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Figure 6 (A)
Cineangiogram of a long
stenosis with 56% reduc-
tion in lumen in the mid-
left anterior descending
coronary artery. (B)
Pressure velocity loop for
four cardiac cycles. Note
the linear relation in mid-
late diastole, with aflat
slope of the pressure-veloc-
ity relation unlike the
slopes observed in normal
arteries.
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flow decrease (mid and end diastole).44 In their
experimental preparation, Mancini et al used
electromagnetic flowmeters to measure coro-

nary flow. Changes in left ventricular pressure

during the cardiac cycle were used to define
the start and end points for the measurement:
this avoids the diastolic phase which is influ-
enced by the rapid cardiac relaxation, and the
phase of isovolumetric myocardial contrac-
tion. In a separate series of experiments, the
slope of the instantaneous hyperaemic dia-
stolic flow-pressure relation (IHDFPS) was

shown to be independent of changes in heart
rate, preload, aortic pressure, and cardiac con-

tractility.4445 The IHDFPS correlated better
than the conventional CFR with the severity of
coronary stenoses induced by epicardial con-

strictors. The measurement of coronary con-

ductance obtained with this index was highly
correlated with the measurement obtained
with microspheres. In humans, selective mea-

surements of instantaneous coronary flow can-

not be easily performed in the cardiac
catheterisation laboratory. Intracoronary
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New concepts for interpretation of intracoronary velocity and pressure tracings

Doppler, however, can accurately measure
instantaneous flow velocities during the car-
diac cycle. 136 Doppler-tipped guidewires can
be used to measure velocity distal to the steno-
sis, so that the flow changes will certainly
reflect the severity of the lesion under study.
We have studied the feasibility, repro-

ducibility, and independence from haemody-
namic indices at the time of the assessment of
the instantaneous hyperaemic diastolic
velocity-pressure slope (IHDVPS) in 52
arteries with < 30% diameter stenosis.6 The
sensitivity and specificity of the IHDVPS for
the assessment of a flow-limiting stenosis was
established by comparing the measurements of
IHDVPS in the control group with the mea-
surements obtained in 24 arteries with > 30%
diameter stenosis (fig 6). With a cut-off value
of < 0'8 cm s-.mm HgI, the sensitivity and
specificity of this index for detecting the
absence of a > 30% diameter stenosis were
95% and 91%, respectively, with a sensitivity
slightly greater than that of coronary flow
reserve. The assessment of a larger group of
patients with flow limiting stenoses is required
to establish the potential advantage of IHD-
VPS over CFR in the assessment of an impair-
ment of coronary conductance. Other studies
are needed to determine the value of this index
for the assessment of changes of coronary con-
ductance after coronary interventions.
Compared with CFR the IHDVPS has the
advantage of being independent of haemody-
namic changes and changes in baseline veloc-
ity.
The measurement of the relation between

proximal coronary pressure and flow velocity
distal to the stenosis explores both the changes
in coronary conductance caused by the pres-
ence of a stenosis and the vasodilatory capacity
of the distal coronary circulation. An indepen-
dent assessment of these two components can
be obtained if the pressure distal to the stenosis
can be measured simultaneously. In a series of
animal experiments performed by Gould the
relation between transstenotic pressure and
flow velocity showed an excellent correlation
with the severity of experimentally induced
coronary stenoses.47 The simultaneous mea-
surement of the transstenotic pressure gradi-
ent and flow velocity has several practical
advantages. The possible misinterpretation of
a low flow increase during maximal vasodilata-
tion is avoided because the simultaneous
recording of the transstenotic pressure gradi-
ent discriminates between a low flow increase
caused by haemodynamically severe stenosis
(high pressure gradient) and a low flow
increase caused by an impairment of the distal
vasodilatory mechanisms or by competition of
flow through a well-developed collateral circu-
lation (low pressure gradient). Conversely,
when maximum flow is low because of factors
not dependent on the stenosis resistance, the
measurement of a low transstenotic pressure
gradient can be misleading by suggesting the
presence of a non-significant stenosis.
Though the maximum flow and conse-

quently the maximal transstenotic gradient are
also determined by factors that are indepen-

dent of the stenosis resistance, the pressure
gradient/flow relation is intimately correlated
with stenosis haemodynamics. A high-fidelity
pressure transducer mounted on an angio-
plasty guidewire has been used in combination
with a separate Doppler guidewire in
humans"74"'9 (fig 2). The initial results of the
analysis of the instantaneous pressure gradi-
ent-velocity relation suggest that this tech-
nique can reproducibly and accurately assess
indices that more precisely characterise the
physiological significance of coronary stenoses.

Conclusions
Miniaturisation of Doppler and high-fidelity
pressure sensors has permitted the application
in the human catheterisation laboratory of
sophisticated methods of functional assess-
ment of stenosis severity previously confined
to the experimental animal laboratory. These
techniques could add a new dimension, the
functional assessment, to the morphological
evaluation of coronary stenosis with angiogra-
phy or intracoronary ultrasound. Indices
derived from poststenotic pressure and/or
velocity measurements correlate well with the
results of non-invasive provocative tests of
myocardial ischaemia and can be used to pre-
dict the recurrence of ischaemia after coronary
interventions.

1 Di Mario C, Haase J, den Boer A, Reiber JHC, Serruys
PW. Videodensitometry versus edge detection for the
assessment of in vivo intracoronary phantoms. Am HeartJ7
1992;124:1181-9.

2 Haase J, Di Mario C, Slager CJ, van der Giessen WJ, den
Boer A, de Feyter PJ, et al. In-vivo validation of on-line
and off-line geometric coronary measurements using
insertion of stenosis phantoms in porcine coronary arter-
ies. Cathet Cardiovasc Diagn 1992;27:16-27.

3 Young DF, Vholvin NR, Roth AC. Pressure drop across
artificially induced stenoses in the femoral arteries of
dogs. Circ Res 1975;36:735-43.

4 Kirkeeide RL, Gould KL, Parsel L. Assessment of coronary
stenoses by myocardial perfusion imaging during phar-
macologic coronary vasodilatation. Validation of coro-
nary flow reserve as a single integrated functional
measure of stenosis severity reflecting all its geometric
dimensions. JAm Coll Cardiol 1986;7:103-13.

5 Gruntzig AR, Senning A, Siegenthaler WE. Nonoperative
dilatation of coronary-artery stenosis: percutaneous
transluminal coronary angioplasty. N Engl J Med
1979;301:61-8.

6 Serruys PW, Wijns W, Reiber JHC, de Feyter PJ, van den
Brand M, Piscione F, Hugenholtz PG. Values and limita-
tions of transstenotic pressure gradients measured during
percutaneous coronary angioplasty. Herz 1985;10:
337-42.

7 De Bruyne B, Syss U, Hemdrickx GR. Percutaneous trans-
luminal coronary angioplasty catheters versus fluid-filled
pressure monitoring guidewires for coronary pressure
measurements and correlation with quantitative angiog-
raphy. AmJ Cardiol 1993;72:1101-6.

8 Emanuelsson H, Dohnal M, Lamm C, Tenerz L. Initial
experiences with a miniaturized pressure transducer dur-
ing coronary angioplasty. Cath Cardiovasc Diagn 199 1;24:
137-43.

9 de Bruyne B, Pijls NHJ, Paulus WJ, Vantrimpont PJ, Sys
SU. Transstenotic coronary pressure gradient measure-
ment in humans: in vitro and in vivo evaluation of a new
pressure monitoring angioplasty guidewire. J Am Coll
Cardiol 1993;22: 119-26.

10 Emanuelsson H, Dohnal M, Lamm C, Di Mario C,
Serruys PW. Measurement of coronary artery pressure
and stenosis gradients-clinical applications. In: Serruys
PW, Foley DP, de Feyter PJ, eds. Quantitative coronary
angiography in clincal practice. Dordrecht: Kluwer,
1994; 167-79.

11 Pijls NHJ, van Son JAM, Kirkeeide RL, de Bruyne B,
Gould KL. Experimental basis of determining maximum
coronary, myocardial and collateral blood flow by
pressure measurements for assessing functional
stenosis severity before and after percutaneous trans-
luminal coronary angioplasty. Circulation 1993;86:
1354-61.

491

 on A
ugust 14, 2022 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.74.5.485 on 1 N
ovem

ber 1995. D
ow

nloaded from
 

http://heart.bmj.com/


Di Mario, Gil, Sunamura, Serruys

12 De Bruyne B, Baudhuin T, Melin JA, Pijls NHJ, Sys SU,
Boll A, et al. Coronary flow reserve calculated from pres-
sure measurements in humans: validation with positron
emission tomography. Circulation 1994;89:1013-22.

13 Doucette JW, Douglas Corl P, Payne HP, Flynn AE, Goto
M. Validation of a Doppler guide wire for intravascular
measurement of coronary artery flow velocity. Circulation
1992;85:1899-91 1.

14 Di Mario C, Roelandt JRTC, de Jaegere P, Linker DT,
Oomen J, Serruys PW. Liimitations of the zero-crossing
detector in the analysis of intracoronary Doppler. A com-
parison with fast Fourier transform of basal, hyperemic
and transstenotic blood flow velocity measurements in
patients with coronary artery disease. Cathet Cardiovasc
Diagn 1992;28:56-64.

15 Labovitz AJ, Antonis DM, CraVens TL, Kern MJ.
Validation of volumetric flow measurements by means of
a Doppler-tipped coronary angioplasty guide wire. Am
HeartJ 1993;126:1456-61.

16 Serruys PW, Di Mario C, Kern MJ. Intracoronary
Doppler. In: Topol EJ, ed. Textbook of interventional
cardiology. Philadelphia: Saunders, 1994;1069-121.

17 Serruys PW, Di Mario C, Meneveau N, de Jaegere P,
Strikwerda S, de Feyter PJ. Intracoronary pressure and
flow velocity from sensor tip guidewires. A new method-
ological comprehensive approach for the assessment of
coronary hemodynamics before and after interventions.
AmJ Cardiol 1993;71:41D-53D.

18 Segal J, Kern MJ, Scott NA, King SB, Doucette JW,
Heuser RR, et al. Alterations of phasic coronary artery
flow velocity in humans during percutaneous coronary
angioplasty. IAm Coil Cardiol 1992;20:276-86.

19 Ofili EO, Kern MJ, Labovitz AJ, Vrain J, Segal J, Aguirre
FV, et al. Analysis of coronary blood flow velocity
dynamics in angiographically normal and stenosed arteries
before and after endolumen enlargement by angioplasty. J
Am Coll Cardiol 1993;21:308-16.

20 Kern MJ, Aguirre FV, Donouhue TJ, Bach RG, Caracciolo
EA, Flynn MS, et al. Continuous coronary flow velocity
monitoring during coronary interventions: velocity pat-
terns associated with adverse events. Am Heart J
1994;128:426-34.

21 Folts JD, Crowell EB, Rowe GG. Platelet aggregation in
partially obstructed vessels and its elimination with
aspirin. Circulation 1976;54:365-70.

22 Anderson HV, Kirkeeide RL, Krishnaswami A, Weigelt
LA, Rvana M, Weisman HF, et al. Cyclic flow variations
after coronary angioplasty in humans: clinical and angio-
graphic characteristics and elimination with 7E3 mono-
clonal antiplatelet antibody. J Am Coll Cardiol
1994;23:1031-7.

23 Gould KL, Lipscomb K, Hamilton GW. Physiologic basis
for assessing critical coronary stenosis: instantaneous
flow response and regional distribution during coronary
hyperemia as measures of coronary flow reserve. Am.
Cardiol 1974;33:87-94.

24 Klocke FJ. Measurements of coronary flow reserve: defin-
ing pathophysiology versus making decisions about
patient care. Circulation 1987;76:245-53.

25 McGinn AI, White CW, Wilson RF. Interstudy variability
of coronary flow reserve: influence of heart rate, arterial
pressure and ventricular preload. Circulation 1990;
81:1319-30.

26 Rossen JD, Winniford MD. Effect of increases in heart rate
and arterial pressure on coronary flow reserve in humans.
J Am Coil Cardiol 1993;21:343-8.

27 Wilson RF, Marcus ML, White CW. Prediction of the
physiologic significance of coronary arterial lesions by
quantitative lesion geometry in patients with limited
coronary artery disease. Circulation 1987;i5:723-32.

28 Harrison DG, White CW, Hiratzka LF, Eastham CL,
Marcus ML. The value of lesional cross-sectional area
determined by quantitative coronary angiography in
assessing the physiologic significance of proximal left
anterior descending coronary artery stenoses. Circulation
1984;69:111-9.

29 Zijlstra F, van Ommeren J, Reiber JHC, Serruys PW. Does
the quantitative assessment of coronary artery dimen-
sions predict the physiologic significance of a coronary
stenosis? Circulation 1986;75: 1154-62.

30 Wilson RF, Johnson MR, Marcus ML, Aylward PEG,
Skorton DJ, Collins S, et al. The effect of coronary angio-
plasty on coronary blood flow reserve. Circulation
1988;71:873-885.

31 Serruys PW, Juilliere Y, Zijlstra F, Beatt KJ, De Feyter PJ,
Suryapranata H, et al. Coronary blood flow velocity during
percutaneous transluminal coronary angioplasty as a
guide for assessment of the functional result. Am J
Cardiol 1988;61:253-9.

32 Kern MJ, Deligonul U, Vandormael M, Labovitz A,
Gudipati CV, Gabliani G. Impaired coronary vasodilator
reserve in the immediate postcoronary angioplasty
period: analysis of coronary artery flow velocity indexes
and regional cardiac venous efflux. J7 Am Coil Cardiol
1989;13:860-72.

33 Miller DD, Donouhue TJ, Younis LT, Bach RG, Aguirre
FV, Witty MD. Correlation of pharmacological 99mTc-
SestaMIBI myocardial perfusion imaging with post-
stenotic coronary flow reserve in patients with
angiographically intermediate artery stenoses. Circulation
1994;89:2150-60.

34 Sabistorn DC Jr., Gregg DE. Effect of cardiac con-
traction on coronary blood flow. Circulation 1957;
15:14-23.

35 Krams R, Sipkema P, Westerhof N. Varying elastance con-
cept may explain systolic flow impediment. Am J Physiol
1989;257:H-1471-H1479.

36 Krams R, Sipkema P, Zegers J, WesterhofN. Contractility is
the main determinant of coronary systolic flow impedi-
ment. AmJ Physiol 1989;257:H1936-H1944.

37 Folts JD, Gallagher K, Rowe GG. Blood flow reductions in
stenosed canine coronary arteries: vasospasm or platelet
aggregation? Circulation 1982;65:248-53.

38 Goto M, Flynn AE, Doucette JW, Kimura A, Hiramatsu
0, Yamamoto T, et al. Effect of intracoronary nitroglyc-
erin administration on phasic pattern and transmural dis-
tribution of flow during coronary artery stenosis.
Circulation 1992;85:2296-304.

39 Kajiya F, Ogasawara Y, Tsujioka K. Evaluation of human
coronary blood flow with an 80 channel 20 MHz pulsed
Doppler velocimeter and zero-cross and Fourier trans-
form methods during cardiac surgery. Circulation
1986;74(suppl III):53-9.

40 Kajiya F, Ogasawara Y, Tsujioka K. Analysis of flow char-
acteristics in post-stenotic regions of the human coronary
artery during bypass graft surgery. Circulation 1987;
76:1092-7.

41 Spaan JAE, Breuls NPW, Laird JD. Diastolic-systolic coro-
nary flow differences are caused by intramyocardial
pump action in the anaesthetized dog. Circ Res
1981;49:584-93.

42 Ofili EO, Labovitz AJ, Kern MJ. Coronary flow dynamics
in normal and diseased arteries. Am J Cardiol
1993;71:3D-9D.

43 Donohue TJ, Kern MJ, Aguirre FV, Bach RG, Wolford T,
Bell CA. Assessing the hemodynamic significance of
coronary artery stenoses: analysis of translesional pres-
sure-flow velocity relations in patients. J Am Coil Cardiol
1993;22:449-58.

44 Mancini GBJ, McGillem MJ, DeBoe SF, Gallagher KP.
The diastolic hyperemic flow vs pressure relation: a new
index of coronary stenosis severity and flow reserve.
Circulation 1989;80:941-50.

45 Mancini GBJ, Cleary RM, DeBoe SF, et al. Instantaneous
hyperemic flow-vs-pressure slope index. Microsphere val-
idation of an alternative to measures of coronary flow
reserve. Circulation 1991;84:862-70.

46 Di Mario C, Krams R, Gil R, Serruys PW. Slope of the
instantaneous hyperemic diastolic coronary flow-velocity
pressure relation. A new index for assessment of the
physiological significance of coronary stenosis in humans.
Circulation 1994;90: 1215-24.

47 Gould KL. Phasic pressure-flow and fluid-dynamic analy-
sis. In: Gould LD, ed. Coronary artery stenosis. New
York: Elsevier, 1991;40-52.

48 Di Mario C, de Feyter PJ, Slager CJ, de Jaegere P,
Roelandt JRTC, Serruys PW. Intracoronary blood flow
velocity and transstenotic pressure gradient using sensor-
tip pressure and Doppler guidewires. Cath Cardiovasc
Diagn 1993;28:311-9.

49 Di Mario C, de Feyter PJ, Schuurbiers JHC, de Jaegere P,
Gil R, Emanuelsson H, et al. Assessment of
coronary stenosis severity from simultaneous measure-
ment of transstenotic pressure gradient and flow.
A comparison with quantitative coronary angio-
graphy. In: Serruys PW, Foley D, de Feyter PJ. QCA
in clinical practice. Dordrecht: Kluwer, 1993;
284-306.

492

 on A
ugust 14, 2022 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.74.5.485 on 1 N
ovem

ber 1995. D
ow

nloaded from
 

http://heart.bmj.com/

