
The Hydraulic Consequences of The Hydraulic Consequences of 
Vein Graft TaperVein Graft Taper

Sang-Wook Lee, MS,1 Michael A. Curi, MD, MPA,2
Zachary K. Baldwin, MD,2 Viji Balasubramanian, PhD,2

Francis Loth, PhD,1 Lewis B. Schwartz, MD2

1-Dept. of Mechanical & Industrial Engineering
Department of Bioengineering
University of Illinois at Chicago

2-Section of Vascular Surgery
Department of Surgery 
University of Chicago



IntroductionIntroduction
Internal diameter is a strong predictor of 
vein graft patency

However, most vein grafts are tapered and 
thus the diameters varies along the length 
of the vessel

Purpose: To examine the hydraulic consequences 
of vein graft taper using longitudinal impedance



Intraoperative
hemodynamic assessment 
of infrainguinal vein grafts

Composite waveforms of 10 heart beatsComposite waveforms of 10 heart beatsPressure transducer (HP)Pressure transducer (HP)

Ultrasonic transit time Ultrasonic transit time 
flow probe (flow probe (TransonicsTransonics))

Proximal, Distal Pressure

0 0.5 1

1 .105

2 .105

Prox Pressure
Dist Pressure

Time (s)

Pr
es

su
re

 (d
yn

e/
cm

2)

∆ Pressure Flow

0 0.5 1

2

2

4

Time (s)

Fl
ow

 (m
l/s

)

2 .104

1 .104

4 .104

Time (s)

Pr
es

su
re

 (d
yn

e/
cm

2)



Longitudinal Impedance

n
n

L
n

PZ
Q
∆

=

Integrate over the first 4 Hz  Integrate over the first 4 Hz  

Longitudinal Impedance

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 1 2 3 4 5 6 7 8

Freq (Hz)

ZL
 (x

10
4  d

yn
e·

se
c/

cm
^5

)



Calculated vs. Measured Calculated vs. Measured ∆∆PP
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Outflow resistance and Outflow resistance and Longitudinal Longitudinal 
impedance impedance vs.vs. patencypatency



What is the effect of Taper? What is the effect of Taper? 
Examined LZ for straight grafts100 cm in 
length with internal diameters:

{1.2, 2.2, 3.2, 4.2,…8.2 mm}
Examined a series of tapered grafts 100 cm 
in length with Dmean:

{3.2, 4.2 and 5.2mm} and taper {0 83%}
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MethodsMethods--Straight Graft Straight Graft 
∆P computed from Womersley solution. This is 
a reduced form of the full Navier-Stokes 
solution where the tube is straight, constant 
diameter and infinitely long such that an 
analytical solution is possible
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NonNon--Tapered GraftsTapered Grafts--ZZLL



NonNon--Tapered GraftsTapered Grafts--Integral ZIntegral ZLL
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MethodsMethods--Tapered Grafts Tapered Grafts 
∆P computed from the solution of the 
incompressible, axisymmetric Navier-Stokes 
equations in cylindrical coordinates using finite 
volume method
(15 hours CPU time on a PC for each calculation)

Dmean = 4.2mm with 64% taper (6.2 2.2mm)
Actual ScaleActual Scale

Diameter scaled up 10XDiameter scaled up 10X



Tapered Grafts Tapered Grafts ((DDmeanmean =4.2 mm)=4.2 mm)

% taper% taper proxprox scaledscaled--upup distaldistal
diamdiam.. 10X10X diamdiam..

0%0% 4.24.2 4.24.2

21%21% 4.74.7 3.73.7

38%38% 5.25.2 3.23.2

53%53% 5.75.7 2.72.7

65%65% 6.26.2 2.22.2

75%75% 6.76.7 1.71.7

83%83% 7.27.2 1.21.2
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Tapered GraftsTapered Grafts--ZZLL ((DDmeanmean =4.2 mm)=4.2 mm)
4.2mm

4.7 3.7
5.2 3.2
5.7 2.7
6.2 2.2
6.7 1.7
7.2 1.2
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Percent TaperPercent Taper

Take each Take each 
Integral ZIntegral ZLL
value and value and 

determine the determine the 
corresponding corresponding 
straight graft straight graft 
diameter that diameter that 
would have would have 
the same the same 

valuevalue
Call this the Call this the 

Effective Effective 
Hemodynamic Hemodynamic 

DiameterDiameter of of 
the tapered the tapered 

graftgraft
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SummarySummary
ZL increases rapidly in conduits with D<4mm

Tapered grafts behave hydraulically like 
straight grafts provided that:
– Dmean > 4mm

– Degree of taper < 40%

Future work: Computed ZL for veins before they 
are harvested based on preoperative duplex 
vein mapping 
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