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Abstract

Background: The long-term efficacy of endovascular treatment (EVT) for cavernous
sinus dural arteriovenous fistulae (CS-dAVF) was assessed with a special focus on
residual shunts after initial EVT.

Patients and Methods: This retrospective survey included 50 patients who had
undergone EVT and were followed for one month or longer (median follow-up 56
months).

Results: Common preoperative symptoms were chemosis (78%), extra-ocular motor
palsy (72%), exophthalmos (66%), and tinnitus (26%). CS-dAVF were addressed by
transvenous embolization (tVE, n = 48), tVE only was used in 43 instances and tVE plus
transarterial embolization (tAE) in 5. Two patients underwent tAE only.
Procedure-related morbidity (brainstem infarction) was recorded in one patient (2%) and
transient symptom exacerbation (paradoxical worsening) in 12 patients (24%).
Postoperative digital subtraction angiography showed no major retrograde shunt or
cortical venous reflux in any of the 50 patients. Anterograde or minor retrograde residual
shunt was observed in 17 patients (34%); 3 of these underwent additional tVE and 4 had
gamma-knife surgery. The shunt flow disappeared in all 17 patients 12.6 + 13.4 (mean =
SD) months after initial EVT. At the latest follow-up, 65.7 £ 52.6 months after the initial
operation, no shunt flow was observed in any of the 50 patients. None had remaining or
newly developed chemosis or tinnitus on follow-up. The rate of persistent cavernous
sinus symptoms at the latest follow-up was higher in patients with- than without
post-procedural paradoxical worsening (5/12,41.7% vs 2/38, 5.3%, p=0.0059 by Fisher’s
exact test).

Conclusion: Long-term follow-up showed that EVT, especially tVE, is an efficient and
safe treatment for CS-dAVF. It resulted in the eventual disappearance of shunt flow.
Residual shunt without major retrograde flow or cortical venous reflux can be monitored

without additional treatment.

KEY WORDS: arterio-venous fistula, cavernous sinus dural AVF, endovascular

treatment, transvenous embolization, coil
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Introduction

Dural arteriovenous fistulae (dAVF) are pathological shunts between dural
arteries and adjacent venous sinuses and veins in the dura mater [2, 21, 39]. They
represent 10 - 15% of all cerebral vascular malformations [22]. The reported annual
incidence is 0.29 - 0.51/100,000 adults [19, 29]. While dAVF can arise anywhere in the
dura mater, they more frequently {43.6% [13] - 45.9% [19]} involve the cavernous sinus
(CS-dAVF) in the Japanese population than the European population. The differences in
the intracranial distribution of dAVF among various ethnic groups have also been
reported although no specific reasons as to their different incidences have been provided.
[8].

CS-dAVF elicit various symptoms, e.g. exophthalmos, chemosis, pulsatile bruit,
ocular motor palsy, and symptoms due to cerebral bleeding and/or infarction attributable
to cortical venous reflux [16, 21, 32, 38]. Treatment is indicated in the presence of severe
symptoms, symptomatic progression, and cortical venous reflux [12, 14-16, 21, 27].

Endovascular treatment (EVT) is widely used to address these lesions [6, 15, 17,
21, 32, 44, 45]. Although its goal is complete disappearance of the major venous shunt,
residual retrograde and/or anterograde venous shunts can remain [14]. There are few
studies on the long-term outcome of endovascularly treated CS-dAVF. We assessed the
long-term (mean 5.5 years) effectiveness of EVT for CS-dAVF with a special focus on

residual shunts observed immediately after the operation.

Materials and Methods
Patients

From 1996 to 2013, 62 patients with CS-dAVF were referred to Kagoshima
University Hospital and two affiliated hospitals for EVT due to the existence of cortical
venous reflux or severe or progressive symptoms. The interval between symptom onset
and referral ranged from 0 to 48 months with a mean of 5.3 7.4 months (SD). Of the 62
patients, 4 rejected EVT due to fear and/or tolerability of their symptoms. Among the
other 58 patients who underwent EVT, 8 underwent less than one-month follow-up. As

these 12 patients were excluded, 50 patients, 8 men (16%) and 42 women (84%), were



W~y nde e

0\0\mmmmmmmmmmmmmm.ﬁ.n.b.bbb.b.&.h.n-wwwwwwwwwwmmml\)t\)mmmml\)wl—w—'l—w—w—:Hs—-w—w—'
U'l-l‘-‘-(AJI\JI—'OLDCD*-JO\U'I#N[\)I—‘O\.OOD-JG\U‘IAD-(A)[\)I—'C)LO(I)-JG\U'IJE-(.AJNHO\OOD&JO‘\W#(AJNHO\DCO&JO\W»&MNHO\D

included in this retrospective study (Table 1). Their ages ranged from 30 to 87 years
(median 66, mean 66.2 years). Clinical and radiological data were extracted from the
patients’ charts and a neuroimaging data base.

Indication for EVT '

Cortical venous reflux was observed in 29 patients and considered a primary
indication for active treatment. Of the other 21 patients, 15 presented with severe
ophthalmic symptomis including severe chemosis, exophthalmos, and visual impairment
and 6 had less severe symptoms that had grown worse in the course of several months.

Of the 50 patients, 5 had undergone manual compression of the cervical carotid
artery before referral; it had failed to ameliorate their symptoms.

Operative procedure

EVT was performed in 50 patients under the supervision of a senior author (K.A.}.

We primarily aimed to obliterate shunts through trans-venous routes. In cases
where it was not possible to introduce the microcatheter into the cavernous sinus via any
venous routes, we used the arterial route. Trans-arterial embolization (tAE) was added
when major shunt flow remained after trans-venous embolization (tVE).

Consequently, intravascular treatment was via the transvenous route in a total of
48 patients; 43 underwent tVE only, 5 underwent additional tAE. Two patients were
treated by tAE only. Both tVE and tAE were performed using digital subtraction
angiography (DSA) under local anesthesia and sedation with pentazocine (15 mg),
diazepam (5 mg), and the continuous intravenous administration of propofol (I - 2
mg/kg/hr). An intravenous bolus of heparin (1000-2000 units) was given before the
endovascular procedure. |

First, we obtained common carotid and external carotid artery angiographies to
identify the shunt site and the shunt-flow outlets.

For tVE, a 6-Fr sheath was inserted into the right femoral vein. The access route was
the inferior petrosal sinus (IPS) in 44 patients and the superior ophthalmic vein in 4. A
42-Fr coaxial catheter was positioned in the IPS through a 6-Fr guiding catheter lodged
in the jugular vein. The tip of the 1.7/2.4-Fr tapered microcatheter was advanced over a
0.014-inch guidewire into the fistulous point. Platinum coils, mainly “Target coils”

(Stryker, Fremont, California) sized 2-10 mm, were placed via the microcatheter to
4
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obliterate the venous orifice leading to cortical venous reflux and the ophthalmic veins
with retrograde flow. Then, the affected cavernous sinus was packed with coils. We
usually terminated the tVE procedure upon the disappearance of major retrograde- and
cortical venous reflux flow irrespective of the existence of minor residual antegrade shunt
flow.

For tAE, the arteries involved in shunting were obliterated using
N-butyl-cyanoacrylate (NBCA) and/or bare platinum coils delivered through
microcatheters positioned in the middle meningeal artery and/or the internal maxillary
artery.

Statistical analyses

The Statflex® version 6.0 software program (Artech Co., Osaka, Japan) was
used for statistical analysis of the results. Depending on the characteristics of the data
sets, data were analyzed with Fisher’s exact test or the Mann-Whitney U-test.

Differences of p < 0.05 were considered statistically significant.

Results
Symptoms at diagnosis

Among the 50 patients, the affected side was on the right in 20 patients and on the
left in 21; in 9 patients there was bilateral involvement. Based on the classification of
Barrow et .aI. [2], 4 patients were recorded as type B, 3 as type C, and 43 as type D (Table
1).

Of the 50 patients, 39 (78%) presented with chemosis, 36 (72%) with double
vision, 33 (66%) with proptosis, 6 (12%) with visual impairment, 11 (22%) with orbital
pain, and 13 (26%) with tinnitus. Cranial nerve palsy involving the abducens nerve was
observed in 33 (66%]), the oculomotor nerve in 11 (22%), and the facial nerve in one
patient (2%). The duration from onset to diagnosis was 0 - 48 months (median 2 months).

DSA revealed cortical venous reflux in 21 patients (42%).

Neuroimaging findings
Immediate post-procedural DSA showed no shunt flow in 33 patients (Figure 1).

Minor residual shunt flow was observed in 17 patients (Figure 2); none of these
5
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manifested cortical venous reflux. Residual shunt flow was seen mainly in the inferior
petrosal vein (IPS) in 8 patients and in both superior ophthalmic veins (SOVs) and the
IPS in the other 9 patients.

Among the 17 patients with a residual shunt, 3 underwent a second tVE procedure
due to persistent severe ophthalmic symptoms; the procedure obliterated the shunt flow.
Stereotactic radio-surgery using a gamma-knife unit was performed in 4 patients. The
other 10 underwent no additional procedures; they were followed up using neuroimaging
studies including magnetic resonance imaging (MRI), magnetic resonance angiography
(MRA), and computed tomography (CT) scans one month after the initial procedure and
then every 3 - 4 months. The shunts eventually disappeared in all 17 patients at 1 - 42
months after the operation (median 4, mean 12.7 £+ 13.3 months) (Figure 3).

These observations indicate that complete obliteration of the shunt flow was

achieved by a single EVT in 43 of the 50 patients (86%).

Postoperative changes of symptoms
Surgical morbidity and mortality
Among the total of 58 patients who underwent EVT, the rate of severe morbidity
related directly to the procedure was 1.7% (1/58). There was no mortality.
Early postoperative period

Among the 50 patients followed more than one month postoperatively,
paradoxical worsening, [15, 18, 24] was observed in 12 (24%), 1.e. in 7 0 33 (21.2%)
with total shunt disappearance and in 5 of 17 (29.4 %) with a residual shunt (Table 2); the
symptoms gradually improved in both groups.

A 72-year-old woman with a 2-month history of left chemosis, orbital pain, and
facial nerve paresis developed right hemiplegia 4 hours.after successful EVT that resulted
in total shunt flow disappearance. MRI showed a venous infarct in the brain stem
ipsilateral to the affected cavernous sinus (Figure 4). Her modified Rankin score (mRS)
was 4 at 6 months after the procedure and she remained dependent.

A 78-year-old woman with a history of untreated hypertension presented with
residual shunt flow exclusively toward the IPS. She developed a small left putaminal

hemorrhage ipsilateral to the affected cavernous sinus 3 months after the initial treatment,
6
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suffered from right hemiplegia, and became dependent (mRS 4).
Latest follow-up

The follow-up period ranged from 1 - 176 months (median 56, mean 65.7 + 52.6
(SD) months). At the latest follow-up, 43 patients had no shunt-related symptoms. The
time to the disappearance of symptoms after the initial treatment was shorter in patients
with no- than in patients with residual shunts (4.5 £ 5.7 vs. 10.8 = 11.5, p = 0.0441,
Mann-Whitney U-test) (Table 2). In 7 patients (14%) we observed persistent
shunt-related symptoms; they were 4 of 33 patients with immediate post-procedural shunt
disappearance and 3 of 17 patients with residual shunts. There was no difference in the
probability of residual shunt-related symptoms at the latest follow-up between the two
groups (p = 0.677, Fisher’s exact test). The residual shunt-related symptoms included
abducens nerve palsy in 6 and oculomotor nerve palsy in one patient.

On the other hand, the rate of shunt-related symptoms was significantly higher in
patients with- than without paradoxical worsening (5/12, 41.7% vs 2/38, 5.3%, p=0.0059
by Fisher’s exact test).

Nomne of the patients complained of orbital pain, chemosis, exophthalmos, or
tinnitus at the latest follow-up.

All but the 2 patients with hemiplegia (4%) were independent; another patient
died of procedure-unrelated colon cancer. The mRS was 0 in 37 patients, | in 4 patients,
2 in 6 patients, and 4 in 2 patients among 49 survivors.

Literature review

We reviewed 13 reported series of CS-dAVF including more than 20 patients that were
published since 2000 [6, 13, 14, 15, 16, 21, 24, 32, 35, 36, 42, 43, 45]. The total number
of patients was 1361. Their and our 50 patients’ clinical presentation and treatment results

are summarized in Tables 3 and 4.

Discussion
According to our literature review and our current findings (Table 3}, CS-dAVF
primarily affected women (998 of 1361 patients, 73.3%) and middle-aged individuals

(their mean age ranged from 55 to 67 years). These epidemiologic data were concordant

7
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with ours. The most frequent symptom was red eye {conjunctival congestion); the
incidence ranged from 77-93% (median: 90%), followed by chemosis (incidence:
32-100%; median: 78%), proptosis (incidence: 14-96%; median: 66.5%), visual
impairment (incidence: 11-33%; median: 25%), and diplopia (incidence: 34 - 72%;
median: 51%).

Because it was considered to be a benign entity due to the abundant extracranial
drainage and occasional shunt subsidence, some recommended that CS-dAVF should be
treated conservatively [3, 30, 39]. In case series, 10 - 73% of patients experienced the
spontaneous remission of CS-dAVF [23,30,39] . Inalongitudinal follow-up study of
Sasaki et al. [30], 19 of 26 patients (73%) with “relatively low-pressure, low-flow shunts”
showed spontaneous symptom disappearance. The time to the disappearance of
symptoms tended to be longer than 12 months (mean 19.6 + 20.2 months) and the
disappearance of the fistula was angiographically confirmed in only 4 patients. Patients
with low shunt flow not directed into cerebral veins, and patients with mild,
non-worsening symptoms can be conservatively managed for a period with intermittent
manual compression under regular MRI follow-up [3, 6, 30, 31] .

The risk for serious intracerebral events due to cortical venous reflux and for
irreversible impairment of visual and other cranial nerve function may necessitate quick
intervention [4, 5, 7, 11, 15, 21, 27, 38, 39]. The coexistence of cortical venous reflux
affects the prognosis negatively; 15% of such patients suffered serious central nervous
system events during follow-up [9]. Consequently, patients with cortical venous reflux,
42% in our series, are considered to be the primary subset for treatment, as are patients
with serious ocular and progressive symptoms [12, 14, 15, 16, 21, 27] or with
hemorrhagic presentation [34].

Drainage patterns can be expected to change during long-term follow-up due to
intimal thickening of the downstream venous sinus and veins. receiving high-speed shunt
inflow [32]; this is called high-flow venopathy [33]. Some patients without cortical
venous reflux will eventually manifest reflux during follow-up due to progressive
occlusion of downstream sinuses and veins [31]. Therefore, CS-dAVF without cortical

venous reflux may also become a target for active intervention in the course of the

8
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disease. Similar changes in drainage pattern can occur after incomplete occlusion, which
may result in changes of symptoms. Understanding longitudinal changes in drainage
patterns and its symptomatic evolution after tVE should be the target of future studies.
Although EVT has been the first choice (Table 4), there are few reports on its long-term
outcomes [16, 21]. Ours is the longest follow-up series (over 5 years). The shunt flow
completely disappeared in 30 - 100% (median: 72.5%) of reported series immediately
after the initial procedure; in up to 70% (median 21%) residual shunt was observed.
Changes in the residual shunt were reported in only one earlier publication [6]; it had
disappeared in 16 of 19 patients (84.2%) at the final follow-up 26 months after the
procedure. Qur literature review showed that CS-dAVF-related symptoms had
completely disappeared in 47 - 95% (median 83.5%) of patients at the final follow-up
25.2 months (median) after the initial treatment (Table 4).

We experienced EVT-related morbidity in one case (1.7%); in the previously
reported series it was 7% (median). However, the rate of residual shunt was slightly
higher in our- than earlier series [34% vs. 21% (median)]. This may be attributable to our
concern that excessive coil packing of the cavernous sinus may lead to irreversible cranial
nerve damage. In our patient with a venous infarct in the brain stem, we suspect that
insufficient packing of the posterior part of the cavernous sinus resulted in reopening of
the orifice leading to the deep venous system. This case alerts to the importance of
occluding the entrance leading to intracranial veins when preoperative DSA shows
cortical venous reflux. In addition, the peripheral facial palsy preoperatively seen in this
pattent may be a warning sign indicating brain stem dysfunction attributable to cortical
venous reflux. In such patients secure occlusion of the entrance leading to intracranial
veins is essential and close monitoring of the postoperative course is warranted for the
early detection of fistular re-opening that may require immediate re-intervention to
re-occlude the orifice. In the patient with putaminal bleeding seen 3 months after the
initial treatment the causative relationship between dAVF and putaminal bleeding is
ambiguous; nonetheless, the primary prevention for stroke is warranted in patients with
dAVF.

The effect of intravascular coiling is generally thought to be derived from

thrombogenesis surrounding the coils rather than the direct packing effect [10, 20].
9
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Shunt flow eventually disappeared in all 50 of our patients. There was no difference in
the probability of residual shunt-related symptoms at the latest follow-up between the 33
shunt-free- and the 17 patients with residual shunt on immediate post-procedural DSA
(Table 2). However, at the latest follow-up, the rate of shunt-related symptoms was
significantly higher in 12 patients with- than 38 patients without paradoxical worsening.
Nishino et al. [24] reported that at the end of 30-month {mean) follow-up, 15% of the
patients with de novo or exacerbated cranial nerve palsy after EVT continued to suffer
from cranial nerve palsy. The time to the disappearance of symptoms was shorter in our
patients with no residual shunts than those with residual shunt. But, considering the delay
was only six months and tight coil packing may result in irreversible damage to cranial
nerves, our practice to terminate the EVT procedure when the major shunt flow and
cortical shunt flow disappears seems rational.

Some patients require additional treatment after the initial EVT such as a second
EVT and gamma-knife surgery [9]. Of our 50 patients, 4 underwent gamma-knife
surgery as a second-line modality; total shunt obliteration was seen 2 - 41 months
thereafter. Although gamma-knife treatment alone is non-invasive and relatively safe its
cure rate is unsatisfactory, 70 - 75%, within 2 years [5, 43]. We suggest that this treatment
modality should be considered a second-line option after tVE which provides a quick
resolution of symptoms and complete shunt obliteration in the long term.

In our series, follow-up imaging studies of 10 patients with post-EVT fesidual
shunts showed their eventual disappearance without additional treatment at a mean of
11.4 months (median 5.5 months) after the initial treatment. This finding may justify
withholding additional tVE or gamma-knife surgery until 6 months after unsuccessful
tVE on the condition that cortical venous reflux and clinical severe or exacerbated
symptoms are absent.

At present, NBCA is the only liquid adhesive whose use for CS-dAVF is approved
in Japan. Problems associated with its use are nontarget embolization, gluing of the
catheter, and migration of the material to the venous side. We used NBCA in only 4
patients in our series. Dimethylsulfoxide (DMSO) soluble liquid embolic matenals,
Onyx and PHIL, have been introduced to address CS-dAVFE. While Wenderoth reported a

high obliteration and low complication rates after embolization with Onyx and PHIL
10 ‘
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mainly through trans-orbital transvenous routes [42], others encountered serious
morbidity, unexpected migration of the material, and profound trigeminal cardiac reflex
[1, 26, 40]. It remains to be determined whether DMSO is neurotoxic to intra-cavernous
cranial nerves [41], and some performed TAE with DMSO-soluble liquid material only
after tVE embolization had failed [25, 28, 37, 41] . We suggest that until the safety of
the materials and the appropriate delivery techniques are established, transvenous coil
embolization should be the first-line treatment in patients with CS-dAVF.

The retrospective nature of our study prohibits uniform treatment-related
judgments including the proper timing of EVT or its withdrawal, the method and timing
of additional treatments, and the timing and modality used for follow-up studies.
Especially due to the lack of regular angiographic follow-up studies, we could not
elucidate the particular changes in residual shunt flow leading to the improvement of
symptoms and its timing. Therefore, prospective, multicenter studies using identical
treatment and regular follow-up protocols are needed to identify the best strategy to

address CS-dAVF and to assess long-term clinical outcomes.

Conclusion

Our long-term follow-up of 50 patients with CS-dAVF who underwent EVT
showed that shunt flow disappeared in the course of 5-year follow-up. In approximately
half of our patients with residual shunts immediately after the initial EVT, shunt flow
disappeared 5.5 months after the procedure without additional treatment, Paradoxical
worsening of cavernous sinus symptoms after EVT was related to permanent cranial
nerve impairment. Therefore, EVT for CS-dAVF should aim at eliminating cortical
venous reflux and major retrograde shunt flow rather than at complete shunt

disappearance elicited by tight coil packing of the cavernous sinus.
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Figure Legends

Figure 1:

A 74-year-old woman with a 3-month history of left chemosis, double vision, and

exophthalmos.

A

Pre-treatment MRI scan showing engorgement of the left ophthalmic vein (white
arrow heads).

DSA of the left common carotid artery showing shunt flow into the superior

B:
ophthalmic vein (SOV) (arrow heads).

C: Post-treatment DSA showing coils placed in the left SOV and the left cavernous
sinus (arrows). Shunt flow completely disappeared.

Figure 2:

A 64-year-old woman with a 4-month history of left chemosis, orbital pain, and double

vision.

A Pre-treatment DS A of the left internal carotid artery showing shunt flow in the left

SOV and inferior petrosal vein.

B: Post-treatment DSA showing coils placed in the left cavernous sinus (arrows).
Minor shunt flow into the inferior petrosal vein persisted (arrow heads).

C: DSA performed one month later disclosed spontaneous disappearance of the
shunt flow without additional treatment.

Figure 3:

Follow-up of 17 patients whose shunt flow remained immediately after initial

endovascular treatment.

tVE : trans-venous embolization, tAE: trans-arterial embolization, NAT: no
additional treatment

Encircled numerals indicate the interval from initial to additional treatment.
Uncircled numerals indicate the interval from initial treatment to the timing

of neuroimaging studies confirming shunt disappearance. Numerals in
19
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parentheses indicate the duration of total follow-up after the initial treatment.
T : timing of gamma-knife treatment. A: timing of tVE, V: time of

putaminal bleeding

Figure 4:

A 72-year-old woman with a 2-month history of left chemosis, orbital pain, and facial

nerve paresis.

A: Pre-treatment DSA of the left external carotid artery showing shunt flow in the
left superior ophthalmic vein (SOV), inferior ophthalmic vein, inferior petrosal
sinus, and basal vein (arrow heads).

B: Post-treatment DSA showing total shunt flow disappearance.

C: Diffusion-weighted MRI showing a left paramedian high-intensity area in the

pons indicating venous infarction. She suffered right hemiplegia.

20



14

9¢ UBIPaW (S F UedW) 976 F L'$9

(sypuour) dn-mo[[o]

(#) 7:AV101) STAVI + A (98) £F 'HA)

(24) aanpaosoxd

(Z1) 9 usunedun [ensia “(zz) 11 :uted [enqio (97)
g1 :smuuug (99) ¢¢ :sisoydoad *(z,) o¢ rerdojdip «(8.) 6¢ :sisowayd

(v4) swoidwAs

(ueipaw) z {(dS F ueaw) €07 F 6'9

(syjuow) swoydwAs jo uoneanp

(0L)sg=u‘z o) s1=u’(

(%) Syw

Q=u

A C0=U AL f0=U T 67=U ‘Q+BI[ 0=U‘qQI[ ‘[Z=u‘eqQ=u ‘]

uoneoIISse[d preugo)

Cp=u‘Qig=uDp=Uu‘gipg=U‘Vy

adX) s, moureg

(81) 6 : 123ME}1q (TH) 1T Y3 “(0¥) 0T ySu (%%) 9pIs paraye
(uerpaw) 99 (QSFueawW) ¢' 11 F799 ade
{(¥8) T 91eway (91) § :9opew (%) xos

0s

Jaquinu |80}

(%) Jequnu

$I1ISLIIOBIRYD)

Pl

siuaned ¢ Ino Jo AIeWwnsS [BOIUID) ‘] 2[qRL

®

59
Fo
£9
29
19
09
65
89
LS
9¢g
g9
2]
£9
29
19
g
v
gV
Ly
14
74
47
b
A4
TF
ov
6t
BE
LE
9t
St
vE
£e
4
TE
0g¢
6C
8¢
Le
9¢
S¢
e
£C
Z¢
|34
0z
6T
8T
LT
ot
ST



(44

sjuaned JO ISqUINU U ‘SILILIE PIIOIED [BUIDIXS PUR [BUIAIUT Y10q WOl Paj ‘(f ‘AJUO A19)Je PIIOIED [BUIIXD
3} WO Paj ) ‘AJuo AI91IE PIIOIED [BUISIUT OU) W) PaJ g ‘B|NISL SNOUIIABI-PIIOIED 1031IP “Y :9R[MISL) SNOUIDARD PIjosed Jo adA) s molieg

21095 UIURY PALJIPOL “SYW SUONBZI[OQUID [RIISLIE-SURI] (] ‘UCIEZI[OGUD SNOUIASURT) 1FAJ “UOIIBIASD PIEPURIS (]S

59
¥a
£S
Z9
T9
09
69
8¢
LS
99
0
4]
)
¢S
TS
0§
6¥
8y
LY
9y
84
A%
eV
A
154
ov
6t
gt
LE
9¢
sg
ve
£€
A
1€
0t
6Z
8¢
Le
9¢
S¢
ve
€c
cec
12
0c
6T
81
LT
o1
ST



£a

(%6°S) 5q T (©)el Z (%) T< Syw

(oL} ¢ (e v L (%) wordwiAs [enpisal

+S 11 F801 L SFECY C8FC9 (sqauowr) A13A0921 2121dwoo 0] swn

Fz8) 1 (8°L8) 67 %% (24,) A1oA00a1 ajadwios
dn-moj[o, 1591871

0 €)1 I (%) T< SyYw

0 (€)1 I (%) Auprqiow pajeal amnpasod

(v'60) ¢ (T12) L 4| (%) Suiuasiom [earxopered

&)1 (19)¢ € (%) oness

(LP9) 11 (L'TL) ¥T ¢ (%) paaoadu
(puow [ >) dn-mo[[0] S1eIpaILU]
(FE) L1 (99) €€ 0S (%) s3uipuy y§Q 21e1pauiw]

[enpIsal junys sourreaddesip-junys |10, [B10L
swodwAs Jo sadueys [panpadold-1sod ‘7 298],
_/ N

59
£
€9
Z9
T9
09
6S
89
LS
9§
1)
¥Ss
%)
[4%)
18
09
6%
8V
Ly
9%
574
v
17
A
184
oy
6
8E
Le
9t
1
43
133
A
TE
o€
6¢
8¢
Le
9¢
S¢
¥e
£c
A4
12
T4
6T
81
LT
9T
ST



9

¥e
(11) smuuy
99 IS i4! §9  S00¢C
“(11) ssoud “(g¢) erdoydip “(81) s1soydoxd *(z¢) stsowayd rzey T8 30 (wojeg
(5) wamed [exqpss0 LS 0¢ 8 8¢  S00C
(1£) snoutaAed “(gg) wraped (21110 (9} uraped 1enoo e (B UNS
(11) smnuun ‘(g1) Ased aAmu [eIURID
09 1£4 £ LT L00C
‘(97) usuwreduur jensia (9g) sisoidoid (9g) sisowayd o7 1B 32 Fuay)
wed snygun ¢ eidojdi
(y€) ured (6p) smuun (89) edojdip 0o » oc ¢l z00z | ’
{(1€) wauLredun [ensia (1) sisoidoxd “(zg) sisowayd (£g) aKd pay gy 1B 19 SIASN
(s1eak) Joquinu
(%) swordwAs dJew) ajew Ieak Joyne
age  uedw 810}

9B[MS1] SNOUSA-OLISLIE [BINP SOUIS SNOUISAED im sjuaned o pue papodai-A[snoiasid Jo sonsusjoeieyo [edtul]) "¢ d1qeL

JOOUBD UO0D JO PAIP :, “JUSUIESI) [BNIUI SY1 JaYE syjuowl ¢ Surpad|q [eurweind ©; ‘o1ejul wdls urelq :,

159)-77 AauNy M -UuR N “T0°0 = d &, “9[B0S unjuey payipoul : §ur

59
¥9
€9
c9
19
09
69
86
LS
96
1)
4%
€5
A%
18
0s
534
g8F
LF
ov
Sy
A4
137
A
¥
07
6€
8E
LE
9t
Ge
vE
€e
43
152
0g
6Z
8c
Lz
9¢
174
ve
£¢
44
1 ¥4
0¢
61
8T
LT
91
ST



14
wu (&) L1 Sl ¢t 910C
(zp7 POIIPUIM
(81) 1291102 “(9¢) SNOIIIALD (Zg) |ENGIO PUE JB[NDO c¢ wru ‘wu . S10¢
rog7 1B 10 SEWOY,
uru LY 6ve 0C1 69v  v10C
rc17 TB 12 NSIRWEIIH
(8) uonounysAp 2AIOU [RUIDSLI
65 IS Y4 9L  110T
(z9) midojdip “(7) yusumedun ensia “(z9) sisozdoxd ([ z) sisowayo w1y 1B 3ung
(1) Asted 1000w0[N20 (Q¢) Asjed suaonpqe 0102
99 1€ el 44
‘(11) Juauwitedut ensia (41) sisordoxd ‘(o1 ) sisoways . [cp) 1B 19 EPIYSOA
(62} ured (9) uonounysAp aasou [eunuaBin (cg) snuuun (zi)
(&Y (44 6 £ 800C
As1ed 1010w0[Mo0 “(89) Asred suaonpqe ‘(1,) sisoydoid °(z 1) 2Kd pas ) 1B 19 OUIUSIN
(61) 1naq (1) sisoid (1) erdoydip (1) Asjed aatou [eruerd
LY 41 6 vl 900¢ 1B 19 YISy
‘{g7) ;uauredu [ensia (zg) sisoydoid “(yg) sisowayo o
($7) ured (cz) uniq (pp) erdordip s ol o <l 9002
‘(eg) wawnedun [ensia ‘(gz) sisoydoid ‘(1) sisowayd (06) 942 pal o) 118 TA
(12) syoepeay “(p¢) uted [enqio (g1) sisoid Lo o . oc 900z
{pg) vidordip {(¢1) Juounitedwy [ensia (1) sisopdoad *(z¢) sisowayd [si; ¢ F WA
T TN
(‘, _/l\,

S9
79
€9
c9
19
09
6G
89
LS
99
G
¥S
€S
[4°)
%)
0s
6%
8¥
Ly
9%
S¥
A4
137
v
184
0y
6%t
ge
Le
9€
Gg
ve
€
A
153
o€
6¢
8¢
Le
9¢
S<
24
£c
e
iz
0<
6T
81
LT
9T
ST



o P 59

¥9
£9
Z9
19
08
66
8BS

LS
(06. %06 0L 9¢ | wu o wry 9 z 0 / TE / 101 SEI T00Z iy ._fums%smm

135}

(syiuow) €5

(%) [enpisal / ou uoned AVI+IA) Zs

unys  dn-mojoy Md X]-ou D . 15

swoyduwAs -1[dwod / VAN ou 05
ueaw junys IB2A Toyng

[€310]1
(%) ToND o

dn-mo1[0J 1538 3y} 18 JuoUIRaT) [BIIUL JoYR Jsn( smels JUdWIESI) [BTIUI OV

==

44
127
A
v

SBN)S} SNOUSAOLIDUE [BIND SNUIS SNOWIAAED Y1m sjuaned Jno pue paniodal-A[snoiaaid ut sowosino pue sjuswieal ], 2[quL
6€E
8¢
LE
9¢
St
ve
pauOnuaW JOu W'l £e
) A%
syaepeay pue ‘ured Jenqio-onai ‘uied jenqio Suipnjoul sured 143
o€
62

MO[J TUNYS JO XN[JAX SNOUIA (201102 0 anp swoIdwAS :[81qaIa0 10 [BO13I0D

‘SNUIS SNOWIDARD U1 $3AISU JO As[ed JO UOTIOUNJSAP (SNOWIDARD

8¢
866 %€ 19€1 [210], Le

9¢

(z2) ured {(97) smuun o

8 g SOLISS JUISAIJ v
‘(zL) eidojdip «(z 1) yusuwrreduw [ensia {(99) sisoydoid “(g7) sisowayo % cv 0 L10e €2

ce
1%4
0c
6T
8T
LT
9T
ST



LG

59
7o
£9
A
19
05
69
8§

(z1) 9s10M 10 JMEIS

(81) panoxdwr
“0.) 212

%ST

:paAoadun

040L

ou

0c

€S/ Ly

el L 0 0 8/82/0¥%

9L

1102

LS
9¢g
gs
‘[e 30 ung .

€S
4

[¥1]

Ll

81/ 8

0/2/¢y

124

010¢

15
‘2 12 BPIYSOADS

St
[s¥] .

(¢1) paaoadun
“(58) 1m0

0¢

12/6L

1L/0/C¢

e

800T

8%
. p
way TR o:Em:/w@

Sy

(9) 1enpisaz
‘(¢6) 2ano

[4Y

61/18

e/ 0/901

17l

900¢

A7
o1y 1B %m._mvmw

4 (p-0) ones
‘. (op-61) pasoxdu
*,(18-0%) 21N

4G/ oL

[44

eu

I [ 0 9vl eu

Sl

900¢

LV
o
6€
e 1810 Nge
LE
9¢

(16) paao1dul Jo 2100

¢l

8¥ /¢S

I 6 0 0 11707k

9¢

9002

g€

‘Te 19 wyfe
ey 33

(£¢) paaoadu
‘(L) 9amd

94C¢ 0L

w C 9 0 0/11/0

Ll

$00¢

A

1€
rzey T 10 TWOS,
[V

(96

%468 0L

9¢

0L/0¢

L v 0 0 1/0/9T

LC

£00¢

8¢

‘| 19 SuaylLe
(93 -

14
ve
€¢

N

[4A
1¢
0c
61
8T
LT
9T
ST



Q S9

7o
£9

29

19

09

65

8%

LS

99

g9

29

€<

25

18

0S8

334

8%

LYy

9%

swojdwAs Jo A1085180 Yoes U0 PAGLIOSIP AI9M SITURYD JO mo“ww" "
JuaUnEan ou X -ou ‘swoidwis paje[al-JAVP-SD 241 jo souereaddesip sa1dwoo ”%Nwa

174

A3281ms snuIs snouIaAERD 10] Awoloweld usdo ‘ojqesijdde jou 'eu ‘pauonusw jou :ury ‘Fuiuosiom [edrxopered :iyd

ov

‘quauIIea) X[ 91Uy BWWES (D) ‘U0NEZI0qUIL [ELIDMESURI] (V) ‘UONRZI[0GUS SNOUIASUBI] IJ Al ‘TUSUIIEAL]} JR[NDSBAOPUD (L AF 19qUINU J\N

g8¢g
*$1[NSA1 JUIWIBAT) OY} PIPN[OUL JOU PIP A3Y) ISNBID] PIPN[OXS I9M 7 WOdDI § NSICWRIIH pue | Hodal s, JUS

9¢
g

(1) 1enpisa:
‘(9g) 21nd

%001 -ou

99

v/ 99

FE

so1as quasaac &

12 < 0 0 be

SIU 0 L10C

‘mra

%001 -ou

0/00I

g3
0g
2+ IOIRPUAs 7
27

2 9 0 0 T/E/LT [ASE] (174

(L2)
uonnjosal  9331dwoour

‘(¢L) 2Ind

Le
I :uado 9¢

Wy ‘wru 14 0 7T S10T o TBW mmeoﬁwm

‘TIElTl
£2

44
e
174
6T
8T
L1
91
ST



9¢ ueipaw (S F UesW) 9°7S F L'S9 (syyuowr) dn-moy|oj

() 7:avr 1) s:av+ dA (98) £F 1HAY (%) sanpasoud

(T1) 9 uouweduwy [ensia {(gz) [[ :ured [enqio (97)

g1 :smiuun “(99) g :sisordoxd “(z,) 9¢ erdojdip “(8.) 6¢ :sisowayd (%) suondushs

(ueipatu) Z (S F uLawW) €'0T F 69 {sypuowr) swoydwAs jo uoneinp
(o) se=u‘zoe)ST=1u’] (%) Sgw
g=u

¢4 ¢ Cop irrp € ‘ e e o ¢ ] UOLEBDIJISSEO pIeusSo))
A f0=U AT 0=U ‘TIT ‘6T=Y ‘G+B T ‘0=U ‘QI[ ‘IZ=U ‘®T‘0=U ‘]

p=u‘gig=uDp=u‘gip=u‘y adAy s molreq

(81) 6 : Terare[Iq (T8) 12 "Wl (0F) 0T S (%) ap1s paroage
(uetpow) 99 (@SFUBIW) €11 FT'99 a3e

(¥8) T 31pwR) (91) § appw (%) xos

0¢ laqunu 8101

(v) Joquinu SINSIIAI0RIRYD)

sjuaned (g ano Jo Arewwns [erur) ‘1 9[qel,

a|qel



O
O

sjuaned JO 13QUINU U “S3LIIE PIIOFED [BILIDIXI PUE [BUIAIUI (30G WOIJ Paj ‘( ‘A[U0 AI9)Ie pHoIed [eUIalXd
ay) w0y pay ‘7 ‘A[uo L1116 PrI0IRD [RUIIU] U} WO PI] ‘g ‘B[NIS1] SNOUIIARI-PIIOIED JO21IP *Y 19[S} STOUIIARD PLOIRD JO adKy s moliegq
21008 UI{URY PAIJIPOW ‘S UOTIBZI[OqUID [BLI)IR-SURT (V) ‘UOLBZI[OGUId SNOUDASURT] ' A) ‘UONBIASD PIRpURIS (S



J90UED UO[0D JO PIIP :, WAUNE2I] [BNIUT Y] JOYE SUow ¢ Surpas|q |eurweind ;g 1oIejuL WSS wLlq &y,
15917 KamIyM-Uuey “[Hp0Q =d 1, ‘O[B0S unjuey payipow : Syw

(%6°S) 549 C (€) o1 C (%) 7< Syw
oLne (renv L (%) wordwAs [enpisal
«S 1T F80I «lLSFST €8FC9 (sypuow) A13A0921 232]dwod 03 awin
#'T8) ¥l (8°L8) 6T 1874 (%) A19A0921 219[dwod
dn-mo[10.] 1s9187]
0 A€) 1 I (%) 7< Syw
0 (€)1 1 (%) Anpiqiow pareas ainpasoid
(¥'62) s 1L zl () Suiuosiom [eo1xopeied
(6S)1 R X4 ¢ (%) oners
(L¥9) 11 (LT vT ¢ (%) paroidwi
(ypuowt | =) dn-mo[[0} aBIpa]
o) L1 (99) €€ 0S (%) sSuipuly yS(] SILIpawL]
[enpIsar Junyg ssuereaddesip-junys [210], 12101,

swojdwAs Jo sagueyo jeinpadsord-1sod ‘7 9[qeL

|lqel



O

(61) 3muq “(g1) s1soid (1 ) erdordip “(3¢) Asped aatou [erueld

L9 [44! 6¢ vl 900C 1] [E19 UoSIy
‘(g7) yowredunt ensia (4 g) sisoydoid ‘() sisowayd
(s7) uted “(57) nnuq (i) erdordip 6S S0l 0S ¢ST  900T T8 19 A
“(¢g) yuownredun Jensia (gz) sisoydord (/) sisoways “(pg) 243 pal [£b]
(1) ayoepesy (p¢) ured [eyqio (1) sisord LS Sy I 95  900T e 19 wry
“(yg) midodip “(g1) yuouunedun ensia (1) sisopdoxd “(zg) sisowoyd - .
(11) smyuun 99 IS 14 $9 00T :
‘(11) sisod “(g¢) mdojdip (g1) sisoidoad (Z¢) sisowayo [zey 1€ ¥ IHOIES
(§) woned |eigerad LS 0$ 8 8¢ S00T e 13 un
(1) snowsaes “(¢g) wrayed [e1qio ‘(49) uraned Je[noo gy [EIRUNS
(11) snjtuun (61) Asjed oarou [e1uesd 09 T € LT £00T 219 S
{(97) wowredu; [ensia ‘(9g) sisoydoad (9g) sisowayd o1 | 4o
(1) ured (¢ smuun (89) 09 66 9¢ ceEl To0T .
eidojdip (7 ) wwouuredwn [ensia 4(1g) sisoydoid (zg) sisowayd (g6) 245 pau g T8 3R SIPKN
(s1ealk) Jaquinu
(o) swodwiAs oS¢ upow oleway} J[ew 6101 Ieak loyne

9B[NJS1J SNOUIA-OLILIE
[eINp SNUIS SNOUISAERD UM sjuaned o pue pajiodar-A[snoraaid jo sonsuooeieyd [edtul[) °¢€ 2[qBL

2qel



AO[] UNYS JO XN[JI STOUIA [BIN1I0D 01 NP s101dLuAs :{BIgaIa0 10 8211100
‘SNULS SNOWIDARD UI §3A13U JO As[ed 10 UoOUNSAp [STOUIPABD

pauoHuUdW JoU Ul

ayoepeay pue ‘uted Jenqro-onal ‘ured fenqto Fuipnjout (ured

866 |54 19¢1 [EJ0L
(z0) ured “(97) smuun v Q SOMIAS JUISAL]
‘() eidoydip “(z1) wawaedwr jensia (99) s1soydoid ‘(g/) sisowaysd & 05 Ll .
weu 79 L1 Sl e 910¢ izv7 TIOIOPUIM,
(81) [291110 “(9€) SNOWIAARD (Z8) [BJIGIO PUB IB|ND0 SS wu w e ST e sewoyy
uru L9 6¥¢ 0<l 69y V10T o1y 1219 NSIRUIRIIE
(8) uondunysAp da1au [eurFLY 6S IS ST 9L 110T 1215 Sun
“(z9) vidojdip ‘(p7) waunredws [ensia (z9) sisoydoid ([7) sisowayo iy 12500
(1) Asied 1030W10M20 “(¢) As[ed susonpqe 99 1€ €1 ¥ 010T ‘18 10 BPIUSO
‘(11) wowaeduwr [ensia ‘(1) sisordoad “(go1) sisowayd (sv] | PIYSOA
{67) ured ‘(9) uonounysAp aAzdu [ewwagiy ‘(¢g) smuuun ‘(z4) 79 C 6 1€ 800C '[€ 30 OUIYSIN
As[ed 10j0wondo (g9) Asred sudanpqe (1.) sisordoid (7 7) aka par tra -



1
(9) 1enpisaz - )
{(56) 100 w-t zZ$ 61718 € 6 € 0 TE/0/901 Pl 9007 (o3 T IO UISIY
4 ($-0) onEIS
‘% (9p-s1) penoadun %S L 0t 4 ?'U I z 0 9l B SST 9002 ey TB1RIM
*(18-06) aImd
(16) paaoidwi 10 2100 wre ¢l 8 /TS [ 6 0 0 11/0/S¥ 95 900C iy 10 Wy
(€£6) paroadunr ) e )
1) 2100 045 10t 6 wu  wu g 9 0 0/11/0 LT SO0T [z ‘1810 1WiOlES
(96 0468 0L 9z 0L/ 0g L % 0 0 1/0/92 LT £00T o7 ‘1230 3usy)
(06 %06 0L 96 wu wu 9 7T 0 WU el o0 2 10 S19KN
/ TE / 101 el
(syiuouwr) BOPISAI / OU
(%) i [enpisal/ uoymy AVHAA)
swodufs 9Tl M gdwes B0 Gyian o
unys Ieak ioyne
2101
(%%) (oN)
dn-mor1o) 15998 21) I8 JuLUNEBAN [eLUl Iaye Isn( snies JuaunEeas) jenu

ov[MISIy
SNOUSAOLISLIR [BINP SNUIS SNOWIDARD YJIM sjudnjed sno pue pajiodal-A[snorAdxd Ut sswooino pue sjudwleal],  3[qeL,

9qel



swoydwAs jo £1032180 Yord U0 PaqLIISIP AIdM SIFURYD JO SR,

JUAWIN BT OU X [ -0U ‘swoidwAs paeaI- JAVP-SD 241 Jo 2dueieaddesip a19jdwod :21nd

AJa3Ins snuis SNOWIdARD 10] Awojorueld (uado ‘djqeordde jou :"e'u ‘pauonuatu jou wru ‘Furudsiom [earxopered [ d

quaueal) (X |, ‘9JIuy BWWESF 1H0) ‘UONBZI[OQUI [BLIDLIBSURI) 5 V] ‘UOIBZI[OQUID SNOUIASURI] (A “JUIWIBAI] JR[NISBAOPUD (] A “Iaquinu :"ON

"$1[NSAI JUAWILAI) AY) PAPN[OUL 10U PIP A3 ISNBIIQ PIPN[OXd AIdM [ Hodal s nsjewellf] pue (. Wodars yng

(1) [enpisaz

{gg)omo 7001 :0U 99 € /99 T z 0 0 S/TUEY 0S  L10T sa11as Juasaid
WU %001 ou 9 0/001 € 9 0 G BiEILT € 910t [z UIOIOPUIM
(LD fsuado

uonnjosar  dR[dwooul wru 6 ‘wru wru wru ¥ 0 e TT  S10T  [ggy [B 19 seWOY],
(Z1) 9s10m 10 dneIS 9%ST

‘(81) paroxdur :panoxdu 0T €S/ LY €l £ 0 0F B /8T Ok 9L  110T (pry 1819 Bung
“(OL) 2o ‘o0, :ou

w L1 31/ 28 14l i 0 0 OfTithy v 010T (o 1819 BPIYSOA
(S1) paroadun e

wrt 0€ 1T/6L 6€ weu 0 @ ILSGLET 1€ 8007 [pgy 1819 OUIYSIN

‘(¢g) 21nd




T 24n314

uoisiAal ou-ainbi



¢ 9.n3l14



ivi

(1vN) (3N
(zL) ‘8¢ e@ Nl

(8€) ‘st
(LVN) | 3v3

(941) ‘vt (1L¥N) | 3AY ‘I3
(Sv) ‘81 A A INY

(zv) T

(0sT) ‘s¢

(£ST) ‘€T (1¥N) i 31

(€0T) ‘8 (LVN) | 3A} ‘IV2
(£8) ‘v

(LVN) :
(gg) ‘v |% w_n &
(92) &F IAL IV
(82) ‘s %

E/Y

(6£) ﬁm% N

(19) ‘C — (1¥N)i 3N
ajluy-eWIWES: ,_‘ (1T = (1¥N)} 3
(1T = (1wvN)} 3N

(6TT) T =1 (1vN)i IN

luauwileall
el

3uipag|q |eutweind: A

(uonezijoqua sNoUaA-suesl) AL 4

<€ (syyuow) dn-moj|o}

¢ 24n3i4



7 24n314



