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<32 cm/s >32 cm/s

28 cm/s 58 cm/s



Normal CFVR

Rest CFV

Stress CFV

Abnormal CFVR

CFVR: 100/23 = 4.34 CFVR: 76/50 = 1.52

Coronary Flow Velocity Reserve



Coronary Flow Reserve: prognostic value

Kelshiker. Eur Heart J  2022;43:1582

Transtoracic Doppler

Invasive

PET

Total

Techniques

49% Transthoracic Doppler
23% Invasive evaluation
23% PET

5% CMR



Reduced
CFVR

Maximal hyperemic flow under stress

Resting coronary flow

Normal
CFVR

Fixed epicardial stenosis
Microvascular disease

Increased myocardial O2 consumption 
Large artery stiffness, Microvascular disease
Fixed epicardial stenosis, Insulin resistance 

The room of coronary physiology

Picano. Acta Cardiol 2022;Jan 3:1-3.



Mechanisms of increased resting coronary flow 

Coronary
stenosis

Anderson. Circulation 2000;102:48

Large artery
stiffness

Chirinos. JACC 2019;74:1237

Microvascular
disease

Rahman. Circulation 2019;140:1805

Increased O2 consumption 
or decreased O2 supply

Heusch. Am J Physiol 2019;316:1439

Insulin 
resistance

Picchi. Am J Physiol 2011;301:2279

Constant high Glucose in blood

Insulin receptors become resistant

Pancreas
Insulin
Cells
Glucose

Constant high Insulin demand



Increase in resting myocardial  O2 consumption or 
decrease in myocardial O2 supply

Heusch. Am J Physiol Heart  Circ Physiol 2019;316:1439

HR increase SBP increase Contractility increase Anemia



Large artery stiffness

Chirinos. JACC 2019;74:1237

Increased cardiac work load   
Increased SBP

Increased O2 consumption

Increased resting coronary flow



Lembo. JAHA 2017;6:e0057

Increased resting CFV in patients with normal 
coronary arteries and elevated pulse pressure
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Increased resting CVF in ANOCA 
type 2 diabetics with reduced CFVR

0

10

20

30

40

5050

40

30

20

10

0

R
e

s
ti

n
g

 C
F

V
 o

f 
L

A
D

 (
c

m
/s

)

CFVR of LAD >2
(n= 109)

CFVR of LAD <2
(n=35)

p<0.0001 37+15

29+9

Cortigiani. JASE 2014;27:1742



Miscovascolar dysfunction endotypes in ANOCA patients

Rahman. Circulation 2019;140:1805

Elevated resting flow Impaired stress flow

Reduced CFR



Baseline and hyperemic coronary flow and microvascular resistance
in patients with short and long duration of diabetes

Sezer. JAHA 2016;5:e003995

Baseline parameters Hyperemic parameters

APVbas = Baseline average peak velocity
BMR = Baseline microvascular resistance

APVhyp = Hyperemic average peak velocity
HMR = Hyperemic microvascular resistance



Reduced coronary lumen area and coronary flow

Anderson. Circulation 2000;102:48
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Picchi. Am J Physiol 2011;301:2279

Insulin resistance and coronary flow in type 2 diabetic patients
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Diabetics             Non-diabetics
HOMA index

(Glucose x Insulin / 162)

p=0.04
r2=0.44
p<0.0001

A cellular reduction in glucose uptake due to insulin resistance                                        
may result in a metabolic shift towards increased fatty acid oxidation,                               
with a consequent decrease of ATP produced per molecule of oxygen                    
consumed leading to the need for higher resting coronary blood flow 



Guerraty. PLoS One 2020;15:e0228931

n = 1,283

MACE: Death, NSTEMI, STEMI, unstable angina, stroke 

Prognostic value of high resting coronary flow at PET



Prognostic value of high resting coronary flow at MRI

Known CAD (n=693) Suspected CAD (n=519)

Kato. Cardiovasc Magn Reson 2021;23



Prognostic value of CFV of proximal LAD at Doppler TTE

Morofuji. IJC Heart & Vasculature 2018;19:52

C
ar

d
ia

c 
m

o
rt

a
li

ty

O
ve

ra
ll

 m
o

rt
a

li
ty

ADPV >37 cm/s

ADPV <37 cm/s
ADPV <37 cm/s

ADPV >37 cm/s

37 cm/s N = 1,472



To assess the relationship between resting CFV, CFVR,
and outcome in patients with chronic coronary syndromes                 
and preserved LVEF. 

 In a prospective multicenter study design, we enrolled 
7,576 patients (age 66±11 years; 3,312 men) with         
LVEF >50%. 

 Recruitment (years 2004-2022) involved 7 accredited 
laboratories, (Lucca, Benevento, Parma, Mestre, Pisa,   
Lodz, Mexico City) with inter-observer variability <10%             
or CFV measurement at study entry.

 Baseline peak diastolic CFV and CFVR were obtained               
by pulsed-wave Doppler in mid-distal LAD during 
dipyridamole stress echo.

 Duration of follow-up: 5.9±4.3 years.

 All-cause death was the only end-point. 

Aims

Methods

Prognostic value of CFV of LAD in patients with preserved LVEF

Cortigiani, submitted



p value
5th quintile
>35 cm/s
(n=1,754)

4th quintile  
30-34 cm/s
(n = 1,560)

3rd quintile
27-29 cm/s
(n = 1,249)

2nd quintile
23-26 cm/s
(n = 1,771)

1st quintile
<22 cm/s

(n = 1,242)

<0.000167.4±11.565.5±11.364.9±11.464.4±11.764.6±11.8Age (years)

<0.0001960 (55%)837 (54%)669 (54%)1,021 (58%)825 (66%)Males

0.0007570 (33%)401 (26%)351 (28%) 524 (30%)361 (29%)Diabetes mellitus

<0.00011,235 (70%)1,045 (67%)796 (64%)1,112 (63%)873 (70%)Arterial hypertension

0.003984 (56%)884 (57%)705 (56%)972 (55%)768 (62%)Hypercholesterolemia

0.06484 (28%)396 (25%)304 (24%)416 (24%)325 (26%)Current smoker

0.00477 (4%)82 (5%)47 (4%)56 (3%)34 (3%)LBBB

0.0005401 (23%)308 (20%)235 (19%)331 (19%)189 (23%)Prior myocardial infarction

0.0383 (5%)72 (5%)62 (5%)89 (5%)87 (7%)Prior CABG

<0.0001416 (24%)335 (22%)278 (22%)409 (23%)393 (32%)Prior PCI

<0.000159.1±5.159.6±4.859.6±4.560.1±4.860.3±5.1LVEF (%)

0.0001579 (33%)527 (34% )430 (34%)598 (34%)506 (41%)β-blocker therapy

<0.000171.0±11.869.3±11.268.8±11.367.1±11.564.8±9.9Heart rate (beats/min)

<0.0001140.1±17.9137.4±16.7135.2±17.4133.4±16.8131.7±17.3SBP (mmHg)

<0.000180.0±9.079.8±8.779.4±8.978.2±9.077.2±8.9DBP (mmHg)

<0.0001248 (14%)135 (9%)117 (9%)131 (7%)92 (7%)Inducible ischemia

<0.000145.8±15.531.6±1.428.0±0.824.6±1.119.7±2.0CFV of LAD (cm/s)

<0.00012.1±0.62.3±0.62.3±0.52.4±0.62.5±0.7CFVR of LAD

<0.0001767 (44%)430 (28%)282 (23%)427 (24%)258 (21%)CFVR of LAD <2.0

Clinical and echo findings according to quintiles of CFV

Cortigiani, submitted



10-year mortality according to quintiles of CFV

Cortigiani, submitted



0

1

2

3

4

5th quintile4th quintile3rd quintile2nd quintile1st quintile

1

0

2

3

4

1.9 1.9 2.1

2.8

3.7

<22 cm/s 23-26 cm/s 27-29 cm/s 30-34 cm/s >35 cm/s

A
n

n
u

a
l 

m
o

rt
a

li
ty

 (
%

)
Annualized mortality rate according to quintiles of CFV

Cortigiani, submitted



Predictors of all-cause mortality  

Cortigiani, submitted
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Area: 0.57 (95% CI 0.55-058)
Sens.: 42% (95% CI 39-45)
Spec.: 69% (95% CI 68-70)

32

Multivariate analysis Univariate analysis
p valueHR (95% CI)p valueHR (95% CI)Variables

<0.00011.09 (1.08-1.10)<0.00011.10 (1.09-1.10)Age
0.381.06 (0.94-1.19)Male sex

<0.00011.37 (1.21-1.55)<0.00011.50 (1.33-1.69)Diabetes mellitus
<0.00011.41 (1.24-1.61)Arterial hypertension

0.260.94 (0.83-1.05)Hypercholesterolemia
0.471.05 (0.92-1.20)Current smoker
0.031.44 (1.03-1.77)Left bundle branch block

<0.00011.54 (1.35-1.75)Prior myocardial infarction
<0.00011.58 (1.33-1.93)<0.00011.89 (1.55-2.30)Prior CABG

0.261.08 (0.95-1.23)Prior PCI
0.0011.24 (1.10-1.41)b-blocker therapy

0.030.98 (0.97-1.00)<0.00010.95 (0.94-0.97)LVEF
<0.00011.64 (1.42-1.89)Resting RWMA

0.0041.34 (1.10-1.64)Inducible ischemia
<0.00011.24 (1.10-1.40)<0.00011.63 (1.45-1.84)Resting CFV of LAD >32 cm/s
<0.00011.78 (1.57-2.02)<0.00012.80 (2.49-3.15)CFVR of LAD <2

Resting CFV of LAD >32 cm/s  
best predictor of mortality



Cortigiani, submitted

Mortality rate according to resting CFV and CFVR of LAD



<0.0011.05 (1.04-1.07)<0.0011.06 (1.05-1.08)Age

0.211.20 (0.90-1.60)Male sex

0.201.19 (0.91-1.55)Hypertension

0.221.17 (0.91-1.50)β-blockers therapy

0.121.22 (0.95-1.57)Diabetes mellitus

0.771.04 (0.81-1.33)
Prior myocardial 

infarction 

<0.0010.96 (0.95-0.98)<0.0010.96 (0.94-0.97)LVEF

<0.0011.75 (1.34-2.27)<0.0012.41 (1.87-3.10)CFV of LAD >32 cm/s

<0.0012.31 (1.68-3.18)<0.0013.91 (2.90-5.25)CFVR of LAD <2.0

0.0100.51 (0.30-0.85)<0.0010.52 (0.32-0.85)LVCR

Univariate analysis Multivariate analysis

HR (95% CI)         p value HR (95% CI)          p value

Prognostic predictors in heart failure with reduced LVEF

1,408 HF patients (66+11 yy), LVEF <50%, 8 echo lab
SE: Vasodilator 86%, Exercise 7%, Dobutamine 7%

Median FU: 2.7 years

Ciampi, submitted

TTE-SE 
score



Mortality rate according to the composite TTE-SE score

Ciampi, submitted



Rest and stress CFV to assess different endotypes 
and risk classes in ANOCA patients

Rest CFV Stress CFV

Rest CFV

Stress CFV

n=465                 n=350                 n=210                   n=8
(45%)                     (34%)                    (20%)                     (1%)ESC, 2023

1,033 ANOCA patients
Age 63±11 yy, 22% diabetics, LVEF 59±5%, FU 4.8±4.1 yy

SE: Dypiridamole, 4 accreditated echo lab



<0.00011.14 (1.10-1.17)<0.00011.14 (1.10-1.17)Age

0.091.47 (0.95-2.28)Female sex

0.491.17 (0.74-1.85)Diabetes mellitus

0.541.15 (0.73-1.82)Arterial hypertension

0.580.88 (0.57-1.36)Hypercholesterolemia

0.470.75 (0.45-1.25)Current smoker

0.032.57 (1.11-5.96)0.082.08 (0.90-4.09)
Left bundle branch 
block

0.0011.10 (0.69-1.74)Beta-blocker therapy

0.310.98 (0.93-1.02)LVEF

0.031.77 (1.05-2.97)0.0081.80 (1.16-2.77)Resting CFV >32 cm/s

0.041.63 (1.03-2.56)Stress CFV <53 cm/s

Univariate analysis Multivariate analysis

HR (95% CI)         p value HR (95% CI)          p value

Predictors of all-cause mortality in ANOCA patients

ESC, 2023



Different endotypes and mortality rate in ANOCA patients

ESC, 2023



Conclusions

 Resting CFV of LAD provides useful information on 
coronary blood flow physiology as well as independent 
prognostic information in patients with either preserved 
and reduced LVEF and in ANOCA patients.

 In patients with preserved LVEF the prognostic value of 
CFV is incremental to that of CFVR.

 No stress, no contrast, no cost and no hazard are 
needed to obtain the information on resting CFV.

 Therefore, it seems reasonable to add the evaluation     
of resting CFV to the resting TTE and not to consider      
it only an ancillary parameter for CFVR assessment.


