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Abstract

Purpose The severity of residual stenosis (RS) sometimes
cannot be accurately measured by angiography during
central vein intervention. This study evaluated the role of
pullback pressure measurement during central vein stenosis
(CVS) intervention.

Methods A retrospective review enrolled 94 consecutive
dialysis patients who underwent CVS interventions but not
stenting procedures. Patients were classified into 2 groups
by either angiography or pressure gradient (PG) criteria,
respectively. Groups divided by angiographic result were
successful group (RS <30 %) and acceptable group
(50 % > RS > 30 %), while groups divided by PG were
low PG group (PG <5 mmHg) and high PG group (PG
>5 mmHg). Baseline characteristics and 12-month
patency rates between the groups were analyzed.
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Results The angiography results placed 63 patients in the
successful group and 31 patients in the acceptable group.
The patency rate at 12 month was not statistically different
(P = 0.167). When the patients were reclassified by the
postintervention pullback PG, the patency rate at
12 months was significant (P = 0.048). Further analysis in
groups redivided by different combinations of RS and PG
criteria identified significant differences in the group with
both RS <30 % and PG <5 mmHg compared with those
with either RS >30 % (P = 0.047) or PG >5 mmHg
(P = 0.027). In addition, there was a significant difference
between those with both RS <30 % and PG <5 mmHg
compared with those with both RS >30 % and PG
>5 mmHg (P = 0.027).

Conclusion Postintervention PG can better predict long-
term outcomes after angioplasty for CVS in nonstented
dialysis patients than angiography.
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Introduction

Central vein stenosis (CVS) is a potentially serious con-
dition with an incidence of 10 to 20 % among hemodialysis
patients who undergo interventions for complications
related to dialysis access [1, 2]. Recently, percutaneous
interventions have been a popular management strategy for
CVS as a result of the decreased rate of complications
compared with surgical intervention [3-7]. The goals of
any intervention are to relieve CVS-related symptoms and
maintain dialysis access. According to the guidelines of the
National Kidney Foundation—Dialysis Outcomes Quality
Initiative (NKF-K/DOQI) [8], the criteria defining success
of a technique are <30 % residual stenosis (RS) on angi-
ography and the restoration of dialysis access. In clinical
practice, these criteria are also used for CVS interventions.
However, two studies suggested that angiography is not
predictive of changes in blood flow [9] and may not
accurately predict success and patency rates [9, 10].
Whether these criteria are suitable to evaluate the success
of CVS interventions remains uncertain.

In coronary artery interventions, angiography criteria
defining success are commonly used in clinical practice.
However, the limitations of angiography in select cases have
led to the development of other tools such as intravascular
ultrasound [11] and pressure wire [11-13] to reevaluate the
success of a procedure. In particular, the measurement from a
pressure wire can influence the coronary intervention strategy
[14], and it has been reported to be a better tool for estimating
patency rate and complication-free survival than angiography
criteria [15]. In cases requiring interventions for dysfunction
of dialysis access, intragraft pressure and pressure gradient
(PG) at the intragraft stenosis have been used as an alternative
to angiography criteria to predict patency rate [16, 17].
However, to our knowledge, no studies have reported the role
of pullback PG in CVS interventions. Therefore, this study
retrospectively reviewed endovascular CVS interventions in
which PG was recorded after the intervention with the aim of
evaluating the efficacy and differentiation potency of PG
compared with angiography criteria.

Methods
Patient Population
This case-control study surveyed 274 consecutive patients

who underwent interventions for CVS from January 2001 to
December 2010 in accordance with the recommendations of

NKF-K/DOQI [8]. Technical failure was defined as RS
>50 % regardless of clinical signs/symptoms. Patients who
experienced failed technique, stenting procedures, or per-
cutaneous transluminal angioplasty (PTA) for intrastent
lesions were excluded. Postintervention pullback PG was not
recorded in every case as the measurement of PG is not
essential to the standard technique, and these cases were
excluded. Furthermore, patients who did not present at the
clinic for follow-up or whose symptoms could not be solved
after the intervention were also excluded.

In total, 94 patients with RS <50 % on angiography and
whose clinical signs/symptoms were solved were selected
for further study. These patients were divided into two
groups by either angiographic or PG criteria (Fig. 1).
Angiography results split the groups into an acceptable
group (RS >30 %) and successful (RS <30 %) groups [8].
The PG, which was calculated by the receiver operator
characteristic curve, established a low PG group
(<5 mmHg) and a high PG group (>5 mmHg). All medical
records of the patients who received PTA for CVS were
retrospectively reviewed. Details of the interventions were
also obtained by reviewing the radiology reports and
angiograms. This retrospective study was approved by the
internal review board of Chang Gung Memorial Hospital.

Intervention Procedures

Written informed consent was obtained from each patient
before the procedure. Diagnostic angiography was per-
formed initially to evaluate the entire dialysis access sys-
tem and the central vein. Significant stenosis was defined as
a reduction in luminal diameter of at least 50 % judged by
comparison with the adjacent vessel. When significant
stenosis was found, it was crossed by a 0.025- or 0.035-in
hydrophilic wire (150 cm length; Terumo, Tokyo, Japan).
After a balloon with closed balloon to vessel ratio of 1:1
was positioned across the lesion on the rail of the wire, it
was inflated until no waist remained or until the maximal
rated balloon pressure was reached, and then dilated for
3040 s at a time. The size of the balloons used ranged
from 8 to 18 mm with a rated burst pressure of 16-30 atm
(Wanda, XXL, Boston Scientific Ireland, Galway, Ireland;
or Conquest, Bard Peripheral Vascular Inc., Tempe, AZ).

After RS <50 % was achieved based on angiography, a
5F Judkins right 4 (JR4) catheter connected to a pressure
transducer was pulled back to record the mean pressure
across the central vein lesion (Fig. 2A). If the goal, which
included RS <30 % (technique success), or RS <50 %
plus PG <10 mmHg, could not be achieved after initial
angioplasty, prolonged inflation up to around 2 min was
performed. Pullback PG was repeated to evaluate the effect
of this prolonged inflation. If RS >50 % persisted, it was
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Fig. 1 Enrollment diagram for
the case—control study
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94 procedures (M=47; F=47)

Division by pressure gradient
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Successful group:
63 procedures (M= 32; F=31)

Acceptable group:
31 procedures (M= 15; F=16)

PG<5 mmHg(low PG) group:
51 procedures (M= 27; F=24)

PG>5 mmHg(high PG)group:
43 procedures (M= 20; F=23)

considered a technical failure. Two strategies were then
pursued: percutaneous transluminal stenting at the CVS
was the first choice, and then if the patient refused a stent
but had persistent symptoms, surgical closing of the ipsi-
lateral hemodialysis access was carried out.

Patient Follow-up

The patients were regularly monitored at our outpatient
clinic by nephrologists or a hemodialysis team during the
follow-up period. The date of the last follow-up was
established as the date of death, the last clinical visit before
the end of the study, or the date of any procedure used to
treat restenosis. Follow-up data were gathered from clinical
records and standardized telephone interviews. Patients
were referred back to the Cath Lab for further evaluation if

@ Springer

there were any signs or symptoms of restenosis of the
central vein or dysfunction of the dialysis access.

Study Definitions

A central vein lesion was defined as stenosis involving the
subclavian vein, the brachiocephalic vein, or the superior
vena cava. Primary patency rate was defined as the interval
between the successful procedure and the first subsequent
intervention for restenosis of a central vein lesion [18]. The
end point for primary patency assessment was 12 months.

Statistical Analysis
Statistical analysis was performed by SPSS software,

version 15 for Windows (IBM, Armonk, NY, USA).
Continuous variables were described as mean =+ standard
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Fig. 2 An 80-year-old female dialysis patient accepted an interven-
tion for CVS for right arm swelling. A A 5F JR4 was connected to a
pressure transducer. B Angiography demonstrated approximately
90 % stenosis over the brachiocephalic vein. C A 7.0 x 80 mm
balloon was used for first dilation. D, G After the first dilation, the RS

deviation, and categorical variables as numbers or per-
centages. Continuous variables were compared by the
two-tailed Student’s ¢ test for parametric data and Mann—
Whitney U test for nonparametric data. Categorical vari-
ables between 2 groups were compared by the chi-square
test. The receiver operator characteristic curve was
adopted to calculate a criterion value of the best bound
for pullback PG which was defined as the highest sum of
sensitivity and specificity (the criterion value on the
maximum summation of sensitivity added specificity) in
predicting the primary patency rate at 12 months. Corre-
lations between the PG cutoff value and the severity of
RS were analyzed by Pearson’s correlation. Primary
patency rate was statistically analyzed by the Cox
regression curve and life table method. The significance
of variables by univariate analysis was determined by
binary logistic regression analysis. Follow-up ceased
when the patient was lost or died at or before the 1-year

was approximately 75 %, and the pullback PG was approximately
20 mmHg. E A 14 x 40 mm balloon (approximately 1:1 balloon—
vessel ratio) was dilated over the lesion. F, H At the final result, the
RS was approximately 50 % but the pullback PG was nearly
0 mmHg. RS residual stenosis, PG pressure gradient

follow-up. All P values were two-sided, and statistical
significance was set at P < 0.05.

Results

The 94 patients enrolled onto this study were analyzed by
comparing groups classified by either angiographic results
or postintervention PG.

Groups Divided by Angiography

When all of the patients were divided into two groups by
angiographic results, there were 63 cases in the successful
group and 31 cases in the acceptable group. There were no
statistical differences between the groups in baseline
demographic data and the characteristics of dialysis access,
with the exception of hypertension (Table 1). Furthermore,

@ Springer



1300

Y.-S. Lin et al.: Pressure Gradient in Central Vein Intervention

Table 1 Preinterventional baseline patient characteristics

Group Division by image results Division by pressure gradient
Successful Acceptable P value Low PG group High PG group P value
Patient characteristics
Male 32 (50.8 %) 15 (48.4 %) 1.000 27 (52.9 %) 20 (46.5 %) 0.631
Age (y) 60.0 £ 13.90 60.5 £+ 10.52 0.860 60.7 £ 13.90 594 £ 11.56 0.860
Diabetes mellitus 24 (38.1 %) 10 (32.3 %) 0.652 17 (33.3 %) 17 (39.5 %) 0.667
Hypertension 28 (44.4 %) 23 (74.2 %) 0.008 27 (52.9 %) 24 (55.8 %) 0.837
Ischemic heart disease 14 (22.2 %) 9 (29.0 %) 0.610 12 (23.5 %) 11 (25.6 %) 1.000
Stroke 5(7.9 %) 3(9.7 %) 1.000 4 (7.8 %) 4 (9.3 %) 0.801
Smoker 13 (20.6 %) 9 (29.0 %) 0.439 10 (19.6 %) 12 (27.9 %) 0.464
Body weight (kg) 57.0 £ 16.05 58.7 + 11.96 0.633 55.0 + 10.11 60.5 + 18.69 0.091
Body surface area (m?) 1.56 £ 0.153 1.60 £ 0.176 0.268 1.55 £ 0.158 1.59 £ 0.162 0.198
Clinical indication
Access arm swelling 54 (85.7 %) 25 (80.6 %) 0.558 42 (82.4 %) 37 (86.0 %) 0.779
Type of dialysis access
Gore-Tex 28 (44.4 %) 15 (48.4 %) 0.826 22 (43.1 %) 21 (48.8 %) 0.679
Native vessel 35 (55.6 %) 16 (51.6 %) 29 (56.9 %) 22 (43.1 %)
Location of dialysis access
Forearm 12 (19.0 %) 8 (25.8 %) 0.593 12 (23.5 %) 8 (18.6 %) 0.620
Upper arm 51 (81.0 %) 23 (74.2 %) 39 (76.5 %) 35 (81.4 %)
Data are presented as n (%) or median (range)
PG pressure gradient
Table 2 Angiography results for cases of central vein stenosis
Group Division by image results Division by pressure gradient
Successful Acceptable P value Low PG group  High PG group P value
Site
Left 40 (63.5 %) 18 (58.1 %) 0.656 31 (60.8 %) 27 (62.7 %) 1.000
Right 23 (36.5 %) 13 (41.9 %) 20 (39.2 %) 16 (37.2 %)
Condition of central vein lesion
Occluded 16 (25.4 %) 9 (29.0 %) 0.805 15 (29.4 %) 10 (23.3 %) 0.640
Combined peripheral lesions 16 (36.4 %) 14 (53.8 %) 0.212 19 (37.3 %) 12 (27.9 %) 0.384
Location of central vein lesion
Subclavian vein 34 (54.0 %) 20 (64.5 %) 0.523 29 (56.9 %) 25 (58.1 %) 0.653
Brachiocephalic vein 28 (44.4 %) 11 (35.5 %) 21 (41.2 %) 18 (41.9 %)
Superior vena cava 1 (1.6 %) 0 (0.0 %) 1 (2.0 %) 0 (0.0 %)
Severity of lesion before PTA (%) 81.6 £ 14.23  84.9 + 12.57 0.272 83.2 £ 14.00 82.2 £ 13.54 0.730
Diameter of pre-PTA reference (mm) 13.5 £ 7.09 12.6 £+ 3.18 0.581 12.7 £ 5.00 12.4 £+ 3.35 0.525
Residual stenosis after management (%) 242+ 7.7 47.8 £ 893 <0.001 32.6 £ 15.55 313 £ 11.54 0.642
Diameter of post-PTA reference (mm) 129 £ 3.71 11.7 £ 2.18 0.179 12.6 &+ 3.34 12.4 4+ 3.35 0.774
Pressure gradient after management (mmHg) 6.9 + 7.29 8.6 £ 10.41 0.388 1.7 £ 2.19 143 £ 7.97 <0.001

Data are presented as n (%) or median (range)

PG pressure gradient, PTA percutaneous transluminal angioplasty

@ Springer



Y.-S. Lin et al.: Pressure Gradient in Central Vein Intervention

100 ‘___L':‘—L"‘ — TVSuccessful group
"!_.l =T Acceptable group
£
- 807 ‘1;_ ————— .
s i
] ! b
= - 1
£ e g TN
> 60 o by s O
=] —
= (I -4
7] 2
8 | e—— :
@
£ [
B 40 39,
)
E P=0.2%6
50 4
04 A
¥ T T T T
0 2 4 [ 3 10 12
Months
10 T === — TPG<5 mmH g group
‘lk £ i Buccessful group
v
e
@
-
®
-
B 60
o
=
8
)
-9
g *
é P=0.698
20 -
01 C
T T T T T
0 2 4 6 8 10 12
Months

Fig. 3 Kaplan—Meier plot demonstrating primary patency rates over a
12-month period after endovascular interventions in the different groups.
A 12-month primary patency rate of the successful and acceptable groups.
B 12-month primary patency rate of PG <5 mmHg (Low PG) and PG

there were also no statistical differences in the variables
during intervention, except for the degree of RS
242 % £ 7.7 vs. 47.8 % £ 8.93; P < 0.001; Table 2).
There were no significant differences in 12-month survival
(Fig. 3A; P = 0.296; odds ratio [OR] 1.389; 95 % confi-
dence interval [CI] 0.750-2.573) or patency rate at
12 months (Fig. 3A; 54 vs. 39 %; P = 0.167).

Groups Divided by PG

When all of the patients were divided into two groups by
postintervention PG, there were 51 patients in the low PG
(PG <5 mmHg) group and 43 patients in the high PG (PG
>5 mmHg) group. There were no statistical differences
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>5 mmHg (High PG) groups. C 12-month primary patency rate of PG
<5 mmHg (Low PG) and the successful group. D 12-month primary
patency rate of the successful group, PG <5 mmHg, and PG 0 mmHg
groups. PG pressure gradient

between the groups in baseline demographic data, dialysis
access, or intervention variables, except for PG (1.7 + 2.19
vs. 14.3 &= 7.97; P < 0.001; Tables 1 and 2). There was no
significant difference in 12-month survival (Fig. 3B;
P = 0.126; OR 1.613; 95 % CI 0.875-2.973). However,
there was a significant difference in the patency rate at 12
months (Fig. 3B; 60 vs. 37 %; P = 0.048).

Correlation between the Successful Group and Low PG
Group

Analysis of the successful group (patients with RS <30 %)

and low PG group (patients with PG <5 mmHg) revealed a
correlation of moderate agreement (k = 0.603). The
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Fig. 4 Kaplan—Meier plot demonstrating primary patency rates over
12-month period in the different groups with different values of RS
and PG. A 12-month primary patency rate of cases with RS <30 %
and PG <5 mmHg, compared to those with RS >30 %. B 12-month
primary patency rate of cases with RS <30 % and PG <5 mmHg,

distributions of baseline characteristics and variables during
interventions between the two groups were similar, with the
exception of RS (242 £7.7 % vs. 32.6 = 15.55 %,
P = 0.001) and PG (6.9 £ 7.29vs. 1.7 & 2.19, P < 0.001).
There was no significant difference in 12-month survival
(Fig. 3C; P = 0.698; OR 0.887; 95 % CI 0.484-1.626).

Groups Redivided by Different Combinations of RS
and PG Criteria

All of the patients were reanalyzed according to different
combinations of RS and PG (Fig. 4). When the patients

@ Springer

100 1 [ e T —TR3<30% plus PO<5muHg
Ravanene] « "1 PG> SmunHg
50 4
=
=
<
&
€ .
60 4 i
ey
2 s
3 .........
[
2
P~ 3
a ¥
;E P=0.152
20 4
01 B
T T T T T
0 2 4 6 8 10 12
Months
100 = —T1PG< SmmHg
i ..I"R8>30% phus PG>SmmHg
i
su | I.'.‘;'.'_.l-l_ _
= i e
e d H
- H , P
& - by
© | ——
= 0 [ ]
ry ®
2 | R y
2
g E
e | EES——"
®
. _ [
;E P=0.058 n
20
01D
T T T T T
0 2 4 6 8 10 12

Months
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PG >5 mmHg. D 12-month primary patency rate of cases with PG
<5 mmHg, compared to those with RS >30 % and PG >5 mmHg. RS
residual stenosis, PG pressure gradient

were grouped by a combination of RS <30 % and PG
<5 mmHg, there were no significant differences in
12-month survival compared with those with RS >30 %
(Fig. 4A; P = 0.115; OR 1.812; 95 % CI 0.886-3.790) or
PG >5 mmHg (Fig. 4B; P = 0.152; OR 1.771; 95 % CI
0.881-3.870). However, there were significant differences
in primary patency rate at 12 months (Fig. 4A, 65 vs.
39 %, P = 0.047; Fig. 4B, 65 vs. 37 %, P = 0.027). In
contrast, when the patients were grouped by a combination
of RS >30 % and PG >5 mmHg, it revealed a trend in
12-month survival curve compared with those with RS
<30 % (Fig. 4C; P =0.089; OR 1.938; 95% CI
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0.903-4.160), or PG <5 mmHg (Fig. 4D; P = 0.058; OR
2.173; 95 % CI 0.974-4.844), and also revealed significant
differences in primary patency rate at 12 months (Fig. 4C,
54 vs. 23 %; P = 0.050; Fig. 4D, 60 vs. 23 %, P = 0.027).

Discussion
Study Design

In the analysis of dialysis systems, angiography is the
standard to define the success of PTA and to decide whe-
ther lesions should be treated. According to the DOQI [8],
lesions with >50 % stenosis in the dialysis access or central
vein can be treated if the hemodialysis patient suffers from
access arm swelling or dysfunctional dialysis access.
Therefore, this study focused on cases with RS <50 % and
in whom signs/symptoms were relieved after management.
In clinical practice, the severity of a lesion is measured by
quantitative coronary arteriography. However, it can be
manually adjusted. In contrast, pressure is detected by
hemodynamic monitoring systems which cannot be
manipulated. In addition, one study suggested that the
severity of stenosis detected by angiography cannot well
matches that detected by intravascular ultrasound, but it
detected by the PG dose [19]. Therefore, this study
attempted to determine more scientific parameters to pre-
dict the outcome of the procedure, and postintervention PG
was selected. If a lesion is fully dilated, the blood flow will
not be disturbed and hence the PG should be zero. Initially,
we tried to use a PG value of 0 mmHg as a cutoff value;
however, the patency rate was nearly the same as the PG
<5 mmHg group (Fig. 3D). Furthermore, the cutoff value
of 5 mmHg provided the highest sensitivity and specificity
to differentiate groups in this study, and therefore,
5 mmHg was chosen as the cutoff value. Importantly,
anatomic variations in CVS may introduce errors in angi-
ography and affect the estimation of patency. However,
stenting is an important factor influencing the patency rate
and it would increase the complexity of making compari-
son of the patency rate in this study. As the group with
stenting was small (Fig. 1), we excluded these patients
from this study.

Postintervention PG Was Better than RS

The central vein patency rate in the successful group and
acceptable group were both comparable to previous studies
[5, 7, 18, 20]. Further, the angiographic results were not
adequate to differentiate the successful and the acceptable
groups (P = 0.296 for the survival curve; P = 0.167 for
the patency rate at 12 months). This seems to suggest that
an RS of <50 % is enough if the clinical signs/symptoms

can be resolved by PTA. In contrast, a postintervention PG
cutoff value of 5 mmHg represented a better parameter
than RS to predict the patency rate and to differentiate the
low PG and high PG groups (P = 0.126 for the survival
curve; P = 0.048 for the patency rate at 12 months). Of
note, our results also indicated that the predictive power of
combining both RS and PG criteria was better than a single
criterion (either RS or PG), especially when using PG
criteria in the acceptable group (Fig. 4D).

Correlation between Postintervention PG and RS

In general, lesions with lower RS values had lower PG.
However, the correlation between the successful group and
low PG group was just moderate (x = 0.603) (i.e., Fig. 2
demonstrates a case with RS that did not meet the success
criteria; however, the PG was nearly zero after manage-
ment). Some conditions may explain this result. First, it is
sometimes difficult to fill the central vein with contrast
medium during angiography as a result of the large size
(the reference diameter was around 12 ~ 13 mm in size)
which may obscure the vessel margin. Therefore, autode-
tection of the vessel margin may lead to mistakes in such
cases, and the severity of the CVS would need to be
manually determined. In addition, stenotic grading is
challenging in dialysis access because the reference vessel
diameter can be difficult to determine, especially in the
central vein [21]. Therefore, the true severity of the CVS is
difficult to accurately evaluate in such conditions which
may increase the degree of artificial error. Second, the
orientation of the central vein can vary (especially in
occluded/stenotic central veins), and the shape of the ste-
notic area is not always circular. This may cause the ste-
notic lesion to appear either more or less severe than it
truly is under fluoroscopy.

Suitability of Devices for Pressure Measurement

In coronary angioplasty, a pressure wire represents an
alternative indicator of the success of the procedure [12,
13]. Because the size of the coronary artery is small, the
size of pressure wire needs to be small enough to prevent
obstructive effects on the PG. In this study, the diagnostic
5F JR4 was selected instead of the pressure wire because of
the use of the pressure wire is not usually available in our
Cath Lab and the pressure wire is more expensive than the
5F JR4. Further, the outer-sheath diameter of the SF JR4 is
1.65 mm, and the diameter of a 50 % stenosed central vein
lesion is around 67 mm according to the measurements in
this study. Therefore, the ratio of the area of the central
vein to the catheter was approximately 15.5, and the
obstructive effect can be ignored. Therefore, the SF JR4 is
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Fig. 5 Collaterals during intervention for central vein stenosis. A, B
Collaterals in a patient with a postintervention PG of 0. A Many
collaterals under the subclavian vein was occluded. B Reduced
collaterals were noted after intervention. C,D Collaterals in a patient

a good device to detect pressure on both sides of lesions in
the management of CVS.

Limitations

This study has several limitations as a result of its retro-
spective and investigative characteristics. First, measure-
ment of the PG by catheter pullback across a lesion is not a
very accurate method to measure the true difference in
pressure across the lesion. A simultaneous 2-catheter
technique would have been more accurate. However, the
literature suggests that the difference between the two
techniques is <2 mmHg [19], and therefore, this difference
may have had little effect on our study. On the other hand,
venous pressure is easily affected by respiration, and this
could increase errors during measurement. The patients
were instructed to exhale and then stop respiratory

@ Springer

with a postintervention PG of approximately 20 mmHg. C Many
collaterals under the subclavian vein were occluded. D The collaterals
were also diminished after intervention. PG pressure gradient

movements during measurement; however, this was diffi-
cult to achieve. Second, the small number of cases were
insufficient to produce statistically significant results.
Third, because no standard surveillance (i.e., regular
postintervention sonography) was performed, consistent
end points (i.e., the cutoff value of severity or degree of
velocity changes of the restenosis area) were hard to
achieve. Fourth, pretreated PG and the condition of col-
laterals were not included in this study. With regard to
pretreated PG, we speculate that severe stenosis or even an
occluded vessel would increase the ratio of the size of the
JR4 catheter to the CVS which would then affect the pre-
cise measurement of the PG. Besides, there are currently no
studies in the literature on the correlation between PG and
clinical symptoms, and it would be difficult to correlate the
initial presentations with pretreated PG. With regard to
collaterals, they can be found in nearly all patients under
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initial angiography, and they would be reduced after
interventions even if the postintervention PG were high, as
illustrated in Fig. 5. Unfortunately, two factors affected the
evaluation of collaterals after the interventions in this
study. First, the location of the catheter in final angiogra-
phy was different from that in initial angiography. Second,
the final angiography only focused on the central vein
lesion in some cases, and so the collaterals were easily
missed. Therefore, this variable was excluded and further
study may be needed to investigate the correlation between
postintervention PG and outcomes. Finally, the postinter-
vention PG measurements were not used for all reinter-
ventions, so comparisons of the assisted patency rates of
the different groups could not be performed.

Conclusions

The results of this study indicated that the 12-month
patency rates in both the successful and acceptable groups
were compatible with previous studies. Therefore, a
severity of RS <50 % can be considered acceptable after
relief of the clinical signs/symptoms. A postintervention
PG of 5 mmHg had a better differentiating potency than
the value of 30 % RS during angioplasty for CVS.
Therefore, we suggest that postintervention pullback PG is
a better alternative to predict the long-term outcomes after
interventions for CVS in nonstented dialysis patients, and
that it is a good tool even in cases that are not in accor-
dance with the conventional standard criteria.
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