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Abstract

Background Isoproterenol, a non-specific beta agonist, is commonly used during electrophysiology studies (EPS). However,
with the significant increase in the price of isoproterenol in 2015 and the increasing number of catheter ablations performed,
the cost implications cannot be ignored. Dobutamine is a less expensive synthetic compound developed from isoproterenol
with a similar mechanism to enhance cardiac conduction and shorten refractoriness, thus making it a feasible substitute with
a lower cost. However, the use of dobutamine for EPS has not been well-reported in the literature.

Objective To determine the site-specific effects of various doses of dobutamine on cardiac conduction and refractoriness
and assess its safety during EPS.

Methods From February 2020 to October 2020, 40 non-consecutive patients scheduled for elective EPS, supraventricular
tachycardia, atrial fibrillation, and premature ventricular contraction ablations at a single center were consented and prospec-
tively enrolled to assess the effect of dobutamine on the cardiac conduction system. At the end of each ablation procedure,
measures of cardiac conduction and refractoriness were recorded at baseline and with incremental doses of dobutamine at 5,
10, 15, and 20 mcg/kg/min. For the primary analysis, the change per dose of dobutamine from baseline to each dosing level of
dobutamine received by the patients, comparing atrioventricular node block cycle length (AVNBCL), ventricular atrial block
cycle length (VABCL) and sinus cycle length (SCL), was tested using mixed-effect regression. For the secondary analysis,
dobutamine dose level was tested for association with relative changes from baseline of each electrophysiologic parameter
(SCL, AVNBCL, VABCL, atrioventricular node effective refractory period (AVNERP), AH, QRS, QT, QTc, atrial effective
refractory period (AERP), ventricular effective refractory period (VERP), using mixed-effect regression. Changes in systolic
and diastolic blood pressures were also assessed. The Holm-Bonferroni method was used to adjust for multiple testing.
Results For the primary analysis there was no statistically significant change of AVNBCL and VABCL relative to SCL
from baseline to each dose level of dobutamine. The SCL, AVNBCL, VABCL, AVNERP, AERP, VERP and the AH, and
QT intervals all demonstrated a statistically significant decrease from baseline to at least one dose level with incremental
dobutamine dosing. Two patients (5%) developed hypotension during the study and one patient (2.5%) received a vasopres-
sor. Two patients (5%) had induced arrhythmias but otherwise no major adverse events were noted.

Conclusion In this study, there was no statistically significant change of AVNBCL and VABCL relative to SCL from base-
line to any dose level of dobutamine. As expected, the AH and QT intervals, and the VABCL, VERP, AERP and AVNERP
all significantly decreased from baseline to at least one dose level with an escalation in dobutamine dose. Dobutamine was
well-tolerated and safe to use during EPS.
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conduction and shortening AV nodal refractoriness. How-
ever, the financial burdens of using isoproterenol are signifi-
cant given the high cost of the medication and the increasing
number of catheter ablations [1-4].

Dobutamine is a less expensive synthetic compound
developed from isoproterenol that is predominantly a
B1-agonist with mild f2 and al-activities [5]. It has been
well-studied and used in cardiac stress imaging as well as
treatment for cardiogenic shock [5]. Therefore, dobutamine
is a feasible, potentially less expensive alternative to isopro-
terenol. However, its use for EPS has not been extensively
studied.

The purpose of this study was to determine the site-spe-
cific effects of various doses of dobutamine on cardiac con-
duction and refractoriness and assess its safety during EPS.

2 Methods

This study was approved by the Institutional Review Board
(IRB #: 19-0934) of Northwell Health and exempted from
the investigational new drug (IND) based upon a Food and
Drug Administration (FDA) review.

From February 2020 to October 2020, 40 non-consec-
utive patients scheduled for elective EPS, supraventricular
tachycardia (SVT), atrial fibrillation (AF), and premature
ventricular contraction (PVC) ablations at a single center
were consented and prospectively enrolled for the use of
dobutamine. The inclusion criteria were patients between
the ages of 18 and 80 and those undergoing EPS. Patients
were excluded from the study for the following conditions:
(1) hypertrophic obstructive cardiomyopathy or other forms
of left ventricular outflow tract obstruction, (2) severe aortic
stenosis, (3) prior sustained ventricular tachycardia or ven-
tricular fibrillation, (4) prior allergic reaction to dobutamine
or sulfates, (5) patients with stable and unstable angina and
(6) pregnancy.

All procedures were performed in the EP laboratory
under general anesthesia or conscious sedation monitored
by an anesthesiologist. No effort was made in this study to
influence the manner in which patients were sedated by the
anesthesiologists relative to the study. However, the anes-
thesiologists were asked to avoid administering medications
such as glycopyrrolate and catecholamines during the study
period unless necessary. Multi-electrode catheters were
inserted via the femoral vein and positioned fluoroscopically
at the His-bundle position, coronary sinus, and right ventric-
ular apex. Stimulation was performed with a programmable
stimulator EP-4™ (St. Jude Medical, Little Canada, MN,
USA). The procedures were performed by three experienced
electrophysiologists and the EPS protocol was performed as
previously reported [5].
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At the conclusion of each ablation, the baseline blood
pressure and the following parameters were recorded: (1)
sinus cycle length (SCL), (2) AH interval, (3) HV inter-
val, (4) QRS duration, (5) QT interval, (6) AV node block
cycle length (AVNBCL), (7) AV node effective refrac-
tory period (AVNERP), and (8) VA block cycle length
(VABCL), (9) atrial effective refractory period (AERP)
and (10) ventricular effective refractory periods (VERP).
Dobutamine was then incrementally infused at 5, 10, 15,
and 20 mcg/kg/min with a waiting period of five min-
utes between each dose escalation before the blood pres-
sure and the same parameters noted from baseline were
recorded. Blood pressures were recorded from an arterial
line or manual cuff at five-minute interval. Electrogram
intervals were measured using CardioLab™ (GE Health-
care, Chicago, IL, USA). The study endpoint was at pro-
tocol completion with measurements at baseline and at
each incremental dose of dobutamine. If any sustained
arrhythmia was induced, the arrhythmia was ablated and
the study was stopped.

Stimulation was performed by pacing at the coronary
sinus and the right ventricular apex at cycle lengths just
shorter than the prevailing sinus cycle length, and then at
progressively shorter cycle lengths to the point of AV or
VA block. Programmed stimulation was then performed
at each site beginning with an 8-beat drive train at 600 ms
in the atrium and the ventricle with single extrastimuli
beginning in late diastole, and then progressively earlier in
10-ms decrements (with increasing doses of dobutamine,
the drive train cycle was decreased to avoid competition
during sinus tachycardia). The SCL, and AH and HV
intervals were measured from an average of at least ten
consecutive intervals recorded from the His-bundle cath-
eter. The AVNBCL and VABCL were determined as the
longest pacing cycle length from the coronary sinus and
right ventricular apex, respectively, which resulted in AV
nodal block during gradually increasing pacing rates. The
anterograde AVNERP was measured as the longest A1-A2
interval (measured in the His bundle recording), at a drive
cycle length of 600 ms, in which the A2 failed to propagate
through the AV node. Similarly, the retrograde AVNERP
was the longest V1-V2 coupling interval, at a drive cycle
length of 600 ms, at which the premature stimulus failed
to propagate to the atrium. Pacing cycle lengths of 600,
500, 450 and 400 ms were used to measure the refractory
periods, in view of the shortening of the sinus cycle length
in response to dobutamine. We reported a single mean
refractory period for each dose of dobutamine, even with
varying drive cycle lengths required during dose escala-
tion of dobutamine.

If despite ablation, an arrhythmia was induced, the pro-
tocol was stopped and the arrhythmia ablated. No further
attempts to continue or repeat the study were made.
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2.1 Statistical methods

Retrospective data of the use of dobutamine in our EP lab
since March 2015 was used for the sample size calculation,
which showed that the mean and standard deviation for the
difference between the change as a percent from baseline
in the SCL and the change from baseline in the AVNBCL
is 7.7% + 16.0% at 15 mcg/kg/min of dobutamine (Table 1
Supplement). We enrolled 40 patients based on the finding
that a study of 37 patients yields 80% power with respect to
the primary endpoint with an alpha of 0.05 using a paired
2-tail t-test.

The change per dose of dobutamine from baseline to each
dosing level of dobutamine received by the patients, compar-
ing AVNBCL, VABCL and SCL, was tested using mixed-
effect regression.

Dobutamine dose level was tested for association with
relative changes from baseline of each electrophysiologic
parameter (SCL, AVNBCL, VABCL, AVNERP, AH, QT
and QTc intervals) using mixed-effects regression. The
Holm-Bonferroni method was used to adjust for multiple
testing. Estimates of the change from baseline in each elec-
trophysiologic parameter at each dose of dobutamine were
provided along with 99% confidence intervals and plots.

3 Results

Between February 2020 to October 2020, 40 non-consec-
utive patients median age 63 years (IQR 55-69), 11 (28%)
females, scheduled for elective EP procedures at a single
center consented and received dobutamine at the end of the
procedure for EPS. The patient demographics and the diag-
noses for the procedure indications are listed in Table 1.

There was no significant difference in the change in
AVNBCL relative to the SCL and the change in the VABCL
relative to the SCL at each incremental dose of dobutamine
(Table 2, 3 and 4, Fig. 1 and 2).

The SCL shortened with incremental doses of dobu-
tamine (Table 2, 3, 4, Fig. 1). The change only became sta-
tistically significant at 10 mcg/kg/min and greater doses.
The largest percentage decrease in the SCL from one con-
secutive dose escalation to the next was noted between 5
and 10 mcg/kg/min. Similarly, antegrade and retrograde AV
nodal conduction shortened with each dose of dobutamine
and the largest decrease in AVNBCL and VABCL between
consecutive dose escalations was also noted between 5 and
10 mcg/kg/min (Table 2, 3, 4, Fig. 1 and 2). The AH interval
shortened at 15 mcg/kg/min and greater doses (Table 2, 3, 4,
Fig. 3) but the HV interval did not show evidence of change
(Table 2, 3, 4, Fig. 4). The QRS duration did not change sig-
nificantly from baseline to each incremental dose of dobu-
tamine (Table 2, 3, 4, Fig. 5). The QT interval decreased
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Table 1 Patient Demographics and EP/Ablation Indications
Patient Demographics
Age (years) 63 (55-83)
Female Sex 11 (28)
Body Mass Index kg/m? 29 (26-35)
Hypertension 30 (75)
Hyperlipidemia 21(53)
Coronary Artery Disease 5(13)
Atrial Fibrillation 23 (58)
Diabetes Mellitus 8 (20)
Anticoagulation 23 (58)
Rate-Control Agents 28 (70)
Rhythm-Control Agents 9(23)
Ejection Fraction (%) 61 (45-65)
EP/Ablation Procedure Indications

Atrial Fibrillation 18 (45%)

Atrial Flutter 11 (28%)

Atrial Tachycardia 6 (15%)

Atrial Ventricular Node Reentry Tachycardia 6 (15%)
Premature Ventricular Contraction 2 (5%)
Electrophysiology Study 2 (5%)

Values are median (25"-75" percentiles) and frequency (percentage)

with escalation in dobutamine dose starting at 15 mcg/kg/
min (Table 2, 3, 4, Fig. 5). The QTc increased from baseline
to each dose of dobutamine (Table 2, 3, 4, Fig. 5) but the
association between dose of dobutamine and QTc was not
statistically significant (P=0.3873).

The decrease in AVNERP reached statistical significance
for all doses of dobutamine (Table 2, 3, 4, Fig. 6). Although
there was no significant decrease in the AERP from baseline
up to 15 mcg/kg/min of dobutamine, there was a signifi-
cant decrease in the AERP from baseline to 20 mcg/kg/min
(Table 2, 3, 4, Fig. 6). Although there was no significant
decrease in the VERP from baseline to 5 mcg/kg/min of
dobutamine, there was a significant decrease in the VERP
from baseline to 10 mcg/kg/min, to 15 mcg/kg/min and to
20 mcg/kg/min dobutamine (Table 2, 3, 4, Fig. 6).

Changes in diastolic and systolic blood pressure with
escalating doses of dobutamine are shown in Table 2, 3,
4 and Fig. 7. The systolic blood pressure increased signifi-
cantly by 11%to a maximum at 15 mcg/kg/min and then
decreased slightly at 20 mcg/kg/min. The diastolic blood
pressure decreased significantly by 8% to a minimum at 20
mcg/kg/min.

Three patients had no retrograde conduction at baseline.
One patient developed retrograde conduction at 5 mcg/kg/
min of dobutamine, one patient at 20 mcg/kg/min, and one
patient had no retrograde conduction during the study.

Four patients (10%) were hypotensive, defined as sys-
tolic blood pressure < 90 mmHg, at baseline (87, 83, 86, and
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Table2 Measured
Electrophysiologic Parameters
with Incremental Dobutamine
Dosing (n=40)

Table 3 Observed Percent
Change from Baseline of
Individual Parameter by
Dobutamine Dose (n=40)

@ Springer

Baseline?

5 mcg/kg/min’

10 mcg/kg/min*

15 mcg/kg/min’

20 meg/kg/min®

ScL! 909 (793, 1056) 850 (761, 1080) 801 (600, 899) 618 (545, 744) 556 (496, 701)
AVNBCL 360 (320, 430) 360 (305,385)  305(270,370) 280 (250,320) 250 (230, 300)
VABCL 455 (360,600) 420 (330, 530) 340 (280,480) 300 (250,390) 290 (260, 360)
AH interval 74 (64, 99) 71 (61, 87) 71 (58, 86) 62 (55,71) 58 (51, 70)

HYV interval 50 (43, 54) 47 (42, 56) 48 (41, 52) 47 (41, 53) 47 (41, 54)

QT 411 (366, 451) 414 (380,450) 394 (365,427) 377 (344,418) 362 (319, 393)
QTc 425 (395, 466) 440 (410,483) 456 (425,497) 477 (431,510) 459 (431, 499)
AVNERP 320 (260, 370) 290 (250, 320) 260 (220, 310) 230 (190, 300) 220 (200, 290)

QRS duration
AERP

95 (83, 105)
230 (200, 260)

93 (80, 104)
225 (200, 250)

90 (82, 104)
210 (190, 240)

93 (84, 102)
200 (180, 240)

88 (78, 100)
190 (165, 220)

VERP 260 (235,290) 240 (220,280) 240 (200,260) 210 (200,250) 220 (190, 240)
SBP 112(99,124) 111 (104, 119) 118 (108, 126) 124 (107, 136) 117 (100, 135)
DBP 65 (58, 72) 64 (58, 70) 62 (56, 68) 60 (54, 69) 59 (53, 65)

Values are presented as median (25%-75" percentile). All values are presented in msec

2The following parameters have less than 36 measurements available at baseline: AVN ERP (n=29), Atrial
ERP (n=33), VA Block Cycle Length (n=32), VERP (n=30)

3The following parameters have less than 36 measurements available at Dose 1 (5 mcg/kg/min): AVN ERP
(n=26), Atrial ERP (n=34), VA Block Cycle Length (n=33), VERP (n=35)

4The following parameters have less than 36 measurements available at Dose 2 (10 mcg/kg/min): AH
(n=35), AVN ERP (n=17), Atrial ERP (n=33), VA Block Cycle Length (n=33), VERP (n=32), QTc
(n=35)

5The following parameters have less than 36 measurements available at Dose 3 (15 mcg/kg/min): AVN
ERP (n=15), Atrial ERP (n=34), VA Block Cycle Length (n=34), VERP (n=30)

®The following parameters have less than 36 measurements available at Dose 4 (20 mcg/kg/min): AVN-
BCL (n=35), QT (n=35), AVN ERP (n=13), Atrial ERP (n=32), VA Block Cycle Length (n=34), QTc

(n=35), VERP (n=31)

5 mcg/kg/min> 10 meg/kg/min® 15 meg/kg/min* 20 mcg/kg/min®
SCL! -4 (-11,0) -20 (-30, -6) -30 (-39, -17) -35 (-43, -23)
AVNBCL -5(-11,0) -16 (-29, -9) -24 (-33, -16) -29 (-36, -22)
VABCL -7 (-16, 0) -19 (-27,-8) -30 (-36, -23) -32(-38,-22)
AH interval -5(-14,2) -8 (-19,4) -13 (-23,-5) -18 (-27,-11)
HV interval -2(-8,7) -5(-12, 12) -5(-15,12) 0(-15,12)
QT interval 0(-4,8) -3(-7,3) -9 (-16, 1) -12 (-18, -5)
QTc 2(-3,11) 6 (0, 14) 10 (1, 16) 9(1, 15)
AVNERP -7(-17,0) -8 (-29,0) -29 (41, -11) -33 (-42,-9)
QRS Duration -1(-9,4) -1(-7,5) -3(-8,4) -5(-12,3)
AERP -4(-9,0) 0(-13,0) -5(-15,0) -13 (-20, -5)
VERP -4 (-8,0) -8 (-17,-3) -14 (-22,-8) -15(-23,-9)
SBP 0(-6,5) 6 (-2, 15) 3(-4,25) 5(-7,19)
DBP -4 (-8, 6) -4 (-14,2) -8 (-19, 3) -11 (-18, 2)

"Values are % change (25"-75™ percentile)

>The following values have <36 measurements available at dose 1 (5 mcg/kg/min). VABCL (n=28),
AVNERP (n=23), AERP (n=30), VERP (n=31)

3The following values have <36 measurements available at dose 2 (10 mcg/kg/min). VABCL (n=28), AH
(n=34), HV (n=35), QTc (n=35), AVNERP (n=16), VABCL (n=28), VERP (n=29)

“The following values have <36 measurements available at dose 3 (15 mcg/kg/min). VABCL (n=28),
AVNERP (n=14), AERP (n=29), VERP (n=28)

>The following values have <36 measurements available at dose 4 (20 mcg/kg/min). AVBCL (n=34),
VABCL (n=27), AH (n=35), HV (n=35), QT (n=35), QTc (n=35), AVNERP (n=12), AERP (n=28),
VERP (n=27)
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Table4 Estimated Perccnt 5 mcg/kg/min? 10 mcg/kg/min’ 15 mcg/kg/min* 20 meg/kg/min’

Change from Baseline of

Individual Parameters by scL! -3(-10,4) -19 (-27, -12)* -28 (-36, -21)* -32 (-40, -25)*

Dobutamine Dose (n=40) AVBCL -6 (-11, -1)* -18 (-23, -13)* 225 (-30, -20)* 229 (-34, -24)*
VABCL -9 (-15, -3)* -20 (-26, -14)* -30 (-36, -24)* -31 (-37, -25)*
AH -5(-12,3) -8 (-16, 0) -14 (-21, -6)* -18 (-26, -11)*
HV -2(-9,6) -2 (-10, 6) -1(:9,7) 0(-8,8)
QRS 2(7,4) 2(-8,4) 1(-7,4) SC1L 1
QT 2(-2,6) -4 (-8,0) -8 (-12, -4)* -12 (-16, -8)*
QTc 6(1,11)* 8 (2, 14)* 10 (4, 15)* 9(3,14)*
AVNERP -10 (-23, -2)* 11 (-25, -4)* 27 (-42, -12)* 28 (-44, -12)*
AERP -5(-14,5) -3 (-13,6) -8(-17,2) -14 (-24, -4)*
VERP 510, 1) 12 (-17, -6)* -16 (-21, -10)* 16 (-22, -11)*
SBP 3(5,11) 7(-2,15) 11 (3, 20)* 7 (-2, 15)
DBP -1(-8,6) -3(-10,4) -5(-12,2) -8 (-15, 0)*

'Values are % change. Values in parenthesis are 99% confidence intervals. *P <0.01

>The following values have <36 measurements available at dose 1 (5 mcg/kg/min). VABCL (n=28),
AVNERP (n=23), AERP (n=30), VERP (n=31)

3The following values have <36 measurements available at dose 2 (10 mcg/kg/min). VABCL (n=28), AH
(n=34), HV (n=35), QTc (n=35), AVNERP (n=16), VABCL (n=28), VERP (n=29)

“The following values have <36 measurements available at dose 3 (15 mcg/kg/min). VABCL (n=28),
AVNERP (n=14), AERP (n=29), VERP (n=28)

>The following values have <36 measurements available at dose 4 (20 mcg/kg/min). AVBCL (n=34),
VABCL (n=27), AH (n=35), HV (n=35), QT (n=35), QTc (n=35), AVNERP (n=12), AERP (n=28),

VERP (n=27)

84), secondary to the effects of sedation. All four patients
were able to tolerate dobutamine with no limitations. Hypo-
tensive episodes were recorded in two additional patients
(5%), a total of six patients (15%), during the study but none
required a vasopressor nor subsequently developed end
organ damage as a result. Another patient (2.5%) received
a vasopressor for systolic blood pressure in the 90 s based
on the discretion of the anesthesiologist during 15 mcg/kg/
min of dobutamine infusion and the dobutamine dose was
not increased to 20 mcg/kg/min; therefore, data could not
be collected for 20 mcg/kg/min. One patient (2.5%) devel-
oped junctional rhythm at 20 mcg/kg/min of dobutamine but
remained normotensive.

One patient (2.5%) developed atrial fibrillation at 10
mcg/kg/min and another patient (2.5%) developed AVNRT
at 15 mcg/kg/min. For both patients, dobutamine was held
and subsequently tolerated ablation with no further adverse
events. These two patients were included in the analysis, but
data could only be collected for the dosages they received.

We did not perform ventricular pacing for VABCL or
VERP in 13 patients who underwent AF ablations given the
length of the procedure and the effect of ventricular pacing
on the blood pressure.

The prices of isoproterenol and dobutamine are shown in
Table 5 for 2015 and 2023. Whereas the price of isoproter-
enol decreased by a factor of 7.4, the price of dobutamine
increased by a factor of 2.6.

4 Discussion

Isoproterenol, a non-selective beta agonist, is commonly
used during EPS for its effects on enhancing conduction
and shortening refractoriness of the AV node, particularly
in sedated patients [6, 7]. However, the cost of isoproter-
enol increased exponentially following ownership changes
in 2015 such that the wholesale acquisition cost (WAC) per
milligram increased from $26.20 in 2012 to $1,790.11 in
2015 [3, 4]. The cost implications were significant given
the increasing number of catheter ablations. An estimated
10,000 atrial fibrillation ablation procedures were per-
formed in the United States in 1992. The number increased
to approximately 50,000 in 2013 and is continuing to rise [1,
2]. Healthcare systems and electrophysiologists coped with
the financial burden by rationing the use of isoproterenol. A
study reported 40% reduction in the number of hospitalized
patients treated with isoproterenol from 2012 to 2015 [3].
Another response to the cost increase was substituting
isoproterenol with dobutamine. The cost of dobutamine has
remained steady with the WAC per milligram of $17.78
in 2012 and $16.50 in 2015, and the number of patients
treated with dobutamine increased during this time [3]. Iso-
proterenol is a potent B1-adrenergic agent associated with
chronotropic and proarrhythmic responses. Dobutamine was
synthesized in hopes of mitigating the side effects of isopro-
terenol. Removing the hydroxyl group from isoproterenol led
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Fig. 1 Demonstrates the relative
decrease in sinus cycle length, 00
AVNBCL and VABCL from '
baseline to 5 mcg/kg/min, 10
mcg/kg/min, 15 mcg/kg/min
and 20 mcg/kg/min of dobu- 01 1
tamine "
:
a 02
03 A
04

SCL

T

Dose 1, 5 megfkg/min

T T T

Dose 2, 10 meg/kg/min Dose 3, 15 meg/kg/min Dose 4, 20 mcg/kg/min
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AVNBCL VABCL

00—

Estimate

T

Dose 1

Dose 1:5 mcg/kg/min, Dose 2:10 mcg/kg/min, Dose 3:15 mcg/kg/min, Dose 4:20 mcg/kg/min

to the discovery of dobutamine, which has two isomers [8].
The S(-)-enantiomer dobutamine is a potent o 1-adrenoceptor
agonist with minor 1 and p2-adrenoceptor agonist activi-
ties. In contrast, the R(+)-enantiomer dobutamine possesses
minimal ol-agonist effects with predominantly f1 and
B2-adrenoceptor agonist activities. The net effect of dobu-
tamine is mostly pl-activity with mild 2 and al-agonist
effects. In addition, ol-activity helps offset f2-activity thus
mitigating vasodilation-mediated hypotension, which is
reported with high-doses of isoproterenol [9].

Dobutamine is commonly used for cardiac stress imaging
studies to assess the severity of coronary artery disease and
its utilization has been well-studied [10-13]. Dobutamine
stress echocardiography (DSE) was introduced as an alter-
native method for patients who cannot tolerate exercise,
to provoke myocardial ischemia, leading to ST-segment
changes on the ECG and regional wall motion abnormalities
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Dose 3 Dose 4 Dose 1 Dose 2 Dose 3 Dose 4

on two-dimensional echocardiography [11]. While dobu-
tamine has a half-life of 2 min and may take up to 10 min
to achieve a steady state, DSE is routinely performed with
3 min intervals of dose increase, derived from the standard
exercise Bruce protocol. There is no evidence to support this
protocol, but the dose-increase before reaching steady state
has been largely adopted for safety concerns [11]. We used
a hybrid approach in our study and started with 5 mcg/kg/
min at increments of 5 mcg/kg/min up to 20 mcg/kg/min for
five minutes each. Buxton similarly used a dose increment
at 5 min each [7]. The half-life of isoproterenol is 2.5 to
5.0 min, longer than that of dobutamine.

Buxton et al. studied the site-specific effects of isoproter-
enol at varying doses in 38 patients [7], and we conducted
our study in a similar manner with dobutamine. Isoproter-
enol decreased the sinus cycle length at each incremental
dose with the largest drop from 0.007 to 0.014 mcg/kg/min
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Fig.2 Demonstrates the relative decrease in AVNBCL versus sinus cycle length and VABCL versus sinus cycle length from baseline to 5 mcg/
kg/min, 10 mcg/kg/min, 15 mcg/kg/min and 20 mcg/kg/min of dobutamine

[7]. Dobutamine also decreased the sinus cycle length sig-
nificantly by 10 mcg/kg/min with the largest decrease from
5 to 10 meg/kg/min. Interestingly, the largest decrease in the
AVNBCL and the VABCL also occurred between 5 and 10
mcg/kg/min. Similar to isoproterenol, dobutamine decreased
the AH interval significantly by 15 mcg/kg/min, but there
was no significant change in the HV interval. The lack of
significant effect on the His-Purkinje system was consistent
with previously reported studies in both animals and humans
[7]. In contrast to the effects of isoproterenol more notable in
the AV node compared to the sinus node, our study showed
no significant difference in changes in the SCL relative to the

Fig.3 Demonstrates the relative T
decrease in AH interval from
baseline to 5 mcg/kg/min, 10
mcg/kg/min, 15 mcg/kg/min
and 20 mcg/kg/min of dobu-
tamine
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changes in the AVNBCL or the VABCL over time with dose
escalation. The AVNERP was often less than or equal to the
AERP and therefore unable to be measured. Three patients
(7.5%) had no retrograde conduction at baseline but two
demonstrated retrograde conduction with 5 and 20 mcg/kg/
min, which suggests bidirectional conduction enhancement.

At 5 mcg/kg/min of dobutamine, the VABCL decreased
by a significant degree, indicating that even at low doses,
there can be a significant effect on retrograde conduction,
thus theoretically facilitating induction of specific arrhyth-
mias like AVNRT at relatively low doses. Isoproterenol
had been shown to improve retrograde conduction through
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Fig.4 Demonstrates the
relative change in HV interval
from baseline to 5 mcg/kg/
min, 10 mcg/kg/min, 15 mcg/
kg/min and 20 mcg/kg/min of
dobutamine

Fig.5 Demonstrates the relative
change in QRS duration, QT
and QTc interval from baseline
to 5 meg/kg/min, 10 meg/kg/
min, 15 mcg/kg/min and 20
mcg/kg/min of dobutamine
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Fig.6 Demonstrates the relative AERP ANERP VERP
change in AERP, AVNERP and
VERP from baseline to 5 mcg/ _
kg/min, 10 mcg/kg/min, 15 -[ T T
mcg/kg/min and 20 mcg/kg/min 0.0
of dobutamine -
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Fig.7 Demonstrates the relative
change in diastolic blood pres- DBP SBP
sure and systolic blood pressure 027 T
from baseline to 5 mcg/kg/
min, 10 meg/kg/min, 15 meg/
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Table 5 Cost Comparison Between Isoproterenol and Dobutamine in ~ the AV conducting system, thus facilitating induction of

2015 and 2023 AVNRT [7].
Isoproterenol ($/mg) Dobutamine ($/mg) Masoni studied the effects of dobutamine on the elec-
S ; trophysiological properties of the conduction system in
2015 1790'1117 0'016157 19 patients without heart block, 5 with second degree and
2023 242.35 0.043 5 with third degree AV block using 5, 10 and 15 mcg/kg/
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min of dobutamine [14]. Dobutamine decreased the sinus
cycle length, the atrial effective refractory period, and the
AH interval. They also demonstrated an improvement AV
nodal conduction proximal to the His bundle and a minimal
increase in heart rate in patients with infra-Hisian block.
There was no change in the HV interval. These findings
are consistent with the results of our study. Bianchi dem-
onstrated moderate heart rate increases with dobutamine, a
very significant facilitation of A-H conduction and no sig-
nificant effect on the HV interval with 10 and 15 mcg/kg/
minute of dobutamine [15].

The safety of the use of dobutamine was an important
observation of our study. Mazeika et al. utilized the same
increments of dobutamine at 5, 10, 15, and 20 mcg/kg/
min for eight minutes each during DSE and reported that
all adverse reactions were minimal and resolved within two
minutes of discontinuing the dobutamine infusion. Notably,
seven patients (14%) had dobutamine-induced symptomatic
hypotension of which three had transient junctional rhythms
[12]. In our study, four patients (10%) were hypotensive at
baseline (SBP 87, 83, 86, and 84) and a total of six patients
(15%) developed hypotension during the study. One patient
(2.5%), who did not meet our definition of hypotension
(SBP <90 mmHg), was preemptively given a vasopressor
by the anesthesiologist during the dobutamine infusion of
15 mcg/kg/min and did not experience any adverse events.
Another patient (2.5%) developed junctional rhythm during
20 mcg/kg/min of dobutamine infusion but remained normo-
tensive and spontaneously recovered normal sinus rhythm.

Multiple studies have shown that even higher doses of
dobutamine for prolonged duration causes low incidence
of serious side effects [11]. Gianni et al. reported that
two patients (4.2%) with significant history of myocar-
dial ischemia experienced paradoxical hypotension during
the high-dose dobutamine infusion and two other patients
(4.2%) had hypertensive responses while on norepinephrine
for anesthesia-induced hypotension. The incidence of atrial
arrhythmias and outflow tract premature ventricular contrac-
tions with high-dose dobutamine was comparable to high-
dose isoproterenol [9]. In our study, AF was induced in one
patient (2.5%) at 10 mcg/kg/min and AVNRT was induced
in one patient (2.5%) at 15 mcg/kg/min of dobutamine at
which point the study protocol was terminated.

Although the result from the mixed-effects model showed
the association between dose of dobutamine and QTc was
not statistically significant (P =0.3873), the QTc signifi-
cantly increased from baseline at all doses (each p<0.01).
One would have expected the QTc to have remained constant
as the dose of dobutamine increased and the SCL decreased
with dose escalation, since the purpose of the corrected QT
is to normalize the QT interval according to rate. The reason
for the increase in QTc in this study is unclear. The QTc
using Bazett’s formula is frequently used in general practice
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to correct QT for rate, although its applicability has been
questioned in multiple studies. However, Dahlberg and col-
leagues concluded that Bazett’s formula was preferable in
long QT1 and 2 patients [16].

Although the price of isoproterenol in 2015 was much
higher than it is today, it was the impetus for us to study
alternatives to isoproterenol. We found a significant cost
saving substituting dobutamine for isoproterenol in 2015.
However, since 2015 the difference in cost between the two
medications has narrowed (Table 5). Whereas the price
of isoproterenol decreased by a factor of 7.4, the price of
dobutamine increased by a factor of 2.6. Another consid-
eration is that the dosing of isoproterenol and dobutamine
is quite different. One would use a 0.2 mg/cc vial of iso-
proterenol ($48.47) and a 250 mg/20 cc vial of dobutamine
($10.75) [17].

5 Limitations

This was a single center study with limited number of
patients. Our protocol did not go beyond 20 mcg/kg/min of
dobutamine and does not qualify as a high dose dobutamine
study. Anesthesia was not uniformly given with either gen-
eral anesthesia or conscious sedation, which may have had
variable effects on the cardiac conduction. In addition, anti-
arrhythmic and/or rate control agents were not uniformly
held before the procedure as the decision was up to the
electrophysiologist based on the individual patient. Anti-
arrhythmic, anti-hypertensive and/or rate control agents
could have influenced the results of this study. Selection of
patients was not consecutive because it was not always fea-
sible to perform the study protocol due to time constraints.
Moreover, we did not perform a VABCL or VERP in 13
patients who underwent AF ablations given the length of the
procedure and the effect of ventricular pacing on the blood
pressure. There were other limited missing variables which
the authors deemed insignificant, including 3 patients who
could not finish the protocol because of either arrhythmia
induction in 2 patients and hypotension requiring a vaso-
pressor in 1 patient. Exclusion of patients due to time con-
straints could possibly introduce bias and affect the study
results, especially if we excluded patients when procedures
were long. Safety is always the priority, and if patients were
under anesthesia for a prolonged period, we did not want to
extend the procedure and place the patient at greater risk.
Therefore, the more complicated, sicker patients with more
cardiac substrate and longer procedure times (those patients
undergoing atrial fibrillation ablation) were either excluded
or ventricular pacing was not performed. Patients included
in this study underwent electrophysiologic testing for a vari-
ety of indications. The heterogeneity of indications must be
considered when interpreting results.
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We did not find a significant difference in the changes
in SCL relative to changes in AVNBCL or VABCL with
incremental increases in dose of dobutamine. However, out
study included only 40 patients and we cannot rule out the
possibility of a type II error. The study is not powered to
detect smaller effect size that could be clinically significant.
Future studies with a larger sample size should be conducted
to further validate these findings.

The AVNERP data were included in the analysis; how-
ever, the results should be viewed in the context of limi-
tations. The effects of dobutamine on the anterograde
AVNERP could not be determined consistently because, in
many cases, it was shorter than the AERP. The SCL short-
ened with each dobutamine dose escalation and required
shortening of the drive cycle length when measuring effec-
tive refractory periods. Therefore, shortening of the atrial
and ventricular ERP could have been due to either a short-
ening of the drive train cycle length and/or the effects of
dobutamine. Shorter drive train cycle length also led to
AV nodal block precluding measurement of the AVNERP.
AVNERP was not reported when it was shorter than the
AERP. The retrograde AVNERP could not be assessed con-
sistently because retrograde conduction was limited by His-
Purkinje refractoriness or inability to see a stable retrograde
His deflection.

Although we did discuss the electrophysiologic differences
between isoproterenol and dobutamine, we did not perform
a direct comparison between the two drugs since none of the
patients in this study received isoproterenol. The information
regarding isoproterenol was from previous studies. Therefore,
we do not have information on whether there could have been
different arrhythmias induced with isoproterenol and the elec-
trophysiological response to isoproterenol could have been
different in these patients. A direct comparison between dobu-
tamine and isoproterenol either in the same patients or as a
randomized study would help clarify whether the two agents
are equivalent in terms of inducibility of arrhythmia prior to
ablation and providing an equivalent, satisfactory end-point
post ablation (do the two drugs predict future suppression of
arrhythmia equally and accurately?).

6 Conclusions

There was no difference in the magnitude of decrease of the
AVNBCL and VABCL relative to the magnitude in decrease
of the SCL at each incremental dose of dobutamine. How-
ever, the AVNBCL, the VABCL and the SCL decreased
significantly from baseline with each incremental dose of
dobutamine (except the 3% decrease in SCL from baseline to
5 mcg/kg/min dobutamine was not statistically significant).
Dobutamine was also seen to enhance retrograde AV nodal
conduction in two out of three patients who displayed no

retrograde conduction at baseline. While hypotension and
arrhythmia-inductions were noted, no significant hyperten-
sive nor further adverse events were noted.
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