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Ab s t r Ac t
Introduction: Artificial cardiac pacing is a consolidated, safe, and effective treatment strategy that has been evolving for 60 years. In a 
normal heart, the left ventricle (LV) contracts in a fast and synchronized manner. Stimulation anywhere in the right ventricle (RV) alters 
the natural pattern of activation and as a consequence the ventricular contraction. This may lead to the induction of asynchrony with 
potential risk for the development of ventricular dysfunction. The majority of studies have looked into left ventricular dysfunction, while 
effects on the RV have not been studied. Furthermore, there are little data on the chronology of events that occur in pacemaker patients. 
We, therefore, aimed to evaluate diastolic and systolic functions of LV and RV in consecutive patients undergoing Ventricle is paced, sensed, 
and the pulse generator inhibits pacing output in response to a sensed ventricular event (VVI) permanent pacemaker implantation over 
6 months using trans-thoracic echocardiography. Materials and Methods: This was a hospital-based observational study from October 
2017 to April 2019. Conclusion: Diastolic abnormalities are first to appear which are followed by appearance of systolic abnormalities of 
the respective ventricles. The right ventricular dysfunction (tricuspid annular plane systolic excursion <17 mm) developed in 28% at 1 
month and in 62% at the end of 6 months. The left ventricular dysfunction (ejection fraction< 50%) occurs later, LV dysfunction developed 
in 14%, and worsening of LV function developed in 16% of the study population at the end of study, that is, 6 months.
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In t r o d u c t I o n
Artificial cardiac pacing is a consolidated, safe, and effective 
treatment strategy that has been evolving for 60 years. In a 
normal heart, the left ventricle (LV) contracts in a fast and 
synchronized manner. Stimulation anywhere in the right ventricle 
(RV) alters the natural pattern of activation and as a consequence 
the ventricular contraction. This may lead to the induction of 
asynchrony with potential risk for the development of ventricular 
dysfunction.[1,2] In India, about 10,000 pacemakers implanted every 
year. There is a considerable cost variation between modern-day 
pacemakers and conventional pacemakers. Single chamber right 
ventricular apical pacing continues to be the dominant pacing 
mode in the developing countries majorly due to economic 
limitations, despite the well-known advantages of dual-chamber 
pacing.[3] Pacemaker-induced cardiac dysfunction has been 
recognized for a long time, and the effect of the right ventricular 
apical pacing (VVI) on the left ventricular functions has been 
studied previously.[4-10] Yet, there remain some uninvestigated 
areas such as the chronology of events to occur. The majority of 
studies have looked into left ventricular dysfunction, while effects 
on the RV have not been studied.[11-13] Furthermore, there are 
little data on the chronology of events that occur in pacemaker 
patients. We, therefore, aimed to evaluate diastolic and systolic 
functions of LV and RV in consecutive patients undergoing VVI 
permanent pacemaker implantation (PPI) over 6 months using 
trans-thoracic echocardiography.[3]

Aims and Objectives
This study aims to evaluate diastolic and systolic functions of the 
LV and RV in patients undergoing VVI PPI over 6 months using 
trans-thoracic echocardiography.
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MAt e r I A l s A n d Me t h o d s

Type of Study: This was a hospital-based observational study
Site of study: KING GEORGE HOSPITAL
Study period: October 2017–April 2019
Sample size: 50

Inclusion Criteria
1. All consecutive patients undergoing VVI pacemaker 

implantation according to AHA guidelines
2. Sinus node dysfunction with documented symptomatic 

bradycardia
3. Complete heart block, acquired, or congenital
4. Second degree atrioventricular (AV) block with symptomatic 

bradycardia
5. Atrial fibrillation, atrial flutter, or with complete heart block or 

advanced AV block[14-20]
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Exclusion Criteria
1. Patients undergoing other mode PPI implantations will be 

excluded from the study
2. Prior severe LV dysfunction[21-26]

All consecutive patients undergoing RV apical VVI pacemaker 
implantation were included in the study. Written informed consent 
was taken for inclusion in the current study. 

Procedure
A thorough clinical assessment and resting 12-lead 
electrocardiogram (ECG) were done on the day of admission, on 
day 7 after PPI, and at 1 month and 6 months follow-up.

Patients were discharged with a programmed pacing rate 
of 70/min. At follow-up visits, patients were evaluated for any 
evidence of dyspnea, in the absence of any recognizable recent 
myocardial infarction, respiratory illness, anemia, and new LV 
ejection fraction of less than 50% or worsening of LV ejection 
function is noted. The left ventricular function was assessed by 2D 
echocardiography by a single operator.[27-31]

Echocardiography Protocol
Baseline echocardiographic evaluation of patients was done 
within 24 h of hospital admission, with the temporary pacemaker 
rate being kept at 70/min. 2D-echocardiography was repeated 
at day 7 of hospital admission, 1 month, and 6 months after 
implantation during follow-up. Each measurement was taken in 
three consecutive paced beats not preceded by a sinus P wave, 
and the average value was considered as the representative value. 

The left ventricular internal diameter in systole and diastole 
were measured in the parasternal long-axis view using the M-mode. 
RV dimension is best estimated at end diastole from a RV-focused 
apical 4-chamber view. The right ventricular internal diameter 
in systole (RVIDs) and diastole (RVIDd) were taken in the apical 
4-chamber view and their mean was chosen as the RVID. The left 
atrial size was measured in the end systole on M-mode parasternal 
long-axis view perpendicular to the long axis of the LA posterior 
wall, leading edge to leading edge measured at the level of the 
aortic sinuses.[32-38]

LV ejection time (LVET) was calculated using Doppler aortic 
flow. The LVET was measured as the duration of flow using standard 
pulsed wave Doppler with sample volume in the left ventricular 
outflow tract just below the aortic valve leaflets. The RV ejection 
time (RVET) was calculated using Doppler pulmonary flow.

The LV diastolic parameters were calculated in apical 
5-chamber view keeping the Doppler cursor at a point where 
both mitral inflow and aortic outflow could be obtained. The LV 
isovolumic relaxation time (LV-IVRT) was taken as a period from 
the end of Doppler aortic flow to the beginning of mitral inflow.

The deceleration time of mitral inflow (MV-DT) was measured 
from the peak of the mitral flow to return to baseline with the 
Doppler cursor placed just beyond the mitral annulus in apical 
four-chamber view. The tricuspid deceleration time (TV-DT) was 
measured in a manner similar to mitral DT. Color Doppler was used 
to conforming and quantifying tricuspid valvular regurgitation, 
using the area of the regurgitant jet.[39-41]

A quantitative approach to assess RV function is the 
measurement of the tricuspid annular plane systolic excursion 
(TAPSE). The TAPSE estimates RV systolic function by measuring 

the level of systolic excursion of the lateral tricuspid valve 
annulus toward the apex in the RV focused four-chamber view. 
The approach appears reproducible and proved to be a strong 
predictor of prognosis in heart failure. It is abnormal <17 mm.[42]

Statistical Methods
Descriptive and inferential statistical analysis has been carried out in 
the current study. Results on continuous measurements are presented 
on Mean ± SD (Min-Max), and results on categorical measurements 
are shown in number (%). Significance is assessed at 5% level of 
significance. The following assumptions on data are made,[43-46]

Paired t-test has been used to find the significance of study 
parameters on the continuous scale within each group.

The statistical software, namely, SPSS 22.0 and R environment 
ver. 3.2.2 were used for the analysis of the data, and Microsoft Word 
and Excel have been used to generate graphs, tables, etc.

re s u lts
The study population consisted of 50 patients with symptomatic 
bradycardia requiring pacemaker and underwent VVI mode 
pacing. Over the 6 months follow-up, no patient died. Data could, 
therefore, be obtained for all 50 patients at baseline, day 7, 1 
month, and at 6 months. All the patients were from the Andhra 
Pradesh during the study period October 2017–April 2019.

The majority of the patients are in the age group of 50–60 
years [42.0%] followed by 61–70 years and 41–45 years [36%]. 
Twenty-seven patients were men, and 23 were women.

Hypertension found in 60% of the total study population. 
Hypertension diagnosed in four patients, diabetes mellitus 
observed in 26 patients, that is, 52% of the study population. 
Hypothyroidism found in 13 patients out of which 5 patients are 
newly detected. Underlying coronary artery disease found in 10% 
of study population of varying duration.

Twenty-five patients (50%) presented with syncope and 15 
patients (30%) are presented with dyspnea while attending the 
emergency (NYHA II in 13 patients, NYHA III in 7 patients, and 
NYHA IV in 5 patients). Both syncope and dyspnea were observed 
in 10 patients (20%) [Figure 1].

Out of 50 patients, 33 patients were not on any beta-blockers 
antecedent to the admission and 17 patients (34%) were on beta-
blockers for hypertension, and drugs were stopped 5 days before 
pacemaker implantation.

Most common indication was degenerative complete AV nodal 
block occurred on 26 patients (52% of study population), followed 
by sinus node dysfunction in 15 patients, high-grade AV block in 
5 patients (10%), and Mobitz type 2 block, in 4 patients [Figure 2].

The mean LV ejection fraction (LVEF) of the group was 59.66 
± 7.55% at the day 1 of study population as assessed by modified 
Simpson method. Eight patients had LVEF of <50% with four 
having dilated cardiomyopathy with normal coronaries and other 
four having mild coronary artery disease on coronary angiogram.

The RVID showed an earlier increase from baseline (P < 0.05) 
at day 7 and progressively increased to mean of 3.28 ± 0.66 cm 
in the 6 months follow-up period. RV dimensions are statistically 
significant at day 7, 1 month, and 6 months [Figure 3].

The left ventricular dimension showed a progressive increase 
from baseline (P < 0.05) at 1 month and at 6 months for the LV 
internal diameter during diastole and (P < 0.05) at 6 months for the 
LV internal diameter during systole.
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The left atrial size increased from day 1 to 1 month and 
statistically significant increase in the left atrial diastolic diameter 
was observed at 6 months (P < 0.05) of the study period. 

Tricuspid regurgitation considered mild if regurgitate jet area 
is <5 cm2, moderate if jet area is 5–10 cm2, and severe if jet area is 
>10 cm2. Mild regurgitation is present in all patients at the end of 
6 months, moderate tricuspid regurgitation noted in 10 patients a 
month, that is, (20% of study population) and 36% at the end of 6 
months and severe tricuspid regurgitation noted in eight patients 
at the end of 6 months.

TAPSE is a parameter of global RV function which describes 
apex-to-base shortening. TAPSE correlates closely with the RVEF 
and has been found to be both highly specific and easy to measure. 
As the right ventricular systolic function concerned, mean value 
of TAPSE reached statistically significant difference at the end of 
1 month with a mean of 18.48 ± 2.13 and 6 months with a mean of 
17.18 ± 2.61 and RV dysfunction noted in 31 patients (62% study 
population), that is, TAPSE <17 mm over 6 months.

The right ventricular ejection period as calculated by Doppler 
pulmonary flow decreased significantly from the end of 1 month 
and maintained statistical significance till the end of study period.

The left ventricular ejection fraction at baseline was a mean 
of 59.66 ± 7.55% and at the end of 1 month was 56.48 ± 6.99% 
and at the end of 6 months was 51.16 ± 7.23% which is statistically 
significant. New-onset LV dysfunction, that is, <50% developed 
in 7 patients (14%) and worsening of LV function was noted in 8 
patients (16%) at the end of study.

LV IVRT at baseline was 84.40 ± 8.26 ms, at the end of 1 week 
was 87.20 ± 9.95 ms, at the end of 1 month was 110.70 ± 11.66 ms, 
and at the end of 6 months was 126.00 ± 10.45 ms. Statistically 
significant at the end of 1 month and 6 months [Table 1].

MV-DT was measured from the peak to return to baseline of 
the mitral inflow with the Doppler cursor placed just beyond the 
mitral annulus in apical four-chamber view has a normal of 178.2 
+ 43 ms, the present study MV-DT at baseline was 148.60 ± 16.76 
ms and at the end of 6 months was 194.90 ± 19.97 ms which is 
statistically significant.

The LVET as assessed by duration of pulse wave Doppler of aortic 
flow just below the aortic leaflets has a normal value of 302 ± 22 ms, 
the present study LVET at baseline was 304.60 ± 12.42 ms gradually 
progressed to 287 ± 11.92 ms at the end of 1 month and 276 ± 13.63 
ms at the end of 6 months and is statistically significant [Table 2].

dI s c u s s I o n
The majority of the patients were in between 50 and 60 years of 
age group, that is, 42% and followed by 61–70 years age group 
(36%) with a mean age was 61.8 ± 10.9, and male patients were 
54% more common than female patients (46%).

A study by Dwivedi et al.[3] did in 48 consecutive VVI pacemaker 
patients with a mean age of 65.6 ± 11.8 years, with 66.712% were 
male.

Kanse et al.[47] did in 2015 with 37 patients, 21 (57%) were 
male, and the mean age of the study group was 63.24 years.

de sá et al.[2] did in 20 patients with a mean age of 58 ± 11 with 
60% male subjects with a follow-up period of 2 years.

Silva et al.[48] study with 75 patients, mean age 70.9 ± 14 years, 
of whom 22.6% were male, and evaluations were done over 6 
months.

Compared to the previous studies, the mean age was younger 
and male gender is predominantly affected.

In the present study, 60% of the study population had 
hypertension. About 52% of patients had diabetes hypothyroidism 
noted in 13 patients, and a history of previous coronary artery 
disease was observed in 10% of the study population.

A study by Dwivedi et al.[3] observed diabetes in 28.9% 
hypertension in 26.7% and coronary artery disease in 13.3% of 
the study population. Kanse et al.[47] observed diabetes in 21.7% 
hypertension in 59.6% coronary artery disease in 13.55% and 
thyroid disease in 16.6% of the study population.

In the present study, syncope was the predominant presenting 
symptom 50% followed by dyspnea 30% and both syncope and 
dyspnea in 20%.

A study by Dwivedi et al.[3] observed recurrent syncope 
80%, dyspnea 8.9%, and both syncope and dyspnea in 8.9% and 
acute myocardial infarction in 2.2% study population. According 
to Kanse et al.,[47] the most common presenting symptoms were 
syncope, palpitation, and dyspnea observed in 59.9%, 56.7%, and 
56.7% of patients, respectively.

The present study showed a higher prevalence of diabetes in 
the study population compared to previous studies and dyspnea 
as a presenting complaint is also more noticed.

Seventeen patients were on beta-blockers antecedent to 
admission out of 50 patients, and drugs stopped 5 days before 
pacemaker implantation.

Degenerative complete AV nodal block occurred on 26 
patients (52% of the study population), is the most common cause 
of pacemaker implantation in the current study followed by sinus 
node dysfunction in 15 (30%) patients, high-grade AV block in 5 
patients (10%), and Mobitz type 2 block in 4 patients.

A study by Dwivedi et al.[3] did VVI pacemaker in 45 patients 
out of which 34 patients (75.6%) were paced because of CHB 
and 11 patients (24.4%) were paced for sick sinus syndrome. 
Kanse et al.[47] did a VVI pacemaker in 37 patients, and the study 
population consisted of 24 (64.9%) patients of AV block, 10 (27.1%) 
patients of SSS, and 3 (8.0%) patients of trifascicular block. de sá 
et al.[2] observed complete AV block or type 2 second-degree AV 
block accounted for 70% of the sample.

The right ventricular internal diameter at baseline was 2.62 ± 
0.58 cm, at the end of 1 week, 1 month, and at 6 months was 2.77 
± 0.57 cm, 2.95 ± 0.57 cm, and 3.28 ± 0.66 cm, respectively. P ≤ 0.05 
achieved at 1 week, 1 month, and 6 months. A study by Dwivedi 
et  al.[3] showed, RVID was 1.26 ± 0.41 cm, 144 ± 0.44 cm, and 1.50 ± 
and 1.77 ± 0.45 cm at baseline and at the end of 1 week, 1 month 
and 6 months with P ≤ 0.05 at all levels.

In post-pacemaker patients, changes in the RV dimensions 
started early after 1 week and continue to increase till the 6 months, 
and it is one of the earliest changes in post-pacemaker patients.

The left ventricular internal diameter in systole and diastole 
were analyzed, mean LV diameter during systole (LVDs) at baseline 
was 3.57 ± 0.40 cm and at the end of 6 months was 3.91 ± 0.45 
cm with P ≤ 0.05, mean LV during diastole (LVDd) at baseline was 
5.04 ± 0.30 cm and at the end of 1 month and 6 months was 5.29 
± 0.29 cm and 5.29 ± 0.29 cm, respectively, with P ≤ 0.05 [Table 3].

The left atrial size at baseline was 3.11 ± 0.22 cm and at the 
end of 6 months was 3.61 ± 0.26 cm with P ≤ 0.05. About the left-
sided cardiac chambers  is concerned LVDd started increasing at 
the end of 1 month and LVDs and left atrial size showed statistical 
significance at the end of 6 months. 

A Study done by de sa et al.[2] in 20 right ventricular pacing 
patients (14 septal and 6 apical) who are analyzed for 2 years, 
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baseline LVDd was 50.25 ± 3.44 mm and at the end of 2 years was 
50.55 ± 7.18 mm with P = 0.7559 which is non-significant may be 
attributable to higher septal pacing than apical patients. A study by 
Dwivedi et al.[3] no significant change in LVDd during the 6 months 
and changes in LVDs and LA dimensions significant at 6 months.

The right ventricular diastolic parameters concerned, TV-DT 
was 131.50 ± 11.27 ms at baseline and at the end of 1 week was 
135.90 ± 13.72 (P ≤ 0.001) and maintained at the end of 6 months.

A study by Dwivedi et al.[3] showed that the RV-DT showed a 
significant increase by 1 month (P < 0.02) with a mean of 153.09 ms 
and at 6 months was 172.90 ms.

TAPSE is a measure of systolic function of RV which was 20.50 ± 
1.82 mm at baseline decreases to 18.48 ± 2.13 mm at 1 month and 
17.18 ± 2.61 mm at 6 months and 28% developed RV dysfunction at 
1 month, and 62% developed RV dysfunction at 6 months [Table 4].

TAPSE values are independent of hypertension and diabetic 
status and are no statistical significance though TAPSE at 1 month 
showed a trend toward significance (P = 0.053).

The RVET at baseline was 309.80 ± 23.85 ms and at the end 
of 1-month RVET decreased to 290.00 ± 16.12 ms (P ≤ 0.05) and 
maintained till the end of 6 months [Table 5].

A study by Dwivedi et al.[3] showed the RVET decreased 
significantly by 6 months (P < 0.02) with a mean value of 280.37 
± 37.71 ms.

New tricuspid valvular regurgitation (TR) developed in 20% 
of patients of moderate severity at 1 month and 36% of patients 
developed moderate TR and 16% developed severe TR at the end 
of 6 months.

As the left ventricular systolic parameters is concerned mean 
ejection fraction at baseline was 59.66 ± 7.55%, at 1 month was 56.48 
± 6.99% (P = 0.06), and at 6 months was 51.16 ± 7.23% (P ≤ 0.001).

New-onset LV dysfunction developed in 14% of patients and 
worsening of LV function in 16% of patients. Ejection fraction 
changes were independent and largely uniform regarding the 
gender hypertension and diabetic status of the study population 
throughout the study period.

de sá et al.[2] the average ejection fraction at baseline was 
64.50% and at the end was 60.65%, but there was no statistical 
difference (P = 0.1602).

A study by Dwivedi et al.[3] showed the LV ejection fraction 
decreased progressively from study onset (61.82 ± 10.35%) and 
was statistically significant at 6 months (52.52 ± 12.1%, P < 0.05). 
A study by Silva et al.[48] (75 patients with RV pacemaker with 
LVEF> 55% and LVEDd< 53 mm) LVEF decreased from 72.6% to 
69.8% (P = 0.0025) and LVEDD increased from 46.4 mm to 48.6 mm 
(P  = 0.0001), and both changes were statistically significant with a 
minimum follow-up of 6 months.

Ahmed et al.[49] showed that a significant (>5%) decline in EF 
was observed on the late echocardiogram in 28 (31%) patients, in 
whom end-systolic volume increased.

The LVET at baseline was 304.60 ± 12.42 ms, decreased 
progressively to 287.20 ± 11.92 ms at the end of 1 month and 
276.00 ± 13.63 ms at the end of 6 months (P ≤ 0.05 at 1 month and 
6 months).

A study by Dwivedi et al. showed LVET decreased from 
baseline (303.33 ± 37.90 ms) to 280.71 ± 37.71 ms at the end of 
6 months (P < 0.05).

The left ventricular diastolic parameters LV-IVRT increased 
significantly at 1 month and 6 months (P ≤ 0.001) while MV-DT 
increased significantly at 6 months (P ≤ 0.05).

A study by Dwivedi et al. showed LV-IVRT increased significantly 
at 1 month (P < 0.001) and continued to increase progressively till 
6 months. The mitral valve DT also increased similarly becoming 
statistically significant by 1 month (P < 0.01).

Table 4: TAPSE assessment at different study periods
TAPSE Day 1 (%) Day 7 (%) 1 month (%) 6 months (%)
<17 0 (0) 0 (0) 14 (28) 31 (62)
>17 50 (100) 50 (100) 36 (72) 19 (38)
Total 50 (100) 50 (100) 50 (100) 50 (100)

Table 5: RVET
RVET Min–Max Mean±SD Difference t-value P-value

Day 1 267.00–
345.00

309.80±23.85 - - -

Day 7 278.00–
332.00

301.80±18.07 8.000 5.739 0.059*

1 month 267.00–
317.00

290.00±16.12 19.800 14.119 <0.001**

6 
months

265.00–
294.00

279.80±10.81 30.000 10.264 <0.001**

RVET: Right ventricular ejection time. Significant < 0.05

Table 3: Left ventricle dimensions
Variables Min–Max Mean±SD Difference t-value P-value
LVIDd
Day 1 4.60–5.60 5.04±0.30 - - -
Day 7 4.70–5.60 5.09±0.30 0.052 0.252 0.502
1 month 4.90–5.90 5.29±0.29 −0.250 −14.533 <0.001**
6 months 5.10–6.00 5.44±0.39 −0.400 −20.870 <0.001**
LVIDs Min–Max Mean±SD Difference t-value P-value
Day 1 3.10–4.20 3.57±0.40 - - -
Day 7 3.20–3.90 3.56±0.23 0.010 0.348 0.729
1 month 3.30–4.40 3.67±0.38 0.110 0.157 0.343
6 months 3.40–4.70 3.91±0.45 −0.340 −23.338 <0.001**
LVIDs: Left ventricular internal diameter in systole, LVIDd: Left ventricular 
internal diameter in diastole. Significant < 0.05

Table 1: LV-IVRT
LV IVRT Min–Max Mean±SD Difference t-value P-value
Day 1 76.00–100.00 84.40 

±8.26
- - -

Day 7 87.00–120.00 87.20 
±9.95

−2.800 −2.645 0.09

1 
month

90.00–130.00 110.70 
±11.66

−26.300 −30.180 <0.001**

6 
months

110.00–140.00 126.00 
±10.45

−41.600 −44.490 <0.001**

LV-IVRT: Left ventricle isovolumic relaxation time. Significant < 0.05

Table 2: LVET
LVET Min–Max Mean±SD Difference t-value P-value
Day 1 280.00–324.00 304.60 

±12.42
- - -

Day 7 275.00–319.00 297.20 
±12.70

7.400 19.251 0.0821

1 month 265.00–310.00 287.20 
±11.92

17.400 35.102 <0.001**

6 months 256.00–298.00 276.00 
±13.63

28.600 15.708 <0.001**

LVET: Left ventricular ejection time. Significant < 0.05
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Intuitively, one expects a clinical benefit from the closer 
approximation of sinus rhythm provided by dual-chamber 
pacing. Maintaining the normal sequence of atrial and ventricular 
activation will tend to optimize ventricular filling and cardiac 
output. This, in turn, should improve exercise capacity and quality 
of life. The pacemaker syndrome, a constellation of symptoms 
associated with asynchronous or retrograde atrial activation 
from ventricular pacing, may also be prevented by dual-chamber 
pacing. Observational studies suggest that dual-chamber pacing 
reduces the risk of atrial fibrillation, stroke, and death compared 
with ventricular pacing.[8,50-53] If important reductions in mortality, 
stroke, and atrial fibrillation were reliably demonstrated, it would 
amply justify the increased cost of dual-chamber pacing.

co n c lu s I o n

The present study highlighting the sequence of changes in the LV 
and RV diastolic and systolic function in VVI paced patients.
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Figure 1: Symptoms of patients studied
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Figure 2: Electrocardiogram of the study population

Figure 3: Right ventricle dimensions (mean) at different study periods
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It appears that changes in cardiac dimensions start appearing 
as early as 1 week after VVI pacing, which are limited to the RV 
followed by LV diastolic dimensions at 1 month and LV systolic 
dimensions at 6 months.

Diastolic abnormalities are first to appear which are followed 
by appearance of systolic abnormalities of the respective ventricles.

The right ventricular dysfunction (TAPSE <17 mm) developed 
in 28% at 1 month and in 62% at the end of 6 months.

The left ventricular dysfunction (EF< 50%) occurs later, LV 
dysfunction developed in 14%, and worsening of LV function 
developed in 16% of study population at the end of study, that is, 
6 months.
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