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Introduction: The 2019 Kidney Disease Outcome Quality Initiative (K/DOQI) guideline recommended
evaluating arteriovenous fistula (AVF) malfunction risks primarily based on clinical monitoring, which can
be assisted with the value of vascular access flow (Qa). Nevertheless, Qa thresholds recommended by
different guidelines vary, ranging from 300 to 500 ml/min. This study investigated the optimal Qa threshold
to predict future functional patency in AVFs with Qa <500 ml/min.

Methods: Both the clinical indicators of access dysfunction and the Qa value were monitored in patients
receiving hemodialysis by the radiocephalic AVF. Routine access flow surveillance was performed by the
ultrasound dilution method (HDO03, Transonic Inc.). The development of clinically significant indicators of
access dysfunction, which necessitated percutaneous transluminal angiography (PTA) to maintain func-
tional patency, was analyzed in this cohort.

Results: Among the enrolled 302 patients, Qa of 52 patients was under 500 ml/min. These 52 patients
received 2 Qa measurements during the follow-up period. Of these 52 patients, serial Qa of 17 patients
varied trivially and their AVF remained functional. Multivariable logistic regression analysis revealed that a
low Qa per ideal body weight (IBW) is an independent predictor of AVF functional loss. Receiver operating
characteristic curve analysis of Qa/IBW in predicting future AVF functional loss revealed that the best cutoff
value of Qa is 7.1 times the IBW.

Conclusion: For radiocephalic AVFs with Qa <500 ml/min, the minimally required Qa to maintain access
function is associated with individual IBW. The IBW-based Qa threshold assessment would allow more
flexibility in the treatment of patients and reduce unnecessary invasive measures.
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ascular access is the lifeline for patients with he-
modialysis." AVF provides superior patency than
arteriovenous graft or tunneled catheters.” Yet, the
provision of good quality access, even with AVF, re-
mains challenging to achieve owing to foreseeable
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stenosis leading to thrombosis. Monitoring AV fistulae
and grafts for hemodynamically significant stenosis
improved patency and outcome in conjunction with
corrective treatment.” © Nevertheless, this proactive
approach might increase the likelihood of overdoing
pre-emptive measures and may lead to unintended

7
vascular damage.

The 2019 National Kidney Foundation’s K/DOQI
guideline recommended evaluating AVF malfunction
risks based mainly on clinical monitoring, rather than
solely relying on Qa alone.” Regarding the optimal Qa
threshold, the K/DOQI guideline indicated that those
with AVF access flow rate <500 ml/min, arteriovenous
graft access flow rate <600 ml/min, or access flow rate
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Table 1. Characteristics of patients on dialysis whose AVFs remained functionally patent or not throughout the follow-up period

Functional patency

Yes
Factor [PTA; (=) and PTA; (—)]
Patient number (1) 17
Age (yn) 758 £ 12.6
Male gender (n; %) 7;41.2
Dialysis duration (mo) 559 +47.8
BH (cm) 157.6 + 7.2
Actual BW (kg) 57.9 + 10.6
BMI (kg/m?) 233+ 39
BSA (m?) 1.59 + 0.16
Ideal BW (kg) 521 +78
Adjusted BW (kg) 527 +7.4
Access flow
Qay (ml/min) 426.5 + 81.9
Qa, (ml/min) 508.8 + 245.5
Comorbidities
Diabetes mellitus (n; %) 6; 35.3
Hypertension (n; %) 9;52.9
Congestive heart failure (17; %) 4; 23.5
Ischemic heart disease (1, %) 3;,17.6
Cerebrovascular disease (17; %) 0; 0.0
Biochemical data
Albumin (g/dI) 37+03
Cholesterol (mg/dl) 1556.4 + 42.1
Triglycerides (mg/dl) 185.0 + 123.1
Uric acid (mg/dl) 63+1.9
Fasting glucose (mg/dl) 163.4 + 102.9
Total bilirubin (mg/dl) 0.7+03
ALT U/ 138 +7.4
AST (U 184 + 6.9
Calcium (mg/dl) 9.4 + 0.7
Phosphate (mg/dl) 44 +1.4
ALP (mg/dI) 105.8 + 60.7
Infact PTH (pg/ml) 427.9 + 355.4
WBC count (1000/cumm) 63+15
Hemoglobin (g/dl) 102+ 1.0
Platelet count (1000/cumm) 163.7 + 49.8
Hemodialysis parameters
IDWG/BW (%) 40+13
Qb (ml/min) 252.8 + 24.5
Qb/Qa; (%) 62.0 + 16.6
Qa;/BH (mi/min/m) 271.9 + 56.9
Qa,/actual BW (ml/min/kg) 76+ 2.0
Qa;/BMI (mlx m%/min/kg) 187 + 4.4
Qa;/BSA (ml/min/m?) 272.1 £ 61.9
Qa,/ideal BW (mi/min/kg) 844+23
Qa,/adjusted BW (ml/min/kg) 83 +2.1

No
[PTA; (+) or PTA, (+)] p value
35
704 + 125 0.152
20; 57.1 0.280
3324215 0.077°
162.5 + 6.9 0.023°
63.6 +12.0 0.105
240 + 4.0 0.554
169 +0.18 0.061°
57.2 + 8.2 0.036°
57.3 + 9.0 0.071°
3283+ 117.0 0.001°
785.4 + 386.7 0.003°
8,229 0.506
24; 68.6 0.272
4;11.4 0.257
3,86 0.379
1,29 1.000
39+03 0.091°
162.9 + 35.3 0.504
198.1 + 151.8 0.759
72425 0.195
147.0 + 76.1 0.801
06 +02 0.270
119+52 0.292
16.1 + 6.3 0.245
94 +09 0.861
49 +12 0.194
76.3 + 36.3 0.040°
309.9 + 277.8 0.196
63+1.4 0.990
101 +15 0.692
178.8 + 44.2 0.071°
37+12 0.452
25624 +32.4 0.966
90.3 + 42.8 0.001°
201.3 + 69.9 0.001°
53+23 0.001°
142 + 6.1 0.015°
195.9 + 72.7 0.003°
58+ 20 0.001°
58 +23 0.003°

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AVF, arteriovenous fistula; BH, body height; BMI, body mass index; BSA, body surface area;
BW, body weight; IDWG, interdialytic weight gain; PTA,, percutaneous transluminal angioplasty after the Qa; measurement; PTA,, percutaneous transluminal angioplasty after the Qa,
measurement; PTH, parathyroid hormone; Qa;, the initial access flow; Qa,, the subsequent access flow; Qb, blood pump flow; WBC, white blood cell count.

2P < 0.10.
®P < 0.05.
°P < 0.01.
Values are expressed as mean =+ SD.

decline 25% in 3 to 6 months possess a higher risk of
stenosis or thrombosis.” In contrary, the Renal Asso-
ciation Clinical Practice Guidelines on Vascular Access
for Hemodialysis recommended an access flow rate
of <300 ml/min as the standard for intervention.’
Additional corresponding studies suggested an
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intermediate threshold of 350 ml/min in predicting
incipient thrombosis.”'” In short, the Qa thresholds
recommended by the guidelines vary, ranging from
Qa <500 to Qa <300 ml/min.” *'" In addition, for pa-
tients whose AVF was mature, their Qa value is posi-
tively associated with the overweight status.'” This
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observation suggests that a single Qa threshold for
angiography in all patients may be too simplistic and
that the optimal Qa threshold might be different among
patient subgroups.'”

Nevertheless, none of the above-mentioned studies
on optimal Qa thresholds evaluated Qa/body size as a
ratio in predicting future AVF outcomes in each cohort.
Considering that significantly higher Qa was observed
in overweight patients,'” we hypothesized that patients
with lower body size require less access flow, thus have
a lower Qa cutoff value for intervention. Therefore, we
conducted this study to determine the minimally
required Qa that maintains a functioning AVF and
whether body size indicators contribute to the pre-
diction of future functional patency.

METHODS

Study Participants

From April 2020 to March 2021, a total of 359 subjects
under maintenance hemodialysis by the radiocephalic
AVF for >3 months were eligible for this study. The
initial Qa (Qa;) of the participants was measured and
documented. The cutoff point of Qa; was set at 500 ml/
min as recommended by the K/DOQI guideline,3 where
subjects below this standard but without any clinical
indicator of access dysfunction were included for
outcome analysis. The body weight (BW) was defined
as the postdialytic BW at the study entry. The Insti-
tutional Review Board approved all protocols of the
institute before the study began, and the protocols
conformed to the ethical guidelines of the Helsinki
Declaration. The need for informed consent was waived
by the Institutional Review Board of the institute given
the study’s retrospective nature, and all the procedures
being performed were part of the routine care.

Study Design

In this cohort, routine Qa surveillance was performed
quarterly by the ultrasound dilution method (HDO3,
Transonic Inc., Ithaca, NY) within 2 hours after dialysis
initiation. The subjects were separated into 2 groups
according to their Qa; cutoff value set at 500 ml/min.
Among patients with Qa; of <500 ml/min, those with
clinical indicators of access dysfunction were excluded.
The remaining were closely monitored for the develop-
ment of clinical indicators of access dysfunction.

This study aims to identify the optimal Qa threshold
to predict future functional patency to reduce unnec-
essary intervention procedures. Second, the authors
aim to evaluate whether BW is a determining factor in
predicting the functional patency of vascular access. In
addition to actual BW, they also evaluated the pre-
dictive values of other body size indicators, including
body height (BH), body mass index, body surface area
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(body surface area = \/ [BH [cm] X BW [kg] + 3600]),13
IBW (male, 50 [kg] + (BH [cm] - 152.4) X 0.91; female,
45.5 [kg] + (BH [cm] - 152.4) x 0.91),"" and adjusted
BW (AdjBW) (if actual BW > ideal BW, AdjBW = ideal
BW + 0.25 X (actual BW - ideal BW); if actual BW <
ideal BW, AdjBW = actual BW)"’ according to previ-
ous literature.

Clinical Outcomes

Functional patency of AVF is the primary decisive
factor of adequate dialysis, as defined by a functioning
AVF able to provide enough access flow for 4 hours of
adequate dialysis delivery.l(”17 Access dysfunction is
defined as the development of clinical signs and
symptoms that suggest underlying clinically significant
lesions.® In these cases, PTA therapy was necessitated
to maintain functional access.

Statistical Analysis

%? analysis or Fisher’s exact test was used for com-
parisons of categorical variables as appropriate.
Continuous variables were compared by t test or paired
¢t test as appropriate. The continuous variables are
presented as mean and SD unless otherwise specified.
To confirm the independent predictors of AVF func-
tional loss, we used multivariable logistic regression
analysis. A propensity score was generated and
included in the multivariable logistic regression anal-
ysis to avoid model overfitting in view of the relatively
small size of the present cohort. The propensity score
was calculated using a logistic model consisting of
possible confounding variables. Age, sex, and Table 1
variables with a P < 0.10 were included for the pro-
pensity score generation, that is, dialysis duration, al-
bumin, alkaline phosphatase, and platelet count. The
multivariable logistic regression analysis included fac-
tors with a P < 0.01 in the univariate adjusted model.
Receiver operating characteristic curve analyses were
performed to determine the best cutoff values, at which
the square root value of the sum of (1 - sensitivity)’
and (1 - specificity)” is the minimum,'® for predicting
the Qa per kilogram IBW that is sufficient to maintain a
functional AVF. Statistical Package for the Social Sci-
ences version 18.0 (SPSS Inc., Chicago, IL) was used for
all statistical analyses. All probabilities were 2-tailed,
and a P < 0.05 was considered statistically significant.

RESULTS

Demographic Characteristics of Study
Participants

From April 2020 to March 2021, a total of 2 separate Qa
measurements (Qa; and Qa,) were performed at a 3-month
interval. Figure 1 reveals the study flow of the eligible 359
patients, 36 of whom were excluded owing to lack of
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359 Patients underwent maintenance
hemodialysis therapy via the radiocephalic
AVF during 2020/4-2021/3, received access
flow UDM measurements quarterly

52 Patients: Qa, <500 ml/min

Excluded:
36 Patients who
lost follow-up

Initial access flow
(Qa,) measurement

Excluded:
21 Patients had clinical indictors
of access dysfunction

l

l

52 Patients: 250 Patients:
17 Qa, <500 ml/min Qa, > 500 ml/min
25 Patients developed clinical
27 Patients whose AVF indicators of access dysfunction
remained functional 3 months after Qa, measurement:
3 months after Qa, 19 weak thrill
measurement 6 thrombosis
Subsequent access flow Subsequent access flow
(Qa,) measurement (Qa,) measurement
17 Patients whose AVF 10 Patients developed 22 Patients whose AVF 3 Patients developed
remained functional clinical indicators of remained functional clinical indicators of
3 months after Qa, access dysfunction: 3 months after Qa, access dysfunction:
measurement 8 weak thrill measurement 3 weak thrill
2 thrombosis
52 Patients: Qa; <500 ml/min
PTA. | PTA Patient BH Actual BW BMI BSA Ideal BW Adjusted BW
! ? | number (n) (cm) (kg) (kg/m?) (m?) (ke) (ke)
(-) (-) 17 157.6+7.2 57.9110.6 23.313.9 1.5910.16 521178 527174
() | (+) 10 163.217.7 67.618.9 25.4%2.9 1.75t0.14 58.519.0 60.0t7.9
(+) () 22 162.6%6.5 61.1%£11.9 23.1%4.2 1.6510.18 572177 56.219.0
(+) | (+) 3 159.219.6 67.81£20.6 263147 1.7210.31 5321113 56.8113.6

Figure 1. Flow diagram for the study. Among the 52 patients whose access flow was <500 ml/min, 17 remained free of symptomatic AVF stenosis or
thrombosis during a mean follow-up period of 5.9 months. AVF, arteriovenous fistula; BH, body height; BMI, body mass index; BSA, body surface area;
BW, body weight, PTA,, percutaneous transluminal angioplasty after the Qa; measurement; PTA,, percutaneous transluminal angioplasty after the
Qa, measurement; Qa,, the initial access flow; Qa,, the subsequent access flow; UDM, ultrasound dilution method.

complete data. A further 21 patients were excluded
because they had clinical indicators of access dysfunction.
Eventually, 302 patients without clinical indicators of ac-
cess dysfunction were included in this study. Among
them, 250 subjects had Qa; >500 ml/min (Qa; = 1361.6 =&
551.6 ml/min), whereas Qa; of the remaining 52 patients
was <500 ml/min (Qa; = 360.4 &= 115.7 ml/min) (Table 2).

Clinical Indicators of Access Dysfunction
As found in Supplementary Table S1, of the remaining
52 patients, 25 developed clinically significant stenosis

510

or thrombosis within 3 months after the Qa, measure-
ment, which necessitated PTA (PTA, [+]). After PTA,,
their access flow rate increased from 341.2 &= 105.3 ml/
min (Qa;) to 934.0 &£ 352.5 ml/min (Qa,) within the next
3 months (P < 0.001).

The remaining 27 patients with asymptomatic AVF
were also subjected to a subsequent Qa measurement
(Qay) 3 months after Qa; measurement. Three months
after the Qa, measurement, 17 patients remained
asymptomatic [(PTA; [—] and PTA, [—]], whereas PTA
was necessitated in the remaining 10 patients (PTA, [+]).

Kidney International Reports (2022) 7, 507-515
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Table 2. Characteristics of patients on dialysis with Qa; >500 ml/
min versus Qa; =500 ml/min

Factor Qa; >500 mi/min  Qa; <500 mi/min P value
Patient number (1) 250 52
Age (yn) 62.4 + 15.8 722 +£12.7 <0.001°
Male gender (n; %) 153; 61.2 27,519 0.215
Dialysis durafion (mo) 62.1 + 106.1 40.6 + 33.8 0.009°
BH (cm) 162.7 + 8.4 1609 + 7.3 0.142
Actual BW (kg) 63.2 + 14.1 61.7+11.8 0.480
BMI (kg/m?) 237 + 4.4 238 +£ 4.0 0.949
BSA (m?) 1.68 + 0.21 1.65 +0.18 0.389
Ideal BW (kg) 57.6 £9.3 5556 +£ 8.3 0.132
Adjusted BW (kg) 5756 £9.9 55.8 + 8.7 0.273
Access flow
Qa; (ml/min) 1361.6 £ 5516 3604 + 1157 <0.001°
Comorbidities
Diabetes mellitus (n; %) 68; 27.2 14; 26.9 0.967
Hypertension (n; %) 147; 58.8 33; 63.5 0.533
Congestive heart failure (7; %) 33; 13.2 8; 154 0.676
Ischemic heart disease (17, %) 20; 8.0 6, 11.56 0.416
Cerebrovascular disease (17, %) 9,36 1,19 1.000
Biochemical data
Albumin (g/dI) 39+03 3.8+03 0.103
Cholesterol (mg/dl) 1712 £ 41.7 160.4 + 37.4 0.087
Triglycerides (mg/dl) 185.0 £ 123.1  191.6 + 160.0 0.905
Uric acid (mg/dl) 6.8 £4.0 6.9+23 0.831
Fasting glucose (mg/dl) 136.9 + 64.4 149.1 + 84.8 0.243
Total bilirubin (mg/dl) 06 +£03 0.7 £0.2 0.857
ALT (U 14.4 + 9.8 126 + 6.0 0.086
AST (U 18.2 + 9.8 169 + 6.6 0.372
Calcium (mg/dl) 93+09 94 +08 0.347
Phosphate (mg/dl) 51+1.4 47 +13 0.070
ALP (mg/dl) 1146 £ 1413 91.6 +52.2 0.249

Infact PTH (pg/ml) 498.1 £ 5195 348.5 + 306.9 0.006°

WBC count (1000/mm?) 62+28 63+ 14 0.850
Hemoglobin (g/dl) 103 £ 1.2 10.1 £1.3 0.489
Platelet count (1000/mm®) 175.7 + 56.1 170.6 + 447.1 0.545
Hemodialysis parameters
Urea reduction rafe (%) 740 + 6.0 753 + 45 0.134
KiNV 16 +03 16 +£06 0.781
nPCR (g/kg/d) 14 +04 14 +0.3 0.540
TACurea (mg/dl) 493 £ 129 495 £ 13.2 0.923

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; BH, body height; BMI, body mass index; BSA, body surface area; BW, body
weight; KT/V, (Kurea x Td)/Vurea; nPCR, normalized protein catabolic rate; PTH,
parathyroid hormone; Qa,, the initial access flow; TACurea, time-averaged concentra-
tion of blood urea nitrogen; WBC, white blood cell count.

#P<0.05.

Values are expressed as mean + SD.

Qa per IBW Is an Independent Predictor of AVF
Functional Loss

Table 1 compares the 17 patients who never received
PTA during the follow-up period with another 35 pa-
tients who required PTA at least once to maintain
functional patency. The 17 patients who did not
require any PTA had significantly higher Qa/BH, Qa/
actual BW, Qa/body mass index, Qa/body surface area,
Qa/IBW, and Qa/AdjBW than those who experienced
AVF functional loss. There was no difference in blood
pump speed (Qb) between the 2 groups. The time
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interval between Qa, and Qa, was 3.1 = 1.5 months,
with 3.1 £ 1.1 months for the 17 patients who received
no PTA treatment and 3.1 & 1.6 months for the 35
patients who developed access dysfunction. The time
interval between Qa; and Qa, had no effect on the
outcome (P = 0.936). Supplementary Table S2 evalu-
ating the PTA-free group (n = 17) and patients who
necessitated PTA, (n = 10) reveals similar results.

Table 3 reveals the multivariable logistic regression
analysis results of independent predictors of AVF
functional loss. After adjusting for confounding fac-
tors, Qa alone, Qb/Qa, Qa/BH, Qa/actual BW, Qa/body
mass index, Qa/body surface area, Qa/IBW, and Qa/
AdjBW are still statistically significant predictors of
AVF functional loss in the univariate logistic regression
analysis. Further multivariable logistic regression
analysis of the adjusted model revealed that Qa/IBW is
the only factor that remains statistically significant.
Next, the receiver operating characteristic analyses
revealed that the area under the curves (AUCs) of Qa/
IBW (AUC: 0.813) and Qa/BH (AUC: 0.803) outperform
the AUCs of Qa/actual BW (AUC: 0.788), Qa alone (AUC
0.761), and Qa/body mass index (AUC 0.745)
(Supplementary Table S3), among which Qa/IBW yiel-
ded the highest AUC value. The receiver operating
characteristic curve analysis revealed that the best
cutoff value of Qa/IBW was 7.1, meaning that a Qa
>7.1 times the IBW predicts future functional patency
in radiocephalic AVFs (Figure 2). The diagnostic per-
formance of Qa/IBW was 76.5% sensitivity, 74.3%
specificity, 75.0% accuracy, 59.1% positive predictive
value, and 86.7% negative predictive value. In
contrast, the diagnostic performance of Qa alone was
76.5% sensitivity, 62.9% specificity, 67.3% accuracy,
50.0% positive predictive value, and 84.6% negative
predictive value.

DISCUSSION

Through clinical monitoring and Qa surveillance, our
study revealed a minimally required Qa for a func-
tioning radiocephalic AVE. Below that value, the AVF
is more likely to experience future functional loss. Our
results apply to radiocephalic AVFs with Qa <500 ml/
min. Furthermore, we identified that such minimally
required access flow depends on the individual body
size. Qa/IBW outperforms other body size indicators
and remains a significant determinant of AVF func-
tionality in multivariable analysis. Although providing
greater flexibility and custom treatment for each pa-
tient, IBW is an easily obtainable value that can be
easily applied in a clinical setting.

On the basis of previous evidence, 2 guidelines
recommended a threshold of Qa <300 to 350 ml/min to

9,10,16
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Table 3. Crude and adjusted logistic regression analysis of significant predictors of arteriovenous fistula functional loss

Univariate Multivariable
95% ClI 95% CI 95% CI
Factor Crude OR  Lower  Upper  Pvalue  Adjusted OR"  Lower  Upper  Pvalue  Adjusted OR°  Lower  Upper  Pvalue
Qay (ml/min) 0.990 0.983 0.997 0.009° 0.987 0.977 0.997 0.008°
Qb/Qa; (%) 1.038 1.004 1.074 0.030° 1.042 1.003 1.081 0.033°
Qa,/BH (ml/min/m) 0.982 0.969 0.994 0.004° 0.978 0.963 0.993 0.005°
Qa,/actual BW (ml/min/kg) 0.636 0.465 0.868 0.004° 0.607 0.410 0.896 0.012°
Qa;/BMI (ml x m?/min/kg) 0.864 0.768 0.972 0.015° 0.830 0.709 0.973 0.022°
Qa,/BSA (ml/min/m?) 0.984 0.973 0.994 0.003° 0.981 0.968 0.995 0.008°
Qa,/ideal BW (ml/min/kg) 0.5658 0.392 0.795 0.001° 0.535 0.348 0.823 0.004° 0.635 0.348 0.823 0.004°
Qa,/adjusted BW (ml/min/kg) 0.613 0.444 0.845 0.003° 0.601 0.407 0.887 0.010°

BH, body height; BMI, body mass index; BSA, body surface area; BW, body weight; OR, odds ratio; Qa;, the initial access flow; Qb, blood pump flow.
*Adjusted models were adjusted for a propensity score consisting of factors with a P < 0.10 in Table 1, including dialysis duration, albumin, alkaline phosphatase, and platelet count.

Factors with a P < 0.01 in the univariate adjusted model were included in the multivariable logistic regression analysis.

P < 0.01.
P < 0.05.

predict AVF stenosis.””® In our study, the Qa threshold,
that is, 7.1 times the IBW, while applying the average
IBW value in our cohort (Table 1), ranges from 370 to
406 ml/min. Such IBW-based assessment of the Qa
threshold is close to those reported previously.”'”'® As
the IBW is calculated from BH but not BW,'? this re-
flects our findings revealing Qa/IBW and Qa/BH have
higher predictive power on AVF functionality than the
Qa/actual BW. Although the data regarding upper limb
vessels are lacking, it has been reported that the carotid
and femoral vessels were positively correlated with

Symptomatic AVF stenosis/thrombosis

1.0 {

0.8 1

0.6 1

0.4 1

Sensitivity

0.2 1

Qa/ldeal BW, AUC =0.813

0.0 1
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 2. Receiver operating characteristic curves of Qa per ideal
BW in predicting symptomatic stenosis/thrombosis of radiocephalic
arteriovenous fistulae. The best cutoff value of Qa for predicting
clinically significant stenosis/thrombosis is 7.1 times the ideal BW,
with an AUC of 0.813. AUC, area under the curve; AVF, arteriovenous
fistula; BW, body weight; Qa, access flow.
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individual BH.'” ** Moreover, the BH was also posi-

tively associated with cardiac output.”’ Therefore, it
makes sense that patients with smaller body sizes might
require less Qa to maintain AVF functionality.

As illustrated in Supplementary Table S3, the AUC
of Qa/IBW is higher than that of Qa/BH. This might be
partly explained by the fact that as compared with Qa/
BH, Qa/IBW further contains the information of gender
differences.'® As illustrated in Table 1, in the group of
17 patients maintaining patency, the prevalence of fe-
males (58.8%) was greater than those who did not
(42.9%), though not statistically different. The diam-
eter of the radial artery, the inflow vessel of the radi-
ocephalic fistula, has been reported to be significantly
larger in males than in females.”* *° As a result, females
might require less Qa than males to maintain their AVF
functionality, necessitating further large-scale studies
to confirm.

The inconsistent threshold wvalues in different
guidelines suggest that existing guidelines do not ac-
count for clinical variables other than stenosis that can
affect the Qa value. Factors that might influence access
provision and survival include but are not limited to
diabetes mellitus and the presence of previous or cur-
rent arterial vascular disease. Selective accountment of
the different factors may be required for a timely and
correct response to a failing fistula. Patient weight is a
determining factor for AVF patency while also easily
accessible in clinical practice. Although obese patients
on hemodialysis are less likely to receive an AVE,*”**
for patients whose AVF was mature, their Qa is posi-
tively associated with the overweight status.'” Patients
with greater IBW may be more susceptible to reduced
patency than their counterparts while simultaneously
requiring much higher Qa for regular function.?”*’
These observations partly support our findings, indi-
cating the minimally required Qa for an uneventful
hemodialysis therapy is 7.1 times the IBW. Greater
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weight is an independent factor associated with an
increased need for intervention, whereas the equiva-
lent Qa is sufficient for patients with lower IBW to
deliver adequate dialysis doses.

The 2019 K/DOQI guideline emphasized the impor-
tance of clinical monitoring rather than Qa value
alone.” Such recommendation was primarily based on a
large Medicare cohort consisted of 35,716 subjects,
revealing that the 1-year AVF patency was not signif-
icantly different between the preventive PTA group
and matched controls.* Besides, a prospective ran-
domized controlled trial angiographically treated pa-
tients with a Qa of >500 ml/min but had abnormal
clinical monitoring findings. The results revealed that
pre-emptive PTA was beneficial in reducing access
loss.” Therefore, clinical judgment should not solely
rely on the Qa surveillance ﬁndings.g'31 Nevertheless,
evidence has revealed that Qa surveillance provides
additional values on clinical monitoring to increase the
rate of detecting AVF stenosis.”” For the 17 patients
whose AVF remained functionally patent during the
follow-up period in our cohort, their average initial Qa
(Qa;) was 426.5 ml/min, and the subsequent Qa (Qa,)
was 508.8 ml/min, which became >500 ml/min without
any intervention. This observation suggests that
though trivial the intraindividual variation of Qa exists
and that clinical judgment should not be based solely
on Qa surveillance data, echoing the 2019 K/DOQI
recommendation.

Guidelines recommended that angiography may be
considered in AVF with Qa <500 ml/min or in which
Qa declines by >20%. These cutoff values were sup-
ported by observational studies.”” "’ Evidently,
following the guideline might lead to the identification
of subclinical stenosis, yet the reported positive pre-
dictive value is only approximately 70%."" In this
study, we aimed to identify parameters that might in-
crease the predictive power of screening. An adequate
hemodialysis therapy relies on a sufficient Qa to pro-
vide Qb. Thus, a higher Qb-to-Qa ratio indicates that
access flow is strenuous to maintain blood pump flow,
as found in the 35 PTA-requiring patients of our cohort
(Table 1). Nevertheless, this cannot explain the differ-
ence in Qa observed in those who necessitated PTA
versus those who had a Qa lower than 500 ml/min yet
sufficient flow to maintain hemodialysis treatment. We
found that the 17 patients who received neither PTA;
nor PTA, had a higher Qa/IBW, linking a positive
relationship between a lower IBW and a reduced need
for PTA intervention.

Our study has limitations. First, this is a retrospec-
tive study. Second, the present cohort only evaluated
AVFs with Qa <500 ml/min. Further studies focusing
on patients with Qa >500 ml/min are warranted. For
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patients with Qa <500 ml/min, our findings may pro-
vide additional clues for clinical judgment on the
interventionist referral. Third, our results were derived
from a cohort of radiocephalic AVFs, and further
studies are warranted to extend this work to other sorts
of fistulas. Nevertheless, we did identify that differing
patient characteristics could be taken into account
when setting an optimal threshold to predict radio-
cephalic AVF functionality.

In conclusion, the Qa threshold for a functional AVF
should take IBW into consideration but not just rely on
a unified cutoff value. The association between IBW
and required Qa will allow more patient treatment
flexibility and reduce unnecessary invasive measures.
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