peri-
myocytic fibrosis is seen. Masson’s tri-
chrome staining. Bar = 100 pum.

fibrosis; (i) degree of degeneration of cardiomyocytes; (iii)
degree of myocardial hypertrophy; (iv) presence of inflamma-
tory cell infiltration (resolution of inflammation is particularly
important in patients with a clinical diagnosis of myocarditis);
and (v) presence of secondary cardiomyopathies (evaluation
for amyloidosis, sarcoidosis and other conditions). When
EMBs of candidates showed histological evidence of myocar-
ditis or secondary cardiomyopathies, those patients were
excluded as candidates of HTx.

Preparation of explanted hearts

The recipients’ hearts were observed in an unfixed state for
gross findings by pathologists in the operation room immedi-
ately after their removal. The hearts, including their valves and
great vessels, were examined to determine whether there was
any structural abnormality before cryopreservation. Because
the operative procedure currently performed at our center is
the modified bicaval method,® surgeons resected both atria
at the level of the upper 2-3 cm of both the atrioventricular
valves. Explanted hearts were finally presented with two intact
outflow tract semilunar valves with both major vessels and two
atrioventricular valves with some part of both atria. The
explanted hearts were weighed and a transverse section was
made in the axial plane; photomacrographs of the sliced heart
were taken before fixation. After fixation in 15% neutralized

Pathology and heart transplantation 425

buffered formalin solution, histopathological specimens were
prepared and assessed histologically (Figs 3-5).

EMB after HTx for assessment of acute rejection

In EMB, tissue samples 2-3 mm in size were taken from four
to five pieces from the right ventricular wall of the interven-
tricular septum with a bioptome percutaneously. This is
based on a report that when three sites were sampled, the
false-negative rate was 5%, and with four samples it was
2%.* To make a diagnosis within 6 h, the EMB samples were
placed in 10% neutral buffered formalin solution and micro-
waved for 2 min at 45°C, put in an incubator for 20 min at
55°C, and embedded in paraffin. Within 6 weeks after the
transplant, one of the biopsied tissue samples was frozen
with optimum cutting temperature (OCT) compound, and an
immunofluorescent immunohistochemistry analysis was
done for immunoglobulin and complement (C4d and C3d), to
detect antibody mediated rejection (AMR).*® In the method
used for histological examination of paraffin sections, the
tissue depth was changed for a minimum of three levels, and
three sections were prepared for each level.® Acute cellular
rejection (ACR) is generally diagnosed with hematoxylin and
eosin (H&E)-stained samples, although Masson’s trichrome
stain is also used since it is very helpful in distinguishing
fibrosis and cardiomyocyte damage. EMB was normally done

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd
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Figure 4 An explanted heart from a teenage girl in the dilated phase of hypertrophic cardiomyopathy. (a) Outflow tract view of excessive
hypertrophied LV, Trabeculae are hyperorganized. The heart weight is 580 g. (b) A loupe view of transverse section with Masson’s trichrome
stain. Extensive fibrosis and hypertrabeculated ventricle are shown. ant, anterior wall; post, posterior wall. (c) A transverse slice from middle
ventricle. Ivory part of LV free wall shows massive fibrosis. (d) Diffuse cellular disarray is seen in interventricular septum. H&E staining. Bar
=100 um. (e) Interstitial replacement fibrosis and fatty infiltration of the right ventricle is present. Masson’s trichrome staining. Bar = 200 pm.

weekly from 7 days after surgery to 3 weeks, then at intervals
of 2, 4 and 8 weeks. From 6 months after transplantation,
EMB was performed every 90 days, and from 1 year
onwards, it was performed every 6 to 12 months. Assess-
ment of ACR depended on the 1990 classification criteria and
the 2004 simplified version of the International Society for
Heart and Lung Transplantation (ISHLT) (Table $1).'%"? The
1990 ISHLT grading system included: Grade 0, no rejection;
Grade 1A, focal infiltrate without myocyte damage; Grade 1B,
diffuse infiltrate without myocyte damage; Grade 2, one focus
of infiltrate with associated myocyte damage rejection; Grade
3A, multifocal infiltrate with myocyte damage; Grade 3B,
diffuse infiltrate with myocyte damage; and Grade 4, diffuse,
polymorphous infiltrate with extensive myocyte damage. The
2004 revised categories of ACR were as follows: Grade 0 R;
Grade 1R, mild rejection (compatible with 1990 Grades 1A,
1B and 2); Grade 2R, moderate rejection (1990 Grade 3A);
and Grade 3R, severe rejection (1990 Grades 3B and 4). In
addition, the evaluation of AMR was recommended as AMR
1 or AMR 0 with the presence or absence of humoral rejec-
tion in 2004.5®° In 2011, the ISHLT working formulation for
pathological diagnosis of AMR was reported.’®'* Then, diag-
nosis of AMR was made according to 2011 ISHLT consensus

described in the following: histological evaluation for endo-
thelial ‘activation’, intravascular macrophages, and capillary
destruction. Additionally, immunofluorescence (C3d, C4d,
HLA class | and Il) and immunoperoxidase (C4d, CD68)
were necessary for evaluation of AMR. AMR grading catego-
ries were: pAMR 0, negative; pAMR 1, (I +) immunohistolo-
gic AMR alone, (H +) histologic AMR alone; pAMR 2,
pathologic AMR both (H +) and (I +); and pAMR 3, severe
pathologic AMR (Table S2).

RESULTS
Pathological diagnosis of explanted hearts

Among the 50 HTx recipients, LVAS was implanted in 47
(94%) for a mean period of 903.2 + 332.9 days. Median weight
of the 50 explanted hearts was 378 g (range, 225-804 g).
Fibrosis area in the myocardial layer of the heart wall was
presentin 19—-45% of the each recipient. The final pathological
diagnosis in four cases (8%) was different from the clinical
diagnosis with pathological findings from RV wall biopsy
before HTx. Indeed, two of the cases with a clinical diagnosis

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd
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Figure 5 (a) An explanted heart from a middle aged female recipient with arrhythmogenic right ventricular (RV) cardiomyopathy. LVAS is not
used in this case. The whole epicardium is covered with fat. The enlarged heart weighs 455 g. (b) Marked epicardial fat and fatty infiltration
of the myocardium of the RV and interventricular septum (IVS) are observed (arrow head). (c) A photomicrograph from IVS. Marked fat
infiltration in the middle layer of IVS. Masson's trichrome staining. Subendocardial fibrosis of RV site of IVS. Bar = 500 pm. (d) A photomi-
crograph from right ventricular wall. Myocytes are left only in subendocardium and trabeculae. Masson's trichrome staining. Bar = 500 pm.

of DCM were actually cardiac sarcoidosis and one was
revealed to be inflammatory dilated cardiomyopathy. More-
over, the pathological diagnosis of one case that was clinically
diagnosed as hypertrophic cardiomyopathy (HCM) was found
to be a glycogen storage disease. These secondary cardio-
myopathy cases were not diagnosed by endomyocardial biop-
sies before heart transplantation. The underlying diseases for
heart transplant indication were dilated cardiomyopathy in 33
patients (66%) (Fig. 3), the dilated phase of hypertrophic
cardiomyopathy in seven patients (14%) (Fig. 4), restrictive
cardiomyopathy in one patient, arrhythmogenic right ventricu-
lar cardiomyopathy in one patient (Fig. 5), and secondary
cardiomyopathy in eight patients (16%), including sarcoidosis
in two, Becker type of muscular dystrophy in two, ischemic
cardiomyopathy in two, cardiac anomaly in one, and glycogen
storage disease in one.

Evaluation of rejection based on EMB of
transplanted hearts

Over the 13-year study period, 668 EMB samples (7 to 32
times per patient, the median number of times was 13) after
HTx were obtained from the 50 recipients. ACR in mild
degree sometimes appeared within 3 weeks after transplan-
tation; 15 patients (30%) showed Grade 1R (Grade 1A, 1B
and 2) rejection in 3 weeks after HTx. In addition, 37 patients
(74%) showed Grade 1R rejection in 3 months. However,
there were no cases of hyperacute rejection soon after trans-
plant resulting in severe cardiac dysfunction and presenting
as graft failure. Grade 2R (Grade 3A) ACR occurred in 6
patients (12%) (Fig. 6), but it resolved with steroid pulse
therapy in all cases. When an ACR of Grade 2R or more
was seen, additional EMB was performed to determine the
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treatment effect after 1-2 weeks."" Among 668 EMBs, 65%
were assigned Grade 0.

Antibody-mediated rejection (AMR)

AMR was diagnosed from the findings of interstitial edema,
endothelial cell enlargement and damage, and extravasation
of red blood cells, although less lymphocyte infiltration was
seen as compared to that observed in the cases of cellular
rejection. Immunohistochemical demonstration of C4d and

Figure 6 (a) A photomicrograph demon-
strating Grade 2R acute cellular rejection
(grade 3A of 1990). Two foci of
cardiomyocyte injury with lymphocytic infil-
tration and one focus of perivascular
lymphocytic infiltration are present. H&E
staining. Bar = 50 um. (b) Another case of
Grade 2R (grade 3A of 1990) ACR with
intensive infiltration  of  lymphocytes
destroying the myocytes is seen. H&E
staining. Bar = 100 pm.

Figure 7 Photomicrographs of endo-
myocardial biopsy from a case of AMR
1-week post-HTx. (a) Hypertrophied endo-
thelial cells and capillaries filled with mac-
rophages, lymphocytes and eosinophils
are shown. H&E staining. Bar = 20 pm.
(b) CD68 immunohistochemistry shows
accumulation of macrophages in the cap-
illary. Bar = 20 pm. (¢) Immunofiuores-
cence of C4d is positive in the capillary
endothelium in frozen section. Bar =
40 pm. (d) Immunohistochemistry of C4d
in a serial section of (a). Bar = 20 um.

C3d deposition in the vessel walls and endothelial cells of the
capillary in EMB specimens was diagnosed as AMR (Fig. 7).
Among 50 recipients, three cases (6%) pathologically diag-
nosed as pAMR2 without hemodynamic changes were
successfully treated by plasmapheresis and additional immu-
nosuppressants.

Opportunistic infections

Due to the use of long-term immunosuppression to recipi-
ents, Cytomegalovirus (CMV) gastric ulcer and gastritis
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occurred in two recipients. Asymptomatic polyoma virus cys-
titis developed in 14 recipients and 3 cases experienced
herpes zoster infection.

Prognosis

There were three deaths after HTX. One recipient died of
sepsis secondary to myelodysplastic syndrome 4 years after
the transplantation, one recipient with situs inversus died of
peritonitis and sepsis 8 months after transplant, and the other
recipient died of recurrent post-transplant lymphoproliferative
disorders (PTLD) after 3 years and 5 months. However, all
other patients are alive and there were no deaths or severe
cardiovascular failure from acute rejection. The postoperative
course was good in nearly all the patients, enabling them to
return to normal life in society. Mild controliable cardiovascu-
lar dysfunction with no relation to rejection occurred in seven
patients in the acute phase after transplant. PTLD occurred in
one case after Epstein-Barr virus seroconversion 14 months
after HTx, which was treated with Rituximub. This case was
diagnosed as polymorphic PTLD (P-PTLD) according to the
WHO classification.® The primary tumor of PTLD was in the
mediastinal lymph nodes. After remission of the primary
tumor, the PTLD recurred in anterior mediastinum and left
lung, and the patient died of respiratory failure. The autopsy
revealed that the massive PTLD tumor occupied the medi-
astinal space and invaded the left lung and pericardium.

Cardiac allograft vasculopathy of coronary arteries

Cardiac allograft vasculopathy (CAV) of coronary arteries
occurs over a long period of time after HTx.'®'” Among the 50
recipients, coronary angiography and intravascular ultra-
sound (IVUS) demonstrated intimal thickening of coronary
artery lesions in four patients. One case required stent
deployment in stenofic lesions of the coronary artery. Another
case underwent coronary aortic bypass graft. Because IVUS
could detect intimal thickening even in an early stage of
atherosclerosis, baseline evaluation was conducted within
the first 5 weeks to 3 months after HTx at our center, following
which IVUS was done every year. Autopsy of a patient who
died 4 years post-transplant showed marked fibrotic intimal
thickening of the afferent intima histologically, with little
damage in the internal elastic layer and with no remarkable
changes in the smooth muscle cells of the media. Therefore,
the CAV of this autopsy case was assessed as mild degree.

Autopsy resuits in 48 HTx candidates

A total of 48 candidates with LVAS implantation died before
HTx in the period from 1997 to 2012. The causes of death as
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seen on the autopsy reports included sepsis (n = 18), intra-
cranial hemorrhage (n = 15, including two subdural hemor-
rhages and two subarachnoid hemorrhages due to rupture of
septic emboli), cerebral hemorrhagic infarct (n = 12), and
multiple organ failure due to systemic emboli (n = 3) as
previously reported.'® Manifestations of chronic heart failure,
such as chronic congestion and infection, were seen in vis-
ceral organs, especially in the lungs and liver.

DISCUSSION

The number of HTx undertaken in Japan remains very small
compared with Westem countries. Despite the limited
number, however, heart transplantation in Japan is well
established, with a high long-term post-transplant survival by
international standards.! Although therapies for end-stage
heart failure such as drug therapy and implantable artificial
heart devices are developing, HTx using allografts is still the
most efficacious and the gold standard therapy in end-stage
heart failure. Nevertheless, only a few candidates receive the
benefits of HTx due to the lack of donors.

The underlying diseases for HTx reported in ISHLT world
data were idiopathic cardiomyopathy (54%}), ischemic cardio-
myopathy (37%) and others.! The analysis of candidates for
heart transplant in Japan, on the other hand, showed mostly
idiopathic cardiomyopathy (82%), such as dilated cardiomy-
opathy (DCM) (66%) or hypertrophic cardiomyopathy (HCM)
(16%), as the leading underlying disease. Development of
ischemic heart disease in Japan is mainly seen in the eiderly.
Thus, the main indication for HTx is idiopathic cardiomyopa-
thy, including DCM and dilated phase of HCM, which occurs
most often in younger people. In our institute, only two (4%)
of the HTx patients had ischemic cardiomyopathy as the
underlying disease. The introduction of HTx in Japan was
late compared to other Western countries. In Japan, dona-
tions of organs from a brain-dead donor became possible as
a result of the enactment of the Organ Transplant Law in
1997. However, this law requires the confirmation of the
intent to donate and there have been few organ donations.
Up to December 2013, only 185 cases of HTx have been
performed in Japan because of donor shortage. On the other
hand, approximately 3700-3800 HTx operations are per-
formed worldwide per year. Yet, the 10-year survival rate after
HTx in the international registry reaches over 50%,' while the
survival rate approaches 90% in Japan, and an especially
high survival rate of 93.1% has been achieved in our center.
Detailed post-transplant follow-up by the transplant team
including immunosuppressive therapy and pathological
monitoring for rejection using myocardial biopsies contrib-
uted to the excellent prognosis at our center.

In 1880, ISHLT proposed diagnostic criteria for acute rejec-
tion of transplanted hearts by EMB.'® In 2004, the ISHLT
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modified and simplified the acute cellular rejection (ACR)
criteria to include only three grades." Due to the accumula-
tion of a large number of cases to date, globally diagnosis
can be made in the same way according to these diagnostic
criteria, and reflected in treatment.'® EMB is a rather invasive
modality compared to other tests such as echocardiography
and MRL.? However, it is still the most important examination,
being the ‘gold standard’ to monitor acute rejection.?' In our
study population, 23 patients (46%) experienced mild and
moderate ACR, and three patients (6%) had AMR within the
first year. Previously, AMR was known as humoral rejec-
tion.?>® This type of rejection is caused by recipient antibod-
ies to the allograft, with the majority of cases occurring within
2 weeks of transplantation, although later occurrence is also
reported. We encountered three cases of AMR in the early
stage, all of which were detected early by immunological
monitoring and pathological testing, and all recovered with
plasmapheresis.

Most of the opportunistic infections®? that developed in
our patients were viral infections, of which CMV gastritis and
CMV ulcers were the most important among HTx recipients
diagnosed by gastric blopsy in whom CMV infection was
positive in blood tests. Subclinical papilloma virus infection of
the urinary tract was frequently recognized in 28% of the
urine tests of recipients. Ischemic myocardial damage due to
perioperative ischemic conditions may lead to graft failure in
the early stage and to coronary artery lesions in the chronic
phase, although there is currently no generally accepted
theory.?® In our investigation of patients undergoing HTx at
NCVC, ischemic myocardial damage was recognized in EMB
specimens from all patients by the fifth week after transplan-
tation. No relationship was seen between the extent of the
spread of ischemic myocardial damage and acute rejection.
The possibility has been suggested that the amount of cat-
echolamine used before transplantation and ischemic time
for transplantation affect the extent of ischemic myocardial
damage.

The analysis of cause of death after HTx was difficult to
discuss here because we had only three deaths. In general,
the most frequent cause of death in the early postoperative
period is primary graft failure; however, there was no graft
failure in our 50 recipients. Follow-up is required after HTx for
neoplasms such as PTLD, which occurs in young recipi-
ents.?” The PTLD of our lost recipient became overt clinically
in his twenties. Myocardial infarct as a major complication in
late phase after HTx could be fatal due to CAV of coronary
arteries, because recipients feel no heartache because of the
denervation by the transplant operation. In our hospital, fre-
quent follow-ups by angiography or IVUS may prevent unex-
pected myocardial infarct. As pathologists, we must precisely
document the cause of fong-term death.?? In conclusion, we
described the current pathological examinations related to
HTx that are conducted at our medical center. The underlying

disease for HTx was mostly idiopathic cardiomyopathy, and
LVASs were implanted in most candidates, including recipi-
ents. All 50 HTX recipients have not shown high-grade ACR
and only 6% of the recipients experienced pathological AMR.
In addition to monitoring ACR and AMR by EMB, histopatho-
logic assessments of patients awaiting HTX, autopsy inves-
tigations among cases that did not reach transplantation and
explanted hearts from recipients are also very helpful for the
evaluation of underlying diseases of the candidates, which
sometimes differ from clinical diagnoses. Pathological assis-
tance plays a very important role in pre- and post- HTX
medical care.
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Abstract

In treating ruptured vertebral artery dissecting aneurysms (VADAs), neuroendovascular therapy (NET)
represented by coil obliteration is considered to be a reliable intervention. However, there has been no
multi-center based study in this setting so far. In this article, results of NET for ruptured VADA obtained
from Japanese Registry of Neuroendovascular Therapy (JR-NET) 1 and 2 were assessed to elucidate the
factors associated with favorable outcome. A total of 213 in JR-NET1 and 381 patients in JR-NET2 with
ruptured VADA were included, and they were separately analyzed because several important datasets
such as vasospasm and site of dissecting aneurysms in relation to the posterior inferior cerebellar artery
(PICA) were collected only in JR-NET1. The ratio of poor World Federation of Neurosurgical Societies
(WFNS) grade (4 and 5) was 48.8% and 53.9%, and the ratio of favorable outcome (modified Rankin
scale, mRS 0 to 2) at 30 days after onset was 61.1 % and 49.1% in JR-NET1 and 2, respectively. In both
studies, poor WFNS grade and procedural complication were independently correlated as negative fac-
tors for favorable outcome. In JR-NET1, PICA-involved lesion was also designated as a negative factor
while elderly age and ahsence of postprocedural antithrombotic therapy was detected as other nega-
tive factors in JR-NET2. The ratios of favorable outcome in poor grade patients were 25.4% in JR-NET1
and 31.3% in JR-NET2, which seemed compatible with the previous studies. These results may pro-
vide a baseline data for the NET in this disease and could be useful for validating the benefits of novel
devices.

Key words: vertebral artery, dissecting aneurysm, subarachnoid hemorrhage, neuroendovascular therapy,
nationwide survey

Introduction

Vertebral artery dissecting aneurysm (VADA) is
nowadays increasingly recognized as a cause of
subarachnoid hemorrhage and ischemic stroke.? In
patients with ruptured VADAs, a high incidence of
rebleeding and a high mortality rate at the time of
rebleeding was reported.?® Recently, catheter-based
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neuroendovascular approach has emerged as first-
line therapy for ruptured VADA along with the
development of new techniques and devices and
their results are favorable so far.*?

There was no report, however, as to the detailed
data of the relationship between NET and patient’s
outcome in a large multi-center based study.

This study was aimed to clarify the current status and
results of NET for ruptured VADA in Japan from the
data of Japanese Registry of Neuroendovascular Therapy
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(JR-NET) 1 and 2, thereby extracting a clue for elucidating
the appropriate therapy for this harmful disease.

Materials and Methods

The data in this study were collected from JR-NET1
and 2. Briefly, JR-NET1 was the registration of
therapeutic procedures and outcomes from the
certified board members of Japanese Society for
Neuroendovascular Therapy (JSNET) between 2005
and 2006 while JR-NET2 was that of JSNET board
members between 2007 and 2009. The Institutional
Review Board at each center approved the use of
retrospective data from the patients.

The total nmumbers of registration were 11,213
cases in JR-NET1 and 20,751 cases in JR-NET2.
Among all the datasets, the incidence of ruptured
VADA was 213 (1.9%) and 381 (1.8%) in JR-NET1
and JR-NET2, respectively.

The following factors were collected in both
studies: age, sex, and World Federation of Neuro-
surgical Societies (WFNS) grade on admission as
patient-derived factors while the timing of neuroen-
dovascular therapy (NET), mode of anesthesia,
technical success which was defined as the absence
of blood flow to the ruptured lesion, participation
of board members as in charge of the procedure,
intraprocedural use of heparin, postprocedural
antithrombotic therapy, and ischemic/hemorrhagic
complications as periprocedural factors. No detailed
information about used devices for the lesion
such as coils (bare platinum or surface modified),
stents, and balloons were collected in both studies.
A modified Rankin scale (mRS) score at 30 days
after the onset was used for evaluation of patients’
outcome and defined as the primary endpoint. The
point of 0 to 2 in mRS, which means independ-
ence of the patients, was considered as a favorable
outcome.

The relationship between factors listed above and
mRS scores at 30 days were analyzed to clarify the
influencing factors for favorable outcome.

As the datasets collected only in JR-NET1 noted
above were expected to influence on the outcome,
we analyzed the data of each study separately.

Statistical analysis

Analyses were performed using JMP version 9.0
(SAS Institute, Cary, North Carolina, USA). Statistical
significance for intergroup differences was assessed
using the z test for categorical variables and the
Mann-Whitney U test for continuous variables. A
logistic regression analysis was carried out using
the factors with statistically significant differences
by univariate analyses to determine any factors that

were significantly related to the favorable outcome.
P values < 0.05 were considered to indicate a
significant difference.

Results

I. Patient characteristics

The patients’ demographics are shown in Table 1.
The mean age was 52.5 and 54.6 years in JR-NET1
and JR-NET2, respectively. Male preponderance
was noted in both studies. As to WFNS grade on
admission, the incidence of poor grade (Grades
4 and 5) was 48.9% and 52.0% in JR-NET1 and
JR-NET2, respectively.

Table 2 summarized the timing of intervention.
49.2% of the cases in JR-NET1 while 74.3% in
JR-NET2 were treated within 24 hours after onset,
which had a significant difference (p < 0.0001)

Table 1 Patients’ baseline characteristics in JR-NET1
and 2

JR-NET1 JR-NET2 p
(n=213) (n=381) value

Age (SD) 52.5 (+ 10.4) 54.6 (+11.7) 0.17
Male (%) 143 (67.1) 232 (60.9) 0.13
WENS grade (%)

1 20 (9.4) 33 (8.7)

2 52 (24.4) 72 (18.9)

3 37 (17.4) 71 (18.6)

4 47 (22.1) 89 (23.4)

5 57 (26.8) 109 (28.6)
Poor (4 and 5, %) 104 (48.9) 198 (52.0) 0.46
Unknown (%) 0 (0.0) 7 (1.8)

JR-NET: Japanese Registry of Neuroendovascular Therapy,
WEFNS: World Federation of Neurosurgical Societies.

Table 2 Interval from admission to treatment in JR-NET1
and 2

JR-NET1 JR-NET2 p
n=213 n =381 value

<24h 105 (49.2) 283 (74.3) < 0.0001

24hto72h 68 (32.0) 57 (15.0)

<72h 173 (81.2) 340 (89.3) 0.006

Days 3 to 7 14 (6.6) 13 (3.4)

Days 8 to 14 8(3.8) 8 (2.1)

After day 14 16 (7.6) 20 (5.2)

Figures in the parentheses indicate column percentages.
h: hours, JR-NET: Japanese Registry of Neuroendovascular
Therapy.
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between the two studies.

Approximately three-fourth of the cases were under
general anesthesia (74.6% and 80.1% in JR-NET1
and JR-NET2, respectively).

II. Therapeutic demographics

Technical success was noted in 98.6% and 98.7%
in JR-NET1 and JR-NET2, respectively.

As shown in Table 3, intraprocedural use of
heparin was noted in 88.3% and 78.8% of the cases
in JR-NET1 and JR-NET2, respectively. In more than
half of the cases with heparin use, the administra-
tion of heparin was performed after the placement
of sheath introducers. Postprocedural antithrombotic
therapy was performed in approximately two-third of
the cases (63.4% in JR-NET1 and 63.5% in JR-NET2).
The ratios of anticoagulant use were 53.3% and
43.4% in JR-NET1 and JR-NET2, respectively. Anti-
platelet agents were used approximately in 80% of
all the cases in both studies, and concomitant use
were observed approximately in one-third of the
cases throughout two studies.

Procedural complication was observed in 9.9%
and 10.8% in JR-NET1 and JR-NET2, respectively.
The clinical outcome at 30 days after the onset
was favorable in 61.0% and 49.1% whereas fatal
in 15.5% and 14.4% in JR-NET1 and JR-NET2,
respectively (Table 4).

Table 3 Periprocedural antithrombotic therapy in JR-NET1
and 2

JR-NET1  JR-NETZ p
n=213 n=2381 value
Intraprocedural use 188 (88.3) 300 (78.8) 0.004
of heparin, yes
Timing n =188 n =300
After introduction 97 (51.6) 194 (64.7) 0.004
of sheath
After navigation of 22 (11.7) 29(9.7) 0.47
a microcatheter
After placement 64 (34.0) 68 (22.7) 0.005
of first coil
Others 5 (2.7} 9 (3.0)
Postprocedural 135 (63.4) 242 (63.5) 0.97
antithrombotic
therapy, yes
Mode n=135 n =242
Anticoagulant only 27 (20.0) 21(8.7) 0.001
Antiplatelet only 61 (45.2) 102 (42.1) 0.57
Anticoagulant and 45 (33.3) 84 (34.7) 0.79
antiplatelet
Unknown 2.{15) 35 (14.5)

Figures in the parentheses indicate column percentages. JR-
NET: Japanese Registry of Neuroendovascular Therapy.

III. Relationship between patient characteristics,
procedural factors and clinical outcome

In JR-NET1, univariate analysis showed that age,
poor WFNS grade, posterior inferior cerebellar artery
(PICA)-involved lesion, use of heparin, and proce-
dural complication were significantly related to the
favorable outcome. Among them, poor WFNS grade,
PICA-involved lesion, and procedural complication
were identified as independent factors by multivariate
analysis (Table 5).

Similarly, univariate analysis showed that age,
poor WFNS grade, postprocedural antithrombotic
therapy, and absence of procedural complication
were significantly related to the favorable outcome
in JR-NET2. Multivariate analysis in this registry
revealed that age, poor WFNS grade, postprocedural
antithrombotic therapy, and procedural complication
were independently correlated with the favorable
outcome (Table 6).

In addition, factors associated with favorable outcome
in poor grade patients were also analyzed. However,
there were no significant factors detected as positive
or negative factors for favorable outcome, except for
the ischemic complication in JR-NET1 (Table 7).

IV. Relationship between location of the lesion
and NET in JR-NET1

Information as to the locations of VADA and site of
intervention in relation to the dissecting aneurysms
which were only available in JR-NET1 study is shown
in Table 8. Locations of VADA were classified into
four groups: proximal to PICA (pP), distal to PICA
(dP), PICA involved (Pi), and no PICA (nP). Coil
placement in the aneurysmal dilatation (AD) were
performed in 78.7% (37/47) of group pP, 95.2%
(79/83) of group dP, 80% (40/50) of group Pi, and
100% (29/29) of group nP. Balloon guiding catheter

Table 4 Clinical outcome at 30 days in JR-NET1 and 2

JR-NET1 JR-NET2 p
n=213 n = 381 value
mRS 0 80 (37.6) 101 (26.5)
1 38 (17.8) 49 (12.9)
2 12 (5.6) 37 (9.7)
0-2 130 (61.0) 187 (49.1) 0.005
3 16 (7.5) 30 (7.9)
4 23 (10.8) 42 (11.0)
5 11 (5.2) 36 (9.4)
6 33(15.5) 55 (14.4)
Unknown 0(0) 31 (8.1)

JR-NET: Japanese Registry of Neuroendovascular Therapy,
mRS: modified Rankin scale.
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Table 5 Results of univariate and multivariate analyses for favorable outcome in JR-NET1

Univariate Multivariate
Variable Number Favorable outcome
p value OR (95% CI) p value

Age 54.2 (£ 10.5) 50.6 (+ 10.1) 0.034 0.99 (0.95-1.02) 0.46
Male 143/213 (67.1) 85/130 (65.4) 0.49
Poor WFNS grade 104/213 (48.8) 33/130 (25.4) < 0.0001 0.066 (0.026-0.16) < 0.0001
(4 and 5)
OTT

>24h 103/192 (53.6) 62/124 (50.0) 0.23 1.61 (0.66—4.04) 0.29

24hto72h 67/192 (34.9) 45/124 (36.3) 0.098 0.62 (0.24-2.98) 0.81

>72h 22/192 (11.5) 17/124 (13.7) 0.23 1.16 (0.38—4.98) 0.62
Board members in 180/210 (85.7) 110/129 (85.2) 1.00
charge of procedure
PICA involved lesion 50/213 (23.5) 22/130 (16.9) 0.02 0.41 (0.15-1.05) 0.05
Use of heparin 188/210 (89.5) 121/129 (93.8) 0.01 2.41 (0.17-9.31) 0.17
Postprocedural 135/207 (65.2) 89/128 (69.5) 0.09 1.26 (0.33-1.98) 0.67
antithrombotic therapy
Procedural 21/210 (10.0) 8/130 (6.2) 0.0007
complications

Ischemic 13/210 (6.2) 4/130 (3.1) 0.001 0.11 (1.59-59.9) 0.012

Hemorrhagic 5/210 (2.4) 0/130 (0.0) < 0.0001 < 0.0001 (0-0.04) 0.039
Vasospasm 24/195 (12.3) 11/130 (9.5) 0.06 0.24 (0.04-1.08) 0.08

Standard deviation or percentages are in parentheses otherwise indicated. CI: confidence interval, h: hours, OR: odds ratio, OTT:
Onset-to-treat time, PICA: posterior inferior cerebellar artery, WFNS: World Federation of Neurosurgical Societies.

Table 6 Results of univariate and multivariate analyses for favorable outcome in JR-NET2

i e Favoxizbieloslét)come Univariate Multivariate
p value OR (95% CI) p value

Age 54.6 (x 11.7) 50.8 (+ 10.1) < 0.0001 1.06 (1.04-1.09) < 0.0001
Male 232 (60.9) 108 (57.5) 0.21
Poor WFNS grade (4 and 5) 198 (52.0) 62 (31.3) < 0.0001 0.13 (0.08-0.21) < 0.0001
OTT

>24h 283 (74.3) 141 (75.4) -0.21 0.74 (0.36-1.50) 0.4

24hto72h 57 (15.0) 27 (14.4) 0.17 0.87 (0.33-2.33) 0.78

>72h 41 (10.7) 19 (10.2) 0.20 1.55 (0.71-3.46) 0.28
Board members in charge 341 (89.5) 167 (89.3) 1.00
of procedure
Use of heparin 300 (78.3) 150 (80.2) 0.13 0.97 (0.53-1.77) 0.91
Postprocedural 211 (55.4) 122 (65.2) 0.0002 2.15 (1.32-3.54) 0.002
antithrombotic therapy
Procedural complications 41 (10.8) 15 (8.0) 0.09

Ischemic 33(8.7) 15 (8.0) 0.71 0.39 (0.16-0.92) 0.03

Hemorrhagic 8(2.1) 0 (0.0) 0.007 < 0.0001 (0-0.19) 0.0005

Standard deviation or percentages are in parentheses otherwise indicated. CI: confidence interval, h: hours, OR: odds ratio, OTT:
onset-to-treat time, WFNS: World Federation of Neurosurgical Societies.
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Table 7 Results of univariate and multivariate analyses for favorable outcome in patients with poor WFNS grade on

admission
JR-NET1 (n = 104) - JR-NET2 (n = 198)
Variable Gnivariata Multivariate Univariate Multivariate
p value OR (95% CI) p value p value OR (95% CI) p value
Age 0.59 0.96 (0.92-1.02) 0.25 0.02 1.05 (0.98-1.09) 0.06
Male 0.82 0.53
OTT
>24h 0.49 0.55 (0.18-1.63) 0.28 0.29 0.85 (0.32~2.44) 0.75
24hto72h 0.64 0.84 (0.15-5.18) 0.84 0.61 1.87 (0.60-7.15) 0.28
>72h 0.48 1.52 (0.29-9.19) 0.62 0.45 2.20 (0.51-10.7) 0.29
BM in charge of procedure 0.77 1.46 (0.35-6.06) 0.59 0.81 1.16 (0.42-3.53) 0.78
PICA involved lesion 0.64 0.68 (0.19-2.22) 0.54 n/a
Use of heparin 0.78 2.11 (0.56-9.37) 0.28 0.35 1.28 (0.58-3.03) 0.55
Postprocedural AT 0.78 1.12 (0.39-3.29) 0.82 0.36 1.46 (0.78-2.79) 0.23
Procedural complications 0.01 0.23
Ischemic 0.05 0.13 (0-0.008) 0.008 0.51 0.41 (0.05-1.93) 0.28
Hemorrhagic < 0.0001 0.01 (0-11.7) 0.41 0.56 0.19 (0.02-2.35) 0.16
Vasospasm 0.08 0.25 (0.03-1.56) 0.14 n/a

AT: antithrombotic therapy, BM: board members, ClI: confidence interval, h: hours, JR-NET: Japanese Registry of Neuroendovas-
cular Therapy, n/a: not applicable, OR: odds ratio, OTT: onset-to-treat time, WFNS: World Federation of Neurosurgical Societies.

Table 8 Obliterated sites and location of aneurysmal dilatation in JR-NET1

Proximal to Distal to

PICA PICA PICA involved No PICA Unknown  p value

Number (%) 47 (22.1) 83 (39.0) 50 (23.5) 29 (13.6) 4(1.9)
Favorable outcome 30/47 (63.8) 56/83 (67.5) 22 (44.0)* 20 (69.0) 2 (50.0) 0.01
Obliterated site (%) n =47 n=283 n =50 n =29 n=4

Proximal only 8 (16.8) 1(1.2) 10 (20.0) 0 (0.0) 3 (75.0)

AD only 14 (29.8) 54 (65.1) 24 (24.0) 13 (44.8) 1 (25.0)

Distal only 1(2.1) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0)

Proximal and AD 19 (40.4) 16 (19.3) 11 (22.0) 10 (34.5) 0 (0.0)

Distal and AD 1(2.1) 2(2.4) 0 (0.0) 0 (0.0) 0 (0.0)

Proximal, distal, and AD 2 (4.2) 6(7.2) 4 (8.0) 6 (20.7) 0(0.0)

AD and stenting 1(2.4) 1(1.2) 1(2.0) 0 (0.0) 0 (0.0)

Stenting only 1(2.1) 3(3.6) 0 (0.0) 0 (0.0) 0(0.0)
Use of balloon GC (%) 13(27.7) 13 (15.7) 16 (34.0) 12 (41.4) 1(25.0)
Postprocedural status of PICA

Preserved 46 83 23 10 1

Occluded 1 0 23 0

With bypass surgery 0 0 4 0

Unknown 0 0 0 19 3

AD: aneurysmal dilatation, GC: guiding catheter, PICA: posterior inferior cerebellar artery. *Statistically significant.
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was used in 27.7%, 15.7%, 34.0%, and 41.4% in
cases of group pP, dP, Pi, and nP, respectively.

In group Pi, the ratio of favorable outcome was
smaller than other groups (44%, p = 0.01). The
proportion of using a balloon guiding catheter
was rather small, and PICA was sacrificed in
approximately half of the cases. Ischemic compli-
cation was noted in 21.7% cases with sacrifice of
PICA, resulting in smaller proportion of favorable
outcome comparing with cases in which PICA was
preserved (34.8% versus 52.2%) although there
was no statistic difference in favorable outcome
(p = 0.11, Table 9).

Discussion

It is well known that the prognosis of ruptured
VADA is very poor. Two major reasons are poor
grade on admission and high incidence of rerupture
at ultra-early stage.*® With the invent of NET,
the first-line therapy for ruptured VADA has been
shifted to NET in this decade because of its less
invasiveness and time consciousness: direct access
to the lesion without damaging the cerebellum
and cranial nerves is possible and the therapeutic
procedures can be performed in conjunction with
the diagnostic angiography.'?

This is the first nationwide survey of NET for
ruptured VADA and provides important information
about current status of NET and its relationship
with clinical outcomes. Although the protocols were
almost the same in JR-NET1 and 2, several datasets
including the location of the lesion and vasospasm
which were collected only in JR-NET1 seemed to be
associated with favorable outcomes (Table 5). Thus,
JR-NET1 and 2 were analyzed separately instead
of analyzing these two studies as a composite to
provide the accurate information.

Approximately 50% of all the cases in both studies
were categorized as poor WFNS grade, which was

compatible with previous reports.*’? There was a
significant difference in terms of onset-to-treatment
time (OTT) between two studies and approximately
three-fourth of the patients were treated within 24
hours after onset in JR-NET2 (Table 2). This result
may be due to widespread recognition as to the
importance of preventing ultra-early rebleeding and
nationwide prevalence of NET itself.

In both studies, poor WFNS grade and procedural
complication were independently detected as nega-
tive factors for favorable outcome. This finding was
compatible with previous studies on the outcome
of subarachnoid hemorrhage including a recent
study from our country,’*'" and also with a single-
center study regarding ruptured VADA?? (Tables 5
and 6). The ratios of favorable outcome of patients
with poor WFNS grade at onset were 25.4% and
31.3% in JR-NET1 and JR-NET2, respectively. These
results were compatible with the previous studies as
shown in Table 10, and were better than the result
of PRESAT study, which dealt only with saccular
aneurysms, whose ratio of favorable outcome in the
patients with poor grade was 20.0%.¥ The clinical
course of poor grade SAH caused by ruptured VADA
might be more promising than SAH with ruptured,
saccular aneurysms.

We also analyzed the relationship between collected
datasets and favorable outcome in poor grade
patients, only to find that the ischemic complica-
tion in JR-NET1 was negatively associated with
favorable outcome. A possible explanation is that
the determinants other than poor grade itself as
detected in Tables 5 and 6 were less correlated
with favorable outcome in this subgroup mainly
due to sample size.

In JR-NET2, age and postprocedural antithrom-
botic therapy were demonstrated as independent
factors for favorable outcome. As to age, the odds
ratio was only 1.06 although elderly age is consid-
ered as an indicator for poor outcome in previous

Table 9 Procedural complication, favorable outcome, and postprocedural status of

PICA in JR-NET1
Procedural Hemorrhagic  Ischemic Raviiabla
complication complication complication Oilt(()) 5 p value

n=9 n=3 n=5 ope

PICA preserved 1/23 1/23 0/23 12/23 0.11
(4.3) (4.3) (0.0) (52.2)

PICA occluded 8/23 2/23 5/23 8/23
(34.8) (8.6) (21.7) (34.8)

OA-PICA bypass 0/4 0/4 0/4 2/4
(0.0) (0.0) (0.0) (50.0)

Percentages are in parentheses, OA: occipital artery, PICA: posterior inferior cerebellar artery.
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Table 10 Comparison of profiles and outcomes between previous studies on ruptured VADA and JR-NET studies

. Age  Poor WFNS Techniques Used Peyoreble cutbalmen [0} Death
Series Number (=) gk %) oy gie::; rfs; All Poogrr ZggNs n (%)
Kurata et al.” 18 52 9 (50.0) IT (18) GOS 14 (77.7) 3(33.3) 3(16.7)
Ravinov et al.” 21 52 6 (28.6) IT (11), PO (7) mRS 11 (52.4) 1(16.7) 0(0.0)
Yuki et al.’® 27 45 8 (29.6) IT (26), PO (1) mRS 14 (51.8) 1(12.5) 5(9.3)
Sugiu et al.” 20 56 8 (40.0) IT (19), SAC (1) GOS 15 (75.0) 3 (37.5) 4 (20.0)
Endo et al.’” 38 53 19 (50.0) IT (38) mRS 23 (60.5) 9 (47.4) 6 (15.8)
JR-NET1 213 54 104 (48.8) IT (183), PO (23), mRS 130 (61.0) 33 (25.4) 33 (15.5)
SAC (3), SM (4)
JR-NET2 381 55 198 (52.0) n/a mRS 187 (49.1) 62 (31.3) 55 (14.4)

A favorable outcome is considered for patients with an mRS score of 0-2, or with GR or MD by GOS. GOS: Glasgow outcome
scale, GR: good recovery, IT: internal trapping, JR-NET: Japanese Registry of Neuroendovascular Therapy, MD: moderate disabil-
ity, mRS: modified Rankin scale, n/a: not available, PO: proximal occlusion, SAC: stent-assisted coiling, SM: stent monotherapy,
VADA: vertebral artery dissecting aneurysm, WFNS: World Federation of Neurosurgical Societies.

studies listed above.’®¥ This might be explained
by the fact that the age at onset in this disease was
relatively young as compared with studies dealing
with saccular aneurysms®’*? (Table 6).

The efficacy and safety of antithrombotic therapy
during and after the NET for ruptured aneurysms
remains an unsolved issue. One systematic review
suggested that the antiplatelet drugs reduced the
risk of delayed cerebral ischemia in patients with
subarachnoid hemorrhage.” On the contrary, a
subanalysis of International Subarachnoid Aneurysm
Trial (ISAT) revealed that antiplatelet therapy during
or after endovascular coiling improved outcome in
patients with SAH.' The majority of the procedures
in our studies were parent artery occlusion, thus
use of antiplatelets or anticoagulants might favor in
avoiding thromboembolic complications especially
with small branches originating from affected VA,
and unfavorable outcomes such as re-rupture due
to recanalization in acute stage might have occurred
less frequently than coiling of saccular aneurysms.

However, this factor was not independently corre-
lated with favorable outcome in JR-NET1 which
had more variables; it seems to be premature to
recommend postprocedural antithrombotic therapy.
The detailed information of antithrombotic therapy
especially such as dose, mode, and duration of
the used drugs is needed to validate the efficacy
of periprocedural antithrombic therapy for NET in
ruptured VADA.

Comparing two studies, the proportion of patients
with favorable outcome at 30 days decreased from
61.0% in JR-NET1 to 49.1% in JR-NET2 (Table 4).
The reason for this decline is difficult to describe
as there were no differences between two studies
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in the proportion of poor grade patients, technical
success, and incidence of procedural complication.
Although the OTT was shorter in JR-NET2, no
correlation between OTT and favorable outcome
was observed by either univariate or multivariate
analysis. The participation of board members as in
charge of the procedure also did not correlate with
the outcome in each study. No major change was
found in the used devices or techniques between
two periods. According to the results shown in
Table 10, it may be more reasonable to understand
that the ratio of favorable outcome in patients with
ruptured VADA who underwent NET lies between
these numbers noted above.

Regarding the location of the lesion and the mode
of the procedure in JR-NET1, the result in group Pi
demonstrated that the occlusion of PICA did not affect
the ratio of favorable outcome despite the increased
incidence of ischemic complication (Table 9). This
result should be dealt with special care as there was
no information about the perfusion territory of the
affected PICA in this series. Complete obliteration
of the lesion might be preferred in group Pi in this
study as the most important role of NET for ruptured
VADAs was the prevention of rerupture. A recent
report from Japan, however, demonstrated that the
postoperative medullary infarction was associated
with unfavorable outcomes after internal coil trap-
ping for ruptured VADAs."” Furthermore, the fact
that the hemorrhagic complication occurred only in
one case (4.3%) in which PICA were preserved in
this group may imply that the proximal occlusion
may be enough for the prevention of rerupture in
acute phase as proposed by authors.?

Regarding use of a balloon-guiding catheter, its



