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Abstract

Purpose: We aimed to study the safety and feasibility of low-dose dobutamine stress

echocardiography in a symptomatic high gradient aortic stenosis population sched-

uled for transfemoral transcatheter aortic valve implantation (TAVI) and to quantify

left ventricular (LV) flow reserve.

Methods: Fifty patients underwent dobutamine stress echocardiography with

5 minutes increments of 5 μg/kg/min up to 20 μg/kg/min until the heart rate

increased ≥20 beats/min from baseline or exceeded 100 beats/min. Other criteria

for discontinuing the infusion were major adverse events: ventricular arrhythmia, per-

sistent supraventricular arrhythmia, pulmonary edema, chest pain with significant ST-

changes, or minor events: ST-changes, drop in systolic blood pressure >30 mmHg,

mild chest pain, and/or dyspnea. LV flow reserve was defined as an increase in stroke

volume ≥20% during the test.

Results: Of 50 patients, 45 completed the test according to protocol. No patient had

major adverse event. Five patients experienced minor side effects: mild chest pain/

dyspnea in three, self-terminating atrial flutter in one, and decrease in blood pressure

in one. Significant LV flow reserve was observed in 20 patients (40%).

Conclusion: Low-dose dobutamine stress test appeared safe and feasible patients

with high gradient aortic stenosis, and showed LV flow reserve in a minority of them.

K E YWORD S

aortic stenosis, dobutamine stress echocardiography, feasibility, flow reserve, safety

1 | INTRODUCTION

Symptomatic aortic stenosis (AS) is a life-threatening condition were

transcatheter aortic valve implantation (TAVI) offers similar beneficial

long-term treatment outcomes as surgical aortic valve replacement.1-3

However, long-term mortality after TAVI remains high and 30% of

patients suffer from serious complications or lack improvement of

symptoms and quality of life 1 year after TAVI.4-11 Incomplete patient

selection criteria and preoperative risk scoring systems may explain

some of these cases of inefficiency.12-15

In a recent study, Eidet et al16 found that improvement in left

ventricular (LV) longitudinal peak systolic velocity (s0) demonstrated by
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echocardiography immediately after valve implantation predicted bet-

ter long-term outcomes, including reduced mortality, improved quality

of life, and functional capacity. Most patients in their study had high

gradient AS with preserved LV ejection fraction (EF). It was therefore

expected that the LV long axis motion should be increased in

response to the substantial reduction in afterload induced by valve

implantation. In 45% of patients, there was no improvement of this

variable representative of LV function. A possible explanation may be

that these patients had limited flow reserve that made the LV incapa-

ble to adapt to the new hemodynamic situation. Nevertheless, these

findings indicate that a preoperative dynamic evaluation of LV func-

tion may provide important information for patient selection to TAVI

and risk stratification, even in high gradient AS and preserved or

mildly reduced EF.

The present study is part of a large ongoing prospective observa-

tional study examining whether a preoperative test of LV flow reserve

by low-dose dobutamine stress echocardiography (DSE) and the extent

of myocardial fibrosis by cardiac magnetic resonance imaging can

predict long term outcomes in patients with symptomatic high gradient

AS scheduled for transfemoral TAVI (www.clinicaltrials.com, ID:

535444). No published data exist on low-dose DSE in this patient popu-

lation. The mandatory first step and main aim of the present study was

to evaluate safety and feasibility of this test in such a patient cohort.

Another aim was to determine the prevalence of LV flow reserve in a

cohort with high gradient stenosis and normal or mildly reduced EF.

2 | MATERIALS AND METHODS

We included 50 patients with symptomatic, high gradient AS and pre-

served or mildly reduced EF (>40%) approved for transfemoral TAVI by

the heart team at the Oslo University Hospital according to guide-

lines.12,17,18 Exclusion criteria were clinical or hemodynamic instability,

significant coronary artery stenosis, that is: >70% stenosis in a vessel

with diameter >2 mm, or fractional flow reserve (FFR) <0.75, severe

comorbidities with life expectancy less than 1 year, more than moderate

F IGURE 1 Flow chart of included patients (April 2017-March 2019). SAM: systolic anterior motion, TF TAVI: transcatheter aortic valve
implantation, VES: ventricular extrasystoles
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aortic or mitral regurgitation, chronic atrial fibrillation, and pacemaker.

Patients unable to give informed consent due to mental disorders were

not included. A poor acoustic condition making echocardiographic

images impossible to interpret was also an exclusion criterion. All

patients were evaluated on contraindications to discontinue

betablockers. This included: (a) ventricular arrhythmias, (b) frequent epi-

sodes of paroxysmal supraventricular arrythmias when not on

betablocker, (c) persistent atrial fibrillation with the need for cardiover-

sion to regain sinus rhythm within the last 6 months, and (d) clinical epi-

sodes of decompensated heart failure in need for hospitalization the last

3 months where beta blockers were started for heart failure treatment.

Figure 1 shows all trans-femoral TAVI patients at our institution

in the inclusion period between April 2017 and March 2019, including

reasons why some of them were not included in our study. The main

comorbidity that excluded patients was atrial fibrillation. Overall, the

logistics with inclusion and performing the DSE test was a major limit-

ing factor for getting patients enrolled. Informed consent was

obtained from all patients in accordance with the Declaration of Hel-

sinki, and the study was approved by the Regional Ethical Committee

of South-Eastern Norway (REK ref 2017/94/REK South East C).

All patients were enrolled in the study the day before scheduled

TAVI, and clinical history, routine physical examination, and blood

samples were undertaken. The patients were risk-stratified according

to EuroScore II, and the New York Heart Association (NYHA) Func-

tional Classification was used to stratify severity of symptoms. All

echocardiographic examinations were performed by cardiologists at

our advanced European Association of Cardiovascular Imaging

(EACVI) accredited echocardiography laboratory. A standard transtho-

racic echocardiography examination was made according to guide-

lines17,18 using Vivid E9 or E95 ultrasound scanners (GE Vingmed

Ultrasound AS, Horten, Norway). M-mode and 2D recordings in the

parasternal long axis view were used to measure LV dimensions and

LV outflow tract (LVOT) diameter. Indexed left ventricular mass was

calculated by the Devereux formula.19,20 Pulsed wave Doppler in the

LVOT was used to calculate indexed stroke volume and cardiac index.

The aortic transvalvular velocity was obtained by continuous wave

Doppler in the apical views, or with the single continuous wave Dopp-

ler probe from right parasternal views. Transvalvular gradients were

calculated using the simplified Bernoulli equation whereas the conti-

nuity equation was used to calculate aortic valve area.17 Apical 2- and

4-chamber views were used for quantifying LV EF with the biplane

Simpson method. Two-dimensional (2D) speckle tracking analyses

were performed on grey scale images of the apical 2-, 3-, and

4-chamber views to quantify LV global longitudinal strain.21 To ana-

lyze peak systolic tissue velocity, Q-analysis was applied on color tis-

sue Doppler 2-, and 4-chamber views. S0 was measured in the septal,

lateral, inferior, and anterior part of the mitral ring. An average of the

four measurements was obtained. Diastolic variables were assessed

by pulsed wave Doppler recordings of the mitral valve, tissue Doppler

velocities, left atrial volume, and continuous Doppler recordings of tri-

cuspid regurgitations. At least three consecutive cycles were

recorded. All images were digitally stored for offline analysis

(EchoPAC version 202, GE Vingmed Ultrasound AS, Horten, Norway).

2.1 | Low-dose dobutamine stress
echocardiography

The low-dose DSE was performed according to guidelines22 using a

dobutamine infusion protocol with 5 minute increments of 5 μg/kg/

min up to a maximum dose of 20 μg/kg/min. Patients on betablockers

had their dose discontinued for at least 24 hours for short acting sub-

stances and 48 hours for depot formulas. During the stress-test,

patients were monitored with 12-lead electrocardiogram (ECG) and

regular blood pressure measurements. The infusion was terminated

when the heart rate increased ≥20 beats/min from baseline, exceeded

100 beats/min, or the maximum dose of dobutamine was reached.

Major adverse events and indication for terminating the test included

ventricular arrhythmia, defined as ventricular extrasystoles (VES) in

bigeminy or frequent multiple polymorphic VES, ventricular tachycar-

dia of 3 or more coupled VES, or ventricular fibrillation. Other major

adverse events included persistent (>30 seconds) rapid supraventricu-

lar arrhythmia, pulmonary edema, or chest pain with significant ST-

changes in the ECG.22,23 Minor adverse events with criteria for dis-

continuing the dobutamine infusion were significant ST-changes in

the ECG, paroxysmal supraventricular arrythmia, drop in systolic blood

pressure >30 mmHg, mild chest pain, or dyspnea. In regard to myocar-

dial ischemia in the ECG as termination criteria, we used new ST-

elevation in two contiguous leads ≥1 mm in all leads other than leads

V2-V3 where the following cut-points applied: ≥2 mm in men

≥40 years, ≥2.5 mm in men <40 years, or ≥1.5 mm in women. ST

depression ≥2 mm in two contiguous leads was also considered as sig-

nificant ECG change.24

Echocardiographic images were obtained at baseline, at each level

of dobutamine infusion, and 5 minutes after discontinuation of the infu-

sion. Pulsed wave Doppler of the LVOT was recorded at rest and at

each step of dobutamine infusion. LVOT diameter was assumed to be

constant at all stages, and the baseline diameter used to calculate inde-

xed stroke volume according to standard formula.18 The presence of

flow reserve was defined as an increase in stroke volume ≥ 20% from

baseline at any point during the test12,17,22 Aortic valve variables includ-

ing peak valve velocity, mean gradient, and valve area were measured

and calculated at all levels of the test, as well as the LV variables EF,

global longitudinal strain, and peak systolic tissue velocity (Figure 2).21,25

Transvalvular flow rate (Q) was obtained by dividing stroke volume by

the LV ejection time measured on the continuous-wave Doppler spec-

tral envelope of aortic flow, and used to calculate projected aortic valve

area (AVA proj) at a normal transvalvular flow rate (250 mL/min) in the

equation: AVAproj =AVA rest + AVA peak−AVA rest
Q peak−Q rest x 250−Q restð Þ. Peak

stress values were obtained at the time when mean gradient was max-

imal during DSE, which did not necessarily correspond to the last

stage with a maximum dobutamine dose.26

2.2 | Statistical analysis

Categorical data were presented as numbers (%), and proportions ana-

lyzed with the Chi square test. Continuous variables were tested for
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normal distribution using histograms, QQ-plot, and Shapiro-Wilk tests.

Normally distributed data were presented as mean ± SD, skewed data

as median (range). Normally distributed data were compared using

independent samples t-test, and the skewed data with Mann-Whitney

U test. P-values ≤ .05 were considered statistically significant. Intra

observer reproducibility of LVOT VTI, LV EF, global longitudinal strain,

and peak systolic tissue velocity were tested by repeated measure-

ments from 10 randomly selected patients. Intraclass correlation coef-

ficient with 95% confidence interval (CI) was calculated. IBM SPSS

Statistics for Windows, Version 25.0. (IBM Corp, Armonk, NY) was

used to conduct the statistical analysis.

3 | RESULTS

Demographic characteristics of the study population are shown in

Table 1. The median age was 79 years (range 67-92). All patients had

dyspnea as the main symptom. Among the patients, 54% were in

NYHA class II, and the remaining 46% in NYHA class III. Five (10%)

patients reported syncope that could be related to the AS. There

was a high prevalence of hypertension, kidney failure, diabetes

mellitus, and cardiovascular disease. Two patients had documented

paroxysmal atrial fibrillation, but both had sinus rhythm at inclusion.

Among the patients, 22 (44%) were on betablockers, with indications

being coronary artery disease, hypertension, and/or paroxysmal

atrial fibrillation.

Baseline echocardiographic variables are shown in Table 2. All

patients had severe high gradient AS with average peak valve velocity

4.6 ± 0.5 m/s, mean gradient 56 ± 15 mmHg, and indexed valve area

0.4 ± 0.1 cm2/m2. One patient had moderate aortic valve regurgita-

tion, but no other valvular heart disease of hemodynamic significance

was observed. Most patients presented with normal LV EF and normal

mitral annulus peak systolic velocity (s0), but with reduced global longi-

tudinal strain. Diastolic dysfunction with relaxation disturbances and

increased filling pressures was observed in approximately half of the

patients.

F IGURE 2 Example of echocardiographic pictures acquired during a dobutamine stress test, A) baseline values, and B) values at peak
dose dobutamine 15 μg/kg/min. The 2D pictures are apical 4-chamber views of the left ventricle at end systole and end diastole. The left
ventricular outflow tract (LVOT) velocity-time integral (VTI) decreased from 29.2 to 25.3 cm, hence a reduction in indexed stroke volume from
53 to 46 mL/m2. Aortic valve peak velocity increased from 4.8 m/s to 5.5 m/s, with corresponding increase in mean gradient 56 to 72 mmHg.
Heart rate increased from 69 to 95 beats/min

SÆVIK ET AL. 41



All patients were in sinus rhythm before dobutamine infusion was

started, with an average heart rate of 72 ± 12 beats/min. The increase

in heart rate was 25 ± 12 beats/min during the stress test (Figure 3A).

Peak heart rate was 96 ± 15 beats/min, and four patients had heart

rate >100 beats/min at peak dose dobutamine.

The test was completed by 45 (90%) patients according to proto-

col. No signs of ischemia in the ECG or sustained arrhythmias were

observed. The two patients with previous paroxysmal atrial fibrillation

had sinus rhythm throughout the stress test. Minor side effects were

observed in the remaining five patients, which led to terminate their

test. Three had mild to moderate chest pain without any ST changes

in the ECG. Termination of the dobutamine infusion relieved all dis-

comforts in these patients, and no further pharmacological therapy

was necessary. One patient had a drop in systolic blood pressure of

30 mmHg and experienced concomitant light dizziness and headache

after 2 minutes of 5 μg/kg/min dobutamine infused. An intravenous

bolus of 200 mL saline was sufficient to return the blood pressure to

baseline level. One patient had the dobutamine infusion terminated at

10 μg/kg/min due to 2:1 conducted atrial flutter with ventricular rate

of 140 per minute. This patient had no known previous history of par-

oxysmal atrial arrhythmia, and the arrhythmia spontaneously

converted to sinus rhythm after 30 seconds without any medication

or cardioversion. The patient did not experience any discomfort due

to the episode.

Reasons for ending the dobutamine infusion are described in

Table 3. Five (10%) patients had the dobutamine infusion stopped at

5 μg/kg/min, three of them because they met heart rate criteria and

two because of minor events. The maximum dose was 10 μg/kg/min

in 22 (44%) patients. Of them, 19 patients met heart rate criteria

whereas three had the infusion stopped due to minor events. The

heart rate criteria were met by 18 (36%) patients on dobutamine dose

of 15 μg/kg/min. Five (10%) patients received the maximum dose of

dobutamine. At this dose level, only one patient fulfilled heart rate

criteria.

A gradual fall in both systolic and diastolic blood pressure was

observed with increasing dobutamine dose (Figure 3B,C). Systolic

blood pressure was 141 ± 19 mmHg before infusion started, and 119

± 22 mmHg at peak dose of dobutamine. The average diastolic blood

pressure before dobutamine infusion was 70 ± 11 mmHg, and 52

± 10 mmHg at max dose of dobutamine. The change in blood pressure

was well tolerated except in one patient. In all patients, blood pressure

returned to baseline levels within 5 minutes after stopping the dobu-

tamine infusion.

The average indexed stroke volume at baseline was 43

± 10 mL/m2. Ten patients (20%) had a low-flow situation with indexed

TABLE 1 Demographic characteristics of the study
population, n = 50

Age, years 79 (67–92)

Male sex, n (%) 30 (60%)

Body surface area, m2 1.90 (1.52-2.25)

Euro SCORE II, % 2.2 (1.0-20.1)

Hypertension 33 (66%)

Diabetes mellitus 9 (18%)

Prior myocardial infarction 9 (18%)

Prior percutaneous coronary intervention and/ or

coronary artery bypass grafting

17 (34%)

Cerebrovascular disease 7 (14%)

Peripheral vascular disease 8 (16%)

Chronic obstructive pulmonary disease 9 (18%)

Estimated glomerular filtration rate (eGFR),

mL/min

67 ± 15

NT -proBNP, ng/L 507 (50-6045)

P-Troponin T, ng/L 17 (5-50)

Angiotensin-converting-enzyme (ACE) inhibitor/

Angiotensin II Receptor Blockers (ARB)

26 (52%)

Beta-blocker 22 (44%)

Acetylsalicylic acid (ASA) and non-ASA platelet

inhibitors

36 (72%) and

16 (32%)

Anticoagulation (warfarin or direct oral

anticoagulation)

3 (6%)

Note: Results are reported as median (range), number (%), or mean +/- SD.

TABLE 2 Echocardiographic characteristics of the study
population, n = 50

Aortic valve peak velocity, m/s 4.6 ± 0.5

Mean aortic pressure gradient,

mmHg

56 ± 15

Indexed aortic valve area, cm2/m2 0.4 ± 0.1

Left ventricular end diastolic

diameter, mm

48 ± 6

Interventricular septum diastolic

diameter, mm

12 ± 1

Posterior wall diastolic diameter,

mm

9 ± 1

Indexed left ventricular mass, g/m2 90 ± 26 (men 100 ± 26,

women 76 ± 19)

Left ventricular ejection fraction, % 66 (43-77)

Indexed stroke volume, mL/m2 43 ± 10

Cardiac index, L/min/m2 3.1 ± 0.7

Mitral peak systolic velocity (s0),
cm/s

5.2 ± 1.0

Left ventricular global longitudinal

strain, %

−14.7 ± 3.1 (n = 49)

Tricuspid regurgitation velocity,

m/s

2.7 ± 0.4 (n = 40)

Left atrium volume indexed,

mL/m2

41 ± 10

E, m/s 0.8 ± 0.3

E deceleration time, ms 269 ± 77

E/A ratio 0.7 (0.4-3.3)

E/e0 13.5 (7.5-38.9)

Note: Results are reported as mean ± SD or median (range).
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F IGURE 3 Hemodynamic changes from baseline to peak dobutamine, n = 50. Box plot with mean (X) and median, showing changes in
A) heart rate; B) systolic blood pressure; and C) diastolic blood pressure from baseline to peak dobutamine dose
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stroke volume <35 mL/m2, but still presented with high gradient

AS. At peak dobutamine dose, indexed stroke volume increased to 48

± 11 mL/m2 (P < .001) (Table 4). This represented a mean percentage

change of 17% for all patients. The response in indexed stroke volume

during the dobutamine stress test ranged from a decline of 37% to an

increase of 53% (Figure 4). Only 22 (44%) of the total patient popula-

tion had the highest indexed stroke volume on peak dose dobutamine.

Looking at peak indexed stroke volume at any level of dobutamine,

the mean value was 50 ± 12 mL/m2.

Using this maximum indexed stroke volume increase from base-

line to any dobutamine level, 20 patients (40%) increased their stroke

volume ≥20% during the stress test, and hence had flow reserve using

the established definition. Among these patients, the median increase

in indexed stroke volume was 32% (22%-53%), whereas, in the

remaining 30 patients, the median change was 8% (−37%-19%). There

were no significant differences in peak dose of dobutamine, heart rate

increase, and blood pressure changes between patients with and with-

out flow reserve. There was no significant difference in the

TABLE 3 Reasons for ending the dobutamine infusion

Dobutamine level Number of patients ending infusion Heart rate increase >20 beats/min Heart rate > 100 beats/min Side effects

5 μg/kg/min 5 3 0 2a,b

10 μg/kg/min 22 16 3 3b,c

15 μg/kg/min 18 17 1 0

20 μg/kg/min 5 1 0 0

aDrop in systolic blood pressure > 30 mmHg.
bMild chest pain and/or dyspnea.
cParoxysmal flutter.

TABLE 4 Echocardiographic findings
of the dobutamine stress
echocardiography, n = 50

Baseline Peak dobutamine P-value

Indexed stroke volume, mL/m2 43 ± 10 48 ± 11 <.001

Left ventricular ejection fraction, % 66 (43–77) 79 (52-88) <.001

Left ventricular global longitudinal strain, % −14.7 ± 3.1 −14.8 ± 3.2 .859

Mitral peak systolic velocity (s0), cm/s 5.2 ± 1.0 7.5 ± 1.9 <.001

Aortic valve peak velocity, m/s 4.6 ± 0.5 5.4 ± 0.6 <.001

Mean pressure gradient, mmHg 56 ± 15 74 ± 20 <.001

Indexed aortic valve area, cm2/m2 0.4 ± 0.1 0.5 ± 0.1 <.001

Projected aortic valve area, cm2 0.8 ± 0.2

Note: Results are reported as mean ± SD or median (range).

F IGURE 4 Indexed stroke
volume at baseline and peak
dobutamine, n = 50. Line plot
showing changes in indexed
stroke volume from baseline to
peak dobutamine for each
patient. Mean indexed stroke
volume marked: ♦
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occurrence of flow reserve in patients with low-flow compared to

those with normal flow at baseline (P = .470). Flow reserve was not

related to baseline levels of NT-proBNP, and that was also the case

with diastolic variables including E/e0, and indexed left ventricular

mass (Table 5).

The mean projected AVA was 0.8 ± 0.2 cm2 (Table 4). In three

patients, the projected AVA calculation was not possible due to a

decrease in stroke volume during the stress test. There was no sig-

nificant difference (P = .472) in projected AVA in patients without

(0.7 ± 0.1 cm2) and with flow reserve (0.8 ± 0.2 cm2), showing that

all patients, irrespective of flow, had a true severe aortic stenosis

(Table 5).

The LV EF was above 50% in all patients at baseline except for

two patients who had EF of 43% and 47% (Table 4). A significant

increase in EF was observed at peak dobutamine dose with an average

increase of 20% (−8%-46%). LV global longitudinal strain analysis was

feasible in 49 patients. One recording was excluded due to inferior

image quality making tracking impossible. No significant increase in

global longitudinal strain was found during the test (Table 4). In con-

trast, peak systolic tissue velocity was significantly increased at peak

dose of dobutamine. Significant changes were also observed in aortic

valve peak velocity, mean gradient and indexed aortic valve area during

peak dose dobutamine (Table 4). There were no significant differences

in LV EF, global longitudinal strain, or peak systolic tissue velocity at

baseline between patients without or with flow reserve (Table 5).

4 | DISCUSSION

The results from our study show that low-dose dobutamine stress

echocardiography is safe and feasible in a symptomatic high gradient

AS population. We observed no major adverse events and 90% of the

patients had the stress-test performed in accordance with protocol.

Minor side effects were observed in five patients, and included mild

chest pain, hypotension, and atrial arrhythmia that were relieved by

discontinuing the dobutamine infusion. No pharmacological therapy

or cardioversion was necessary, and no signs of myocardial ischemia

were observed in the ECG.

4.1 | Safety

There is a conception that dobutamine stress test is contraindicated in

patients with high gradient AS.27-29 The results from our study indi-

cate that low-dose dobutamine stress echocardiography can be per-

formed safely also on patients with symptomatic high gradient

stenosis. The incidence of adverse events during the tests was consid-

erably lower than what has been reported in safety studies on low-

flow low-gradient AS, but the populations are not directly comparable

due to differences in co-morbidity, magnitude of LV dysfunction, and

dose of dobutamine. Most studies on low-flow low gradient AS were

small, with 24 to 72 patients included. Early studies on this population

often used high dose protocols as used in evaluation of coronary

artery stenosis, with peak dose dobutamine 40 μg/kg/min, and addi-

tional atropine injections to reach 85% of the maximal theoretic heart

rate. The low dose protocol with peak dose dobutamine dose of

20 μg/kg/min was the most frequently used. They reported signifi-

cant, not revascularized, coronary artery disease in 37% to 44% of

patients, and majority of the patients had left ventricular systolic dys-

function with ejection fraction <50%. Both low and high dose proto-

cols reported no major complications, but, in high dose protocols,

VES, NSVT, SVT, and chest pain were quite common (15%-59%).27,28

The low dose protocols were in general better tolerated, and VES or

SVES, chest pain, or hypotension was reported in 4% to 17% of

patients.28-31

Dobutamine stress test has also been used in a smaller number of

studies to identify exercise intolerance in patients with asymptomatic,

high gradient AS and preserved left ventricular systolic function. In

these studies, the stress test was well tolerated, without any major

adverse event. Minor events were reported in up to 20%, including

chest pain and/or dyspnea, hypotension, and supraventricular

arrythmias, and thus in line with our findings on safety and risk.32-34

4.2 | Feasibility

The patient population with symptomatic AS is characterized by high

age and multiple co-morbidities making exercise on a semi reclined

TABLE 5 Baseline variables in patients without and with flow reserve, n = 50

No flow reserve (n = 30) Flow reserve (n = 20) P-value

Indexed stroke volume, mL/m2 46 ± 11 40 ± 9 .018

Left ventricular ejection fraction, % 66 (43–77) 64 (50-72) .874

Left ventricular global longitudinal strain, % −14.2 ± 3.1 −15.5 ± 2.8 .162

Mitral peak systolic velocity (s0), cm/s 5.2 ± 1.0 5.1 ± 1.1 .714

Mean pressure gradient, mmHg 57 ± 13 54 ± 17 .387

Projected aortic valve area, cm2 0.7 ± 0.1 0.8 ± 0.2 .472

E/e0 15.9 ± 6.6 13.4 ± 5.6 .057

Indexed left ventricular mass, g/m2 90 ± 29 92 ± 22 .607

NT -proBNP, ng/L 554 (50–6045) 462 (220-1505) .586

Note: Results are reported as mean ± SD or median (range).
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bike to test exercise tolerance and flow reserve less feasible. A dobu-

tamine stress echocardiographic evaluation is easier to perform but is

a resource intensive procedure. At our facility, the test demands the

presence of two nurses and one cardiologist. Acquiring the echocar-

diographic images with good quality can be challenging and demands

more than basic skills.22 The acquisition of images becomes more

challenging when the heart rate and respiratory rate increase. The

image quality is generally poorer during high doses of dobutamine

than during baseline recordings. Still, we found that it was possible to

get reliable and consistent measures of most variables including stroke

volume, which was confirmed by intraclass coefficient of 0.99 (95% CI

0.95-1.00) for stroke volume. The most difficult variable to assess was

LV EF, reflected by a low intraclass coefficient of 0.60 (95% CI

−0.24-0.89). It was especially challenging to trace the inner contour

of the ventricle with increasing heart rates and contractility. Further-

more, foreshortening could also contribute to overestimating

EF. However, the high values observed could also be explained by a

rebound effect with increased contractions due to discontinuing

betablockers.

For the global longitudinal strain measurement, we observed that

the tracking quality in some projections was poor during high heart

rates but also in some baseline images, hence the wide 95% CI of

0.537 to 0.981 for the intraclass correlation coefficient (average 0.92).

The mean frame rate in the 2D pictures was 67 ± 6, which should be

sufficient to perform strain analysis at heart rates up to 100 beats per

minute. Quality of the tissue Doppler analysis was good, and the mea-

surements of longitudinal peak systolic velocities were consistent at

all levels of dobutamine.

According to guidelines, atrial fibrillation is not an exclusion

criterion for performing the dobutamine stress test.22 We did not

include patients with persistent or chronic atrial fibrillation in this

study as most of these patients used betablockers for rate control,

and discontinuing betablocker before dobutamine stress test often

resulted in baseline heart rate 90 to 100 beats/min. Furthermore,

reliability of measurements and interpretation of increase in heart

rate are suboptimal in these patients. The main study, which the

present study is part of, also included cardiac magnetic resonance

imaging where there also were problems with image acquisition

due to irregular R-R intervals in atrial fibrillation, and, conse-

quently, we chose to exclude patients with atrial arrhythmias in

total.

4.3 | Flow reserve

To our knowledge, no study has previously investigated LV flow

reserve by dobutamine stress test in patients with symptomatic high

gradient AS. In our study, only 20/50 patients (40%) had flow reserve

demonstrated by the low-dose dobutamine stress test. Interestingly,

the proportion of patients with flow reserve in our study was lower

than previously reported in patients with low-flow, low-gradient

AS.29,35-39 The lower incidence of flow reserve in our cohort, and the

increase in stroke volume during the DSE, were not related to the

baseline indexed stroke volume value, or the presence of a low or nor-

mal flow situation. No baseline echocardiographic variable was signifi-

cantly different between the patients with or without flow reserve.

This included systolic variables such as LV-global longitudinal strain,

peak systolic tissue velocity, indexed stroke volume, and ejection frac-

tion, but also diastolic LV-variables including LV mass and E/e0. The

same was found for baseline clinical, biochemical, or hemodynamic

variables including blood pressure, NT-proBNP, and severity of symp-

toms (Table 5). The performance of the stress tests was strictly com-

parable between groups.

Follow-up of these patients will show if LV flow reserve can be

used to predict adverse events, and observation of clong-term clinical

outcomes after TAVI and is our primary objective in the ongoing main

study (www.clinicaltrials.com, ID: 535444).

4.4 | Limitations

The exclusion of patients with atrial fibrillation or flutter, which occur

in approximately 1/3 of the TAVI population, is a limitation in this

study.40-42 Further studies are necessary to determine safety and fea-

sibility of preoperative low-dose dobutamine stress echocardiography

in this subgroup of patients. According to guidelines, dobutamine

stress echocardiography can only be performed in patients who have

no contraindication to discontinue betablockers.22 This limited patient

inclusion makes our results less relevant to patients with concomitant

heart failure, history of congestive heart failure with improvement on

medication, or significant dynamic LVOT flow obstruction.

This statistical power of this feasibility study was insufficient to

determine which variables, during the DSE, can predict long term

outcomes. It also gives little room for subgroup analyses due to the

limited number of patients included. Our ongoing prospective

observational study is designed to provide such information.

5 | CONCLUSION

Low-dose dobutamine stress echocardiography appeared safe and

feasible in a symptomatic high gradient AS population with preserved

or mildly reduced LV EF. Only 40% of patients had flow reserve in

accordance to current guidelines of stroke volume increase. Predictive

value of the test in determining long-term outcomes after trans-

femoral TAVI is under evaluation.
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