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Flow measurement 
in dialysis access

Ultrasound dilution Transit time flow
measurement (TTFM)

Duplex Ultrasoud
volume flow



Dialysis Access Surveillance — KDOQI & ESVS

• Clinical monitoring first (history, exam, 
dialysis indicators).

• Surveillance (Qa/pressures/imaging) is 
supportive only.

• Avoid pre-emptive angioplasty based on 
surveillance alone.

• Include scheduled Qa surveillance in VA 
maintenance.

• Cadence: AVG monthly; AVF every 3 
months.

• Use thresholds to trigger diagnostic 
confirmation (not automatic intervention).

Flow thresholds to TRIGGER WORK-UP (ESVS)

AVF

< 500 mL/min
AVG

< 600 mL/min
ΔQa

> 33% drop
Interpret vs patient baseline; CONFIRM with focused exam + duplex before treatment.

KDOQI Clinical Practice Guideline for Vascular Access (2019); ESVS Clinical Practice Guidelines on Vascular Access (2018).

KDOQI 2019 ESVS 2018



Transonic dilution

From the shape and timing of the two 
curves—and knowing the delivered pump 
flow (Qb)—the monitor solves for 
the access flow (Qa, 
mL/min) and recirculation (%).



Transonic dilution pitfalls

Variability ≈ 5-25 %
Tessitore N, et al. Am J Kid Dis 2003

• Poor bolus (too small/slow or bubbly) 
→ noisy curves → repeat.

• High baseline recirculation before Qa 
run → fix needle position, then re-
measure.

• Patient not stable (MAP swings, 
shivering) → wait, then repeat.

• Tubing sensor size is correct and placed 
properly (no kinks/air).

• Done at HD unit
• Does not require referrals, transport etc
• Regularly as surveillance 

or when symptoms



Duplex Ultrasound Flow
Comes in a unique package Physiology + Morphology + Anatomy 

Measure in the feeding artery (brachial)
Doppler: angle ≤60°
CSA = π·(Dcm/2)²
Q (mL/min) = Vmean (cm/s) × CSA (cm²) × 60.



Selective surveillance
 - volume flow tresholds / trends
 - anatomy (morphology)

 Surgical Revisions 
 - anatomy
 - (volume flow completion control)

Endovascular revisions – not just a puncture tool
 - stratification of the lesions
 - avoid oculoangiografic reflex
 - volume flow completion control

Duplex ultrasoud



Helps to understand what we treat
   (and what we do not have to) 

Ultrasound as completion control for endovascular 
 treatment



Duplex ultrasoud volume flow pitfalls
• Angle & alignment near 60° magnify velocity 

error.
• Sample volume size/centering: too small (core 

bias, Q↑) vs too large/wall (boundary layer, 
Q↓).

• Turbulence/skewed profiles near 
curves/anastomoses.

• Physiology drift: MAP/HR, rhythm (AF), 
respiration, 

• The higher flow – the larger variation

D = 6 mm → 0.6 cm ⇒ CSA = π × 0.3² ≈ 0.283 cm²
TAMEAN = 40 cm/s
Q = 40 × 0.283 × 60 ≈ 680 mL/min



Excellent correlation between TTFM and true flow

Transit time flow measurement - TTFM
reproducible volume flow (mL/min) intra-operatively.



Primary access creation
 - tresholds
 
Revisions 
 - situation based 

Guiding flow-reduction surgery
 - down to a level or “to half the flow” 

JVS 2024

160 ml/min

TTFM as completion control



TTFM pitfalls • Right probe
• No angulation
• No branches
• No air
• ACI över 30%
• The higher flow – the larger variation

Variability ≈ 10–20 %
 Bae et al., J Vasc Access 2015



47 yo male, BB fistula

Dilution 
 – 2100 ml/min

US 
 – 2800 ml/min

Surgery (TTFM)
 - start 1800 ml/min
 - after distalisation of inflow 850 ml/min

US control 3 month later
 - 1600 ml/min



Transonic dilution
Transit time flow
measurement (TTFM)

Duplex US flow

Variability ≈ 10–20 %
 

Variability ≈ 5–25 %
 



TTFM Transonic Duplex 

Principle
Transit time difference of 
ultrasound beams → direct 
flow

Saline bolus dilution → 
calculates access flow (QA)

Doppler velocity × vessel area 
(πr²) → volume flow

Setting Intraoperative (open 
graft/vessel)

During dialysis (extracorporeal 
circuit) Outpatient or bedside exam

Accuracy ±2–3% instrument, ±5–10% 
overall

±2–3% instrument, ±5–10% 
overall ±10–20% (angle, geometry)

Variability 5–15% (MAP, probe fit, spasm) 5–10% (bolus, CO stability) 10–25% (operator technique)

Clinical Threshold ↓Flow >20% or PI>5 → issue QA<600 mL/min (AVG)/<400 
(AVF) or ↓≥25%

Flow<500 mL/min or ↓≥25% + 
stenosis

Advantages Real-time, intra-op quality 
control

Safe, repeatable, ideal for 
surveillance

Anatomy + function, non-
invasive

Limitations Needs open exposure; 
sensitive to MAP

Requires dialysis session; 
hemodynamic stability

Operator-dependent; 
turbulence & angle error

TTFM → intraoperative gold standard Transonic → dialysis surveillance Duplex → anatomy + flow correlation



TTFM → gold standard for intraoperative 
assessment

Transonic dilution → best for routine 
quantitative surveillance; reproducible, 
low risk.

Ultrasound duplex → best for anatomic 
+ functional correlation; higher 
variability but provides morphology.
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Ja, vi måste fortsätta tänka 
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