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Real-time Intraoperative Flow 
Data to Help Surgeons Enhance 
Outcomes

Vascular Surgery

••  Check the Quality of Inflow

••  Quantify Flow Improvement

••  Confirm Conduit Patency

C
2797

Vascular Cover (VS-400-fly) Rev. D 2023



Vascular Cover (VS-400-fly) Rev. D 2023
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“Accurate flow measurements can be of great assistance during vascular 
reconstructive surgery. The primary aim with these intraoperative 
measurements is to obtain information on the immediate result of the 
reconstruction, where a technical failure may jeopardize an otherwise 
successful operation.”                                       A Lundell, MD, FACS

Transonic Flow-QC provides a measurable improvement in the quality of 
care you can extend to your patients. With Transonic Flow-QC you can: 
improve patient outcomes; reduce or delay the need for future interventions 
and document surgical results.” 		       T. Wolvos, MD, FACS		

“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.
                                      

Volume Flow Measurements Add Quantitative 
Dimension to Vascular Surgery
Vascular surgeons seek to perform the 
best possible operations tailored to the 
specific needs of each patient. To this end, 
intraoperative blood flow measurements 
provide a quick assessment that may 
confirm what appears to be an acceptable 
surgical result, or they may alert the 
surgeon to potential problems at a time 
when they can be addressed before closing 
the patient.

Transonic® volume flow measurements 
provide on-the-spot feedback about key 
surgical revascularization/reconstruction 
components:

•	 Inflow: checks the quality of flow of a 
newly constructed fistula or bypass.

•	 Flow Conduit: quantifies the carrying 
capacity of the bypass; checks for kinks 
or twists in a graft. 

•	 Outflow: quantifies flow augmentation 
and confirms the patency of an 
anastomosis. 

This rapid flow data offers functional 
information to the vascular surgeon 
who values real-time data to assess the 
quality of the surgery. No other flow 
technology produces flow information so 
quickly, accurately, and non-intrusively 
during vascular surgeries as do Transonic® 
intraoperative Flowmeters.

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.

www.transonic.com

Transonic Systems Inc. is a global manufacturer of innovative biomedical flow 
measurement equipment. Founded in 1983, Transonic sells state-of-the-art, transit-time 
ultrasound devices for surgical, hemodialysis, perfusion, ECMO, and medical device 
testing applications, and for incorporation into leading edge medical devices.
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Intraoperative Blood Flow Measurements 
during Carotid Endarterectomy 
Courtesy of Ian Gordon, MD, PhD, Professor, Dept. of Surgery, Univ. of CA, Irvine

Medical Note

Surgical Approach 
No special adjustment in surgical technique is necessary for 
measurement of blood flow during carotid surgery. The sites 
on the carotid arteries skeletonized by dissection for vascular 
clamp placement are identical to those employed for Flowprobe 
placement. A 10 mm Flowprobe (sometimes an 8 mm Flowprobe 
is used) is employed for the distal common carotid artery and 6 
mm Flowprobes for the origin of the internal and external carotid 
arteries.  

The Flowprobe on the external carotid is placed just distal to the 
origin of the superior thyroid artery. We perform the pre-endarter-
ectomy flow measurements immediately after administration of 
systemic heparin. Measurement of all three arteries (Fig. 1) only 
requires a few minutes. 

After the first measurement, vascular clamps are placed and the 
endarterectomy is performed. After finishing the endarterectomy, 
removing all clamps, and establishing hemostasis, a repeat flow 
measurement is performed. Occasionally, a low flow or turbulent 
flow waveform is detected indicating the presence of a significant 
stenosis which requires immediate revision. As a consequence, we 
try not to reverse heparin with protamine until completion of the 
flow measurements.

Fig 1:  Flowprobe Positions: Pre and Post Endarterectomy.

TYPICAL FLOWS OBSERVED
Conduit  Pre-Endarterectomy Post-Endarterectomy

Common carotid a 287 ± 17 329 ± 18

External carotid a 126 ± 10 104 ± 8

Internal carotid a 135 ± 10 178 ± 11
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10 mm Probe
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Intraoperative Blood Flow Measurements 
during Lower Extremity Bypass Grafts 
Courtesy of Ian Gordon, MD, PhD, Professor, Dept. of Surgery, Univ. of CA, Irvine

Medical Note

Introduction 
After completing a lower extremity arterial bypass anastomosis, 
flow is measured immediately before closure of the wound. We 
do not reverse heparinization. 

Three methods are used to measure flow depending on the 
graft material used. Method A is suitable for saphenous vein or 
dacron grafts and Methods B and C are useful for PTFE grafts. 

1: Saphenous Vein/Dacron Bypass Grafts
Proximal Flow: To measure flow in a saphenous vein or 
dacron bypass graft, the Flowproberobe is placed just distal to 
the proximal anastomosis (Fig. 1: A). Flow is documented and 
a representative flow waveform is generated. An artifact in the 
flow versus time waveform indicates the presence of a hemody-
namically significant stenosis causing turbulence.

Distal Flow: The distal anastomosis is similarly assessed for 
turbulence by placing the Flowprobe on the target vessel for 
the bypass just distal to the distal anastomosis (Fig. 1: B).

Bypass Flow: If there are no technical problems requiring 
graft revision, we perform our definitive flow measurement  
by positioning the Flowprobe on the bypass at any convenient 
position (Fig. 1: C) and measuring flow. We customarily 
measure flow, first with the graft temporarily clamped to 
confirm an accurate zero flow. Then graft flow [Fgraft] is 
measured with the clamp released, and recorded.

Resistance: To calculate resistance of graft flow in the distal 
run-off vessels, we measure the pressure drop across the 
graft. A 26 gauge needle, connected to a three-way stopcock, 
is connected by plastic extension tubing to a sterile pressure 
transducer (usually the anesthetist’s radial artery catheter 
transducer) and is introduced onto the surgical field. The bypass 
graft is punctured by the needle several centimeters distal to 
the proximal anastomosis (Fig. 2). Mean pressure is measured 
first, with the graft open [Popen], and then, with a clamp 
proximal to the needle, occluding the graft  [Pclamp]. The 
pressures are recorded. After completing the measurements, 
the needle is withdrawn and the needle hole is closed with a 
6-0 suture.

Flow resistance (R) is calculated as:  

R = Fgraft  / (Popen - Pclamp) 

  Note: Dacron grafts, rarely used distal to the femoral artery, allow 
direct measurement of flow by transit-time Flowprobes. Expanded 
PTFE grafts cannot be studied immediately by a Flowprobe placed 
on the graft, as air trapped in the graft interstices interferes with 
ultrasound transmission, and an accurate measurement is not 
possible until this gas is expelled. 

2: PTFE Femoropopliteal Bypass
In a typical PTFE femoropopliteal bypass, the graft origin is from 
the common femoral artery. An 8 or 10 mm Flowprobe is placed on 
the common femoral artery just proximal to the bypass (Fig. 3, D). 
Flow in the common femoral artery is then measured with the graft 
open [Fopen] or clamped [Fclamp]. Net graft flow is equal to (Fopen - 
Fclamp). Resistance is measured as above.

Method B is also used whenever placement of the Flowprobe 
on both sides of the distal anastomosis is difficult due to poor 
exposure of the distal vessel receiving the bypass. 

Fig.1:	 Flow measurement sites for fem-pop saphenous vein or dacron grafts.
Fig. 2:	 To calculate resistance, the pressure drop across the bypass graft is 

measured, first with the clamp on the bypass opened [Popen] and then with 
the clamp closed [Pclamp].

Fig. 3:	 Method B: PTFE bypass grafts: flow is measured proximal to the bypass with 
the bypass open [Fopen] and then closed [Fclosed]. To measure flow distri-
bution beyond the distal anastomosis, either antegrade or retrograde, flows 
are measured at points B and E with the bypass open and clamped.

Fig. 1 			          Fig. 2	              Fig. 3
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BYPASS  SIZE PROBE SERIES

Profunda femoris 8 -FMV, -AU

Common femoral 8, 10 -FMV, -AU

Popliteal 4, 6 -FMV, -AU

Tibial 3, 4 -FMV, -AU

Intraoperative Blood Flow Measurements  
during Lower Extremity Bypass Grafts Cont.

Equipment Needs

2 mm - 10 mm Vascular Handle Flowprobe (-FMV-Series)

3: Antegrade & Retrograde Flow Distribution
Method C is used to measure the distribution of flow beyond the 
distal anastomosis in retrograde and antegrade directions. A 4 or 
6 mm probe is placed on the target vessel just distal to the distal 
anastomosis [position B]. 

Antegrade Flow: Antegrade flow is measured with the bypass graft 
open [Fao] and clamped [Fac]. 

Retrograde Flow: To measure retrograde flow, the probe is placed 
on the target vessel [position E] just proximal to the distal anasto-
mosis and flow is measured with the graft open [Fro] and clamped 
[Frc]. Observe the direction of blood flow carefully observed and 
negative and positive signs correctly employed to accurately 
measure flow. Net graft flow is calculated as (Fao - Fac) + (Fro - Frc). 
Resistance is measured as in Method A.

Note: Pulse is a manifestation of pressure, not flow, so an occluded 
graft may still have a distinct pulse.  

Fig. 4:  These waveforms demonstrate a case in which a vein graft initially 
had a stenosis near its origin. The upper waveform shows flow (45 
mL/min) before correcting the stenosis. The lower waveform shows 
flow (90 mL/min) along with a representative flow pattern after 
correcting the stenosis.



Vascular Surgery

Vascular Surgery References (VS-401-ref) Rev D 2023

AV Access
Creation

Johnson CP, Zhu Y, Matt C, Pelz C, Roza AM, Adams MB, “Prognostic Value of 
Intraoperative Blood Flow Measurements in Vascular Access Surgery,” Surgery 
1998; 124: 729-38. (1504AH)

Berman SS, Mendoza B, Westerband A, Quick RC, “Predicting Arteriovenous 
Fistula Maturation with Intraoperative Blood Flow Measurements,” Journal of 
Vascular Access 2008; 9(4): 241-7. (7710AH)  

Won T, Jang JW, Lee S, Han JJ, Park YS, Ahn JH, “Effects of intraoperative 
blood flow on the early patency of radiocephalic fistulas,” Ann Vasc Surg 
2000; 14(5): 468-72. (2411AH) 

Lin CH, Chua CH, Chiang SS, Liou JY, Hung HF, Chang CH., “Correlation of 
Intraoperative Blood Flow Measurement with Autogenous Arteriovenous 
Fistula Outcome.” J Vasc Surg. 2008; 48: 167-72 (7637AH)

Flow Reduction
van Hoek F, Scheltinga, MR, Kouwenberg, I, Moret, KEM.  Beerenhout, CH, 
Tordoir, JHM. “Steal in hemodialysis patients depends on type of vascular 
access,” Eur J Vasc Endovasc Surg 2006; 32: 710-717. (HD7573A)

van Hoek F, Scheltinga MR,  Luirink M, Raaijmakers LCJ, van Pul C, 
Beerenhout CH, “Access flow, venous saturation and digital pressures in 
hemodialysis, ” J Vasc Surg 2007;45: 968-73. (7572AH)

van Hoek F, Scheltinga MR, Luirink M, Pasmans H, Beerenhout CH, “Banding 
of hemodialysis access causing hand ischemia or cardiac overload,” Seminars 
in Dialysis 2009; 22: 204-208.  (9719AH)

Scheltinga MR, van Hoek F, Bruyninckx CMA, “Surgical Banding for Refractory 
Hemodialysis Access-Induced Distal Ischemia (HAIDI),” J Vasc Acc 2009;10: 
43-49. (9720AH)

van Hoek F, In: Vascular Access. J. Tordoir (ed). “Banding for high flow 
hemodialysis access (HFA),”  Minerva, Turin, 2009, 141-150.

Chemla ES, Tang VC, Eymann SA, “Intraoperative Flow Measurements Are 
Helpful in the Treatment of High-Inflow Steal Syndrome on a Predialysis 
Patient with a Brachiocephalic Fistula: A Case Report,” Ann Vasc Surg. 2007. 
(7402AH)	

Zanow J, Petzold K, Petzold M, Kruege U, Scholz H, Flow reduction in high-
flow arteriovenous access using intraoperative flow monitoring, J Vasc Surg 
2006 Dec;44(6):1273-8. (7410AH)

Other
Jendrisak MD, Anderson CB, “Vascular Access in Patients with Arterial 
Insufficiency,” Ann Surg 1990; 212(2): 187-193. (185AH)	

Kelber J, Deimez JA, Windus DW, “Factors Affecting Delivery of High-
Efficiency Dialysis Using Temporary Vascular Access,” Am J Kid Dis 1993; 
22(1): 24-29. (365AH)

Wong V, Taylor J, Selvakumar S, How TV, Bakran A., “Factors associated with 
early failure of arteriovenous fistulae for haemodialysis access.” Eur J Vasc 
Endovasc Surg 1996; 12(2): 207-13. (6943AH)

Ikizler TA, Pupim LB, Brouillette JR, Levenhagen DK, Farmer K, Hakim RM, 
Flakoll PJ, “Hemodialysis stimulates muscle and whole body protein loss and 
alters substrate oxidation,” AJP  2002; 282(1): E107-16. (2636AH)

Peripheral Vascular
Bosma J, Minnee RC, Erdogan D, Wisselink W, Vahl AC, “Transit-time 
Volume Flow Measurements in Autogenous Femorodistal Bypass Surgery for 
Intraoperative Quality Control,” Vascular 20120; 18(6):344-9. (8091AH)

Desai TR, Meyerson SL, Skelly CL, MacKenzie KS, Bassiouny HS, Katz D, 
McKinsey JF, Gewertz BL, Schwartz LB, “Patency and limb salvage after 
infrainguinal bypass with severely compromised (“blind”) outflow,” Arch Surg 
2001; 136(6): 635-42. (7551AHR)

Curi MA, Skelly CL, Quint C, Meyerson SL, Farmer AJ, Shakur UM, Loth F, 
Schwartz LB. “Longitudinal impedance is independent of outflow resistance,” J 
Surg Res 2002; 108(2): 191-7. (7240AH)

Lorenzetti F, Tukianen E, Alback A, Kallio M, Asko-Seijavaara S, Lepantalo 
M, “Blood Flow in a Pedal Bypass Combined with a Free Muscle Flap,” Eur J 
Endovasc Surg 2001; 22: 161-164. (2709AHM)

Meyerson SL, Skelly CL, Curi MA, Desai TR, Katz D, Bassiouny HS, McKinsey JF, 
Gewertz BL, Schwartz LB, “Long-term results justify autogenous infrainguinal 
bypass grafting in patients with end-stage renal failure,” J Vasc Surg 2001; 
34(1): 27-33. (7293AH)

Stirnemann P, Ris HB, Do D, Hammerli R, “Intraoperative flow measurement of 
distal runoff: a valid predictor of outcome of infrainguinal bypass surgery,” Eur J 
Surg. 1994; 160(8): 431-6. (7249AH)

Tukiainen E, Laurila K, Kallio M, Lorenzetti F, Kantonen I, Lepantalo M, 
“Internal arteriovenous fistula within a radial forearm flap—a novel technique 
to increase femorodistal bypass graft flow to the diabetic foot and flap 
covering ischaemic tissue loss,” Eur J Vasc Endovasc Surg 2006; 31(4): 423-30. 
(7251AHM)

Schwierz T, Harnoncourt F, Havlicek W, Tomaselli F, Fuggerm R, “Interpretation 
of the results of Doppler ultrasound flow volume measurements of infrainguinal 
vein bypasses,” Eur J Vasc Endovasc Surg, 2005; 29(5): 452-6. (7246AHM)

Schwierz T, Pricop T, Ebner C, Havlicek W, Schmoller F, Nesser HJ, Bohmig 
HJ, Fugger R. “The evaluation of run-off prior to infra-inguinal bypass 
reconstruction - a modified scoring system based on flow measurement,” Eur J 
Vasc Endovasc Surg 2003; 26(1): 52-8. (7245AHM)

Fisher RK, How TV, Bakran A, Brennan JA, Harris PL, “Outflow distribution at 
the distal anastomosis of infra-inguinal bypass grafts,” J Biomech 2004; 37(3): 
417-20. (2943AH)

Meyerson SL, Moawad J, Loth, F, Skelly, CL, Bassiouny, HS, McKinsey, JF, 
Sewertz, BL, Schwartz, LB, “Effective Hemodynamic Diameter: An Intrinsic 
Property of Vein Grafts with Predictive Value for Patency,” J Vasc Surg 2000; 
31: 910-917. (1503AH)

Schwartz, LB, Belkin, M, Donaldson, MC, Knox, JB, Craig, DM, 
Moawad J, McKinsey JF, Piano G, Bassiouny HS, Whittemore AD, “Validation 
of a New and Specific Intraoperative Measurement of Vein Graft Resistance” J 
Vasc Surg 1997; 25: 1033-1043. (925AH)

Lundell A, Begqvist D, “Intraoperative Flow Measurements in Vascular 
Reconstruction,” Annales Chirurgiae Gynaecologie 1992; 81(2): 187-191.  (3G) 

Vascular Surgery References



Vascular Surgery

Transonic Systems Inc. is a global manufacturer of innovative biomedical flow 
measurement equipment. Founded in 1983, Transonic sells state-of-the-art, transit-time 
ultrasound devices for surgical, hemodialysis, perfusion, ECMO, and medical device 
testing applications, and for incorporation into leading edge medical devices.

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

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

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

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

www.transonic.com

Peripheral Vascular cont.
Lundell, A, Nyborg, K, “Do Residual Arteriovenous 
Fistulae after in Situ Saphenous Vein Bypass Grafting 
Influence Patency?” J Vasc Surg 1999; 30: 99-105. 
(1903AH)   

Lundell, A, Bergqvist, D, “Prediction of Early Graft 
Occlusion in Femoropopliteal and Femorodistal 
Reconstruction by Measurement of Volume Flow with 
a Transit Time Flowmeter and Calculation of Peripheral 
Resistance,” Eur J Vasc Surg 1993; 7: 704-9. (293AH)

Pedersen G, Laxdal E, Amundsen SR, Dregelid E, Jonung 
T, Nyheim T, Aune S, Flow measurement before and 
after papaverine injection in above-knee prosthetic 
femoro-popliteal bypass,” J Vasc Surg 2006; 43(4): 
729-34. (7136AHM)

Alback A, Roth WD, Ihlberg L, Biancari F, Kepantalo M, 
“Preoperative angiographic score and intraoperative 
flow as predictors of the mid-term patency of 
infrapopliteal bypass grafts,”  Eur J Vasc Endovasc Surg 
2000; 20(5): 447-53. (2062AHM)

Ihlberg LHM, Alback NA, Lassila R., Lepantalo M, 
“Intraoperative Flow Predicts the Development of 
Stenosis in Infrainguinal Vein Grafts,” J Vasc Surg 2001; 
34: 269-76. (2064AHM)

Blankensteijn JD, Gertler JP, Brewster DC, Cambria 
RP, LaMurglia GM, Abbott WM, “Intraoperative 
Determinants of Infrainguinal Bypass Graft Patency: A 
Prospective Study,” Eur J Endovasc Surg 1995; 9: 375-
382. (518AH)

Belkin M, Schwartz LB, Donaldson MC, Mannick, 
JA Whittemore, AD, “Hemodynamic Impact of Vein 
Graft Stenoses and Their Prediction in the Vascular 
Laboratory,” J Vasc Surg 1997; 25: 1016-1022. 
(924AH)

Verhelst R, Bruneau  M, Nocolas A-L, Frangi R, Khoury 
GE, Noirhomme P, Dion R, “Popliteal-to-Distal Bypass 
Grafts for Limb Salvage,” Ann Vasc Surg 1997; 11: 
505-509. (1043AH)

Carotid 
Hosoda K, Kawaguchi T, Shibata Y, Kamei M, 
Kidoguchi K, Koyama J, Fujita S, Tamaki N, ”Cerebral 
vaso-reactivity and internal carotid artery flow help to 
identify patients at risk for hyperperfusion after carotid 
endarterectomy,” Stroke  2001; 32(7): 1567-73. 
(6995AH)

Eckstein HH, Eichbaum M, Klemm K, Doerfler A, Ringleb 
P, Bruckner T, Allenberg JR, “Improvment of Carotid 
Blood Flow after Carotid Endarterectomy—Evalution 
using Intraoperative Ultrasound Flow Measurement,” 
Eur J Vasc Endovasc Surg  2003; 25: 168-174. 
(2579AH)

Gordon IL, Stemmer EA, Wilson SE, “Redistribution of 
Blood Flow after Carotid Endarterectomy,” J Vasc Surg 
1995; 22: 349-360. (593AH)

Gordon IL, Weil J, Williams RA, Wilson SE, “Intraoper-
ative Measurement of Javid Shunt Flow with Transit-
Time Ultrasound,” Ann Vasc Surg 1994; 8(6): 571-577. 
(371AH)

Gordon IL, Stemmer EA, Williams RA, Arafi M, Wilson 
SE,  “Changes in Internal Carotid Blood Flow after 
Carotid Endarterectomy Correlate with Preoperative 
Stenosis,” The Am J Surg 1994; 168: 27-130. (364AH)

Gordon IL, Goldstein LJ, Ceraldi C, Weir P, Tobis J, 
Stemmer  E, “Hemodynamic Effects of Serial Stenoses 
in An Arterial Model,” Am College Surgeons, Surgical 
Forum 1991;  XLII: 315-319 . (192AH)

Aleksic M, Heckenkamp J, Gawenda M, Brunkwall 
J, “Pulsatility index determination by flowmeter 
measurement: a new indicator for vascular resistance?” 
Eur Surg Res 2004; 36(6): 345-9.(3018AHM)

McCullough JN, Zhang N, Reich DL, Juvonen TS, Klein 
JJ, Spielvogel D, Ergin MA, Griepp RB, “Cerebral 
metabolic suppression during hypothermic circulatory 
arrest in humans,” Ann Thorac Surg 1999; 67(6): 1895-
9; discussion 1919-21. (7191AH)

Tulleken CA, Verdaasdonk RM, Beck HJM, 
“Nonocclusive Excimer Laser-Assisted End-to-Side 
Anastomosis,” Ann Thorac Surg 1997; 63: S138-142. 
(1037AH)

Tulleken CA, van der Zan A, Van Rooij WJ, Ramos 
LM, “High-flow Bypass Using Nonocclusive Excimer 
Laser-assisted End-to-side Anastomosis of the External 
Carotid Artery to the P1 Segment of the Posterior 
Cerebral Artery Via the Sylvian Route. Technical Note,” 
J Neurosurg 1998; 88(5): 925-927. (1025AH)

Tulleken CA, van der Zwan A, Kappelle LJ, “High-flow 
transcranial bypass for prevention of brain ischemia,” 
Ned Tijdschr Geneeskd 1999; 143(45): 2281-5. 
(3028AH)

Other

Murakawa K, Ishimoto E, Noma K, Ishida K, Nishijima 
M, Izumi R, “Circulatory Effects of Stellate Ganglion 
Block in Idiopathic Facial Palsy,” Masui 1994; 43(3): 
356-60, 1994. (1005AH)

Schmidli J, Heller G, Englberger L, Eckstein FS, Carrel 
TP, “First clinical experience with an anastomotic device 
to facilitate aortomesenteric saphenous vein bypass,” J 
Vasc Surg 2002; 36(4): 859-62. (2760AH)

Herz I, Mohr R, Aviram G, Loberman D, Locker C, Ben-
Gal Y, Uretzky G, “The right internal thoracic artery 
and right gastroepiploic artery: alternative sites for 
proximal anastomosis in patients with atherosclerotic 
calcified aorta,” Heart Surg Forum - 2004; 7(5): E481-
4. (6942AH)

Vascular Surgery References Cont.


