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ABSTRACT 

Background. Microvascular coronary impairment, defined as reduced coronary 

flow reserve, represents the predominant etiologic mechanism of ischemia in 

women with chest pain and no obstructive coronary artery disease. Transthoracic 

echocardiography (TTE) is a non-invasive  method for  assessing coronary flow 

velocity  reserve (CFVR) in the left anterior descending coronary artery (LAD). 

The purpose of this investigation was to define the safety profile, feasibility, 

adverse events and rate of complications of the test in women with suspected CAD. 

Methods. We evaluated CFVR in LAD with TTE during adenosine infusion in  

1455 women aged: 66.4± 11.9 years.  

Results. A complete CFVR study was achieved in 1429 pts (feasibility 98.2%), the 

test being performed also in the early phase of acute coronary syndrome and on 

obese  patients. Minor symptoms or adverse effects occurred in 43.7% of  patients 

not requiring test termination: hyperpnea (16.7 %), flushing (9.4%), atypical chest 

pain (9.9 %), headache (,6.6%), minor arrhythmias (2.9 %), chest pain with EKG 

changes (1.5%) were the symptoms reported. No major complications were 

observed. 

Conclusions. Non-invasive assessment of CFVR in LAD by TTE is a very feasible 

method with very low incidence of adverse events and complications in women 

with suspected or known CAD. It is safe and can be used when evaluating female 

patients with atherosclerotic LAD disease or with coronary microvascular 

impairment. 
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INTRODUCTION 

Atherosclerosis and coronary artery disease (CAD) are the leading causes of 

morbidity and mortality in women in developed countries (1-3). It is also well 

known that in women non-obstructive CAD is more common than in men, and 

when obstructive CAD is present  it usually involves a single vessel disease and a 

better preserved left ventricle function compared to men (4-5).  Microvascular 

coronary impairment, defined as reduced coronary flow reserve (CFR), represents 

the predominant etiologic mechanism of ischemia in women with persistent chest 

pain and no obstructive coronary artery disease.  Ischemia shown both through 

stress testing (6) and assessment of CFR is an important step for the evaluation of 

ischemic heart disease in women  (7). Several methods are now available and have 

been established for measuring CFR. However, these methods are either invasive or 

costly and, consequently, rarely obtainable (8-9). Non-invasive assessment of 

coronary flow velocity reserve (CFVR) with transthoracic echocardiography (TTE) 

has been proposed in the past as a method for assessing CFR by measuring blood 

flow velocity before and after pharmacological-induced vasodilation (10), and is 

now being used more and more often as a method to evaluate the effects of 

epicardial coronary stenosis (10-12) and coronary microvasculature function (13-

17). Thus, the purpose of this study was to evaluate the safety and to analyze the 

feasibility, the adverse event profile and complication rate of non-invasive CFVR 

study assessed with TTE in women with known or suspected CAD over a period of  

10 years in a single clinical cardiology center. 
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METHODS  

Study group  

From January 2000 to December 2010 we performed 1455 CFVR studies  in women 

referred to our stress echo laboratory for known and suspected  CAD.   

None of the patients had a history of  asthma or advanced atrio-ventricular block or 

sick sinus syndrome not controlled by pacemaker. The patients (age 66.4± 11.9 

years) were referred for CFVR studies for different reasons: planned follow up after 

elective and primary PTCA on LAD (n=933, 64.1%),  angina (n=370, 25.4%),  

hypertrophic cardiomyopathy (n=11,0.8%), hypercholesterolemia (n=38,2.6%) , 

systemic sclerosis (n=77,5.3%) , others reasons (n=25,1.7%) (table 1). 

All coronary active medications were not withdrawn before the echocardiographic 

study, although metilxantine-containing medications were withheld 48 hours before 

the study. Beverages containing metilxantine substances (coke, tea, coffee etc.) 

were prohibited for 24 hours before the study. Written informed consent to use 

medical records for scientific purposes was obtained from all patients. The study 

was approved by the Ethics Committee of our University Hospital. 

 

Study protocol   

Transthoracic echocardiography and color Doppler CFVR was evaluated using 

transthoracic Doppler before and after adenosine infusion. Echocardiography was 

performed with different echo machines (Acuson Sequoia™ ultrasound unit 

Siemens, IE33 Philips, My-Lab 30 gold Esaote) using a broad-band transducer with 
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second harmonic capability. The method has been previously described in detail 

(10-12). Briefly, to measure CFVR, color-coded flow imaging was firstly obtained, 

and then PW Doppler recording was obtained using color flow as a guide. Spectral 

trace of CFVR was characterized by a biphasic flow with a prevalent diastolic 

component (Fig 1). Contrast administration (Levovist
®
, Schering AG, Berlin, 

Germany  or Sonovue ® Bracco) was performed, in our first series of patients 

(142/1429,10% ), both before and during adenosine intravenous administration in 

case of inadequate flow visualization at baseline. The ultrasound contrast agent was 

infused with a controlled -infusion pump (IVAC P4000 Anaesthesia Syringe pump) 

at a concentration of  300 mg/ml for  Levovist®  and at a concentration of  4.5 

mcg/ml for Sonovue with an infusion rate of  1 mg/min of a volume of 6-7 ml ( 

range of 0.5-2 ml/min). Coronary flow velocity was measured in baseline 

conditions and during adenosine-induced coronary hyperemia. Adenosine was 

infused at a rate of 140 µg/Kg/min in -5 minutes, or 7 minutes when myocardial 

perfusion scintigraphy was performed simultaneously. Adenosine infusions were 

stopped for the established protocol or for one of these reasons: early vasodilator 

response to adenosine; 85% of target heart rate; diagnostic ST segment change at 

EKG; sustained supraventricular or ventricular arrhythmias; symptomatic 

hypotension, high degree atrio-ventricular block. 

Blood pressure and EKG were recorded at rest and every minute during adenosine 

infusion.  

Coronary flow velocity reserve in the LAD was calculated  as the ratio of peak 

diastolic velocity during hyperemia over peak diastolic velocity at rest (for each 

parameter the highest 3 were averaged) (10) (Figure 1) .  
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Statistics 

Values were expressed as the mean ± SD for continuous variables and as frequency 

and percentage for categorical variables. The Students’ t test was used for analysis 

of continuous data  and the  χ2  test  or Fisher exact test for categorical variables . 

Relationships between adverse effects and age and reasons for the study were 

evaluated with the simple linear correlation coefficient r (determination coefficient 

r
2
). All data were analyzed by using SPSS 20.0 statistical software (SPSS, Chicago, 

Ill). 

 

RESULTS  

Feasibility and reasons for discontinuing adenosine infusion 

Of the consecutive 1455 patients referred to our laboratory, 1429 had a diagnostic  

non-invasive assessment of CFVR (feasibility 98.2%) including those with acute 

coronary syndrome and with large body habitus; 1225 pts ( 85.7%) completed the 

protocol, 204 pts ( 14.2%)  achieving early maximal vasodilator effect and 

adenosine infusion was stopped before protocol scheduled time. Feasibility 

increased progressively after the first three  years from 95,5% in 2000 to 99.3 in 

2004 and then stabilized in the following years (p=0.004) . In the remaining 26 

patients (1.8%) who  did not complete the test, the study was interrupted because of 

hyperpnea (8, 0.5%), general malaise (8, 0.5%), failure to visualize LAD (2, 

0.13%), chest pain without EKG changes (2, 0.13%), nausea and headache (2, 

0.13%), chest pain with ischemic EKG (1, 0.07%), hypertensive status (systolic 

blood pressure 200 mmHg, 1, 0.07%), hypotension (70/50 mmH, 1, 0.07%), and 

caffeine assumption (1, 0.07%). 

 Duration of CFR test and hemodynamic parameters   
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The mean duration of adenosine infusion was 3.45±2 minutes (range 1-7 minutes). 

During adenosine infusion we observed a mild reduction in blood pressure and a 

moderate increase in heart rate. Systolic arterial pressure decreased from 139.9±21 

to 134.7±21 and diastolic arterial pressure from 81.3±10,6 to 77.7±11,4 ( p<0.0001 

respectively), and only 3 patients had  consistent reduction in systolic blood 

pressure  (systolic blood pressure < 80 mmHg). Heart rate during adenosine 

increased progressively and significantly from 68.2± 12.8  to 86.3± 16.3 

(p<0.0001), with a range during adenosine infusion from 31 to 148 beats per 

minute. 

Results of coronary flow velocity reserve 

The average value of CFVR in the general population was 2.78 ± 0.79. 189 patients 

(13.2%)  had reduced CFVR (≤2), and 1240 (86,7%) had a normal CFVR (>2.0).  

Of the patients with reduced CFVR, 125 had a history of known coronary artery 

disease with a previous PTCA on LAD and underwent a new coronary study: 120 

patients (96%) showed a restenosis on LAD and received a new PTCA. Fifty  

patients had  a diagnosis of suspected angina and were scheduled for a coronary 

angiography: 42/50 (84%) showed significant LAD coronary stenosis (lumen 

narrowing > 70%) and a PTCA was performed,whereas 8 (16%) showed 

angiographically normal coronary artery and a diagnosis of microvascular angina 

was made. 

Of the other 14 patients with reduced CFVR, 10  had a systemic sclerosis: 7 

patients (70 %) performed  a coronary computed tomography angiography with no 

evidence of coronary artery stenosis. Finally, four patients had a diagnosis of 

hypertrophic cardiomyopathy and a clinical follow-up program was scheduled. 
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Adverse effects of adenosine stress 

No major complications were observed during all studies, such as death, 

myocardial infarction, sustained ventricular arrhythmia or high degree atrio-

ventricular block or convulsive seizures. 

The adverse effects of adenosine infusion were classified as non cardiac effects, 

cardiac and arrhythmias, as for other stress tests (18) (Figure 2). The total incidence 

of side effects of adenosine infusion was 43.7%:  the incidence was similar over the 

years . We found an inverse correlation between age and experience of side effects 

(r=-0.13, p<0.0001),  especially flushing (r=0.16, p<0.0001)  and headache (r=0.11, 

p=0.001). None of the patients had adverse reactions to contrast administration. 

 

Non-cardiac adverse effects 

Minor symptoms or adverse non-cardiac effects occurred  in 548 patients (38.3%). 

The most frequent symptom reported with regard to adenosine infusion was 

shortness of breath (n=239,16.7%). One-hundred and forty patients (9.9 %) 

suffered atypical chest pain without specific ST-T changes on the EKG .Other 

effects were flushing (134, 9.4%), headache  (95, 6.6%), marked asthenia and 

general malaise  (80, 5.5%) (Table 2). The majority of non-cardiac side effects were 

well tolerated, and no patient required early suspension of the test before they could 

reach the maximum vasodilator effect in order to correctly assess the CFVR. 

 

Cardiac symptoms ad arrhythmias  

Cardiac symptoms occurred in 35 patients (2.4%). Twenty-two patients (1.5%) 

manifested typical angina pectoris with ischemic changes on the EKG, but the 

angina reversed spontaneously with adenosine infusion withdrawal. In only two 
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patients sublingual nitrates were administered and none required the intravenous 

injection of nitrates. Thirteen patients (0.9%) complained of palpitations and 3 

patients (0.2%) had symptomatic reduction in systolic blood pressure (systolic 

blood pressure < 80 mmHg) (Table 2). Most of the patients (1380, 96.5%,) had 

stable sinus rhythm during adenosine infusion. Isolated ventricular premature beats 

occured in 17 patients (1.2%) and represented the most frequent arrhythmia. 

Isolated supraventricular premature beats occurred in 14 patients (0.97 %). Seven 

patients (0.5%) manifested transient second degree atrio-ventricular block , with a 

minimum heart rate of 31 beats per minute with a spontaneous recovery within a 

few seconds and 6 (0.4%) patients had a transient 2:1 A-V block; three patients 

(0.2%)  had first degree A-V block. During adenosine infusion, 1 patient (0.07%) 

manifested transient third atrio-ventricular block with a minimum heart rate of 35 

beats per minute with a prompt regression after discontuing use of adenosine 

infusion. In none of our patients  was advanced  A-V block, third atrio-ventricular 

block or sinus arrest of such a duration as to determine severe symptoms and the 

early suspension of the test.  

 

 

DISCUSSION 

This study demonstrates, for the first time, the high feasibility  and  tolerability 

of non-invasive assessment of CFVR  with  TTE in a large cohort of women with 

suspected or known coronary artery disease. Several methods are now available and 

well known for measuring CFR. However, these methods are either invasive or 

expensive and, consequently, rarely accessibile (8-9). Transesophageal Doppler 

echocardiography has been proposed in the past as a method for assessing CFVR 
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by measuring blood flow velocity before and after pharmacological-induced 

vasodilation (10) and most recently cardiac magnetic resonance imaging with 

adenosine stress (25-27), although this test is still not available in most cardiology 

departments.  

The accuracy and reproducibility of this method has been confirmed in a series of 

patients studies during cardiac catheterization with quantitative coronary 

angiography  and intracoronary  Doppler flow wire (12).  In the clinical setting, 

CFVR  is used for the diagnosis of coronary stenosis in the LAD and posterior 

descending coronary artery (10-12, 22)  and to follow patients who have had a 

percoutaneus coronary angioplasty  (23-24). Moreover, non-invasive CFVR is 

useful not only in the evaluation of coronaropatic patients, but also to assess 

different pathologies with functional and/or anatomic dysfunction of coronary 

microcirculation (13-17, 25-27) . Its role could be very important in the CAD 

evaluation in women. Sharaf et al., in  the Women’s Ischemia Syndrome Evaluation 

(WISE) study, reported that 30% of women with chest pain undergoing coronary 

angiography have  normal or nonobstructive epicardial coronary arteries,  23% have 

a mild lesion and only 15% of patients have a multivessel disease (28). Obviously, 

the different pathophysiology strongly influences the accuracy of diagnostic tests 

commonly used in the study of ischemic heart disease. In fact, these tests are 

always focused on identifying critical stenosis of epicardial coronary vessels with 

difficult detection of those patients, mostly women, but at high risk for ischemic 

disease, who do not have hemodynamically significant coronary stenosis. The 

WISE group has proposed a flow chart which shows the role of evaluation of 

microvascular function (29), measuring the coronary flow reserve, especially since 

today it can be studied non-invasively with transthoracic echocardiography (10-17, 
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22-27) , and the recent European guidelines (30) for stable coronary artery disease 

recommend transthoracic Doppler echocardiography of the LAD to assess CFVR in 

patients with suspected microvascular angina (30).  

Clinical usefulness of non-invasive assessment of CFVR in women 

 

 

Women with CAD  present more frequently with atypical chest pain and have a 

lower pretest probability of coronary artery disease compared with men (4-5), 

because atherosclerosis disease  usually involves a single vessel disease, reducing 

the accuracy of most useful cardiac stress tests. In our echo-stress laboratory CFVR 

is a complementary evaluation in women with known or suspected CAD and when 

a reduced CFVR is found an  angiographic control study is routinely scheduled. 

Our results  confirm the diagnostic accuracy of non-invasive CFVR in the 

evaluation of coronary stenosis in suspected angina and restenosis after PTCA of 

LAD in women, as reported in the literature for the general population (10-12, 23-

24). Our results also support a high percentage of microvascular angina in women 

with angina symptoms and reduced CFVR as reported by the WISE study (28). 

Finally, CFVR  studies show an important role in defining cardiac involvement and 

prognosis in patients with systemic sclerosis or severe psoriasis  (13,17,26, 31-32) 

where coronary microcirculation is affected early on without clinical evidence of 

CAD. For these reasons we have organized in our Department a clinical protocol, 

shared with the Rheumatology department  in order to assess CFVR in the routine 

cardiological evaluation of patients with systemic sclerosis, severe psoriasis  or 

rheumatoid arthritis. 

Clinical usefulness of non-invasive assessment of CFVR in women 
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Women with CAD  present more frequently with atypical chest pain and have a 

lower pretest probability of coronary artery disease compared with men (4-5), 

because atherosclerosis disease  usually involves a single vessel disease, reducing 

the accuracy of most useful cardiac stress tests. In our echo-stress laboratory CFVR 

is a complementary evaluation in women with known or suspected CAD and when 

a reduced CFVR is found an  angiographic control study is routinely scheduled. 

Our results  confirm the diagnostic accuracy of non-invasive CFVR in the 

evaluation of coronary stenosis in suspected angina and restenosis after PTCA of 

LAD in women, as reported in the literature for the general population (10-12, 23-

24). Our results also support a high percentage of microvascular angina in women 

with angina symptoms and reduced CFVR as reported by the WISE study (28). 

Finally, CFVR  studies show an important role in defining cardiac involvement and 

prognosis in patients with systemic sclerosis or severe psoriasis  (13,17,26, 31-32) 

where coronary microcirculation is affected early on without clinical evidence of 

CAD. For these reasons we have organized in our Department a clinical protocol, 

shared with the Rheumatology department  in order to assess CFVR in the routine 

cardiological evaluation of patients with systemic sclerosis, severe psoriasis  or 

rheumatoid arthritis. 

 

Feasibility  and Adverse effects of  adenosine stress 

 

Our study examined for the first time a large series of women scheduled for non-

invasive  CFVR  with intravenous adenosine infusion and evaluated not only 

feasibilty, as other studies did, (25), but also the safety and the adverse effects. Our 
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study confirms the high feasibility (98,8%) of a non invasive CFVR study in most 

of the patients, as well as in those with large body habitus or with an inadequate 

acoustic window, as previous small studies reported (10-12). The feasibility of the 

examination has grown steadily over the years, with the greater expertise of the 

operators, and has become extremely important from a clinical standpoint. In this 

regard, our data show that the test is very rapid. Indeed,  the mean time of 

adenosine infusion was 3.45±2 minutes and, due to adenosine rapid action (peak 

effect in 55 ± 33 s vs. 287 ± 101 with dipyridamole) (33), the hyperemic part of the 

study is very brief. Although we included patients at higher risk, such as women 

with angina pectoris or recent acute myocardial infarction, CFVR assessement with 

TTE  test was well tolerated and was diagnostic in 98.2% of  patients. Adenosine 

induces coronary arteriolar vasodilatation stimulating adenosine A2A receptors (34) 

on arteriolar vascular smooth muscle cells, causing vasorelaxation and increasing 

coronary flow, but adenosine non-selectively activates adenosine A1, A2B 

receptors, contributing to many of the common side effects and symptoms 

associated with adenosine infusion.  To reduce the side effects of adenosine,  a new 

selective (regadenoson) A2A receptor agonist has been proposed for the study of 

myocardial perfusion and coronary reserve and fractional flow reserve ( 35-37). 

Although literature data are promising, the side effects still persist, even with the 

regadenoson (38), and the costs are still high. In our study the incidence of total 

adverse effects could appear as high  (43.7%), but nevertheless much less than in 

previous studies involving adenosine (39), and none of these symptoms required the 

discontinuation of the infusion of adenosine before a diagnostic test. Ventricular 

and atrial premature beats were the most recurrent arrhythmias during adenosine 

infusion. In our large series of women, not one manifested life threatening 
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arrhythmias or myocardial infarction or prolonged myocardial ischemia as reported 

in some cases in literature (40). The absence of induced ischemia or severe 

arrhythmia during adenosine stress in our patients could possibly be related  to the 

fact that we did not discontinue the cardiac therapy (e.g. antianginal therapy) for the 

CFVR assessment, which is a well known limitation for other ischemia stress tests 

(41). Thus, our results show that non-invasive CFVR evaluation is as reliable and 

safe a test as other pharmacological stress tests, which utilise dobutamine or  

dypididamole (18,42). In addition, concerning thedypiridamole and dobutamine 

stress tests, where it is often necessary to administer an antagonist (theophilline and 

beta blocker), in none of our patients was it necessary to infuse an antagonist of 

adenosine.  

 

CONCLUSION 

Non-invasive assessment of CFVR  with TTE is a very feasible method with a very 

low incidence of adverse events and complications in women with suspected and 

known coronary artery disease. It can be used and safely performed in the 

evaluation of atherosclerotic LAD disease and  microvascular impairment in 

women with suspected or known coronary artery disease. 
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Figure Legends  

Figure 1 Tomographic plane orientation to left anterior descending coronary artery 

(LAD, top left)  and color Doppler flow mapping in distal LAD in modified two 

chamber view in women with normal CFVR ( top right )  . Spectral Doppler tracing 

by sampling in distal LAD before (bottom left) and after adenosine infusion 

(bottom right). Coronary flow velocity reserve is calculated as adenosine diastolic 

peak velocity/basal diastolic peak velocity. LV= left ventricle; LA :left atrium; 

LAD: left descending artery 

 

Figure 2 Tomographic plane orientation to left anterior descending coronary artery 

(LAD, top left)  and color Doppler flow mapping in distal LAD in modified two 

chamber view in women with reduced CFVR ( top right ). Spectral Doppler tracing 

by sampling in distal LAD before (bottom left) and after adenosine infusion 

(bottom right). Coronary flow velocity reserve is calculated as adenosine diastolic 

peak velocity/basal diastolic peak velocity. LV= left ventricle; LA :left atrium; 

LAD: left descending artery 

 

Figure 3 . Individual-value bar graphs showing percentage of non cardiac side 

effects  (left), cardiac symptoms (middle) and  arrhythmia B (right). 
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Table 1. Age of the patients and the indications of CFVR study  

 

 

Values were expressed as the mean ± SD for continuous variables and as frequency and 

percentage for categorical variables; PTCA: percutaneus coronary angioplasty 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 N. patients % 

Age (years) 66.4±11.9 Range 14-89 

Follow up post PTCA 933 64.1 

Suspected Angina pectoris 370 25.4 

Hypertrophic cardiomyopathy 11 0.8 

Hypercholesterolemia 38 2.6 

Systemic sclerosis 77 5.3 

Other reasons 25 1.7 
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Table 2. side effects in 1429 patients 

 

 N.pz % 

Non cardiac side effect:  548 38.3 

hyperpnea 239 16.7 

Headache 95 6.6 

Flushing  134 9,4 

Atypical chest pain 140 9.9 

Marked asthenia and general malaise 80 5.5 

Cardiac side effect: 35 2.4 

Typical angina 22 1.5 

Palpitations 13 0.9 

Symptomatic hypotension 5 0.2 

Arrhythmias: 42 2.9 

Sinus rhythm (no arrhythmias) 1380 96.5 

Supraventricular extrasystoles 14         0.97 

Ventricular extrasystoles 17 1.2 

Atrial fibrillation  0 0 

Ventricular Tachicardia 0 0 

Marked sinus bradycardia 1  0.07 

First degree atrioventricular block 3 0,2 

Second degree atrioventricular block 7 0.5 

2:1 atrioventricular block 6 0,4 

Third degree atrioventricular block 1 0.07 

 

Values were expressed as frequency and percentage for categorical variables 
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Figure 1 Tomographic plane orientation to left anterior descending coronary artery (LAD, top left)  and color 
Doppler flow mapping in distal LAD in modified two chamber view in women with normal CFVR ( top right 
)  . Spectral Doppler tracing by sampling in distal LAD before (bottom left) and after adenosine infusion 

(bottom right). Coronary flow velocity reserve is calculated as adenosine diastolic peak velocity/basal 
diastolic peak velocity. LV= left ventricle; LA :left atrium; LAD: left descending artery  
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Figure 2 Tomographic plane orientation to left anterior descending coronary artery (LAD, top left)  and color 
Doppler flow mapping in distal LAD in modified two chamber view in in women with reduced CFVR ( top right 
)  . Spectral Doppler tracing by sampling in distal LAD before (bottom left) and after adenosine infusion 

(bottom right). Coronary flow velocity reserve is calculated as adenosine diastolic peak velocity/basal 
diastolic peak velocity. LV= left ventricle; LA :left atrium; LAD: left descending artery  
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Figure 3 . Individual-value bar graphs showing percentage of non cardiac side effects  (left), cardiac 
symptoms (middle) and  arrhythmia B (right).  
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on discussion session “comments 2 and 3 should be touched on in discussion as well. 

” pag 11, lines 5-23: “) Women with CAD  present more frequently with atypical chest 

pain and have a lower pretest probability of coronary artery disease compared with men 

……..”. and two references n 31-32 page 21 lines 6-13 

 As requested by the Reviewer # 2 we reviewed the manuscript for syntax and grammar 
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