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Purpose: Chronic myeloid leukemia (CML) is one of the common hematological malignancies in Nigeria. Cardiac abnormalities are
associated with CML irrespective of treatment with tyrosine kinase inhibitors such as imatinib, which is available gratis in Nigeria.
Objective: To assess the prevalence and patterns of cardiac dysfunction among patients with CML irrespective of treatment with
imatinib using transthoracic echocardiography, and 12-lead surface electrocardiography.
Patients and Methods: CML patients without Imatinib, CML patients with imatinib, and apparently healthy (age- and sex-matched)
controls were 70 each in the study. Various echocardiographic parameters were measured and data obtained were analyzed, and the
level of significance was taken as p < 0.05.
Results: Of 70 CML patients with imatinib, 54.3% were men and 45.7% were women, while the CML group without imatinib had
62.9% men and 37.1% women, non-CML control had 54.3% men and 45.7% women. The average hematocrit was significantly lower
in the CML group without Imatinib compared with the other groups (p<0.001). And, 12.9% and 17.1% of CML groups with and
without imatinib had LVH, respectively, and none of the non-CML controls had LVH (P<0.041). Impaired left ventricular relaxation in
25.71% and 28.57% of CML patients with and without imatinib respectively but only 8.57% of the non-CML control had impaired left
ventricular relaxation (p=0.236). Mitral valve regurgitation was the most frequent valvular abnormality across the groups. Pulmonary
hypertension in 17.4% and 20% of CML patients with and without imatinib, respectively, but none of the non-CML controls had
pulmonary hypertension (p<0.001). Pericardial effusion in 32.86% and 45.71% of CML patients with and without imatinib,
respectively, but none of the non-CML controls had pericardial effusion (p<0.001). There was no significant difference in the QTC
interval across the three groups.
Conclusion: Cardiac abnormalities are present in CML patients with or without Imatinib treatment, with significant prevalence than
what is seen in the non-CML control group.
Keywords: chronic myeloid leukemia, CML, tyrosine kinase inhibitor-imatinib, cardiac dysfunction

Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative neoplasm characterized by clonal expansion of hematopoietic
cells. In more than 95% of the cases, these cells carry the Philadelphia chromosome or BCR-ABL1 chimeric gene.1

Symptom onset in patients with CML can be insidious and may be attributed to splenomegaly, anemia, hypermetabolism,
and hearing impairment; however, some patients are diagnosed incidentally.2,3
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Historically, chemotherapy and interferon-alpha have been the standard of treatment for CML, as well as stem cell
transplantation. Tyrosine kinase inhibitors (TKIs) have been recommended as first-line treatment for most patients with
CML since 2001.4,5

The first-generation TKI imatinib has shown substantial survival benefits compared to historical CML treatments.6

A randomized trial that compared imatinib with interferon-alpha plus cytarabine in the chronic phase of CML demon-
strated the superiority of imatinib in all standard indicators of the disease within a median follow-up of 19 months.7

Cardiac abnormalities, including coronary arterial thrombosis, myocardial infarction, pulmonary hypertension (PHT),
asymptomatic pericardial effusion, cardiac tamponade, intractable cardiac failure due to intraventricular thrombosis, and
valvular heart diseases, have been associated with CML.8,9 Additionally, cardiac abnormalities may also be associated
with the use of imatinib. Given the impact of cardiovascular abnormalities in the general population, cardiac abnorm-
alities may contribute to the morbidity and mortality observed in patients with CML.

Previous studies have shown that CML affects blood vessels, cardiac structures, and cardiac function. Studies have
also shown that TKIs used in the treatment of CML cause perturbations in cardiac structure and function. However, these
studies are not recent and were not conducted in Nigeria.9

Generally, there are few studies on the echocardiographic patterns of CML patients being treated with TKIs. This
study may also be the first in Nigeria to assess the echocardiographic pattern, including the structure and function of the
heart, in TKI-treated CML patients.

Objective
1. To determine the prevalence of cardiac abnormalities using echocardiography, in CML patients attending

a hematology outpatient clinic at OAUTHC, Ile-Ife, Nigeria, and treated with or without imatinib.
2. To compare the prevalence of left ventricular systolic and diastolic dysfunction, valvular abnormalities, pericardial

abnormalities, and PHT among CML patients, CML patients on imatinib attending a hematology outpatient clinic
at OAUTHC, Ile-Ife, Nigeria, and an apparently healthy control population.

Materials and Methods
This is a Comparative cross-sectional study in which 70 imatinib-treated CML patients, 70 imatinib-naive CML patients,
and 70 age and sex-matched apparently healthy volunteers were recruited consecutively.

This study was reviewed and approved by the Ethics and Research committee of the Obafemi Awolowo University
Teaching Hospitals Complex (OAUTHC), Ile-Ife and all participants gave written consent prior to enrolling into the
study. The study conformed to the principles outlined in the Declaration of Helsinki, on the ethical principles for medical
research involving human subjects.

Inclusion Criteria
● Subjects aged 18 years and above who consented to the study.
● Patients diagnosed with CML at the hematology outpatient clinic, OAUTHC, Ile-Ife, Nigeria, according to standard
WHO clinical, hematological, and cytogenetic criteria,10 and just before starting imatinib.

● Patients diagnosed with CML at the hematology outpatient clinic, OAUTHC, Ile-Ife, Nigeria, according to standard
WHO clinical, hematological and cytogenetic criteria,10 and who had been taking 400 mg imatinib for at least 3
months.

● Controls: Healthy subjects aged 18 years and above who gave informed consent to participate in the study and were
age- and sex-matched with the CML groups.

Exclusion Criteria
● Patients with CML and a premorbid history of heart disease, diabetes, hypertension, or chronic kidney disease.
● Patients who were not willing to participate in the study.
● Patients with a history of allogeneic hematopoietic stem cell transplant.
● CML patients with a history of cigarette smoking.
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● Patients who were on other drugs with known cardiotoxicity.
● Patients with significant alcohol consumption.

The patients were interviewed and examined in detail. CML diagnosis was based on blood counts, presence of
leukocytosis, and differential counts (basophilia and immature granulocytes from the metamyelocyte to the myeloblast).
CML diagnoses were confirmed in bone marrow aspirate by measuring the Philadelphia (Ph) chromosome (22q−), which
is a result of the balanced translocation t (9;22) (q34; q11), and/or by measuring a BCR-ABL1 rearrangement in
peripheral blood. The presence of normal blood counts was considered non-CML in the control population.

Echocardiography was performed according to standard procedure using a General Electric (GE) medical system
Vivid 7-dimension ultrasound instrument with a P5s MHz transducer. Complete 2D echocardiographic examinations
were performed according to the recommendations of the American Society of Echocardiography (ASE)11 taking
leading-edge-to-leading-edge recordings.12

Left ventricular mass was derived using the Devereux modified American Society of Echocardiography (ASE)
formula, as follows:13

Left ventricular mass gð Þ¼ 1:04 LVIDd þ PWTd þ IVSdð Þ
3
� LVIDdð Þ

3
h i

x0:8þ 0:6g

where 1.04 = specific gravity of the myocardium
0.8 = correction factor
LVIDd = left ventricular internal diameter in diastole (cm)
PWTd = left ventricular posterior wall thickness in diastole (cm)
IVSTd = interventricular septal thickness in diastole (cm)
The LV mass index was obtained by dividing the LV mass by the body surface area. The upper limits for the LV mass

index were 134 and 110 g/m2 in men and women, respectively.14,15

Relative wall thickness (RWT) was calculated using the formula:

RWT ¼ IVSTd þ PWTdð Þ=LVIDd

A RWT value <0.45 is indicative of normal left ventricular geometry or eccentric hypertrophy while ≥0.45 indicates
concentric left ventricular hypertrophy or remodeling for both men and women.15

Left ventricular systolic function was evaluated using the ejection fraction:16 LVEDV � LVESV=LVEDVX100, where
normal ≥50%.

Left ventricular diastolic function was evaluated using transmitral peak early (E) and late (A) diastolic velocities, the
ratio of E to A, and E-wave deceleration time (EDT).17,18

Left ventricular global myocardial performance was assessed using the TEI index calculated by the summation of
isovolumic relaxation time and isovolumic contraction time divided by the left ventricular ejection time:
IVCT þ IVRTð Þ=LVET19,20

PHT was defined as a mean pulmonary arterial pressure (mPAP) of ≥25 mmHg and21,22 was calculated from PASP
using the Chemla formula as follows: mPAP ¼ 0:61XPASPð Þ þ 2 mmHgð Þ.22,23 Continuous-wave Doppler echocardio-
graphy was used to measure the maximum velocity of the tricuspid regurgitant jet (v) in the apical 4-chamber view. The
placement of the cursor was guided by color Doppler, which showed the extent of maximum regurgitation across the
tricuspid valve. Having obtained the maximum velocity of the tricuspid regurgitant jet (v), the trans-tricuspid pressure
gradient was calculated using the modified Bernoulli equation (4v2). Right ventricular systolic pressure (RVSP) was
estimated by adding the trans-tricuspid pressure gradient to right atrial pressure (RAP). RVSP was equivalent to PASP
after ruling out pulmonary valve stenosis.24 RAP was estimated using the diameter and collapse of the inferior vena cava
(IVC) during spontaneous respiration. In this method, an IVC diameter ≤2.1 cm that collapses >50% with a sniff suggests
a normal RAP of 3 mmHg (range 0–5 mm Hg), whereas an IVC diameter >2.1 cm that collapses <50% with a sniff
indicates a high RA pressure of 15 mmHg (range 10–20 mmHg). In indeterminate cases in which the IVC diameter and
collapse did not fit this definition, an intermediate value of 8 mmHg (range, 5–10 mm Hg) was used.25 Mild PHT was
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defined by an mPAP of 25.0–34.9 mmHg, moderate PHT by an mPAP of 35.0–44.9 mmHg, and severe PHT by an mPAP
≥45.0 mmHg.26

In the absence of detectable tricuspid regurgitant signal, difficult visualization of the tricuspid regurgitant jet, or the
presence of pulmonic stenosis, we used the right ventricular acceleration time (AT) and the ratio of acceleration time to
ejection time AT=RVETð Þ from the pulmonary ejection flow jet obtained by continuous-wave Doppler.

PTH was assessed based on the following:

1. A calculated mPAP ≥25 mmHg, derived from the PASP using Chemla’s formula, when a tricuspid regurgitant
velocity was detected;

OR

2. An RV acceleration time <100 ms with an AT=RVETð Þ ratio of <0.30. This method included patients without
a detectable tricuspid regurgitant velocity.

Echocardiographic evaluation of the valve morphology and valvular abnormalities was performed using color-coded
Doppler imaging. In addition, conventional resting 12-lead surface ECG was performed. Baseline clinical and laboratory
parameters such as body mass index (BMI) and hematocrit were estimated.

Statistics
Data were analyzed using the IBM SPSS software (version 20.0; IBM Corporation, Armonk, NY, USA). Categorical
variables are expressed as proportions and percentages, whereas continuous variables are expressed as means ± standard
deviation or as ranges. Bivariate analysis was performed using the chi-square and Fisher’s exact tests for discrete
variables. The t-test was used to compare cardiac function between patients with CML treated with imatinib and healthy
controls. ANOVAwas used to compare cardiac function among CML patients, CML patients on imatinib, and apparently
healthy controls, and the Bonferroni post hoc test was used to determine the significance between groups. A p-value
˂0.05 was considered significant.

Results
Demographic and Physical Characteristics and Laboratory and Echocardiographic
Parameters of the Study Subjects
A total of 210 subjects completed the study. This included 70 imatinib-treated CML subjects, 70 imatinib-naïve CML
subjects, and 70 apparently healthy subjects without CML. The demographics, physical characteristics, and laboratory
parameters of the study population are summarized in Table 1. Imatinib-treated CML patients and imatinib-naive CML
patients were matched for age and sex with healthy non-CML controls. CML patients on imatinib included 38 male and
32 female patients, CML patients that were imatinib-naïve included 44 male and 26 female patients, and the non-CML
control patients included 38 male and 32 female patients.

There were no statistically significant differences in gender across the groups (p<0.438). Age ranges in the imatinib-
treated CML, imatinib-naïve CML, and non-CML control groups were 18–79 years, 18–82 years, and 18–75 years,
respectively. There were significant differences in weight, body mass index, and body surface area among the three
groups. However, height was not significantly different among the three groups. The pulse rate and systolic and diastolic
blood pressures were also significantly different among the three groups.

As shown in Table 1, CML patients not treated with imatinib had significantly lower hematocrit than CML patients
treated with imatinib. The white blood cell and platelet counts were significantly higher in the imatinib-native CML
group compared to the imatinib-treated CML group. There was also a significant difference between the hematocrit of
imatinib-treated CML patients and non-CML controls: the hematocrit of CML patients treated with imatinib was
significantly lower than non-CML controls; however, CML patients treated with imatinib had a significantly higher
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white blood cell count and platelet count than non-CML controls. The percentages of lymphocytes and neutrophils were
significantly lower in the imatinib-naive CML group compared to the imatinib-treated CML group, which had sig-
nificantly lower percentages of lymphocytes and neutrophils compared to the non-CML controls.

The BCR/ABL1 ratio was significantly different between the two CML groups. The mean BCR/ABL1 ratio in the
imatinib-naive CML group was 26.81±18.88, while the mean BCR/ABL1 ratio in the imatinib-treated CML group was
6.49 ± 6.13. The BCR/ABL1 ratio was significantly higher in the imatinib-naive CML group than in CML patients who
had been treated with imatinib for at least 3 months. The BCR/ABL1 ratio was also significantly higher in the imatinib-
treated CML group than in the non-CML control group.

From the two-dimensional and M-mode echocardiographic parameters highlighted in Table 2, there was a statistically
significant increase in pericardial effusion rates in imatinib-naïve CML patients compared to the imatinib-treated CML
group (p<0.0001). Of the imatinib-treated CML patients, 32.9% had pericardial effusion, while 45.7% of the imatinib-
naive CML patients showed evidence of pericardial effusion. The imatinib-treated CML group had a higher AOD of 2.92
± 0.31 compared to the other two groups; however, the difference between the CML groups with or without imatinib was
not significant. The mean left ventricular posterior wall thickness (LVPWT) was significantly higher in the CML group
without imatinib and in non-CML controls than that in the imatinib-treated CML group (p<0.026).

The mean left ventricular internal dimension in systole (LVIDS) and left ventricular mass (LVM) were significantly
higher in the CML groups with or without imatinib than in the non-CML group. Left ventricular hypertrophy (LVH) was
observed in 17.1% of imatinib-treated CML patients, while 12.9% of imatinib-naïve CML patients had LVH. In Table 3
the mean stroke volume was higher in the imatinib-treated CML group compared with the other two groups and was
significantly higher than the control group (86.20 ± 20.54 mL vs 70.76 ± 17.47 mL; p<0.001). The mean left ventricular
ejection fraction was higher in the control group (66.79 ± 4.38%) than the other groups and was significantly higher than
in the imatinib-naïve CML group (64.26 ± 6.16%) (p<0.029). There was no statistically significant difference in the mean
left ventricular fractional shortening across the three groups (p<0.131). None of the three groups had LVEF <50%.

Table 1 Demographic and Physical Characteristics and Laboratory Parameters of Study Subjects

Variable CML Mean ± SD (N = 70) CML+Imatinib Mean ± SD (N = 70) Control Mean ± SD (N = 70) P value

Age (years) 38.79 ± 14.21 40.29 ± 15.07 39.85±14.16 <0.722
Sex

Male 44 (62.9%) 38 (54.3%) 38 (54.3%) <0.438

Female 26 (37.1%) 32 (45.7%) 32 (45.7%)
Weight (kg) 59.24 ± 11.83a,c 65.45 ± 12.50b 73.85 ± 13.14 <0.001

Height (m) 1.67 ± 0.07 1.66 ± 0.06 1.65 ± 0.08 <0.374

BMI (kg/m2) 21.21±3.29a,c 23.19 ± 3.52b 26.95 ± 4.67 <0.001
BSA (m2) 1.74 ± 0.19a,c 1.65 ± 0.19b 1.84 ± 0.18 <0.001

SBP (mmHg) 107.58 ± 14.12 110.48 ± 10.75 115.13 ± 10.59 <0.001
DBP (mmHg) 69.02 ± 10.75c 68.48 ± 9.53b 73.47 ± 7.51 <0.002

PR (bpm) 82.18 ± 12.09a 76.28 ± 12.05 77.73 ± 13.12 <0.014

HCT (%) 28.85 ± 6.68a,c 33.18 ± 5.59b 38.97 ± 3.82 <0.001
WBC (/cm3) 155,641±287544a,c 21,933± 56,719 5183± 1611 <0.001

Platelets (cm3) 397,279± 324771a,c 251,398 ± 184,924 177,643 ± 41,364 <0.001

Lymphocytes (%) 19.41 ± 16.46a,c 31.87 ± 15.58 35.94 ± 3.88 <0.001
Neutrophils (%) 53.35 ± 20.11c 58.78 ± 14.99 59.41 ± 3.52 <0.025

BCR/ABL1 (%) 26.81 ± 18.88a,c 6.49 ± 6.13b 0.00 <0.001

Urea (mmol/l) 4.24 ± 1.43 4.12 ± 1.19 4.77 ± 0.92 <0.06
Creatinine (µmol/l) 81.19 ± 25.16a,c 92.08 ± 21.28b 91.41 ± 13.89 <0.001

Na (mmol/l) 133.67 ± 6.57 133.21 ± 5.98 134.44 ± 4.00 <0.493

K (mmol/l) 3.86 ± 0.69 3.91 ± 0.60 3.67 ± 0.44 <0.044

Notes: ap<0.05 imatinib-naïve CML compared with CML on imatinib; bp<0.05 CML+ imatinib compared with non-CML control; cp<0.05, imatinib-naïve CML compared with
non-CML control;
Abbreviations: BMI, body mass index; BSA, body surface area; PR, pulse rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; HCT, hematocrit; Na, sodium; K,
potassium; WBC, white blood cells; BCR/ABL1, breakpoint cluster region-Abelson fusion gene.
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Table 4 summarizes the Doppler echocardiographic findings in the study population. There were no significant
differences among the groups for MV E velocity, MV A velocity, and MV E/A ratio (p=0.051, 0.707, and 0.237,
respectively); and the deceleration time was longer in imatinib-naïve CML patients and imatinib-treated CML patients
compared with the non-CML control group (p<0.004). The isovolumic contraction time was also significantly longer in
the imatinib-treated CML group and the imatinib-naïve CML group than in the non-CML control group (p<0.001). There

Table 2 Two-Dimensional and M-Mode Echocardiographic Parameters of the Study Population

Parameters CML Mean ± SD N = 70 CML + Imatinib Mean ± SD N = 70 Control Mean ± SD N = 70 P value

Pericardial effusion (%) 32 (45.7%) 23 (32.9%) 0% <0.001

LAD (cm) 3.45 ± 0.43 3.47 ± 0.42 3.32 ± 0.42 <0.095

LADi (cm/m2) 2.11 ± 0.34c 2.01 ± 0.31 1.81 ± 0.28 <0.001

AOD (cm) 2.86 ± 0.29 2.92 ± 0.31b 2.76 ± 0.35 <0.006

IVST (cm) 0.90 ± 0.14 0.88 ± 0.14 0.91 ± 0.09 <0.051

LVPWT (cm) 0.89 ± 0.15a 0.84 ± 0.14 0.89 ± 0.11 <0.026

RVID (cm) 1.69 ± 0.44 1.66 ± 0.46 1.59 ± 0.45 <0.308

LVIDD (cm) 5.17 ± 0.62c 5.19 ± 0.58b 4.72 ± 0.52 <0.001

LVIDS (cm) 3.42 ± 0.49c 3.38 ± 0.52b 3.01 ± 0.39 <0.001

LVM (g) 169.07 ± 40.72c 161.66 ± 33.52b 146.29 ± 21.90 <0.001

LVMi (g/m2) 102.64 ± 22.83a, c 93.79 ± 20.97b 80.351±4.06 <0.001

RWT 0.41 ± 0.31a 0.34 ± 0.07b 0.39 ± 0.06 <0.001

LVH 12 (17.1%) 9 (12.9%) 0 (0%) <0.041

RVBD 2.96 ± 0.30c 2.99 ± 0.32b 2.72 ± 0.35 <0.001

RAL 3.69 ± 0.38c 3.74 ± 0.38b 3.40 ± 0.36 <0.001

TAPSE 2.28 ± 0.24a 2.41 ± 0.30 2.34 ± 0.21 <0.01

Notes: ap<0.05 CML without imatinib compared with CML on imatinib; bp<0.05 CML+ imatinib compared with non-CML control; cp<0.05 CML without imatinib compared
with non-CML control.
Abbreviations: LAD, left atrial diameter; LADi, left atrial diameter index; AOD, aortic root diameter; IVSD, interventricular septal thickness in diastole; LVPWD, left
ventricular posterior wall thickness in diastole; LVPWS, left ventricular posterior wall thickness in systole; RVID, right ventricular internal dimension; LVIDD, left ventricular
internal dimension in diastole; LVIDS, left ventricular internal dimension; in systole; LVIDSi, left ventricular internal dimension in systole index; LVM, left ventricular mass;
LVMi, left ventricular mass index; RWT, relative wall thickness; TAPSE, tricuspid plane annular systolic excursion; RAL, right atrial length; RVBD, right ventricular basal
diameter.

Table 3 Left Ventricular Systolic Function in the Study Population

Parameters CML Mean ± SD N = 70 CML + Imatinib Mean ± SD N = 70 Control Mean ± SDN = 70 P value

SV (mL) 86.20 ± 20.54c 87.27 ± 24.39b 70.76 ± 17.47 <0.001

SI (mL/m2) 52.68 ± 13.09a,c 50.92 ± 16.05b 38.96 ± 10.58 <0.001

CO (L/min) 7.09 ± 1.91a,c 6.64 ± 2.13b 5.50 ± 1.67 <0.001

CI (L/min/m2) 4.33 ± 1.19a,c 3.90 ± 1.50b 3.02 ± 0.97 <0.001

LVEF (%) 64.26 ± 6.16c 64.77 ± 6.89 66.79 ± 4.38 <0.029

LVFS (%) 35.51 ± 4.72 35.86 ± 5.37 37.0 ± 3.31 <0.131

Notes: ap<0.05 CML without imatinib compared with CML on imatinib; bp<0.05 CML+ imatinib compared with non-CML control; cp<0.05 CML without imatinib compared
with non-CML control.
Abbreviations: SV, stroke volume; SI, stroke index; CO, cardiac output; CI, cardiac index; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening.
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was no significant difference in the isovolumic relaxation time between imatinib-naïve CML patients and imatinib-treated
CML patients; however, the isovolumic relaxation time was significantly higher in non-CML controls than in the other
two groups (p<0.001). The difference in the TEI across the three groups was not statistically significant (p<0.175). The
TV E, TV A velocities, and TV E/A ratios were not significantly different across the groups. There was no significant
difference in the e’ and MV E/e’ across the three groups; however, the means of the a’ and s’ velocities were significantly
higher in the imatinib-naive CML group than in the control group, and the imatinib-treated CML group had higher mean
velocities than the control group. The mean e’/a’ ratio was significantly lower in the imatinib-naïve CML group than in
the other groups.

Twenty (28.57%) imatinib-naive CML patients had diastolic dysfunction, 18 (25.71%) imatinib-treated CML patients
had diastolic dysfunction, only 6 (8.57%) of the non-CML controls had diastolic dysfunction (p=0.001). Mitral
regurgitation was commoner in the CML group without imatinib, 40%, compared with the other groups. The CML
group on imatinib had a higher 34.3% frequency of mitral regurgitation compared with 12.9% in the non-CML control
group (P<0.001). Tricuspid regurgitation was more prevalent in the CML group without imatinib, 35.7% compared with

Table 4 Doppler Echocardiographic Characteristics of the Study Population

Parameters CML Mean ± SD N = 70 CML + Imatinib Mean ± SD N = 70 Control Mean ± SDN = 70 P value

MV E vel (m/s) 0.75 ± 0.15 0.75 ± 0.18 0.81 ± 0.14 0.051

MV A vel (m/s) 0.59 ± 0.15 0.60 ± 0.15 0.58 ± 0.10 0.707

MV E/A 1.35 ± 0.36 1.32 ± 0.38 1.42 ± 0.25 0.237

Dec time (ms) 189.31 ± 38.12c 187.28 ± 42.17b 170.79 ± 23.26 0.004

IVRT (ms) 74.62 ± 11.53c 76.46 ± 13.29b 87.36 ± 6.88 <0.001

IVCT (ms) 46.98 ±16.32c 51.41 ± 19.39b 29.44 ± 7.18 <0.001

TEI index 0.43 ± 0.059 0.43 ± 0.073 0.41 ± 0.065 0.175

TV E vel (ms) 0.49 ± 0.11 0.50 ± 0.12 0.49 ± 0.06 0.793

TV A vel (ms) 0.39 ± 0.08 0.38 ± 0.09 0.37 ± 0.08 0.662

TV E/A 1.29 ± 0.28 1.33 ± 0.36 1.36 ± 0.33 0.431

e’ (cm/S) 10.89 ± 2.77 10.66 ± 2.20 10.76 ± 1.56 0.832

a’ (cm/S) 8.64 ± 2.30c 8.46 ± 2.22b 7.63 ± 1.25 0.006

s’ (cm/S) 7.94 ± 1.24c 7.74 ± 1.36b 7.17 ± 0.66 <0.001

MV E vel /e 7.28 ± 1.88 7.18 ± 1.60 7.63 ± 1.44 0.236

e’/ a’ 1.35 ± 0.50a, c 1.36 ± 0.49b 1.43 ± 0.22 0.001

PCWPcal (mmHg) 10.93±2.33 10.80±1.98 11.36±1.78 0.236

RVaccT 107.54±26.11 109.09±26.68 110.46±7.95 0.736

RVET 280.11±34.62c 293.70±30.06 301.16±40.94 0.002

RvaccT/RVET 0.384±0.077a, c 0.372±0.083b 0.373±0.055 <0.001

TRvmax 2.165±0.532a, c 1.786±0.435b 0.000 <0.001

Notes: ap<0.05 CML without imatinib compared with CML on imatinib; bp<0.05 CML+ imatinib compared with non-CML control; cp<0.05 CML without imatinib compared
with non-CML control.
Abbreviations: MV E vel, early transmitral inflow velocity; MVA vel, late transmitral inflow velocity; MVE/A, ratio of early to late transmitral inflow velocity; Dec time, early
transmitral flow velocity deceleration time; IVRT, Isovolumic relaxation time; TV Evel, early transtricuspid inflow velocity; TVAvel, late transtricuspid inflow velocity; TV E/A,
ratio of early to late transtricuspid inflow velocity; e’, tissue Doppler early mitral annular relaxation velocity; a’, tissue Doppler late mitral annular relaxation velocity; s’,
tissue Doppler mitral annular systolic velocity; MV E vel/e’, ratio of early transmitral inflow velocity to early annular relaxation velocity; RVaccT, right ventricular acceleration
time; RVET, right ventricular ejection time; RVaccT/RVET, ratio of right ventricular acceleration time to right ventricular ejection time.
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25.7% in the CML group with imatinib and 0% in the non-CML control groups (P<0.001). The frequency of aortic
regurgitation was 5.7% in the CML groups with or without imatinib but 0% in the non-CML control. There was no
significant difference in AR across the three groups (P=0.125).

PHT in the Study Population
Figure 1 summarizes the prevalence of PHT in the study subjects. The prevalence of PHTwas 2.9% in the imatinib-naïve
CML group, and none of the other groups had PHT. However, when PHT was defined by RV acceleration time/(RVET)
<0.3 ms and RVacceleration time <100 ms, the frequency of PHTwas 20% in the imatinib-naïve CML group, which was
significantly higher than the control group (p<0.001). All the CML patients without imatinib who had a mean pulmonary
artery pressure >25 mmHg also had PHT as defined by RV acceleration time/(RVET) <0.3 ms and RV acceleration time
<100 ms. The frequency of PHT was 17.14% in the CML group treated with imatinib, which was significantly higher
than that in the non-CML control group.

ECG Abnormalities in the Study Subjects
As shown in Table 5, imatinib-treated patients had a higher incidence of sinus bradycardia, premature atrial complexes,
ST-segment depression, or elevation and T-wave abnormalities. However, this difference was not statistically significant.
The incidence of first-degree AV block was higher in the imatinib-naïve CML group.

As shown in Table 6, there was no significant difference in PR intervals across the groups. The imatinib-treated CML
group had a significantly longer QRS duration than the non-CML control group. The mean QT and QTC intervals across

Figure 1 Pulmonary hypertension using right ventricular acceleration time/right ventricular ejection time <0.3 ms, and right ventricular acceleration time <100 ms.

Table 5 ECG Abnormalities in Study Subjects

ECG Parameters CML (N = 70) CML + imatinib (N = 70) Control (N = 70) P value

Sinus bradycardia 2 (2.9%) 3 (4.3%) 0 (%) 0.241
Sinus tachycardia 3 (4.3%) 3 (4.3%) 1 (1.4%) 0.241

SVT arrhythmia

PAC 3 (4.29%) 4 (5.71%) 0 0.148
AV Block

First degree 3 (4.29%) 0 0 0.048

ST-T wave abnormalities 4 (5.71%) 9 (12.86%) 0 0.006

Abbreviations: SVT arrhythmias, supraventricular arrhythmias; vent arrhythmias, ventricular arrhythmias; PAC, premature atrial complex; AFib, atrial fibrillation; PVC,
premature ventricular complex; AV block, atrioventricular block.

https://doi.org/10.2147/VHRM.S348744

DovePress

Vascular Health and Risk Management 2022:1834

Bamgboje et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the groups were not significantly different. The mean P-wave duration was longer in the non-CML control group than in
the other groups.

Discussion
Clinical and Demographic Characteristics of Participants
This study included 70 imatinib-treated CML patients, 70 imatinib-naïve CML patients, and 70 apparently healthy age-
and sex-matched non-CML patients. In this study, more men than women had CML, similar to observations reported in
other African studies.27–30

The mean age of CML patients with or without imatinib was 39.78 ± 14.8 years, which compares favorably with the
study of Omoti et al31 who reported a mean age of 38.8 years. Louw et al32 reported a mean age of 42 years, and
Mendizabal et al33 reported a mean age of 39.5 years. The age range observed in this study was 18–79 and 18–82 years
for the CML groups with and without imatinib, respectively, which is similar to previous Nigerian studies.28,29 A double
age peak for the disease was seen in this study, similar to previous studies.27 This study corroborates previous
studies’29,34,35 assertion that CML occurs in younger age groups in Africans, since the median age of CML patients
was 36 years, while the modal age is 30 years.

Body Weight and BMI
There was a significant difference in body weight and BMI between the imatinib-naïve CML group, the imatinib-treated
CML group, and the apparently healthy controls. There was also a statistically significant difference in weight and BMI
between the imatinib-naïve and imatinib-treated CML groups. In addition, the weight and BMI of the imatinib-naïve
CML group were significantly lower than those of the imatinib-treated CML group.

In the absence of treatment failure, most patients with CML show clinical improvement and attain cytological and
hematological responses within 3 months of imatinib treatment.36 Improvement in oral intake may account for the
significantly higher mean weight and BMI in the imatinib-treated CML group than in the imatinib-naive CML group.
This observation is somewhat similar to the findings of Breccia et al,37 who reported that 50% of CML patients treated
with TKIs had a normal BMI. In addition, the release of cachexin and other cytokines can lead to weight loss in CML
groups.

Laboratory Parameters Among the Study Population
There was a significant difference in hematocrit (HCT) levels among the study subjects. Imatinib-naïve CML patients
were more anemic than imatinib-treated CML patients. However, non-CML controls had normal hematocrit. This finding
is similar to those of other studies.9,29 Anemia can be explained by the fact that CML patients have poor oral intake, and
therefore often suffer from nutritional anemia, reflecting either iron deficiency anemia or megaloblastic anemia. In
addition, patients with CML may also have anemia due to chronic disease. Although most patients with CML on imatinib
attain hematological and cytogenetic remission after 3–6 months of treatment with attendant improvement in hemato-
logical parameters,36 it is possible that imatinib may cause myelosuppression.38

White blood cell counts in the CML group were significantly higher than those in the non-CML control group. This
finding is similar to those observed in previous Nigerian studies.29 The white blood cell count was significantly higher in

Table 6 ECG Parameters in the Study Subjects

ECG Parameters CML Mean ± SD (N = 70) CML + Imatinib Mean ± SD (N = 70) Control Mean ± SD (N = 70) P value

HR 78.57 ±13.58 77.56 ±11.67 80.03±13.44 <0.525
PR interval 161.17±27.79 156.84±19.52 157.39±14.83 <0.429

QRS duration 81.24 ±10.57 84.19 ±8.09b 78.30±9.80 <0.002

QT 358.76±25.62 356.27±29.71 348.84 ±34.07 <0.129
QTC 403.53± 21.71 403.36± 28.44 398.64±41.54 <0.335

P duration 0.08±0.02 0.08±0.02 0.09± 0.02 <0.001
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the imatinib-naïve CML group than in the imatinib-treated CML group. This is likely due to hematological remission,
which is rapidly attained in CML patients treated with imatinib. The mean percentages of lymphocytes and neutrophils
were significantly lower in the CML group without imatinib than in the other groups.

Platelet count was also higher in the imatinib-naïve CML group as compared to other groups, which corroborates
several previous studies.29 The BCR/ABL1 ratio was significantly higher in the imatinib-naïve CML group than in the
CML group who had been on imatinib for at least 3 months. This likely reflects a reduction in the BCR-ABL 1 transcript
level to ≤10%, which usually occurs after 3 months of treatment.36

A case of acute renal failure was reported by Pou et al39 in an imatinib-treated CML patient; however, none of the
patients in our study had any clinical or biochemical evidence of acute renal failure. Previous studies have shown normal
renal function in patients with CML with or without imatinib.40

Cardiovascular Parameters
Diastolic blood pressure was lower in the imatinib-treated CML group than in the imatinib-naive CML group, similar to
results obtained by Ribeiro et al.40 Systolic blood pressure was lower in the imatinib-naive CML group than in the
imatinib-treated CML group.

Anemia is one of the causes of hyperdynamic circulation, and the higher levels of anemia in the CML group, and
particularly in the imatinib-naïve CML group, may account for the significantly higher stroke index, cardiac output, and
cardiac index in the imatinib-naïve CML group.41 The mean cardiac index in the imatinib-naïve CML group was higher
than normal. Weiskopf et al42 observed that a lower hemoglobin concentration corresponds with a higher heart rate,
stroke volume index, and cardiac index. They also noted a 58% reduction in the systemic vascular resistance index.

Pericardial Effusion
Pericardial effusion was observed in 45.7% of the imatinib-naïve CML patients, 32.9% of the imatinib-treated CML
patients, and none of the non-CML controls. Previously, Cassis et al43 reported a case of massive hemopericardium as the
initial presentation of CML. Quintás-Cardama et al44 found that 29% of the patients with concurrent pleural effusion had
pericardial effusion. Huang et al45 reported a case of cardiac tamponade as the initial presentation of a blast crisis in
CML. According to Hammoud et al,46 pericardial effusion in patients with malignancy can be malignant pericardial
effusion, radiation-induced pericarditis, drug-induced pericarditis, or idiopathic pericarditis. Huang et al45 provided
a clearer description of the mechanisms through which pericardial effusion develops in patients with CML, including
leukemic cell infiltration, extramedullary hematopoiesis, infection, and bleeding. More patients in our study had an
echocardiographic diagnosis of pericardial effusion compared with the findings of Kadikoylu et al.9 This may be
explained by the late presentation of CML in Nigeria. According to Krauth et al,47 serosal inflammation develops
more commonly in patients with advanced disease. In addition, PHT is associated with the development of pericardial
effusion according to Bossone et al,48 where the attributed pericardial effusion in PHT patients to impaired venous and
lymphatic drainage secondary to elevated right atrial pressure. Some CML patients in this study had PHT, which might
have contributed to the frequency of pericardial effusion in this study.

Echocardiographic Parameters
This study found significantly higher left atrial diameter index (LADi) in the imatinib-naïve CML group than in the
control group. However, no significant differences were observed between the CML groups. The LAD in this study was
not significantly different across the groups. The LAD in the imatinib-naïve CML, imatinib-treated CML, and non-CML
control groups was 3.45 ± 0.43, 3.47 ± 0.42 and 3.32 ± 0.42, respectively. This is similar to a previous study that found
a LAD of 3.5 ± 0.6 and 3.5 ± 0.5 in the imatinib-naïve CML and non-CML control groups, respectively.9 In addition,
Ribeiro et al40 found a median LAD of 3.6 in CML patients treated with or without imatinib. The AOD was significantly
higher in the CML group treated with imatinib than in the non-CML control group. There was no significant difference in
the AOD between the two CML groups. The AOD in this study in the CML group without imatinib was 2.86 ± 0.29,
which compares favorably with the 3.10 ± 0.3 found by Kadikoylu et al.9 The LVIDD, LVIDS, LVM, RVBD, and RAL
values were significantly higher in the CML groups with or without imatinib than in the non-CML controls (P<0.001).
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The difference in the aforementioned cardiac dimensions between the two CML groups was not statistically significant.
The LVIDD for the CML group without imatinib and non-CML controls in this study was 5.17 ± 0.62 and 4.72 ± 0.52,
respectively, Kadikoylu et al9 found LVIDD to be 5.0 ± 0.4 and 4.9 ± 0.5 in the CML group without imatinib and non-
CML controls respectively. In this study, LVM and LVMi were significantly higher in the CML groups with or without
imatinib than in the non-CML controls.

LVH detected by echocardiography was observed in 17.1% of the CML group without imatinib and 12.9% of the
CML group with imatinib. None of the non-CML controls showed left ventricular hypertrophy. LVH has been linked to
multiple factors leading to cardiac growth and differentiation in chronically anemic patients.41,49 According to Kerkela
et al, LVH is an adaptive response to a long-term increase in volume or pressure overload.50 An alteration in left
ventricular wall stress is the primary signal for LVH, which develops in a pattern specific to the inciting signal (pressure
or volume overload). Volume overload is a result of chronic anemia in CML patients and primarily results in the addition
of new sarcomeres in series and parallel. This pattern results in a wall thickness sufficient to counterbalance the increased
radius (eccentric hypertrophy).41,51 This suggests that the relative wall thickness remains within the normal range, as
observed in this study. The RWT was significantly higher in the imatinib-naïve CML group than in the other two groups,
and was also higher in the control group than in the imatinib-treated CML group. However, none of the subjects in the
three groups had a relative wall thickness >0.45.

The RVIDD in this study was not significantly different between groups. The imatinib-naïve CML group had a mean
RVIDD of 1.69 ± 0.44. In comparison, Ribeiro et al40 reported a median value of 1.8. Therefore, our data corroborate
Ribeiro et al’s finding that imatinib has no direct effect on the right ventricular internal dimension.

Tricuspid plane annular systolic excursion (TAPSE) was lower in the imatinib-naïve CML group than in the imatinib-
treated CML group. All the studied subjects had normal TAPSE, indicating that right ventricular systolic function was
preserved in CML patients with or without imatinib.

Doppler Findings
This study showed no significant differences in mitral A velocity, E velocity, or E/A ratio across the groups. This
compares favorably with the study by Kadikoylu et al,9 which reported an MV E velocity of 0.75 ± 0.15, an A velocity of
0.59 ± 0.15 and an E/A ratio of 1.35 ± 0.36 in imatinib-treated CML patients, and an E velocity 0.81 ± 0.14, and
A velocity of 0.58 ± 0.1, and E/A ratio of 1.42 ± 0.25 in non-CML controls. In this study the mitral E velocity was 0.75 ±
0.15, A velocity was 0.59 ± 0.15 and E/A ratio was 1.35 ± 0.36 in the imatinib-naïve CML group. The mitral deceleration
time was longer in imatinib-naïve CML patients than in imatinib-treated CML patients; however, this difference was not
statistically significant. This finding is consistent with that of Ribeiro et al.40 Given that the hematocrit was significantly
lower and the heart rate was significantly higher in the imatinib-naïve CML than in the other groups, the higher degree of
anemia might have led to the tachycardia observed in this group. This could then have led to ischemia, increased
ventricular remodeling, increased left ventricular stiffness, and a longer mean deceleration time.

The E/e ratio in this study was not significantly different across the groups (p=0.236). The E/e’ ratios were 7.18 ±
1.60 and 7.28 ± 1.88 in the CML groups with and without imatinib, respectively. Ribeiro et al40 found E/e’ ratios of 7.1
and 7.4 in the CML groups with and without imatinib, respectively (p=0.34).

Cardiac Function: Systolic Function
This study found no significant difference in the mean ejection fraction between CML groups with or without imatinib.
The ejection fractions in the CML groups with and without imatinib were 64.77 ± 6.89 and 64.26 ± 6.16, respectively.
This is similar to the median ejection fraction of 68 and 69 in CML patients with and without imatinib, respectively,
reported by Ribeiro et al.40 Kadikoylu et al9 reported an ejection fraction of 66 ±7 in CML patients without imatinib and
67 ± 5 in non-CML controls. None of the CML patients with or without imatinib had an LVEF <50%. However, Kerkela
et al52 reported a lower ejection fraction of 56 ± 7% in 10 imatinib-naïve patients with CML. These patients developed
symptoms of heart failure, and ejection fraction was reduced to 25 ± 8% [(P < 0.001) versus pre-treatment ejection
fraction] after a mean of 7.2 ± 5.4 months on imatinib. Kerkela et al52 also performed myocardial biopsies on two
individuals with no history of coronary artery disease. Transmission electron micrographs of the hearts showed
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prominent membrane whorls in the myocytes of the two patients. The aforementioned pathology, though nonspecific, has
been reported to be a characteristic of toxin-induced myopathies.53 In addition, the Kerkela et al52 study has been
criticized by Atallah et al,54 since only 10 imatinib-treated patients who had developed congestive heart failure were
included. In addition, the study by Kerkela et al52 did not assess the frequency of this adverse event or its associated
potential risk factors. Tiribelli et al55 argued that imatinib is potentially cardiotoxic at concentrations that are higher than
those used in current clinical practice and that Kerkela et al’s52 observed pathological changes in cardiac myocytes do not
necessarily translate to clinically significant cardiotoxicity. Consequently, heart failure is a rare event in imatinib-treated
CML patients, as observed in several studies.56–58 A prospective study of CML patients who took imatinib for a mean
duration of 3.4 years was performed by Estabragh et al,59 in which the authors reported no evidence of myocardial
deterioration either at baseline or after 12 months of imatinib treatment. They further concluded that imatinib cardio-
toxicity was not an important clinical consideration for patients with CML or their advisors.

Cardiac Function: Diastolic Function
In this study, 25.71% of the imatinib-treated CML group and 28.57% of the imatinib-naïve CML group had impaired left
ventricular relaxation, while only 8.57% of the non-CML controls had diastolic dysfunction. These results are similar to
those of Kadikoylu et al.9

Diastolic dysfunction is present in 25% of the CML population, according to Kadikoylu et al,9 whereas Hassanain
et al60 found diastolic dysfunction in 6.25% of the studied CML population. Considering that the mean duration of
symptoms at presentation in our patients was 15.77 ± 17.36 months, it is likely that many of our CML patients presented
late. This might explain the more severe reduction in mean hematocrit observed in this group, which may have led to the
tachycardia with subsequent ischemia, increased ventricular remodeling, and increased left ventricular stiffness.

Valvular Abnormalities
In this study, the most prevalent valvular abnormality was mitral regurgitation (MR). MR was significantly higher in
the imatinib-naïve CML group than in the non-CML control group. The prevalence of mitral regurgitation in the CML
group with and without imatinib and in non-CML controls was 40%, 34.3%, and 12.9%, respectively. These values are
similar to those reported by Kadikoylu et al,9 where MR prevalence was 50% in CML patients without imatinib and
13% in non-CML controls. Hassan et al60 reported MR in 31.25% of CML subjects, and 6.7% of the control subjects.
The prevalence of valvular regurgitation was not significantly different between CML groups with and without
imatinib. Tricuspid regurgitation was seen in 35.7% of CML patients without imatinib, 25.7% of CML patients with
imatinib, but in none of the controls. In comparison, Kadikoylu et al9 found that the frequency of tricuspid
regurgitation was 38% in imatinib-naïve CML patients. In addition, we observed aortic regurgitation in 5.7% of
CML patients with or without imatinib, and in none of the non-CML controls. This is similar to the prevalence
reported by Hassan et al,60 which was 6.25% in CML subjects. There was no significant difference in the frequency of
aortic regurgitation between the CML groups. The prevalence of aortic regurgitation in our study was similar to,
although lower than, the prevalence reported by Kadikoylu et al.9 Valvular abnormalities were observed in 63% of the
patients with myeloproliferative disorders, studied by Reisner et al.61

In myeloproliferative disorders, clonal involvement of megakaryocytopoiesis results in elevated levels of platelet-
specific proteins, increased thromboxane generation, and expression of activation-dependent epitopes on the platelet
surface. This then leads to increased microthrombi formation and deposition on the heart valves, which can cause
valvular damage.62

Reisner et al61 noted that valvular damage and regurgitation may result from high pressure, turbulence, and jet effects
that are prominent in the left heart in a hyperdynamic state caused by anemia, a condition that is more prominent in CML
patients without imatinib.

In addition, anemia is an independent predictor of moderate or severe functional MR in non-ischemic DCM patients,
according to Tigen et al.63
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PHT
In this study, PHT was observed in 20% of the imatinib-naïve CML patients and 17.14% of the imatinib-treated CML
patients. None of the non-CML controls had PHT. The frequency of PHT was significantly higher in the CML groups
with or without imatinib than in the non-CML control group. Similarly, Kadikoylu et al9 reported a 25% frequency of
PHT in imatinib-naïve CML patients. In another study, PHT was observed in 13.3% of the patients with myeloproli-
ferative disorders.61

In this study, the prevalence of PHT was lower in the imatinib-treated CML group than in the imatinib-naïve CML
group.

12-Lead Surface Electrocardiographic Parameters
In this study, the mean heart rates were not significantly different between the groups. PR interval, QT interval, and
corrected QTC were not significantly different between the groups. The PR interval was prolonged in three of the CML
patients without imatinib, putting the frequency of first-degree AV block in this group at 4.29%. Neither the imatinib-
treated CML group nor the non-CML control had a prolonged PR interval. The mean QTC interval seen in this study was
403.53 ± 21.71, 403.36 ± 28.44 and 398.64 ± 41.54 in the CML group without imatinib, with imatinib, and the non-CML
control, respectively. This is similar to data from Ribeiro et al40 who reported a QTC interval of 410 ± 22 and 410 ± 22 in
the CML groups with and without imatinib. There was no significant difference in the QTC interval. None of the
participants in this study had a prolonged QTC interval. Studies have linked prolonged QTC intervals with the use of
nilotinib, a more potent derivative of imatinib.64,65

The average QRS durations found in this study were 84.19 ± 8.09, 81.24 ± 10.57 and 78.30 ± 9.80 for the CML
groups with imatinib, without imatinib, and the non-CML control, respectively. The CML group treated with imatinib
had a significantly longer mean QRS duration than the non-CML group (p=0.002). There was no significant difference in
QRS duration in this study. The average QRS duration in this study was similar to that reported by Ribeiro et al.40

Sinus bradycardia was observed in 2.9% and 4.3% of CML patients with and without imatinib, respectively, and none
of the non-CML controls had sinus bradycardia. The prevalence of sinus tachycardia in this study may be a result of
anemia in the CML groups. There were no incidences of atrial fibrillation or flutter in the study subjects. This finding also
agrees with those of Ribeiro et al40 The frequency of atrial fibrillation according to Kadikoylu et al9 in CML patients was
13%. The mean age of the CML group studied by Kadikoylu et al9 was higher than that of our study subjects, which
might account for the higher incidence of atrial fibrillation. By contrast, Ribeiro et al40 reported the frequency of
ventricular premature complexes as 4% and 2% in CML patients with and without imatinib, respectively. However, in
our study, the patients had atrial premature complexes, rather than ventricular premature complexes. There was no
significant difference in the frequency of electrocardiographically diagnosed left ventricular hypertrophy in the CML
groups with or without imatinib in this study, which is similar to Ribeiro et al.40 Finally, in our study, T-wave
abnormalities were seen in 5.71% of imatinib-naïve CML and 12.86% of CML patients on imatinib, similar to the
findings of Ribeiro et al.40

Conclusions
Systolic dysfunction was not observed in imatinib-naïve or imatinib-treated CML patients or non-CML controls. The
incidence of diastolic dysfunction was higher in the CML group than in the non-CML group. Pericardial effusion was
observed in the CML group, but none of the non-CML controls had pericardial effusion. Valvular regurgitation was more
common in the CML group than in the non-CML control group, and the most prevalent valvular abnormality in the CML
group was mitral regurgitation.

Due to the lack of resources and time constraint global longitudinal strain, troponin I and a follow-up study could
have been performed in these groups of patients. This would have helped detect the development of more subtle cardiac
abnormalities that may be attributed to imatinib.
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