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The Role of Dobutamine Dose on the Cardiac Parameters
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Abstract

Objectives: The report presents the effects of dobutamine dose on the cardiac parameters such as blood
pressures (basal, systolic, diastolic and maximum), heart rates (basal, peak and maximum), baseline cardiac
ejection fraction, and ejection fraction on dobutamine dose.

Background: There is a little literature about the effects of dobutamine dose on the cardiac parameters and
events.

Materials and Methods: The effects of dobutamine dose on the cardiac parameters have been examined based
on a real echocardiography stress data set, collected at University of California, Los Angeles on 558 patients with
31 explanatory variables/factors. The distribution of the considered cardiac parameters is gamma with non-constant
variance. So, the cardiac parameters have been analyzed by joint generalized linear gamma models.

Results: The mean basal blood pressure (BBP) decreases as the double product of maximum heart rate (MHR)
and maximum blood pressure (MBP) at dobutamine dose (DPMAXDO) (P<0.0001) increases, while the variance
of BBP increases as the DPMAXDO (P=0.0008) increases. The mean systolic blood pressure (SBP) increases as
the dobutamine dose (DOSE) (P=0.0268) increases, while the mean SBP increases as the DPMAXDO (P<0.0001)
decreases. The mean MBP increases as the DPMAXDO (P<0.0001) increases. The mean baseline cardiac ejection
fraction (BEF) decreases as the DOSE (P=0.0255) increases. The mean ejection fraction on dobutamine dose
(DOBEF) increases as the DOSE (P=0.0110) increases, while the variance of DOBEF increases as the dobutamine
dose at maximum double product (DOBDOSE) (P=0.0015) decreases. The mean basal heart rate (BHR) increases
as the DPMAXDO (P<0.0001), or DOBDOSE (P=0.0740) decreases. The mean peak heart rate (PHR), or maximum
heart rate (MHR) increases as the DPMAXDO (P<0.0001) increases, while the variance of PHR (MHR) increases
as the DOBDOSE (P<0.0001) decreases (increases). On the other hand, dobutamine dose is associated with many
cardiac parameters such as SBP, MBP, new myocardial infraction (new MI), history of Ml (hxofMI) etc.

Conclusion: Only the marginal effects of dobutamine dose are observed on SBP, MBP, DOBEF, newMlI, histMI,
etc, while the joint effects of dobutamine dose (i.e., DPMAXDO and DOBDOSE) are observed on each cardiac

parameters. The results are new inputs in the dobutamine dose study literature.
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Introduction

It is well-known that myocardial (B -adrenergic receptors are
directly stimulated by dobutamine which is a synthetic catecholamine
[1-3]. It is widely used to improve ventricular performance and
myocardial contractility in patients with decompensated congestive
heart failure or acute left ventricular dysfunction [4-6]. Generally,
dobutamine effects on hemodynamics and cardiac mechanics, as a
result, myocardial oxygen utilization (MVO,) is altered in many ways.
By increasing heart rate and contractility, MVO, may be increased.
For examining the patients with or without known cardiac disease
having ischemia, practically, dobutamine stress echocardiography
(DSE) is continuously, widely and successfully applied [7-10]. When
the patients are unable to exercise by bicycle or treadmill to a certain
degree for obtaining the necessary clinical information, DSE is used.
As a result of applying DSE to the patients, echocardiographer has
sufficient time to collect the required stress images at all levels.

Due to dobutamine use, there are several changes in the cardiac
functions without significant changes in blood pressure, ventricular
irritability, heart rate [8-13]. There are many cardiac parameters
such as basal blood pressure, systolic blood pressure, diastolic blood
pressure, maximum blood pressure, basal heart rate, peak heart rate,
maximum heart rate, baseline cardiac ejection fraction, ejection
fraction on dobutamine dose, etc. The present report focuses the role
of dobutamine dose on the above cardiac parameters based on a real

echocardiography stress data set, collected at University of California,
Los Angeles on 558 patients with 31 explanatory variables/factors [14].

Materials and Methods

The considered echocardiography stress data set, patient
population, data collection method are clearly displayed [15,16],
(Table 1). The factors/variables in the echocardiography stress data set
are basal blood pressure (BBP), basal heart rate (BHR), basal double
product (DP) of BBP and BHR (BDP), systolic blood pressure (SBP),
peak heart rate (PKHR), DP of SBP and PKHR (DP), maximum
heart rate (MHR), dobutamine dose (DD) given (DOSE), maximum
blood pressure (MBP), DP of MHR and MBP at DD (DPMAXDO),
percent maximum predicted heart rate (PMPHR), DD at max double
product (DOBDOSE), sex (male=0, female=1) (SEX), age (AGE),
ejection fraction on dobutamine (DOBEF), baseline cardiac ejection
fraction (BEF), resting wall motion abnormality on echocardiogram
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Response Covariate Estimate S.E t-value P-value
DP -0.0001 0.000002 -7.881 P<0.0001
Mean of dobutamine dose (DD) DPMAXDO 0.0001 0.000002 7.66 P<0.0001
DOBDOSE 0.0227 0.000509 44.681 P<0.0001
SBP -0.0463 0.0075 -6.1381 P<0.0001
DOBDOSE -0.2704 0.0122 -22.096 P<0.0001
SEX -0.2693 0.13 -2.072 P=0.0190
. . New MI -0.9371 0.302 -3.103 P=0.010
Variance of dobutamine dose (DD)

DEATH -0.5704 0.336 -1.698 P=0.0730
MBP 0.0415 0.0076 5.446 P<0.0001
posSE 0.3642 0.1459 2.496 P=0.0110
Hxof MI 0.2613 0.1438 1.818 P=0.0960
Mean of basal BP (BBP) DPMAXDO -0.0001 <0.0001 -3.981 P <0.0001
Variance of BBP DPMAXDO 0.0001 <0.0001 3.372 P=0.0008
DOSE 0.0005 0.0002 2.221 P=0.0268

Mean of SBP
DPMAXDO -0.0001 <0.0001 -23.981 P <0.0001
Mean of MBP DPMAXDO 0.0001 <0.0001 59.712 P <0.0001
Mean of BEF DOSE -0.0009 0.0004 -2.241 P=0.0255
Mean of DOBEF DOSE 0.001 0.0004 2.551 P=0.0110
Variance of DOBEF DOBDOSE -0.0217 0.0068 -3.192 P=0.0015
Mean of BHR DPMAXDO 0 0.0001 -3.671 P<0.0001
DOBDOSE -0.0003 0.0001 -1.792 P=0.0740
Mean of PKHR DPMAXDO 0.0001 0.0001 6.392 P<0.0001
Variance of PKHR DOBDOSE -0.0566 0.0084 -6.765 P<0.0001
Mean of MAXHR DPMAXDO 0.0001 0.0001 13.052 P<0.0001
Variance of MAXHR DOBDOSE 0.0243 0.0066 3.698 P<0.0010

Table 1: Results of the role of dobutamine dose on cardiac parameters.

(ECDG) (yes(y)=0, no(n)=1) (RESTWMA), chest pain (y=0, n=1)
(CHESTPAIN), new myocardial infraction (MI) (y=0, n=1) (new MI),
positive stress on ECDG (y=0, n=1) (posSE), recent bypass surgery
(y=0, n=1) (new CABG), recent angioplasty (y=0, n=1) (new PTCA),
death (y=0, n=1) (DEATH), history of diabetes (y=0, n=1) (hxof DM),
history of hypertension (y=0, n=1) (hxof HT), history of angioplasty
(y=0, n=1) (hxof PTCA), history of smoking (non-smoker=0,
moderate=1, heavy=2) (hxof Cig), history of MI (y=0, n=1) (hxof MI),
history of coronary artery bypass surgery (y=0, n=1) (hxof CABG),
baseline electrocardiogram diagnosis (normal=0, equivocal=1, MI=2)
(ECG), death, new MI, new PTCA or new CABG (death=0, no=1)
(EVENT).

Statistical methods

The considered study responses (BBP, SBP, MBP, BHR, PHR,
MHR, BEF, DOBEF) are all positive, heteroscedastic, and gamma
distributed. These responses are analyzed by gamma joint generalized
linear models. Note that positive, heteroscedastic and continuous
responses should be analyzed by joint generalized linear Log-normal
or gamma models. Detailed discussions of these two models are given
[16-19], which is not reproduced in the report. Very shortly, only
the joint generalized linear gamma models (appropriate for these
responses) are described herein.

For the positive response random variable y,’s, £(y;) = # and Var
(Yi):G,.2 w2 where E(y,)=4; is the mean parameter, and o;’is the
dispersion parameter. Generally, the variance function in generalized
linear models (GLMs) is denoted by V (=), which has two components.
First component is ,°, which does not depend on the mean changes,
and the second component is ¥ (), which depends on the mean
adjustment. Note that the GLM family distribution is identified by
the variance function. For example, if V( 1 )= yz, the distribution is

gamma. Similarly, the distribution is Poisson, or Normal according as

V(H )=t or V(H )=1.

The joint GLMs (JGLMs) for the mean and dispersion parameters
are:

n, = g(/uz) = Xi[ﬂ and & = h(o-iz) = Wity >

Where x./, w' arethe row vectors of independent factors/variables
for regression models, and & () and h() are the generalized linear
model link functions (a function between the mean and the variance
with the linear predictors). Maximum likelihood (ML) method is used
to estimate the mean parameters (), and the restricted ML method is
applied to estimate the dispersion parameters (y) [16,17].

The current report focuses the effects of dobutamine dose on
the cardiac parameters such as basal blood pressure, systolic blood
pressure, maximum blood pressure, basal heart rate, peak heart rate,
maximum heart rate, baseline cardiac ejection fraction, ejection
fraction on dobutamine dose. The above stress data set does not
contain diastolic blood pressure. So, it is not possible to locate the
effects of dobutamine dose on diastolic blood pressure for the above
data set. The effect of dobutamine dose on a cardiac parameter can
be derived by an appropriate probabilistic modeling of the targeted
cardiac parameter on the dobutamine dose, and along with the
remaining explanatory variables/factors. On the other hand, by
deriving an appropriate probabilistic modeling of the dobutamine dose
on the cardiac parameters and along with the remaining explanatory
variables/factors, the probabilistic models of basal blood pressure,
systolic blood pressure, and maximum blood pressure are given
[15]. The probabilistic models of basal heart rate, peak heart rate,
and maximum heart rate are given [20], and also the probabilistic
models of baseline cardiac ejection fraction and ejection fraction on
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dobutamine dose are given [21]. The joint (mean and variance)
probabilistic models of dobutamine dose on the cardiac parameters,
and along with the remaining explanatory variables/factors have been
derived herein (Table 1).

Effects of dobutamine dose on blood pressures (based on
blood pressure models)

The effects of dobutamine dose on blood pressures (basal, systolic
and maximum) are derived [15]. In [15], the probabilistic models
of basal blood pressure, systolic blood pressure, and maximum blood
pressure are given. For ready reference, the necessary results related
to dobutamine dose are reproduced in. From [16], it is observed that
(i) mean basal blood pressure (BBP) is inversely correlated with the
double product of MHR and MBP at dobutamine dose (DPMAXDO)
(P<0.0001), indicating that the mean BBP increases as the DPMAXDO
decreases. (ii) Variance of BBP is directly correlated with the
DPMAXDO (P=0.0008), indicating that BBP variance increases as the
DPMAXDO increases. These results are given in Table 1. From [15],
it is observed that (i) mean systolic blood pressure (SBP) is directly
correlated with the dobutamine dose (DOSE) (P=0.0268), indicating
that SBP increases as the DOSE increases. In addition, (ii) the mean SBP
is inversely correlated with the DPMAXDO (P<0.0001), indicating that
SBP increases as the DPMAXDO decreases. From [16)], it is observed
that (i) mean of maximum blood pressure (MBP) is directly correlated
with the DPMAXDO (P<0.0001), indicating that MBP increases as the
DPMAXDO increases. These results are given in Table 1.

Effects of dobutamine dose on cardiac ejection fractions
(based on ejection fraction models)

The effects of dobutamine dose on cardiac ejection fractions
(baseline cardiac ejection fraction and cardiac ejection fraction on
dobutamine dose) are derived [21]. From [21], it is observed that
the baseline cardiac ejection fraction (BEF) is inversely correlated
with the DOSE (P=0.0255), indicating that the BEF decreases as the
amount of dobutamine dose increases. From [21], it is observed that
the cardiac ejection fraction on dobutamine dose (DOBEF) is directly
correlated with DOSE (P=0.0110), indicating that DOBEF increases as
the amount of DOSE increases. In addition, the variance of DOBEF
is inversely correlated with the dobutamine dose (DD) at maximum

double product (DOBDOSE) (P=0.0015), indicating that DOBEF
variance increases as the DOBDOSE decreases. These results are
displayed in Table 1.

Effects of dobutamine dose on heart rates (based on heart rate
models)

The effects of dobutamine dose on heart rates (basal, peak and
maximum) are derived [20]. It is observed that the mean of
basal heart rate (BHR) is inversely correlated with the DPMAXDO
(P<0.0001), indicating that the BHR increases as the DPMAXDO
decreases. Moreover, the mean BHR is inversely correlated with the
DOBDOSE (P=0.0740), indicating that the BHR increases as the
DOBDOSE decreases. From [20], it is observed that the mean of peak
heart rate (PHR) is directly correlated with the DPMAXDO (P<0.0001),
indicating that the PHR increases as the DPMAXDO increases. But the
variance of PHR is inversely correlated with the DOBDOSE (P<0.0001),
indicating that the PHR variance increases as the DOBDOSE decreases.
From [20], it is observed that the mean of maximum heart rate (MHR)
is directly correlated with the DPMAXDO (P<0.0001), indicating that
the MHR increases as the DPMAXDO increases. Also, the variance of
MHR is directly correlated with the DOBDOSE (P<0.0010), indicating
that the MHR variance increases as the DOBDOSE increases. These
results are reproduced in Table 1.

Dobutamine dose analysis, results and interpretations

Dobutamine dose analysis: Dobutamine dose of the DSE data set
[14,15,22] is considered as the response variable, and the remaining
others (factors/variables) are treated as the explanatory variables.
The response dobutamine dose (DOSE) is positive, continuous,
heteroscedastic and gamma distributed response variable, so the DOSE
has been modeled based on the joint generalized linear gamma models
[16-18]. Based on the smallest Akaike information criterion (AIC)
value in each class, the final fitted models have been selected. It is noted
that AIC selects a model which minimizes the squared error loss and
predicted additive errors [23]. The results of joint gamma fitted models
of DOSE are given in Table 1 (based on the smallest AIC=2578.353).
The included effects of DOSE models are significant (Table 1). The
diagnostic plots (normal probability and absolute residual plots) of the
fitted gamma models have been examined in Figure 1.
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Figure 1: For the gamma fitted DOSE models (Table 1) (a) Absolute residuals plot with respect to fitted values; (b) The normal probability plot of the mean model.
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Figure 1(a) reveals the absolute residuals plot of the gamma fitted
models of DOSE (Table 1), with respect to fitted values. It is almost flat
with the running means except the left and right tails. The left tail is
decreasing as the smallest absolute residual value is located at the left
extreme, while the right tail is increasing as a larger absolute residual
value is located at the right extreme. Figure 1(b) shows the normal
probability plot of the gamma fitted mean model of DOSE (Table 1).
Note that Figure 1(b) does not reveal any systematic departure of lack
of fit. Both the figures (Figures la and 1b) reveal that the gamma fit is
appropriate for the response DOSE.

Results of Dobutamine Dose Analysis

Table 1 displays the DOSE analysis results for the mean and variance
models. Mean DOSE is negatively associated with the double product
of SBP and PKHR (DP) (P<0.0001), while it is positively associated with
the DPMAXDO (P<0.0001), or DOBDOSE (P<0.0001). Variance of
DOSE is negatively associated with the SBP (P<0.0001), or DOBDOSE
(P<0.0001), or SEX (P=0.0190), or new myocardial infraction (new MI)
(P=0.0010), or DEATH (P=0.0730), while it is positively associated
with the maximum blood pressure (MBP) (P<0.0001), or positive
stress on echocardiogram (ECDG) (posSE) (P=0.0110), or history of
MI (hxof MI) (P=0.0960).

Effects of dobutamine dose on cardiac parameters and events

The dobutamine dose (DOSE) analysis results are reported as
in above, and their summarized form is displayed in Table 1. The
following interpretations can be drawn from Table 1.

e The mean DOSE is inversely correlated with the double
product of SBP and PKHR (DP) (P<0.0001), indicating that as
the DOSE increases, the DP decreases.

o The mean DOSE is directly correlated with the DPMAXDO
(P<0.0001), indicating that as the DOSE increases, the
DPMAXDO increases.

o The mean DOSE is directly correlated with the DOBDOSE
(P<0.0001), indicating that as the DOSE increases, the
DOBDOSE increases.

o The variance of DOSE is inversely correlated with the SBP
(P<0.0001), indicating that the DOSE variance increases as the
SBP decreases.

o The variance of DOSE is inversely correlated with the
DOBDOSE (P<0.0001), indicating that the DOSE variance
increases as the DOBDOSE decreases.

o The variance of DOSE is inversely correlated with the SEX
(male=0, female=1) (P=0.0190), indicating that the DOSE
variance is higher for males than females.

o The variance of DOSE is inversely correlated with the new
myocardial infraction (MI) (y=0, n=1) (new MI) (P=0.0010),
indicating that the DOSE variance is higher for the cardiac
patients having new MI than the patients without new MI.

o The variance of DOSE is inversely correlated with the death
(y=0, n=1) (DEATH) (P=0.0730), indicating that the DOSE
variance is higher for the cardiac patients who are close to
death than the survived patients.

o The variance of DOSE is directly correlated with the maximum
blood pressure (MBP) (P<0.0001), indicating that the DOSE
variance increases as the MBP increases.

o The variance of DOSE is directly correlated with the positive
stress on ECDG (y=0, n=1) (posSE) (P=0.0110), indicating that
the DOSE variance is higher for the cardiac patients without
posSE than the patients with posSE.

o The variance of DOSE is directly correlated with the history of
MI (y=0, n=1) (hxof MI) (P=0.0960), indicating that the DOSE
variance is higher for the cardiac patients without hxof MI than
the patients with hxof MI.

Discussion and Conclusion

The report focuses the effects of dobutamine dose on the cardiac
parameters and cardiac events based on probabilistic gamma joint
generalized linear models of cardiac parameters and dobutamine dose.
The effects of dobutamine dose are listed in Table 1. The present report
has derived many effects of dobutamine dose which are not shown in
earlier reports [8-13].

In the report, it is observed that mean SBP and ejection fraction
on dobutamine dose are directly correlated with the dobutamine
dose, while the baseline ejection fraction is inversely associated with
the DOSE. Mean SBP and mean BBP are inversely associated with
the DPMAXDO, while mean MBP is directly associated with the
DPMAXDO. Only the variance of BBP is directly correlated with the
DPMAXDO. Mean of PKHR and MAXHR are directly associated
with the DPMAXDO, while the mean of BHR is inversely associated
with the DPMAXDO. Note that mean of BHR and variance of PKHR
are inversely associated with the DOBDOSE, while the variance of
MAXHR is directly associated with the DOBDOSE. Mean dobutamine
dose is directly associated with the DPMAXDO and DOBDOSE, while
it is inversely associated with the double product of SBP and PKHR
(DP). Variance of dobutamine dose is inversely associated with the SBP,
DOBDOSE, SEX, DEATH, new MI, while it is positively associated
with MBP, posSE, hxof MI.

The above results are derived based on a data set given [14].
Further studies are required to get more results for different DSE data
sets. These results may be helpful to the medical practitioners. Based on
the derived role of dobutamine dose, medical practitioners are advised
to select the appropriate dobutamine dose to the cardiac patients.
In addition, cardiac parameters and events of the patients are to be
examined after applying the dobutamine dose. It is not safe always.
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