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Development of Simple Flow Measurement in the Vascular
Access Conduit Based on the Bernoulli’s Theory

Jong Hoon Lee, M.D.™, Soon-Young Song, M.D?, Hyeon Kyeong Cho, M.D?, Soo Young Yoon, MD?
Sung Ja Yang, RN, Kyu Ha Huh, M.D.**, Soon 1l Kim, M.D.**, Yu Seun Kim, M.D.** and Kiil Park, M.D.™

Departments of lSurgery, 2Radiology and 3Nephrology, Kwandong University College of Medicine,
Myongji Hospital, Goyang, “Research Institute for Transplantation and 5Depau'tment of Surgery,
Yonsei University College of Medicine, Seoul, Korea

Purpose: Early detection of arteriovenous fistula (AVF) dysfunction in hemodialysis patients and prompt
corrective procedures reduces the AVF thrombosis rates and lengthens access survival. We tried to develop
a new simple and cheap bedside measurement technique based on the Bernoulli’s theory. Method: From a
total of 20 case of vascular accesses for hemodialysis, of at least 3 months of construction, we twicely measured
the AVF flow rate (Qp) with Doppler ultrasonography and vascular conduit pressure. Four kinds of pressure
were measured: tubing set free from dialysis machine and positioned on the patient’s bed (Prg), two kinds
of artificial stenosis made with tourniquet (Prsi, Prs;), pump flow rate at 100ml/min (Prio0), and pump off
(Pro). We calculated the flow rate of vascular conduit (Qr) with Prr and mean arterial pressure on Bernouli’s
equation, and Qr was compared with Qp. Result: AVF was 26.0+28.6 (3~ 108) months after operation, with
five cases (including 2 PTFE grafts) using brachial artery. Prr was closely correlated with Prigo (R*=0.914),
and inversely correlated with Qp (R2=—0.026). Qr was poorly correlated with Qp (R2=0.OO3). There was no
statistical difference in the double pressure measurement (P >0.05), but there was differenence in Qp (P <0.05).
When artificial stenosis was made, the pressures increased, and the calculated flow rates decreased in every
patients. Thrombosis or stenosis was detected in all patients with decrement of Qg, but not in all with decrement
of Qp. Conclusion: Pressure measurement and calculated flow rate in dialysis vascular conduit represent
alterations of AVF flow rate. However its value in long-term follow up awaits further study with accurate
constant number.

Key Words: Hemodialysis, Ateriovenous fistula, Flow rates
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Fig. 1. Manometer for pressure measurement of tube flow.
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A. Schematic of pressure measurement in hemodialysis
vascular conduit

Pressure Monitor

Fistula needle Set Dialysis tubing set

)

Three-Way cock

B. Photographs of pressure measurement during hemo-
dialysis

@ The 3-way cock was connected to pressure monitor
system. Arrows indicate the sites of artificial stenosis.

@ The hemodialysis vascular conduit was free from the
dialysis machine and positioned on the table or
patient's bed.

® Pressure monitor system.

Fig. 2. Method of vascular conduit pressure measurement.
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Table 1. Characteristics of 20 patients with internal AVF

Characteristics

Age (yrs) 59.8+14.2 (36~83)
Sex (M : F) 11:9
Vascular access*

Op. duration (month) 26.0+28.6 (3~108)

Radial A. 15 (75%)
Brachial A. 5 25%)
Graft 2 (10%)
Antiplatelet or Anticoagulant 6 (30%)
Heparin free HD 2 (10%)
Previous angiogram 5 (25%)

Hct (%)
MAP" (mmHg)
Venous chamber Pressure (mmHg)

29.543.8 (21.1~39.7)
100.9£10.0 (73.3~113.3)
103.7+£29.2 (70~160)

*AVF = ateriovenous fistua;Jr MAP =
contralateral arm

mean arterial pressure on

1) CHe etAtel LHSEHF 23 g2

AA 2099 &2 F FAE 1% 3
59.8+142 (36~83)A Atk WEHNF 24s & 3
+28.6 3~108)71 ¥ AT o, o
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sto] gk TS AREE B¢ 52 5%)01
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& A¥o] dE FAE 5HEsS%)OIAT. HTF JEF &
5L 295438 (21.1~39.7)Q 2L, B = Aol M =A 3
B TG-S FT 100.9+10.0 (73.3~113.3) mmHg ${th
2719 BEZo 93 F S 200 m/minE 313-S w2
Zul 2] 2 (venous chamber pressure)> &1 103.7
+29.2 (70~160) mmHgE, 125 mmHg ©]4<¢ A= 59
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3) FME 2H(Prr, Prig) X EFEQp LIS T A S Ras ey e %Q%W e
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e EAT S A THFig. 5A).
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Fig. 4. Pressure wave form in native AVF and PTFE graft.
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Fig. 5. Comparisons of vascular conduit pressure and Doppler flow rate.
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A: Correlation between Q; and G,
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Fig. 6. Comparisons of vascular conduit flow rate (Qp)

Table 2. Results of pressure and flow rate measurement

First Second  p-value**

Pre* (mmHg)
Radial A. (n=15) 21.1%7.7 23.8480  0.078
Brachial A. (n=5) 54.6+31.8 5494355  0.122

P=0.007***  P=0.000%**
Prig’ (mmHg) -7.3+26.6 514290  0.363
P> Pro’ 15 (75%)
QF (ml/min) 243455 251451 0262
Qp' (ml/min) 952.54435.6  1112.0£566.0 0.031
Qp<600 ml/min 3 (15%) 5 (25%)
Qp>20% decrement 2 (10%)
Vo' (cm/sec) 36.6+20.4 435221  0.043

*Prg = intravascular conduit pressure free from dialysis machine;
" Prigo=intravascular conduit pressure with pump flow rate on 100
ml/min; ¥ Pro= intravascular conduit pressure with pump off; §QF=
intravascular conduit flow rate calculated with Prg and mean
arterial pressure; ! Qp= internal AVF flow rate measured with
Doppler ultrasound, "Wp=internal AVF velocity measured with
Doppler ultrasound

**P-value was calculated by paired t-test; ***P-value was calcu-
lated by student t-test

(75%)°1 Atk T e T3] st o} F F9 ke
AolA AXNE Qe Z7Zb 24.3+55 mi/min®}t 25.1+5.1
ml/minZ FAHSZ F93 2ol ATHP=0.262). 1
U Qo Vo2 T W] SA A BAAHLE fogt AolE
B ATHP<0.05). Qp7} 600 ml/min ©]3}¢] B2} zH7} 31
3} 59 o] Atk(Table 2).
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B: Correlation between G and V,
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and internal AVF flow rate (Qp) or velocity (Vp).

Table 3. Results of flow decrement patients

Venous Pr. +

P Typer Qo () Qe (%) (DT Fae
1 n 25.01 +3.2° 7 N
2 n 28.7 123 80 S
3 n 113 9.8 130 S
4 g +26.8 -10.0 146 T
5 g -14.5 -18.1 78 T

*Type: g = PTFE graft; n = native vessel, " Fate: T = Thrombosis;
S = Stenosis; N = No abnormality; . flow decrement; % flow

increment
5 R UL BXfel ALt

T ¥ 3 A Qt 10% o1 FAad St 37 o]
A, 1788 98% A4S HI Qpel =AM 25% o)
o] ARTF AAE B A= 39 o] TH(Table 3). 278 9
Az HE 7H $ake 24 4 3 179 ol A
o A HAS ot olE F 3 W A M=
22 SR A 237 Qu7t T AFE RO Y Qe
T Aol A B 10% o) stk vy A 39 o] gt
AA &S A 27 Qe Qo7 BT AT
278 9] Shapo A gl o] P& Aol HASI, QF & 7
AHA Z3 Qe FaT Bl 3 P XM= o)A
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A: Pressure change with artificial stenosis
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Fig. 7. Angiographic findings of pa-
tients with flow decrement.
(A) Long segment of venous
stenosis was detected in a
patient with 28.7% decrement
of Qp and 12.3% decrement of
Qr, (B) Stenosis was detected
in a patient with 11.3% decre-
ment of Qp and 9.3% decre-
ment of Qg around anasto-
mosis site, (C) No abnormal
finding was detected in a
patient with 25.0% decrement
of Qp but no decrement of Qg.

140

P E Prg, WA Prg,
120 1

100 [

80 -

mmHg

60

40

20+

B: Flow rate change with artificial stenosis
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Fig. 8. Pressure and flow rate change in hemodialysis vascular conduit with artificial stenosis. (A) Pressure change with artificial stenosis,
(B) Flow rate change with artificial stenosis.
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