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Pathogenesis of stenosis

Dialysis vascular accesses, arteriovenous fistula (AVF) and graft
(AVG), are man-made structures created for the sole purpose
of dialysis

Neo-intimal hyperplasia within the dialysis vascular access
circuit is the main pathophysmlogy reason for access failure

Roy-Chaudhury et al. Am J Kidney Dis 2008
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Burden of vascular access dysfunction

Missed hemodialysis session

* Hospitalisation

* Urgent interventions to restore patency

* Permanent loss of function requiring new access creation

SingHealth DukeNUS
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Burden of dialysis dysfunction

Top 2 diagnosis for 2020 admission 2021 admission 2022 admission 2023 admission
admission to renal n=1291 n=1263 n=2141 n=1878
department in SGH
1st Other Other Other Other
complications of complications of complications of complications of

cardiac and vascular cardiac and vascular cardiac and vascular cardiac and vascular
prosthetic devices, prosthetic devices, prosthetic devices, prosthetic devices,
implants and grafts  implants and grafts  implants and grafts  implants and grafts

=523 (40.5%) =590 (46.7%) =446 (20.8%) =548 (29.1%)
2nd Type 2 diabetes Type 2 diabetes Fluid overload Fluid overload

mellitus with mellitus with

established diabetic established diabetic

nephropathy nephropathy

=103 =161 =214 =194
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Is surveillance useful to prevent access dysfunction?
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Surveillance with access flow

Thrombosis

Intervention SingHealth DukeNUS
to prevent : :
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KDOQI 2006 vs KDOQI 2019

m Surveillance AVG Surveillance of AVF

2006 Recommend: Recommend:
* Intra access flow measurement * Direct flow measurement
* Directly measured of derived static venous *  Duplex ultrasound

dialysis pressure * Abnormal physical examination findings

*  Duplex ultrasound

2019 KDOQI does not suggest routine AVG Inadequate evidence for KDOQI to make a
surveillance by measuring access blood flow, recommendation on routine AVF surveillance
pressure monitoring or imaging for stenosis, that by measuring access blood flow, pressure
is additional to regular clinical monitoring, to monitoring or imaging for stenosis, that is
improve AVG patency additional to routine clinical monitoring to

improve access patency
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KDOQI 2006 vs KDOQI 2019
T e

2006 Referral for diagnostic and Interventions: Referral for diagnostic and Interventions:
* Not based on single abnormal reading but trend * Not based on single abnormal reading but trend
* An access flow rate less than 600 mL/min * An access flow rate less less than 400 to 500
* Avenous segment static pressure (mean mL/min
pressures) ratio greater than 0.5 * Avenous segment static pressure (mean
* An arterial segment static pressure ratio greater pressures) ratio greater than 0.5
than 0.75
2019 * Does not recommend pre-emptive angioplasty of * Does not recommend pre-emptive angioplasty of
AVG with stenosis, not associated with clinical AVG with stenosis, not associated with clinical
indictors to improve access patency indictors to improve access patency
* Reasonable for patients with consistently * Reasonable for patients with consistently
persistent clinical indicators and underlying AV persistent clinical indicators and underlying AV
access stenosis to undergo pre-emptive access stenosis to undergo pre-emptive
angioplasty of their AV access to reduce risk of angioplasty of their AV access to reduce risk of
thrombosis and AV access loss thrombosis and AV access loss ;

E
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ESVS 2018 vs KDOQI 2019

- Surveillance AVG Surveillance of AVF

European It is recommended that vascular access It is recommended that vascular access
Society of surveillance is performed by flow measurement  surveillance is performed by flow
Vascular of arteriovenous grafts monthly measurement of arteriovenous fistulas every 3
Surgery months.
2018
KDOQl KDOQI does not suggest routine AVG Inadequate evidence for KDOQI to make a
2019 surveillance by measuring access blood flow, recommendation on routine AVF surveillance
pressure monitoring or imaging for stenosis, that by measuring access blood flow, pressure
is additional to regular clinical monitoring, to monitoring or imaging for stenosis, that is
improve AVG patency additional to routine clinical monitoring to

improve access patency
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ESVS 2018 vs KDOQI 2019
e L A

European Referral for diagnostic and Interventions: Referral for diagnostic and Interventions:
Society of * Not based on single abnormal reading but trend * Not based on single abnormal reading but trend
Vascular * An access flow rate less than 600 mL/min * An access flow rate less less than 400 to 500
Surgery * Avenous segment static pressure (mean mL/min
2018 pressures) ratio greater than 0.5 * Avenous segment static pressure (mean
* An arterial segment static pressure ratio greater pressures) ratio greater than 0.5
than 0.75
KDOAQI *  Does not recommend pre-emptive angioplasty of ¢ Does not recommend pre-emptive angioplasty of
2019 AVG with stenosis, not associated with clinical AVG with stenosis, not associated with clinical
indictors to improve access patency indictors to improve access patency
* Reasonable for patients with consistently * Reasonable for patients with consistently
persistent clinical indicators and underlying AV persistent clinical indicators and underlying AV
access stenosis to undergo pre-emptive access stenosis to undergo pre-emptive
angioplasty of their AV access to reduce risk of angioplasty of their AV access to reduce risk of
thrombosis and AV access loss thrombosis and AV access loss *

E
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Surveillance with pre-emptive angioplasty

* Balloon angioplasty, which is used to treat stenosis, also
induced endothelial injuries, resulting in recurrent stenosis

* Balloon angioplasty may not correct the underlying etiology of
neointimal hyperplasia

* Angioplasty is a mechanical solution for a “biological” problem
— Recurrence post angioplasty is high

SingHealth DukeNUS
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Patency rate with current angioplasty technique

» Percutaneous transluminal angioplasty (PTA) has been the
standard of care for AV access stenosis

6-month Patency

AVF AVG
Plain old balloon angioplasty (POBA) 61% 21%
High-pressure balloon 40% 23%
Cutting balloon 68% 38%

J Vasc Interv Radiol 2016;27:1518-1530 .
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Surveillance + pre-emptive angioplasty
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So should we do surveillance?
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Monitoring vs Surveillance
Look Listen Feel

. N .y

Table 13.2. Clinical Indicators (Signs and Symptoms) Suggesting Underlying Clinically Significant Lesions During Access Monitoring

Procedure Clinical Indicators

Physical examination or e Ipsilateral extremity edema 364,565
check Alterations in the pulse, with a weak or resistant pulse, difficult to compress, in the area of stenosis 878
Abnormal thrill (weak and/or discontinuous) with only a systolic component in the region of stenosis 239
Abnormal bruit (high pitched with a systolic component in the area of stenosis) |60
Failure of the fistula to collapse when the arm is elevated (outflow stenosis) and lack of pulse augmentation
(inflow stenosis)

Excessive collapse of the venous segment upon arm elevation

267

e o @& @

[ ]

Dialysis New difficulty with cannulation when previously not a problem a8

Aspiration of clots 239

Inability to achieve the target dialysis blood flow 960

Prolonged bleeding beyond usual for that patient from the needle puncture sites for 3 consecutive dialysis

sessions

e Unexplained (>0.2 units) decrease in the delivered dialysis dose (Kt/V) on a constant dialysis prescription without NUS

prolongation of dialysis duration ENTRE

—

e & o o
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Clinical indications for intervention

« Arm swelling due to central « Confirmation on angiogram

vein stenosis - Resolution of symptoms with
treatment

MEDICAL CENTRE
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Dialysis indication for intervention

Avg Avg AP | Avg VP | Dialysis | Eff.

BFR (mmHg) | (mmHg) Time Ktv
{ml/min)

250 -128 189 3:54 1.16

250 -116 200 3:55 1.39

280 -113 195 3:50 1.37

277 -128 234 3:51 1.44

* Physical examination
— Pulsatile AVF
— No arm swelling

« Severe subclavian vein
stenosis on fistulogram

g
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Meta-analysis — Surveillance prevent access thrombosis

_ Experimental Control Risk Ratio Access Type = Graft :
‘;ﬁ:ﬁ;"mmb“'s Events Total Events Total RR  95% Cl Weight Sands 1999 (Q,/DU) 1 8 2 7 0.44 [0.05;3.85] 0.9%
) Sands 1999 (SP/DU) 3 12 3 8 —— 0.67 [0.18;2.51] 2.2%
Access Type = Fistula i Smits 2001 (Q,) 6 28 6 25 — 0.89 [0.33;2.41] 3.5%
Sndi1oRd: (SE/BU) 1 8 & B—— 078 (092l 9% Dember 2004 5 32 11 32 —m 0.45 [0.18;1.16] 3.9%
S O | I Dt P Mayer 1993 11 3 18 35 ] 0.61 [0.34;1.10]  7.5%

Polkinghorne 2006 6 69 4 68 o 1.48 [0.44;5.01] 2.5% :
Tessitore 2003 6 32 14 30 —m 0.40 [0.18;0.91] 4.8% Smits 2001 (Q,/SP) 18 41 12 31 *—r— 1.13 [0.65;1.99] 7.9%
Tessitore 2014 6 28 15 30 e 043 [0.19;0.95] 5.0% Robbin 2006 18 65 21 61 .5 0.80 [0.48;1.36] 8.5%
Scaffaro 2009 9 53 14 58 —+— 0.70 [0.33;1.49] 5.4% Lumsden 1997 17 32 16 32 —IO— 1.06 [0.66;1.71] 9.4%
Tessitore 2004 8 43 18 36 —— 0.37 [0.18;0.75] 5.9% Moist 2003 26 59 18 58 —Ii— 1.30 [0.81;2.08] 9.5%
Random effects model 267 248 0 0.50 [0.35; 0.71] 25.1% Ram 2003 (Q,) 20 32 11 17 _.I_ 0.97 [0.62;1.50] 10.1%
L ly: Fequaredels,; p=0.5104 : Ram 2003 (DU) 25 35 12 17 1.01 [0.70;1.47] 11.7%
Random effects model 379 318 0.95 [0.80; 1.12] 74.9%

0.1 051 2 10 —_— . o
AV F Favours Pre-emptive Correction Favours Deferred Correction " y: I-sq 6, p=0.619 AV G
0.1 051 2 10
Favours Pre-emptive Correction Favours Deferred Correction
Overall
Random effects model 646 566 3 0.79 [0.64; 0.97] 100%

Heterogeneity: I-squared=27.4%, p=0.1362
Test for subgroup differences: Q=10.1, df=1, p=0.0015

0.1 051 2 10
Favours Pre-emptive Correction Favours Deferred Correction
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Monitoring vs Surveillance RCT

A multicenter randomized clinical trial of hemodialysis access blood flow

surveillance compared to standard of care

The Hemodialysis Access Surveillance Evaluation (HASE) Study

o N

Control group

Standard of care
n=207

(436 ESRD patients on
hemodialysis
» arteriovenous fistula or Surveillance group (Tm':mmm,7m
arteriovenous grafts standard of care + pat
Number of angiograms
. prospectively monthly UDT-flow l‘ (without thrombectomies) /
randomized using y\; n=229 8 pationt
shift randomization
\ / CONCLUSION:
UDT = Ultrasound dilution technique The use of UDT-flow measurement monthly AV

access surveillance reduced per patient thrombotic
events without significantly increasing angiographic
R E PO R T s Salman et. al, 2020

procedures
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Indication for referral

. Surveillance protocol :

— With monthly flow measurement e
.35 - Surveillance
— Intervention when £ Z: Contro
« AVF flow < 500 mls/min £
. AVG flow < 600 mis/min E
« For flow > 1000mls/min, decline by ‘é 015 ]
more than 25% over 4 month @ 9104
* Monitoring Time (dys)
— As per KDOQI 2019 - O S & 130 150 230 3%0 3% 430 40 540 600 660 720

Control [ 207108 [180[ 170 [ 158 [ 150 [ 137 [ 126 [ 116 [103 ] 02 [ 81 [ 2 |
Surveillance | 220 | 215 [ 196 [ 170 [ 169 [ 150 [ 150 [ 140 [ 133 [ 106 | 70 [ 66 | 27 |

SingHealth DukeNUS
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20

Surveillance of dialysis access

* Not associated with improved longevity of dialysis access

* Reduce thrombosis rate and its downstream effect
— Hospitalisation
— Missed dialysis
— Urgent procedures

« May be beneficial in large dialysis program where
thrombosis rate is high

SingHealth DukeNUS
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Thrombosis despite surveillance
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Predictor of patency after successful thrombolysis

« N= 294 thrombosed access

Age 1.00 (0.99-1.02) T4

AVG vs AVF 1.58 (1.13-2.21) <.0l

Alteplase vs urokinase 0.82 (0.58-1.16) 27

SingHealth DukeNUS
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Flow trend post successful salvage

 Elective angioplasty before
the next thrombotic episode?
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Machine learning to predict access failure

Number of Failures: Current AvF [[INRs
_ recirculation [[NNENEGD
¢ N - 1 3 y 369 Dynamic Venous Pressure: Mean [ NERENEGEGNGEGEG
Last 7y |
) AVF F 1 | d I 1 g 28 Dynamic Arterial Pressure: Max. Variation _
al u re mo e u SI n Dynamic Arterial Pressure: SO || D
Dynamic Arterial Pressure: Mean _

variables to predict AVF failure A ——

Dynamic Venous Pressure: Max. [N

within 3 month of in-center HD T

. Dynamic Venous Pressure: SD [N
patl e nt Dynamic Arterial Pressure: Max. -

Days since the last use of previous vascular access (all types) -

Dynamic Venous Pressure: Min, .

Qb: Max. Variation -

Effective flow -

Max Processed Blood Volume -

DBP; pre-dialysis [l

AVF vintage [l

Albumin [l

0.0 0.1 0.2 03 0.4 05
mean(|SHAP value|) (average impact on model output magnitude)

-~
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Machine learning to predict thrombosis

Calibration plots (reliability curve)

 Monitoring for the .
low/moderate risk group
* Monitoring + Surveillance for -
the high/very high group F ol R

Mean Predicted probability

Table 2. Arteriovenous fistula risk score classes.

Risk Class Prevalence (%) AVF Failure Risk * Risk Rate Ratio
Low 45.0 (95% CI: 44.9-45.1) 1.61 (95% CI: 1.57-1.64) Ref.
Moderate 38.9 (95% ClI: 38.8-39.0) 5.29 (95% ClI: 5.22-5.36) 3.29 (95% CI: 3.2-3.38)
High 15.7 (95% CI: 15.7-15.8) 21.46 (95% CI: 21.23-21.68) 13.37 (95% CI: 13.04-13.72)
Very high 0.4 (95% CI: 0.3-0.4) 65.76 (95% CI: 63.16-68.45) 41.18 (95% CI: 39.29-43.17)
. - - = = = 1] lvl INeNAT LT L4 1) S SR LJS

Int. J. Environ. Res. Public Health 2021, 18, 12355. A o TR
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Blood flow sound signal to detect dysfunction

* Vascular phonoangiography

— Convert blood flow sound acquired
through auscultation into spectrogram

« Analysis with Deep learning model

CNN a

( DeforeSurgery (L‘on\'ert into Filtered Frequem \
Spectrogram image  Spectrogram image : 80% : , Training
' i : (Training & Model
: Validation Set):
: NI ¢ Model
After Surgery - Performance
. 0 T 9909 D T D R — l':"l'll.ﬁoﬂ
WM 4 20%
il : , g : - © (Testing Set) :
Blood Flow Sound Tasesssninananes ) DO R o 2
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Blood flow sound signal to detect dysfunction

* Good performance of light weight Convoluted Neural
Network in detecting stenosis through sound signal
picked up using a recording stethoscope

model accuracy model loss

w— Trai ——

e —————— T — AN
Validation \Validation
/

/
/
/
/
/
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Paclitaxel coated balloon for dialysis access

* Retard neo-intimal hyperplasia associated with
barotrauma induced by plain balloon angioplasty

18 Randomised Plain balloon Paclitaxel pooled

controlled trials p:')i?rl::‘: ta;gtztnc primary target
that include AVF P yP Y patency rate (%)

rate (%)
6 month follow up 56.3 77.0
12 month follow up 37.7 52.4
Adopted from J Am Heart Assoc. 2021 Dec 7;10(23) S ca: cenias
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Sirolimus coated balloon for dialysis access

Kaplan-Meier analyses of circuit patency during Kaplan-Meier analyses of circuit patency during
6 months after index intervention (ITT analyses) 6 months after index intervention (PP analyses)

0.75
1
0.75
1

0.50
1

Participants with circuit patency (%)
0.50
1

0.25
1
Participants with circuit patency (%)

- e}
p=0.03 8-
p=0.03
3 3
= T T T T T T = T T T T T T
0 60 120 150 180 210 0 60 120 150 180 210
Days after procedure Days after procedure
Number at risk Number at risk
balloon = Sirolimus-coated balloon 83 82 69 63 54 41 balloon = Sirolimus-coated balloon 78 77 67 63 54 41
balloon = Placebo balloon 87 81 60 53 48 39 balloon = Placebo balloon 84 79 59 52 47 38
| 90days | 150 days 180 days | 90days [ 150days | 180 days
Sirolimus-coated balloon 96.4 80.1 69.8 Sirolimus-coated balloon 96.2 80.7 70.3
(95% Cl 89.2, 98.8) (95% Cl 69.6, 87.3) (95% Cl 58.4, 78.7) (95% Cl 88.6, 98.7) (95% Cl 70.0, 87.9) (95% Cl1 58.7,79.1)
Placebo balloon 83.8 62.6 56.7 Placebo balloon 83.3 61.9 56.0
(95% C1 74.1, 90.0) (95% C1 51.4,71.9) (95% Cl 45.5, 66.4) (95% Cl1 73.5, 89.8) (95% Cl 50.6, 71.3) (95% Cl 44.7, 65.8)

29
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Conclusion

» Value of Surveillance of dialysis access
— Debatable
— Prevention of thrombosis
— High risk population with high incidence of thrombosis

« Monitoring of access should be part of routine care
— Physical examination
— Dialysis parameters

« Artificial Intelligence may be useful to help us monitor dialysis access in future

* Improvement in angioplasty technology can potentially improve the longevity of
dialysis access interventions
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