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Abstract
Background and methods
Multiple myeloma (MM) is a malignancy associated with cardiovascular complications. Though
echocardiography plays a crucial role in assessing cardiac function, its use in the follow-up of MM patients is
limited. For this descriptive analysis, we report several recommended objective measures of left ventricular
(LV) systolic function, peak global longitudinal strain (PGLS), and right ventricular (RV) systolic function in
147 MM patients at various stages of their treatment who were referred to our echocardiography laboratory
at the University of Arkansas for Medical Sciences (Little Rock, AR, USA).

Results
Mean age was 61 ± 11 years, (range: 30 to 86 years; 82 males). Mean left ventricular ejection fraction (LVEF)
was 60 ± 9%, mitral annular (MA) systolic tissue Doppler velocity was 8 ± 2 cm/s, and LV outflow tract
velocity time integral (LVOT VTI) was 21 ± 5 cm. Furthermore, RV systolic function measured by tricuspid
annular plane systolic excursion (TAPSE) was 2.3 ± 0.4 cm and tricuspid annular (TA) tissue Doppler (TDI)
systolic velocity (s') was 13 ± 3 cm/s. These values were reported with regards to normal published standard
values. Finally, we identified three distinctive LV PGLS levels, ranging from -7% to -27%. Given the poor
correlation, we identified that a total of 74% or 50% of all MM patients with normal LVEF (>55%) had
abnormal LV PGLS. No correlation between LVEF and LV PGLS was seen in our study.

Conclusions
To our knowledge, this is the first study describing these objective measures of cardiac function in MM
patients at different stages of treatment. However, additional studies are needed to truly assess
asymptomatic changes in cardiac structure during MM treatment.

Categories: Cardiology, Oncology, Healthcare Technology
Keywords: doppler echocardiography, left ventricular function, multiple myeloma, peak global longitudinal strain,
right ventricular function

Introduction
Despite being a relatively rare cancer (accounting for only 1% of all cancers), multiple myeloma (MM) ranks
as the second most prevalent hematologic malignancy, surpassed only by lymphoma [1]. This condition
encompasses a broad range of clinical presentations, spanning plasma cell dyscrasias to extramedullary
myeloma, and is characterized by multiple relapses [2]. While predominantly affecting men slightly more
than women, it is twice as common in African Americans compared to Caucasians with a median age at the
time of diagnosis of about 65 years [3,4].

Better understanding of the underlying pathophysiology coupled with the recent introduction of novel drugs
with improved efficacy, has significantly improved outcomes [5]. However, its onset at an older age, coupled
with longer survival rates, places MM patients at a higher risk of developing heart disease and cardiovascular
disease (CVD) mortality [6]. As a result of these associations, MM is now the third-most common type of
malignancy associated with CVD [7].

From a CVD perspective, current literature suggests that MM patients are at risk for developing heart failure,
uncontrolled systemic hypertension, accelerated ischemic heart disease, arterial/venous thromboembolism,
and arrhythmias [8]. Specifically, left ventricular (LV) dysfunction in MM can occur due to increasing age,
existing CVD risk factors, direct accumulation of amyloid light-chain immunoglobulins, toxicities from
currently used agents, or secondary abnormalities caused by MM such as anemia, hypertension, drug-
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induced diabetes, as well as the development of chronic kidney disease [8].

Although this research study was commenced right before the rapid rise of COVID-19 cases in 2019, it is
necessary to highlight that the widespread restrictions and limitations mandated at that time by health
officials, precluded our ability to recruit more patients and obtain more valuable information of prior
treatments. However, we believe that the data collected still provides valuable information regarding
comprehensive echocardiographic assessment of cardiac function, including speckle tracking data, among a
group of MM patients undergoing routine transthoracic studies at various stages of their treatment. We
believe this data is particularly valuable, given the paucity of data on cardiac structural characteristics
during the unrelenting course of MM.

Materials And Methods
For this retrospective, observational study, we reviewed our echocardiographic database echocardiograms
conducted between August 2019 and February 2020 on MM patients referred to our echocardiography
laboratory at the University of Arkansas for Medical Sciences (Little Rock, AR, USA). To be included into the
final analysis all MM echocardiograms had to be complete, including our routinely acquired objective
measures of LV systolic and diastolic function, as well as right ventricular (RV) systolic function. In addition,
we also routinely collected LV peak global longitudinal strain (PGLS) unless two-dimensional image quality
precluded accurate endocardial tracking, even after manual correction.

Echocardiographic studies were otherwise excluded if patients were not in sinus rhythm, ectopy was present,
and thick papillary muscles or presence of pulmonary hypertension with distortion of the LV cavity was
observed. Additionally, studies with inadequate orthogonal views or pericardial effusion larger than mild in
size were excluded. Finally, none of the studies were either limited or performed by cardiology trainees.

Two-dimensional transthoracic echocardiography (TTE) studies were performed using commercially
available systems (Vivid 9; GE Medical Systems, Milwaukee, WI,l USA). Images were obtained in the left
lateral decubitus position with the patient in the supine position using a 3.5-MHz transducer. Standard two-
dimensional, color, pulsed, and continuous-wave Doppler data were digitally acquired in gently held end-
expiration and saved in regular cine loop format for subsequent offline analysis (EchoPAC version 111.0.00
and GE-Vingmed Ultrasound AS; GE Healthcare, Chicago, IL, USA).

The following echocardiographic and Doppler measures were obtained in all patients included in the final
analysis. The LV ejection fraction (LVEF) was calculated using the Simpson's method as recommended by the
American Society of Echocardiography, utilizing two-dimensional echocardiographic images to maximize
areas while avoiding apical foreshortening [9]. In addition, a surrogate measure of LV systolic function used
in this study was mitral annular (MA) systolic velocity (s') obtained from the lateral MA, as previously
described [9]. We also utilized the LV outflow tract (LVOT) velocity time integral (VTI). The LVOT VTI
measurement was obtained by placing the pulsed Doppler sample volume in the LVOT below the aortic valve
and recording the velocity measured in cm/s, which correlates well with cardiac output [9].

Myocardial performance index (MPI), first described by Tei et al., was calculated by dividing the total
duration of ejection by the interval denoted by isovolumic contraction time and isovolumic relaxation time
using the tissue Doppler imaging signals for both left ventricle and right ventricles, as previously described
[10]. Measures of LV diastolic function were determined using the 2016 recommended guidelines published
by the American Society of Echocardiography [11].

For speckle tracking imaging we measured LV PGLS using the Vivid 9's automated functional imaging (AFI)
method to analyze speckle tracking. This echocardiographic imaging modality is useful when assessing LV
longitudinal systolic function [12]. The three-click method was used to minimize variability and LV speckle
tracking echocardiography (STE) data is acquired from endocardial tracings obtained from two- and four-
apical chamber as well as apical long axis views with frame rates > 60 frames/sec (Figure 1). Once the
tracking process is verified, the image is accepted. Data was collected and saved into the program to
automatically trigger PGLS analysis [12].
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FIGURE 1: The four-chamber (A), two-chamber (B), and apical long axis
(C) views showing the six points of AFI for speckle tracking
interrogation of the LV cavity. 
AFI: Automated functional imaging, LV: Left ventricular

In terms of RV echocardiographic and Doppler variables, we determined RV systolic function using both
tricuspid annular plane systolic excursion (TAPSE) and tricuspid annular tissue Doppler systolic velocity (TA
TDI s') [13]. The TAPSE was measured by total excursion from its highest position after atrial ascent to its
maximal descent during ventricular systole, with the M-mode cursor placed on the lateral tricuspid annulus
(TA) from the apical four-chamber [13]. Similarly, TA TDI s’ measurements were obtained using tissue
Doppler imaging with the same four-chamber apical anatomical orientation as used with M-mode from the
lateral TA, as previously described [13].

Maximal tricuspid regurgitation systolic velocity value was measured from multiple windows using
continuous wave Doppler, and the highest velocity was used to estimate pulmonary artery systolic pressures
using the modified Bernoulli equation [13]. An estimate of the mean right atrial pressure was then used to
make the final calculation of pulmonary artery systolic pressures by determining the diameter and collapse
index of the inferior vena cava with inspiration [13].

Pulsed rather than continuous wave Doppler to accurately measure the duration of the signal for
acceleration and RV outflow tract velocity time integral (VTI) calculations, as previously described was also
collected [14]. For this measurement, a 1 mm to 2 mm pulsed wave Doppler sample volume was located just
within the pulmonary valve from the parasternal short-axis view [14]. The sample volume was placed so that
the closing but not opening click of the pulmonary valve was visualized [14]. Finally, calculation of the
TAPSE/pulmonary arterial systolic pressure (PASP) ratio was then performed, as described elsewhere [15].

The above-mentioned echocardiographic approach, allowed us to gather valuable echocardiographic data
with respect to MM patients at different stages of their treatment. All continuous data are presented as mean
± SD. Categorical data are presented as frequencies or percentages. Correlations between LV PGLS
measurements and conventional echocardiographic parameters were performed using Pearson’s correlation.
Multivariate logistic regression analysis was performed to detect which of the measured echocardiographic
measures best correlated. A p-value of <0.05 was considered statistically significant. All analyses were
performed using SPSS Statistics version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results
In this descriptive analysis, a comprehensive set of echocardiographic and Doppler data comprising a total
of seven measures for LV systolic and diastolic function, as well as seven measures for RV systolic function,
were initially identified in a total of 167 consecutive echocardiograms from MM patients performed between
August 2019 and February 2020 at our Echocardiography laboratory at the University of Arkansas for Medical
Sciences. However, due to limited endocardial border resolution for acquisition of accurate LV PGLS data, 20
studies were excluded and the studied population was finally comprised of 147 MM patients with an average
age of 61 ± 11 years, ranging from 30 to 86 years with 82 patients being male. Demographic information is
displayed in Table 1. 

Parameters N

Mean age ± SD (years) 61 ± 11

Male patients (%) 82 (55.8%)

TABLE 1: Demographic information
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It is important to highlight the fact that none of the MM patients included in this study have had recent or
active COVID infection at the time of the echocardiographic study. Measures of LV systolic and diastolic
function were as follows: mean LVEF was 60 ± 9, with a range of 25 to 89; mitral valve E-velocity (MV E) was
78 ± 24 cm/s (range 38-168); mitral annulus e’ velocity (MA e’) was 9 ± 3 (range 3 -15); mitral annulus early
diastolic velocity (E/e’ ratio) was 10 ± 5 (range 4-40); mitral annulus velocity (MA s’) was 8 ± 2 cm/s (range of
5 -1); LV myocardial performance index (MPI) was 0.49 ± 0.15 (range 0.09-0.93); and LVOT VTI was 21 ± 5
cm (range of 10 - 35) as displayed in Table 2. 

Variables Mean Range Normal value

LVEF (%) 60 ± 9 25-89 52%-72%

MV E (cm/s) 78 ± 24 38-168 50-100

MA e’ (cm/s) 9 ± 3 3-15 > 8

E/e’ ratio 10 ± 5 4-40 < 14

MA s’ (cm/s) 8 ± 2 5-15 > 6

LV MPI 0.49 ± 0.15 0.09-0.93 < 0.40

LVOT VTI (cm) 21 ± 5 10-35 20-30

TABLE 2: The LV systolic and diastolic echo-Doppler data for a total of 147 MM patient
LV: Left ventricular, MM: Multiple myeloma, LVEF: Left ventricular ejection fraction, MV E: Mitral valve E-velocity, MA e’: Mitral annulus e’ velocity, E/e’:
Early diastolic velocity, MA s’: Mitral annulus velocity, MPI:  Myocardial performance index, LVOT VTI: Left ventricular outflow tract velocity time integral

In our studied population LV PGLS was -16 ± 4% (range -7% to -27%); LVEF was 61 ± 8 (range 30% to 89%);
mitral annular systolic velocity was 8.6 ± 2.2 (range 5 cm/s to 15 cm/s); MPI was 0.51 ± 0.17 (range 0.09-1.41)
and LVOT VTI was 21 ± 5 (range 10-35 cm). Distribution of LV PGLS in our population is shown in Figure 2. 
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FIGURE 2: Box plot showing distribution of LV PGLS in our studied
population during different stages of their treatment
As seen, a total of 69 (47%) MM patients had a normal LV PGLS (-19.2 ± 2.3%, range of -16 to -27%). In contrast,
78 (53%) MM patients had an abnormal LV PGLS value. Of these abnormal values, further analysis disclosed that
25 (17%) MM patients had abnormally low normal LV PGLS levels (-15.2 ± 0.6%, range of -14 to -16%; p <0.0001)
while 53 (38%) MM patients had markedly low LV PGLS values (-11.7 ± 1.7%, range -7 to -13%; p <0.0001).
Correlations between LV PGLS measurements were performed using Pearson’s correlation.

LV PGLS: Left ventricular peak global longitudinal strain, MM: Multiple myeloma

The LV PGLS was not obtained in 20 (12%) MM patients due to poor quality image. Careful analysis showed
that a total of 69 (47%) MM patients had a normal LV PGLS (-19.2 ± 2.3%, range of -16 to -27%) as shown in
Figure 2. In contrast, a total of 78 (53%) MM patients had an abnormal LV PGLS value. Of these abnormal
values, further analysis disclosed that 25 (17%) MM patients had abnormally low normal LV PGLS levels (-
15.2 ± 0.6%, range of -14 to -16%; p <0.0001) while 53 (38%) MM patients had markedly low LV PGLS values
(-11.7 ± 1.7%, range -7 to -13%; p <0.0001) (Figure 2) values [15-18]. Representative LV PGLS polar maps
from each of these three LV PGLS groups featured in Figure 2, can be shown in Figure 3.
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FIGURE 3: Representative LV PGLS polar maps derived from speckle
tracking imaging algorithms using Vivid 9's AFI (GE Medical Systems)
The polar display shows all myocardial wall segments, and the three inner circles represent LV basal, mid cavity
and apical segments, respectively. The individual values represent strain measurements for each segment
encoded in the LV image acquisition. The legend box below shows mean values for the LV four-apical chamber,
three-chamber, and two-chamber image analysis. A final composite value from all three LV views is then reported
as LV PGLS, which is the value of interest.

The images shown in this figure are representative of the three LV PGLS groups featured in Figure 2, namely (A)
MM patients with normal LV PGLS (-19.2 ± 2.3%, range of -16% to -27%) values; (B) MM patients with abnormal
LV PGLS levels (-15.2 ± 0.6%, range of -14% to -16%; p <0.0001); and (C) MM patients with markedly low LV
PGLS values (-11.7 ± 1.7%, range -7% to -13%; p <0.0001).

LV PGLS: Left ventricular peak global longitudinal strain, MM: Multiple myeloma, AFI: Automated functional
imaging

Given the poor correlation known to exist between LV PGLS and LVEF, we examined our studied population
and identified that a total of 74 (50%) MM patients with normal LVEF (>55%) had abnormal LV PGLS. No
correlation between LVEF and LV PGLS was seen in our study as shown in Figure 4 [18].

FIGURE 4: Correlation plot between LVEF and LV PGLS, both denoted
as percentages, show no correlation in our MM studied population. 
LVEF: Left ventricular ejection fraction, LV PGLS: Left ventricular peak global longitudinal strain
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Finally, when we performed a multiple regression analysis on our MM patient cohort (Table 3). The mitral
annular systolic velocity correlated best with LV PGLS, followed by LVOT VTI and LVEF.

Independent variables Coefficient Standard error rpartial t p-value

LVEF (%) -0.1013 0.04157 -0.2067 -2.437 0.0161

Mitral annular systolic velocity (cm/s) -0.6625 0.1420 -0.3750 -4.666 <0.0001

LVOT VTI (cm) -0.2479 0.07567 -0.2732 -3.276 0.0013

MPI-ICT (ms) -0.07632 0.06817 -0.09662 -1.120 0.2649

MPI-IRT (ms) 0.03845 0.04542 0.07320 0.846 0.3988

LV MPI -14.4080 12.1250 -0.1025 -1.188 0.2368

TABLE 3: Multiple regression analysis performed on the total cohort of 147 MM patients with
complete echocardiographic data showed that mitral annular systolic velocity was the best
parameter correlating with peak LV PGLS, followed by LVOT VTI and LVEF
LV: Left ventricular, PGLS: Peak global longitudinal strain, MM: Multiple myeloma, LVOT VTI: Left ventricular outflow tract velocity time integral, MPI:
Myocardial performance index, ICT: Isovolumic contraction time, IRT: Isovolumic relaxation time

Regarding RV systolic function, mean measurements were obtained for the following variables: TA TDI s' was
13 ± 3 cm/s (range 5-27), TAPSE was 2.3 ± 0.4 cm (range 1.4 to 3.6), and RV systolic pressure (RVSP) was 17 ±
12 mmHg (range of 5 to 51). The TAPSI/RVSP ratio ranged from 0.03 to 0.60, with a mean of 0.24 ± 0.18. The
RV outflow tract acceleration time (RVOT acc) was 121 ± 23 msec (range 70 to 171), the RV VTI was 14 ± 4 cm
(range 2 to 24), and the RV MPI was 0.45 ± 0.13 (0.23 to 0.95) as shown in Table 4.

Variables Mean Range Normal value

TA TDI s' (cm/s) 13 ± 3 5-27 > 10

TAPSE (cm) 2.3 ± 0.4 1.4-3.6 > 1.6

RVSP (mmHg) 17 ± 12 5-51 < 25

TAPSE/RVSP ratio 0.24-0.18 0.03-0.60 > 0.36

RVOT acc (msec) 121 ± 23 70-171 -

RV VTI (cm) 14 ± 4 2-24 -

RV MPI 0.45 ± 0.13 0.23-0.95 < 0.40

TABLE 4: The RV systolic echo-Doppler data of 147 MM patients
RV: Right ventricular, MM: Multiple myeloma, TA TDI s': Tricuspid annular tissue Doppler systolic velocity, TAPSE: Tricuspid annular plane systolic
excursion, RVSP: Right ventricular systolic pressure, RVOT acc: Right ventricular outflow tract acceleration time, VTI: Velocity time integral, MPI:
Myocardial performance index

Discussion
The current study illustrates the wide range of cardiac function parameters in MM patients referred for
routine echocardiographic studies. While the mean measures are normal, presence of both RV and LV
structural abnormalities were common. It is now well recognized that the presence of either pre-existing or
secondary cardiac effects of MM and novel treatment strategies are increasingly important when treating
these patients [7,8,19,20]. Furthermore, by performing speckle tracking we were able to identify a wide range
of clinically silent unrecognized abnormalities with regards to LV PGLS values. The latter data aligns with
previous data recognizing the role of STE role in early detection of subclinical cardiac dysfunction, given the
poor correlation existing between LV PGLS and LVEF [16-18].

Despite continuous improvement in survival of MM patients, true estimates may be overestimated since
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current data is mainly derived from randomized controlled trials in which patients with poor performance
status and significant comorbidities were excluded. Furthermore, relatively low rates of patient enrollment
in clinical trials in the US, and inadequate representation of different patient subgroups hinders
understanding of the wide range of patient cardiac risk profiles [21].

Our study indicates, as described by others, that a significant heterogeneity exists regarding cardiac
functional abnormalities which at times remain clinically silent and may affect a patient's clinical or
treatment response over time. This study included a heterogeneous group of patients during different stages
of treatment for whom we had no information regarding tumor burden, presence of cytogenetic
abnormalities, treatments received, and overall response to therapy.

Although cardiotoxicity associated with adriamycin was initially shown in the 1970s [22], the ongoing
development of a whole host of novel targeted therapies has increased the number of agents that are now
available and potentially cardiotoxic. This prompted the development of the field of cardio-oncology to
provide early detection, monitoring, and institution of appropriate protective cardiovascular therapies to
mitigate the toxicity related to anticancer therapy [23]. In the case of MM, modern therapies, particularly
proteasome inhibitors, bortezomib, and carfilzomib are known to be cardiotoxic, causing heart failure [24].
Furthermore, the development of cardiac amyloidosis is another detrimental complication of MM that
compromises the survival of MM cases complicated by light-chain amyloidosis [24]. Therefore, detection of
pre-existing LV and RV abnormalities is invaluable to identify patients at risk for potential treatment
complications and prompt the implementation of preemptive cardioprotective treatments. Coupled with
these approaches, regular cardiovascular monitoring should play a key role in detecting early cardiotoxicity
in MM survivors. 

Even though routine monitoring methods are currently in place regarding periodic clinical assessment
among MM patients, our data suggests that assessment of cardiac performance, using echocardiography,
should be considered part of these assessments. The latter might assist oncologists in modifying or
interrupting potentially cardiotoxic therapies and make appropriate referrals for cardioprotective
medications (e.g., beta-blockers, angiotensin-converting enzyme inhibitors) [8,24]. These interventions aim
to preserve cardiac function, reduce the risk of cardiac events, and improve the long-term prognosis of MM
survivors [8].

Despite the availability of several imaging techniques such as radionuclide nuclear medicine, cardiac MRI,
and advanced echocardiography as potential noninvasive imaging tools for the overall assessment of
cardiotoxicity, [25-27] the increased healthcare costs have driven providers to identify which imaging
modality provides the most useful information cost-effectively. To that end and given the paucity of data
regarding these echocardiographic parameters among MM patients, we describe the potential utility of
objective echocardiographic measures as suggested by the American Society of Echocardiography [9,11,13]
as well as speckle tracking imaging [16-18] in patients with MM during different stages of their
treatment. Aside from the ready availability of transthoracic Doppler echocardiograms, this noninvasive
imaging tool provides prompt and reproducible assessments of cardiac function that allows clinicians to
guide treatment, optimize supportive care strategies, as well as facilitate risk stratification and
prognostication of high-risk patients [9,11,13,28].

To our knowledge, this is the first study to describe several LV and RV echo-Doppler variables as well as LV
PGLS values in MM patients at different stages of treatment. However, we acknowledge the following
limitations. First, the small sample size, a common limitation of cancer-based studies. Nevertheless, this is
the largest dataset on MM patients to our knowledge. Since this is a descriptive study, it serves as the
foundation from which larger prospective studies could incorporate routine echocardiographic-Doppler
measurements from the time of diagnosis throughout different treatment sessions to determine how these
variables would be useful in managing MM patients over time, particularly as they develop dyspnea and
fatigue. Second, some might argue about the lack of specific details regarding the dates and times of bone
marrow transplant, as well as prior chemotherapy and/or immunomodulatory treatments. However, as a
referral center, most of the patients enrolled in our analysis had their first echocardiogram at our institution
as part of their initial assessment and their outside information was not available upon collecting data.

As previously mentioned, our study was hampered by the unfortunate rise of COVID-19 cases right before
we launched our echocardiographic study. The widespread restrictions and limitations, mandated by health
officials during that time, precluded our ability to recruit more patients and obtain more valuable
information on prior treatments. One thing is certain, none of the referred MM patients had any recent or
ongoing COVID infection at the time of the echocardiographic study. Therefore, despite these limitations,
we were able to conduct a descriptive analysis with the original purpose of assessing the variables typically
used for LV and RV function assessment, not previously performed in MM patients.

With the recent introduction of numerous new therapies over the past five years, it is necessary to pursue
these noninvasive echocardiographic assessments in complex cases particularly when new mutations
continue to occur throughout treatment [29]. Future studies must not only increase MM patient sample size
but also incorporate echocardiography using objective measures to follow up on patients with MM.
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Conclusions
Echocardiography plays a vital role in the assessment of cardiac structure and function in MM. Our study
suggests that the evaluation of LV PGLS may provide valuable insight into subclinical cardiac dysfunction
even when LV EF is normal. Our data suggests that echocardiography with speckle tracking imaging, a
readily available, cost-effective, and noninvasive imaging modality, should be routinely incorporated into
standard treatment protocols to detect early changes from disease progression as well as cardiotoxicity.
More importantly, this parameter should be used in clinical trials to ensure that cardiotoxicity risk is
stratified by baseline PGL. Future studies should incorporate clinical outcomes to determine the prognostic
impact of longitudinal changes in echo Doppler parameters in managing patients with MM.
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