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Vascular Surgery

Flow-assisted AV Access 
Creation & Revision Surgery

“Flow reduction using intraoperative access flow monitoring is an effective 
and durable technique allowing for the correction of distal ischemia and 
cardiac insufficiency in patients with a high-flow autogenous access.” 
Lundell A, Begqvist D, Ann Chir Gynaecol 1992; 81(2): 187-191.

“Intraoperative measurements of access blood flow provide objective, 
reliable data that correlate to outcome. Routine use of this technology 
might lead to more efficient management of patients undergoing 
hemodialysis access surgery.”      Johnson CP et al, Surgery 1998; 124: 729-38.

 
“Intraoperative blood flow measurements obtained at the time of 
autologous AVF construction can identify fistulas that are unlikely to 
mature; and therefore, that require immediate revision or abandonment 
which will ultimately expedite the establishment of a useful access in the 
HD patient.”                                        Berman et al, J Vasc Access. 2008;9(4):241-7.

                                      

“During banding of AVGs, it is very difficult to reduce access flow without 
causing a thrombosis. Therefore, one must measure flow to quantify the 
reduction.”                Presentation, “Banding (How I do it),” I Davidson, MD, CIDA, 2011..

Transonic® intraoperative flow 
measurements provide on-the-spot or 
continuous measurements of volume 
flow for a functional assessment of an 
AV access. These measurements can 
foreshadow successful maturation of 
an AV fistula or graft, alert the surgeon 
to potential difficulties and guide the 
surgeon in achieving target flow values 
during an access revision.

SURGICAL ACCESS CREATION
As surgeons construct more and more 
AV fistulas, their maturation is key to 
long-term hemodialysis. Measuring flow at 
the time of AV fistula construction assures 
the surgeon that hidden flow obstructions 
do not jeopardize early post-op patency. 
Moreover, studies demonstrate that 
quantitative flow data as fistulas are 
being surgically created can predict future 
maturation. Similarly, measuring flow 
during PTFE graft placements can help 
predict patency.

FLOW-BASED ACCESS REVISION 
SURGERY
When an AV access needs to be surgically 
revised or a high flow fistula is banded, 
intraoperative flow measurements take 
the guesswork out of such revisions by 
providing the surgeon with quantitative 
data to reach the desired flow levels.

TRANSIT-TIME ULTRASOUND TECHNOLOGY 
MEASURES VOLUME FLOW, NOT VELOCITY

Two transducers pass ultrasonic signals, alternately intersecting 
the vessel in upstream and downstream directions. The difference 
between the two transit times yields a measure of volume flow.

Transonic Systems Inc. is a global manufacturer of innovative biomedical measurement 
equipment. Founded in 1983, Transonic sells “gold standard” transit-time ultrasound 
flowmeters and monitors for surgical, hemodialysis, pediatric critical care, perfusion, 
interventional radiology and research applications. In addition, Transonic provides 
pressure and pressure volume systems, laser Doppler flowmeters and telemetry systems.
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Vascular Access Surgery

Transit-Time Ultrasound Intraoperative 
Blood Flow Measurements during  
Arteriovenous Fistula Creation 
Protocol courtesy of Jose Zamora, M.D. San Diego, CA

Medical Note

FistulaCreationStealTestMedicalNote(VA-420-mn) Rev B 2013

A. FISTULA MATURATION TEST
A1. Measure Venous Outflow* 
End-to-End or Venous End-to-Arterial Side 
Anastomosis: When the AVF is constructed 
with an end-to-end or venous-end-to-
arterial-side anastomosis, simply measure 
venous outflow distal to the venous 
anastomosis (Fig. 2). 

If the anastomosis is constructed with a 
venous-side-to-arterial-side anastomosis 
or end-artery-to-venous-side anastomosis, 
occlude the vein proximal to the venous 
anastomosis while measuring flow distal 
to the anastomosis (Fig. 3). If spasm 
occurs, papaverin can be locally infiltrated 
along the artery and vein while flow is 
continuously monitored.

Fig. 2:  Measuring venous outflow flow in a fistula anastomosed 
end to side.

Fig. 3:  Measuring venous outflow flow in a fistula anastomosed 
side to side.

Introduction
This protocol for measuring intraoperative blood flow 
during AV fistula creation has two goals:
1) To increase the probability of successful AV 

fistula maturation with quantitative blood flow 
measurements. 

2) To ensure that the newly created fistula is not 
immediately robbing the lower arm of flow and setting 
the stage for ischemic “steal” syndrome.

Measurement Steps (after AV Fistula Construction)
1. Identify Vessel to Be Measured
 Identify and expose the AVF’s venous outflow. Identify 

and expose the arterial conduit distal to the AVF anasto-
mosis. 

2. Select Flowprobe Sizes (FMV or FTV-Series)
 Measure the vein and artery’s diameters 

with a gauge. Select a Probe so that the 
vein will fill between 75% - 100% of 
the ultrasonic sensing window of the 
Flowprobe (Fig. 1).

      Probe Size         NoNreStrictive veSSel raNge
   3 mm  1.2 - 3.2 mm

      4 mm  3.2 - 5.3 mm
   6 mm  4.5 - 7.5 mm

3. Check Blood Pressure 
 If systolic BP is greater than 100 mmHg, continue with 

measurement. If systolic BP is less 100 mmHg, low AV 
fistula flow may be caused by low BP.1 Wait until BP 
increases to more than 100 mmHg.

4. Apply Flowprobe to Vessel
1. Select a site wide enough to accommodate the Probe’s 

acoustic reflector. 
2. Apply sterile gel to the Flowprobe to ensure good 

ultrasound coupling.
3. Apply the Flowprobe to the vessel, bending the 

Flowprobe’s flexible neck so that the entire vessel lies 
within the sensing window of the Probe and aligns at 
a 90º angle with the Flowprobe handle (Fig. 1). 

4. Check the Signal Quality Indicator on the AureFlo® or 
Flowmeter  display to verify good acoustic contact.

5. Listen to the pitch of FlowSound®. The higher the 
pitch, the greater the flow.

Fig. 1:  Outflow vein 
filling 75- 100% 
of the Probe’s 
sensing window.

Venous 
Outflow



Intraoperative Blood Flow Measurements
F l o w - A s s i s t e d  F i s t u l a  C r e a t i o n

B. “STEAL” TEST
B1. Measure Fistula Arterial Flow
Measure brachial or radial arterial 
flow that supplies the fistula distal 
to the AV fistula anastomosis in 
order to detect imminent threat 
of ischemic “steal” syndrome (ISS) 
(Figs. 4-5). 

B2. Evaluate Flow Values

Check that flow values are well 
above zero and that the direction 
of flow is running toward the hand 
(distally) and not reversed so that 
it is flowing (proximally) into the 
AV fistula. If in doubt, zero flow by 
occluding the artery immediately 
next to the Flowprobe (Fig. 5).

Fig. 5: Flow supplying the hand is measured with the Flowprobe placed on the artery distal to the AV 
anastomosis. Flow is zeroed by occluding the artery immediately adjacent to the Flowprobe.

No “Steal” Indication
If the blood flow running distally to the hand is 
well above zero, there is no imminent threat of 
“steal”.

“Steal” Indication
If blood flow running to the hand is close to 
zero and/or flow is reversed and moving up the 
arm toward the AV fistula, the fistula may be 
banded. Flow is then remeasured in the arterial 
segment of the artery distal to AV anastomosis 
(Fig. 5). This step is repeated until the surgeon 
is satisfied that there is sufficient flow running 
distal from the AV fistula anastomosis to the 
hand and the threat of “steal” is not imminent.*

DOCUMENT FLOWS
After applying a Flowprobe to the artery or 
vein, wait ~ 10-15 seconds for mean readings to 
stabilize. When flow readings are stable, flow data 
can be captured by recording or taking a snapshot 
on the Aureflo®, or by pressing PRINT on a HT300-
Series Flowmeter. If the HT300-Series flow reading 
is negative on the LED, press INVERT to reverse 
the polarity of the flow reading from negative to 
positive before printing out the waveform.

THRESHOLDS FROM THE LITERATURE
Thresholds (mL/min)  to Predict AV Fistula Maturation: 

Comparison of Studies

Table 1: In radiocephalic fistulas, initial flows of less than 170 mL/min 
correlated with failure within 90 days. In brachiocephalic fistulas, that 
threshold was 280 mL/min.1

Summary of Results of Johnson Fistula Creation Study1

AV-Fistulas Flow (mL/min)
Failure within 90 days  

(Requiring Intervention)
p 

value

Radiocephalic
< 170 56 %

.001
> 170 15 %

Brachiocephalic
< 280 64 %

.01
> 280 18 %

Table 3: Comparison of AV Fistulas threshold studies to predict maturation.

Thresholds (mL/min) Predict Fistula Maturation: Four Studies

AV Fistulas
Berman 
20082

Johnson 
19981

Won 
20003 Lin 20084

Radio-cephalic > 140  
(n = 21)

> 170  
(n = 94)

> 160  
(n = 50)

> 200  
(n = 109)

Brachio-cephalic > 308  
(n = 49)

> 280  
(n = 128)

References:

1  Johnson CP et al, “Prognostic Value of Intraoperative Blood Flow Measurements in 
Vascular Access Surgery,” Surgery 1998; 124: 729-38.

2  Berman SS et al, “Predicting Arteriovenous Fistula Maturation with Intraoperative 
Blood Flow Measurements,” J Vasc Access. 2008; 9(4): 241-7.

3  Won T et al, “Effects of Intraoperative Blood Flow on the Early Patency of 
Radiocephalic Fistulas,” Ann Vasc Surg 2000; 14(5): 468-72.

4  Lin CH et al, “Correlation of Intraoperative Blood Flow Measurement with Autogenous 
Arteriovenous Fistula Outcome.” J Vasc Surg. 2008; 48(1): 167-72. 

Table 2: AV Fistula guidelines as identified by Johnson study.1

Guidelines for Fistula Construction1 

Flow Rate (mL/min) Recommendation

≤ 100 Abandon site

100 - 300
At risk for early failure; observe closely; 
allow to mature > 4-6 weeks before using

> 300 Allow to mature 4-6 weeks before using

Fig. 4:  Artery filling 75- 
100% of the Probe’s 
sensing window.

* Eric S. Chemla, MD, Renal Transplant and Vascular Surgery, St. George’s 
Healthcare NHS Trust, London, UK.

Occlusion
    site

AV Anastomosis



PROTOCOL

Arteriovenous Fistula Construction
F i s t u l a  M a t u r a t i o n  a n d  S t e a l  T e s t s

1. Create AVF; Identify & expose:
a. AV fistula venous outflow
b. Distal arterial flow

2. Measure Vein Diameter; 
   Select Flowprobe sizes.

4a. Apply Flowprobe

A1a. Measure venous outflow 
distal to anastomosis

A2. Evaluate Flow per pre-established thresholds
Radiocephalic: >250-300 ml/min
Brachiocephalic: > 400 ml/min
Basilic vein transposition: > 500 ml/min

3. Check systolic BP ≥ 100 mmHg 
   If < 100 mmHg, wait until BP ≥ mmHg

End-to-end or venous end-to-
arterial side anastomosis.

A1b. Measure venous outflow distal 
to anastomosis while occluding 
vein proximal to anastomosis

A2a. Fistula 
likely to 
mature

A3. Examine anastomosis and site. 
Revise, if necessary

Flow does 
not meet pre-
established 
threshold

A4. Remeasure and evaluate Flow  
per pre-established thresholds

B4. Repeat steps above until 
distal arterial flow indicates 
that steal is not imminent.

Flow does not meet pre-
established threshold

Apply papaverine & wait 
several minutes

Side-to-side or arterial end-to-
venous side anastomosis

B1. Measure arterial flow distal 
to anastomosis while  
occluding vein proximal to 
anastomosis to detect  
imminent steal. 

B2. Evaluate flow values.  
Check that flow runs 
distally and is > zero.  
(Clamp to zero, if in doubt.)

B2a. Steal not 
indicated.

B3. Steal possible; band 
fistula & remeasure 
distal arterial flow.

A5. Fistula maturity tenuous 
1. Alert dialysis staff to suspect fistula  

(Monitor fistulas with flows between 
100-300 ml/min weekly).

2. Revise 2).
3. Seek another fistula site 1).

Flow meets 
threshold

Flow does not meet pre-
established threshold

Flow meets 
threshold

Flow does not meet pre-
established threshold

A. Fistula 
Maturation Test B. Steal Test

Brachial or radial artery distal to AV 
fistula anastomosis

1)

2)

Flow meets 
threshold



ProstheticGraftCreationMedicalNote(VA-414-mn)RevD2013A4

Vascular Access Surgery

References
1  Johnson CP et al, “Prognostic Value of Intraoperative Blood Flow 

Measurements in Vascular Access Surgery,” Surgery 1998; 124: 729-38. 
2  Berman SS et al, “Predicting Arteriovenous Fistula Maturation with 

Intraoperative Blood Flow Measurements,” J Vasc Access. 2008; 9(4): 
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INTRODUCTION
Flow cannot be measured directly on newly 
inserted prosthetic ePTFE grafts (Fig. 1) because 
air within the synthetic graft walls attenuates 
ultrasound signal transmission. Graft outflow 
is therefore measured on the outflow vein 
following completion of both the arterial and 
venous anastomoses (Figs. 2, 3). If the distal 
vein has not been ligated, flow is still measured 
proximal to the anastomosis, while the distal 
unligated section of the vein is temporarily 
occluded (Fig. 4). 

MEASUREMENT STEPS:
1. IDENTIFY VESSELS TO BE MEASURED
 Identify the exposed segments of the venous 

outflow conduit for the graft. Determine the 
optimum site (wide enough to accommodate 
the Probe’s acoustic reflector) for applying the 
Probe, and clean the vein at this site from fat 
and excess tissue.

2. SELECT FLOWPROBE SIZES
 Estimate the diameter of the outflow vein with 

a gauge. Select a Probe size so that the vein 
will fill between 75% - 100% of the lumen of the Probe.
     NomiNal Probe Size accePtable VeSSel raNge

   4 mm         3.2 - 5.3 mm
   6 mm         4.5 - 7.5 mm

3. APPLY FLOWPROBE
 Apply sterile Aquasonic® Gel 100 to the Flowprobe to provide 

ultrasound coupling between the Probe body and Probe reflector. 
Apply the Flowprobe to the vein, proximal to the anastomosis, 
bend the Probe’s flexible neck segment as necessary, so that the 
entire vein lies within the lumen of the Probe and aligns with 
the Probe body (Fig. 5). Listen to the pitch of FlowSound® as the 
Flowprobe is applied to the vein. The higher the pitch, the greater 
the flow. 

Check the Signal Quality Indicator (bucket display) on the 
Flowmeter ’s front panel or AureFlo’s green bars for ultrasound 
acoustic contact. An acoustic error message will be displayed if 
ultrasound contact falls below an acceptable minimum.

4. MEASURE AND EVALUATE VENOUS OUTFLOW 
  With the Flowprobe positioned as under Step 3 (above), measure 

venous average flow as displayed on the Flowmeter. An initial 
venous outflow < 400 mL/min is associated with a higher rate of 
initial graft failure.1  As the site recovers from surgery, flow will 
increase to levels preferred for hemodialysis (> 600 mL/min).

Fig. 3:  Straight ePTFE Graft anastomosed to the side of an artery and 
end of a vein.

Ligated vein

Fig. 2: Loop ePTFE Graft anastomosed to the side of an artery and end 
of ligated vein.

Ligated vein

Fig. 4:  In a graft anastomosed to an unligated vein, flow is measured 
while the distal portion of the vein is temporarily occluded.

Occluding 
unligated vein

(Continued on back side.)

Intraoperative Blood Flow Measurement 
during AV (Prosthetic) Graft Construction

Medical Note

Graft Type
Flow 

(mL/min)
Failure within 90 Days

(Requiring Intervention)
p 

value

PTFE Grafts
< 400 65 %

.01
> 400 40 %

Table 1: In prosthetic grafts, initial flows of less than 400 mL/min 
foreshadowed failure within 90 days.1

ePTFE-Grafts 1,2

Flow Rate Recommendation

≤ 250 mL/min Abandon site immediately

250 - 400 mL/min
Consider prophylactic anti- 
coagulation

Fig. 1:  Loop ePTFE graft 
from brachial artery 
to cephalic vein. 

ePTFE 
Loop 
Graft

Fig. 5:  Outflow vein 
filling 75- 100% 
of the Probe’s 
sensing window.

Venous 
Outflow



6. MEASURE POTENTIAL FOR STEAL SYNDROME (OPTIONAL)
With the Flowprobe placed on the vein as previously, measure 
flow with, and without, occlusion of the artery distal to the 
arterial anastomosis. The difference between the two readings 
equals flow in the distal branch of the artery. When the flow 
reading without distal occlusion is higher than the reading with 
occlusion, blood in the distal branch is flowing retrograde to 
augment fistula flow and vascular steal may develop. (Note: 
Alternately, distal arterial flow can be measured directly by 
placing a Flowprobe on a properly cleaned arterial site distal to 
the anatomosis.)

1. Construct AV Graft: 
Identify & expose venous outflow.

2. Measure Outflow Vein Diameter;

   Select Flowprobe size.

4a. Apply Flowprobe

5a. Measure venous outflow 
distal to anastomosis

6. Evaluate Flow per pre-established thresholds

Systolic BP > 100 mmHg

3. Measure Blood Pressure

4b. Wait until systolic BP > 100 mmHg

Systolic BP < 100 mmHg

End-to-end or venous end-to-
arterial side anastomosis.

5a. Measure outflow distal to anastomosis while 
occluding vein proximal to anastomosis

Side-to-side or arterial end-to-
venous side anastomosis.

7a. AV Graft likely to be able to be used

Venous Outflow 
> 400 mL/min

7b. Examine anastomosis and site. 
Revise, if necessary

Flow does not meet pre-
established threshold

8.   Remeasure and Evaluate Flow  
per pre-established thresholds

9.   AV Prosthetic Graft use tenuous.  
Abandon, construct another graft.

Flow does not meet pre-
established threshold

Flow meets threshold

5. DOCUMENT FLOWS
After applying a Flowprobe to a vein, wait ~ 10-15 seconds. 
When flow readings are stable, flow data can be captured by 
recording or taking a snapshot on the Aureflo®, or by pressing 
PRINT on a HT300-Series Flowmeter. If the HT300-Series flow 
reading is negative on the LED, press INVERT to reverse the 
polarity of the flow reading from negative to positive before 
printing out the waveform.

PROTOCOL

Intraoperative Blood Flow Measurement during  
AV (Prosthetic) Graft Construction Cont.

www.transonic.com
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Vascular Access Surgery

Flow-guided AV Fistula Banding 
Courtesy of M. R. Scheltinga, M.D., Máxima Medical Center, Veldhoven, The Netherlands. 

Medical Note

Flow Measurement Steps
0. Preoperative: From preoperative surveillance in the hemodialysis 

clinic, determine % drop in flow to be achieved by banding.
1. Identify & Expose Venous Outflow of Fistula: Make a second 1.5-cm 

incision at least 10 cm downstream (of the upper arm cephalic 
or basilic vein) towards the axilla away from the dialysis can-
nulation sites. Identify and expose the AVF venous outflow. 
Check if this part of the vein is suitable for measurements (no 
scar tissue/aneurysms/adhesions).  

2. Select Flowprobe Size (FTV-Series): Measure the vein’s diameter. 
Select a Probe so that the vein will fill between 75% - 100% of 
the flowsensing window of the Probe (Fig. 1).

3. Measure Venous Outflow 
a) Confirm that the outflow site is wide enough to 

accommodate the Flowprobe’s acoustic reflector. 
b) Apply sterile gel inside the Flowprobe’s sensing window to 

ensure good ultrasound coupling.
c) Apply the Flowprobe to the vein, bending the Probe’s 

flexible neck so that the entire vein lies within the Probe’s 

Why Band a High Flow Fistula?
The need to increase venous outflow resistance in an 
arteriovenous fistula (AVF) used to deliver hemodialysis 
results from: 

Hemodialysis Access-Induced Distal Ischemia (HAIDI)

Clinically significant HAIDI, that occurs primarily 
in diabetic patients, is a potentially devastating 
complication of an AVF. The surgeon’s challenge is to 
relieve the distal ischemia, but maintain a functional 
AVF for hemodialysis. One strategy is to band the AVF 
to increase AVF flow resistance, thereby reducing AVF 
flow and increasing distal flow.

Cardiac Overload
When AVF flow is too high (~>2L/min), cardiac function 
can become compromised resulting in cardiomegaly. 
Banding increases AVF resistance and lowers fistula 
flow, thereby reducing excessive stress on the heart.

Flow-Guided Fistula Banding  
The surgeon begins with a pre-operative AVF flow 
level (determined by a Transonic® Hemodialysis 
Monitor in the dialysis clinic) and pre-sets the percent 
decrease in AVF flow to be achieved by banding. As 
the band is tightened, AVF venous outflow is measured 
intraoperatively. These continuous measurements guide 
the surgeon in achieving a target AVF flow value.

sensing window (Fig. 1). 
d) Check the Signal Quality Indicator on the 

AureFlo® or Flowmeter  display to verify good 
acoustic contact. 

e) Listen to the pitch of FlowSound®. The higher 
the pitch, the greater the flow.

4. Document Flows: When flow readings are stable, 
flow data can be captured by recording or 
taking a snapshot on the Aureflo®, or by pressing 
“PRINT” on a HT300-Series Flowmeter. If the flow 
reading is negative, press “INVERT” to reverse 
the polarity of the flow reading from negative to 
positive before printing out the waveform. 

Fig. 1: Align the 
Probe on the 
vessel as shown.

Flow Measurement Protocol

0. Pre-operative: Determine % fistula flow 
decrease to be achieved by banding.

1. Expose AV fistula and its venous 
outflow (2 incisions).

2. Expose venous outflow diameter and 
select Flowprobe size.

3. Apply Flowprobe to venous outflow site.

4. Measure baseline flow. Calculate target 
flow (baseline flow times % decrease).

5. Tighten band. Remeasure flow.

6. Repeat step 5 until flow reaches  
intraoperative target flow.



Flow-guided AV Fistula Banding Cont.

Fig. 6: If HFA is also associated with HAIDI, 
measurement of finger pressures is also 
required. Once an optimal combination of 
access flow (> access thrombotic threshold 
level, generally > 500 mL/min) and finger 
pressure (>50 mmHg) is attained, the 
band is fixed.  

Figs. 1,2: HAIDI: Banding of an AV fistula (AVF) may be indicated for hemodialysis access induced distal 
ischemia (HAIDI). Preoperative angiography of HAIDI patient with radiocephalic AVF shows the 
absence of hand arteries visualization (Fig. 1). Tissue necrosis in the hand (Fig. 2) also indicates 
presence of HAIDI.

Fig. 3: Banding: Minimally invasive positioning 
of a Transonic® Flowprobe guides the 
degree of tightening of a 5 mm Dacron 
band during this procedure.

Fig. 4: A 5 mm Dacron band is fixed using 
a clip and stitches. In this patient, 
AVF thrill was maintained and radial 
arterial pulses returned.    

Fig. 5: Banding may also be performed for a high flow 
AV fistula (HFA) > 2L/min. This patient suffered 
from fatigue in the presence of a 3.7 L/min upper 
arm AVF. 

Photo essay below shows continuous measurement of blood flow with a vascular flowprobe directing a fistula banding procedure,  
courtesy of M. R. Scheltinga, M.D., Dept. of Surgery, Máxima Medical Center, Veldhoven, The Netherlands. 

Dacron Band

Sutures

Tissue necrosis, 
indicative of ischemic 
syndrome.

REFERENCES
www.vascularprocedures.com/html/algemeen/home.php 
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Transonic® Flowmeters
Versatile Systems to Optimize Flow
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Surgical

Choose the Flowmeter That Best Fits Your Needs
Establishing adequate blood flow is a 
prime objective of any cardiovascular 
procedure. But without definitive 
measurements, one really doesn’t know 
exact flow. Transonic’s Flowmeters give you 
this information.

Moreover, you can choose the Flowmeter 
that best fits your needs. They include:

• Single-channel Optima Flowmeter   
(key- activated or non key-activated)

• Dual-channel Optima Flowmeter  
(key- activated or non key-activated)

• An Optima Flowmeter integrated  
into the state-of-the art Aureflo

• Dual-channel FlowXL, QuickFlow or 
AdvancedFlow meter with configurable 
mounting options 

    (EU & Japan only.)



Key-activated and Keyless Systems
• Universal System: HT353 single-channel and HT363 

dual-channel Flowmeters for purchase. No keys 
required for use.

• Key-activated HT354 single-channel and HT364 dual-
channel Flowmeters for US and Canada placement. 
An Optima Key is required for each use.

Flow-Assisted Surgery to Optimize Outcomes

AureFlo® display of recorded LIMA-LAD volume flow waveform 
(systolic flow volume in red; diastolic in blue). Also displayed 
are mean flow in mL/min, pulsatility index (PI), D/S Ratio, ECG 
tracing and heart rate.

C a r d i a c    T h o r a c i c    N e u r o s u r g e r y    V a s c u l a r    T r a n s p l a n t    M i c r o s u r g e r y

Optima Flowmeters®      The AureFlo®

Transonic Optima® Flowmeters provide immediate, 
quantitative flow measurements to ensure vessel 
and graft patency with unsurpassed accuracy and 
resolution. 

The Optima Flowmeter complements a full line of 
Perivascular Flowprobes for vessels from 0.5 mm to 
36 mm in diameter and our Tubing Flowsensors  for 
tubing with 1/8 to 1 1/4 inch outer diameters.

HT353 Single-channel keyless Optima® Flowmeter

HT364 Dual-channel key-activated Optima® Flowmeter 
permits simultaneous measurements with two Flowprobes.

Case Portfolios: 
Record, Display, Create
• Recordings and snapshots can be 

labeled for identification before and 
after the procedure

• Select 8-second snapshots from 
recorded measurements for review or 
documentation

• Generous memory space allows 
storage of many cases



Versatile Display
• Touch-screen PC uploaded with FlowTrace® 

software

• Easy to read, high contrast display

• Display can be connected to an OR monitor

Intuitive Operation
• Quick and easy data entry

• Measure, capture, store and retrieve flow 
information 

Archive & Retrieve
• Enhance operative notes and referral 

feedback

• Review case recordings remotely

• Print selected waveforms for reference, 
analyzing, teaching or documenting into 
the patient record 

Convenient & Portable
• Small footprint, easy mobility

• Stable cart that securely holds Flowmeter, 
Monitor & printer

• Convenient writing surface and storage 
drawer

Why rely on guesswork and intuition, and wait 
until postoperative conditions determine surgical 
success? Make intraoperative flow measurements 
with a Transonic Flowmeter part of your routine 
to verify establishement of adequate blood flow 
before closing your patient.

Flow-Assisted Surgery to Optimize Outcomes

AureFlo® display of recorded LIMA-LAD volume flow waveform 
(systolic flow volume in red; diastolic in blue). Also displayed 
are mean flow in mL/min, pulsatility index (PI), D/S Ratio, ECG 
tracing and heart rate.

Portfolio screen can display up to four snapshots at a time

C a r d i a c    T h o r a c i c    N e u r o s u r g e r y    V a s c u l a r    T r a n s p l a n t    M i c r o s u r g e r y

Optima Flowmeters®      The AureFlo®

Case Portfolios: 
Record, Display, Create
• Recordings and snapshots can be 

labeled for identification before and 
after the procedure

• Select 8-second snapshots from 
recorded measurements for review or 
documentation

• Generous memory space allows 
storage of many cases



Surgery

FlowXL (CV-701-ds) Rev B 2022 A4

FlowXL® Flowmeter
An objective measurement of intraoperative 
flow is essential to assuring vessel patency.   

Excel at intraoperative flow measurements 
with Transonic’s next generation FlowXL® 
Flowmeter. 

The FlowXL is a standalone, touchscreen flowmeter 
used during surgery with Transonic’s Flowprobes to 
measure, display, and document absolute volume flow 
in vessels and other derived parameters. The meter is 
highly configurable, but easy to use.

Available in EU and Japan Only 

Features
• Simple Plug & Play Operation: Turn on the 

power, plug in a Flowprobe, and measure flow.  

• User-friendly interface: touchscreen display with 
simple, intuitive navigation

• Scalable Hardware: Standalone meter with  
multiple mounting options and optional mobile 
cart/trolley, secondary surgeon display, printer 
shelf & printer

• Configurable Software: QuickFlow or Advanced 
Flow (coming soon) options allow the user to 
choose the software functionality that fits their 
workflows

• Guaranteed Probe Durability & Reliability:   
12 months or 75 uses 

Optimize Surgical Outcomes 
with FlowXL® Measurements



Surgery

FlowXL® Flowmeter

Configurable Software 
QuickFlow
Quick Flow software has limited functionality for simpler 
plug & play operation and no internal memory to save 
data.

1. Measure flow and display flow data and derived  
parameters

2. Capture and annotate snapshots

3. Print snapshots or export to USB drive

AdvancedFlow - Coming Soon
AdvancedFlow Software allows the user to measure flows 
and also save flow data in dedicated patient records.  

1. Patient Name and ID# Entry

2. Surgery Type and Vessel Name Entry

3. Multiple Surgeon Name Entry

4. Capture Snapshots or Recordings

5. Create Annotated Reports with Multiple Snapshots

6. Print Snaphots/Reports or Export to USB

7. Set up Admin and Operator Passwords and Permissions

8. Export Patient Records.

Specifications
METER DIMENSIONS
SIZE: 12.5”W x 9.25” H x 3.5”D 
(31.75cm W x 23.5cm H x 8.9cm D)
WEIGHT: 6.5 lbs. (2.9 Kg)

POWER SUPPLY
INPUT: 50-60 Hz; 100-240 VAC +10% 
(automatic voltage adjustment), Output: 
15VDC, 4A

DISPLAY
12.1” (30.7cm) color, active matrix 
capacitive touchscreen display

PORTS
Flowsensor Connectors(2), 
Mains Power (100-240VAC) input, 
Type A USB (2), 
Type B mini USB (1), 
DVI-D for secondary display, 
Auxiliary Input (1/4” phono connector) 
for ECG, Ethernet (not active on initial 
release)

PRINTER
P/N GP0003  - HP Deskjet 3760 for use 
in Europe

REGULATORY COMPLIANCE
Complies with acceptable standards 
for medical and electrical equipment 
(IEC60601-1). This Transonic® products 
is CE marked per 93/42EEC Annex II 
as amended by Directive 2007/47/EEC. 
Transonic® is an ISO13485:2016-certified 
facility.



Transonic’s Perivascular 
Flowprobes & Tubing 

Flowsensors

Surgery

The Largest Selection of Flowprobes Available

Transonic’s application-customized Flowprobes measure volume 
flow in blood vessels and grafts from 0.5 mm to 36 mm to: 

  • Quantify blood flow 

  • Identify technical problems early

  

Flowprobe Flyer(CV-500-fly-A4)Rev G 2022



Cardiac Flowprobes 
Coronary Artery Grafts •  Ascending Aorta
Transonic® Cardiac Flowprobes include FMC-Series Flowprobes for coronary artery bypass grafting surgery and 
COnfidence Flowprobes® for continuous measurement on great vessels with turbulent flows.

Pictured, from left to right, are 1.5 
mm, 2 mm, 3 mm and 4 mm coronary 
Flowprobes showing their blue Probe 
bodies, J-style reflectors and ultrasonic 
sensing windows.

FMC-Series Coronary Handle Flowprobes are available in sizes 1.5 mm to 4 mm. They feature a 
J-style reflector, designed for spot flow checks of coronary artery bypass grafts and an extended neck 
with a flexible end to reach coronary grafts even behind the heart. 

Flexible neck 
segment

Elongated curved neck

Probe handleProbe body

Coronary Flowprobes

Non-handle COnfidence Flowprobes®

COnfidence Flowprobes® (-AU-Series), designed with four transducers, provide highly accurate measurements in vessels with highly turbulent 
flows such as the ascending aorta. The Flowprobe’s slim, ergonomic profile creates a minimal footprint that fits in tight anatomical sites. The 
soft, pliable liner cushions and protects the vessel. Available in 17 sizes from 4 mm to 36 mm.

              28 mm                       24 mm                      20 mm                16 mm               14 mm           10 mm            8 mm        6 mm     4 mm

AU-Series COnfidence Flowprobes® consist of a Flowprobe 
shell and a single-use soft, flexible Ultrafit liner. This novel 
concept for ultrasonic signal coupling enables immedi-
ate, beat-to-beat flow measurements with a minimum of 
ultrasonic coupling gel. The form-fitting Ultrafit Liner slips 
into the transducer shell to encircle the vessel and keep 
the vessel in place. The liner cushions and protects the 
vessel. Liners are incrementally sized for an optimal fit on 
the target vessel.  

Ultrafit 
liner

Probe shell

4 mm COnfidence 
Flowprobe held between 
thumb and forefinger to 
demonstrate its miniature 
size.

AU-Series COnfidence Flowprobes® are used for 
extended measurements of portal flow during 
liver transplant surgery. New 4 mm and 6 mm AU 
Flowprobes are ideally suited for measurements of 
portal flow in pediatric liver transplant surgery.



Transonic’s spectrum of Vascular Flowprobes measure volume flows intraoperatively in vessels and grafts from 
1.5 mm to 14 mm to detect blood flow obstructions before leaving the operating room. In critical transplant 
surgeries, intraoperative flow measurements can guide surgical decisions to ensure vessel patency prior to 
closing. The ability to correct otherwise undetectable flow restrictions provides the surgeon with a unique 
opportunity to improve the outcome for his or her patient.

Vascular/Transplant Flowprobes 
Peripheral Vascular • Transplant • Carotid Endarterectomy

Vascular Handle Flowprobes 

FMV-Series 4 and 6 mm Vascular Flowprobes recommended for measuring hepatic arterial flow. Picture shows Flowprobe 
handle with size of Probe in mm, the Probe’s flexible neck for optimal positioning of the Probe around the vessel, the Probe 
body that houses the ultrasonic transducers, and the Probe reflector. Vessel is positioned within the Probe sensing window 
that is defined by the Probe body and its stationary reflector.

Probe body Handle

Reflector

Flexible neck

FME-Series Flowprobes in sizes 
1.5 to 10 mm sizes feature an 
L-shaped reflector that allows the 
probe to be slipped on and off a 
carotid artery easily, facilitating 
quick pre- and post-procedure 
measurements while protecting 
against dislodging of plaque dur-
ing application of the Flowprobe. 

Probe body

Flexible neckL-style 
reflector

Carotid Flowprobes 

AU-Series Flowprobes in sizes from 
4-16 mm sizes are ideal for measuring 
continuous flow in the portal vein during 
liver transplantation.

AU-Flowprobes for Transplant



Aneurysm Clipping • EC-IC Bypass • AVMs • Fistulas

Long bayonet neck intracranial Charbel Micro-Flowprobes®

 

are available in three sizes, 1.5 mm, 2 mm and 3 mm for aneurysm 
clipping, AVM  and dural fistula obliteration surgeries. -MB & -MR-Series Charbel Micro-Flowprobes® are designed to measure 
flow in major intracranial vessels of the Circle of Willis. Their long bayonet neck permits use under a surgical microscope and a  
flexible neck segment permits bending the Flowprobe as needed to most easily position the probe around the vessel.

Long bayonet neck

Cerebrovascular Flowprobes 

Transonic® Cerebrovascular (Charbel) Flowprobes® measure volume flow in intracranial and extracranial vessels 
during cerebrovascular flow preservation or flow augmentation surgeries. Intraoperative measurements of 
volume flow assure the integrity of cerebral flow or they alert the surgeon to dangerous flow deficits at a time 
when every minute counts. Available as single use (pre-sterilized MB, MB-S) or 16-use (MR, MR-S) flowprobes.

Probe head 
Close-up

Long bayonet neck

Reflector

Probe 
body

Flexible 
neck

Intracranial Flowprobes 

Short bayonet neck extracranial Charbel Flowprobes®

 

are avail-
able in three sizes, 3 mm, 4 mm and 6 mm for extracranial 
vessels such as the superior temporal artery during extracranial-
intracranial (EC-IC) bypass surgeries. Their short bayonet neck 
permits use under a surgical microscope and a flexible neck 
segment permits bending the Flowprobe as needed to precisely 
position the probe around the vessel.

Short bayonet neck

Side-by-side comparison between intracranial Charbel Micro-Flowprobes® and 
shorter neck extracranial Charbel Flowprobes®

. 

used during EC-IC bypass surgery.

Extracranial Flowprobes 

Intracranial/Extracranial Probe Comparison



Microsurgical Flowprobes 
Flaps • Reattachments
Transonic® Microsurgical Flowprobes measure volume flow in blood vessels or grafts from 0.5 to 4.0 mm 
diameter. Flow measurement in these vessels during microvascular procedures quantify flows in the smallest 
vessels in order to objectively assess the quality of the reconstruction or reattachment, guide better surgical 
decisions and give the surgeon the opportunity to correct otherwise undetectable flow restrictions before 
closing the patient. Due to extreme accuracy requirements, this Microsurgical Flowprobe Series is only 
available with the Optima Flowmeter.

Microvascular Flowprobe (-MU) Series including 0.7 mm, 1 mm, 1.5 mm, 2 mm, and 3 mm Flowprobes.

Microvascular Flowprobe (2 mm) showing handle and flexible probe neck for easy positioning of the Flowprobe around a vessel.

Flowprobe 
handle

Probe 
body

Flexible 
neck

Reflector

Side-by-side comparison of a 0.7 mm 
Flowprobe with a 25g. needle.Ultrasonic sensing windows of Microvascular 

Flowprobe (MU) Series. 

0.7 mm    1.0 mm     1.5 mm    2.0 mm       3.0 mm



Clamp-on Tubing Flowsensors

XL-Series Clamp-on Tubing Flowsensor

 

STOCK TUBING

Procedure
Cat # 

HQD / HS 
Series

TUBING (inches)
Inner          Wall 
Diameter    Thickness 

Tygon Stock Tubing: If using tubing of different 
diameter or type, please discuss tubing with  a 
customer service representative.

CAROTID SHUNTS 

2XL  3/32 x 1/32 Tygon ND 100-65; Tygon E-3603 

3XL 1/8 x 3/32 Tygon E-3603

4XL 1/8 x 1/16 Tygon ND 100-65; Tygon E-3603

5XL 3/8 x 1/16 Tygon ND 100-65; Tygon E-3603   

PED CPB, ECMO

6XL 1/4 x 1/16 Tygon ND 100-65; Tygon E-3603

7XL 1/4 x 3/32 Tygon ND 100-65; Tygon E-3603

8XL 3/8 x 1/16 Tygon ND 100-65; Tygon E-3603

ADULT CPB

HQD 9XL 3/8 x 3/32 Tygon ND 100-65; Tygon E-3603

HQD 10XL 1/2 x 1/16 Tygon ND 100-65; Tygon E-3603

HQD 11XL 1/2 x 3/32 Tygon ND 100-65; Tygon E-3603

Tubing Flowsensors measure 
the flow within flexible tubing 
with transit-time ultrasound 
technology. Used to verify flow 
in CP Bypass and ECMO circuits, 
Transonic Tubing Flowsensors 
can measure most non-aerated 
liquids including saline and buffer 
solutions, blood and water. No 
physical contact is made with the 
fluid media. 

Sensor size is determined by 
outer tubing diameter (see charts 
at right) and can be ordered in 
inches or metric sizes. 

Important: A sample of the 
tubing to be used with the Tubing 
Flowsensor must accompany 
a purchase order in order to 
calibrate the Flowsensor precisely.

Clinical Tubing Flowsensors will 
be calibrated for clinical use only: 
blood at 37 degrees Celsius.

XL SENSORS (INCHES)

CATALOG # 
HQD / HS 

Series

TUBING

ID 
Inches

Wall ThIckness

Inches

OD
Inches

2XL In sIzes 2Xl-5Xl raTIo of 
TubIng Wall ThIckness To oD 
musT noT eXceeD 1.5 for PVc; 
1:3 for sIlIcone

1/8

3XL 3/16

4XL 1/4

5XL 5/16

6XL 1/4 1/16 3/8

7XL 1/4 3/32 7/16

8XL 3/8 1/16 1/2

9XL 3/8 3/32 9/16

10XL 1/2 1/16 5/8

11XL 1/2 3/32 11/16

12XL 1/2 1/8 3/4

XL SENSORS (METRIC)

CATALOG # 
HQD / HS 

Series

OD 
mm

2XL-M4 4 mm

3XL-M5 5 mm

4XL-M6 6 mm

4XL-M7 7 mm

5XL-M8 7 mm

6XL-M9 8 mm

7XL-M10 9 mm

8XL-M12 10 mm

9XL-M14 12 mm

10XL-M16 14 mm

12XL-M20 20 mm

XL Tubing Flowsensors

Transonic Systems Inc. is a global manufacturer of innovative biomedical measurement 
equipment. Founded in 1983, Transonic sells “gold standard” transit-time ultrasound 
flowmeters and monitors for surgical, hemodialysis, pediatric critical care, perfusion, 
interventional radiology and research applications. In addition, Transonic provides 
pressure and pressure volume systems, laser Doppler flowmeters and telemetry systems.

Europe
Transonic Europe B.V. 
Tel: +31 43-407-7200
Fax: +31 43-407-7201
europe@transonic.com

USA/Canada
Transonic Systems Inc.
Tel: +1 607-257-5300
Fax: +1 607-257-7256
support@transonic.com

Asia/Pacific
Transonic Asia Inc. 
Tel: +886 3399-5806
Fax: +886 3399-5805
support@transonicasia.com

Japan
Nipro-Transonic Japan Inc.
Tel: +81 04-2946-8541
Fax: +81 04-2946-8542
japan@transonic.com




