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Abstract
Background and Aims: Cardiac resynchronization therapy (CRT) has become an established treatment modality for
patients with advanced heart failure. CRT abbreviates the dysynchronus heart failure mainly by correcting left ventricular
dysynchrony. In the last three years, CRT has been regularly done in Shahid Gangalal National Heart Center(SGNHC) which
has provided us the platform to report the outcome of CRT, for the first time in Nepal. The aim of this study is to review the
recent clinical experience and outcome of CRT in our centre.
Methods: All consecutive patients who underwent CRT at SGNHC from July, 2016 to July, 2019 were reviewed retrospectively.
Results: Altogether 42 patients underwent CRT. Mean age was 65±11 years (range 43 to 84). Coronary sinus cannulation
was successful in 41 patients. In one patient, LV lead delivery was unsuccessful. Thus, procedural success was obtained in
95% (40 out of 42) patients. LV lead dislodgement occurred in three patients (7%). Coronary sinus dissection occurred in
two patients (5%). Biventricular (BiV) paced QRS was significantly narrower compared to baseline QRS (127ms Vs 162ms,
p<0.01). During mean follow up of 12±10 months (range 1 to 30 months), there was significant improvement in the clinical
outcomes: NYHA class (1.8 Vs 2.9, p<0.01), LVEF (22.3 Vs 27.5, p<0.01), left ventricle internal diameter in systole (LVIDs),
(57 Vs 60.5 mm, p<0.01). The CRT responder rate was 86%. Super-responder was observed in 12% of patients.
Conclusion: In SGNHC, Cardiac resynchronization therapy is emerging as a routine treatment strategy with a reasonable
efficacy and safety outcome.
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DOI: https://doi.org/10.3126/njh.v16i2.26308
Introduction
Cardiac resynchronization therapy (CRT) has become the most
recent advancement in the treatment of heart failure. CRT, also
defined as Biventricular pacing, is defined as the simultaneous
stimulation of both left and right ventricle. QRS delay >120 ms is
associated with increased mortality and morbidity in heart failure1.
QRS delay, especially LBBB, and conduction delay impairs
cardiac function by introducing intraventricular dysynchrony, AV
dysynchrony and interventricular dysynchrony. CRT partially or
totally corrects AV dysynchrony, interventricular dysynchrony

and most importantly left ventricular dysynchrony2. The beneficial
effect of CRT has been consistently proved in several randomized
trials, like Miracle3 (improves functional capacity and LVEF),
REVERSE4 (improves LV remodeling), Care-HF5 (the first CRT
trial to show survival benefit), and trials in combination with ICD
like Companion6, MADIT-CRT7, RAFT8 (all showed survival
benefit). Based on all these trials data, ESC9 and ACCF/AHA/HRS
10
has endorsed guidelines for CRT. However, CRT is underutilized
in eligible patients, with significant variation in age, gender, QRS
duration, care provider, insurance status, and geographic location
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of practices11 and so as in Nepal mainly due to unaffordability. And
therefore, because of very small number of procedures, the outcome
data of CRT therapy has never been reported in Nepal. In the last
3 years, CRT has been regularly done in Shahid Gangalal National
Heart Center (SGNHC) which has provided us the platform to report
the outcome of CRT for the first time in Nepal. The aim of this study is
to review the recent clinical experience and outcome of CRT.
Methods
This is a retrospective observational study of all the patients who
underwent CRT in SGNHC from July 2016 till July 2019. The data
was collected from the procedural note, discharge note and the CRT
logbook. The proforma of each patient was filled with the collected
data and evaluated the baseline characteristics, the immediate
outcome and the long-term outcome. The baseline characteristics
included age, sex, cardiomyopathy type, LVEF, left ventricle internal
diameter in systole (LVIDs), NYHA class, LBBB Vs non-LBBB,
QRS width, device type, LV lead type and medication. The immediate
outcome included procedural success, LV lead threshold; BiV paced
QRS width and complications. The long-term outcome included
improvement in NYHA class, improvement in LVEF and LVIDs
during follow up period. The NYHA class was evaluated during 1
month and subsequent follow up in outpatient clinic and maintained
in CRT logbook. Similarly, the LVEF and LVIDs was evaluated in 3-6
months, 6-12 month and then yearly and maintained in the logbook.
For the practical purpose, the data (NYHA, LVEF and LVIDs) of the
last follow up was included in the study (from 1 month to 30 months).
Responder was defined as increase in LVEF by>5% or increase in
>NYHA class I, with no HF admission or death12. Super-responder
was defined as increase in LVEF by at least two-times or post CRT
LVEF>45%13.
Statistical analysis
Continuous variable was expressed as mean± standard deviation
or median and interquartile range if data was skewed. Categorical
variable was expressed in percentage and compared with Chi Square.
SAS software was used for statistical analysis. This study was
approved by Institutional review board of SGNHC.
CRT Implantation
The usual CRT implant technique was as follows: Coronary
angiogram was done to visualize the coronary sinus ostium and
its branches. With the help of roadmap of coronary sinus ostium,
coronary sinus (CS) was canalized with St. Jude non-deflectable
decapolar catheter. Delivery guide was then advanced over the
decapolar catheter and advanced in the coronary sinus main body just
proximal to the target vessel. Coronory sinus angiogram was done
to delineate the target vessel. The PTCA wire was then advanced to
the target vessel and LV lead was then advanced over the PTCA wire
to the target vessel. Capture threshold and diaphragmatic threshold
were measured. Once optimum parameters were achieved, the sheath
was slittered or peeled away and the LV lead was sutured in the prepectoral fascia. The RA and RV lead was then implanted and secured.
All the leads were then connected to CRT device and secured in the
pocket, which was closed in three layers.
Results
From July 2016 till July 2019, altogether 42 patients underwent
for CRT. Baseline characteristics has been shown in table 1.

Table 1: Baseline Characteristics
Mean age in years (Range)

65±11 (43-84)

Sex
Male

27 (64%)

Female

15 (36%)

LBBB

35 (83%)

RBBB

1 (3%)

CHB

6 (14%)

ICM

10 (24%)

NICM

32 (76%)

CRT upgrade for pacing
induced cardiomyopathy

2 (5%)

NYHA II

7 (17%)

NYHA III

29 (69%)

NYHA IV

6 (14%)

CRT-P

29 (72%)

CRT-D

11 (28%)

Quadripolar

38 (95%)

Bipolar

2 (5%)

ACEI/ARB

40 (95%)

Beta-blocker

34 (81%)

Aldosterone antagonist

39 (93%)

Diuretics

42 (100%)

QRS type/Rhythm

Cardiomyopathy type

Functional Class

Device Type

LV lead Type

Medication

Table 2: Procedural Outcome
Successful CS cannulation

41/42 (98%)

Successful LV lead implant

40/42 (95%)

Procedural success

40/42 (95%)

CS dissection

2/42 (5%)

LV lead threshold

1±0.4 V @ 0.4 ms

LV lead dislodgement

3 (7%): 1 readjustment unsuccessful, 2 readjusted successfully, out of which 1 dislodged
again
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Outcome measures
-Outcome measures were evaluated in 38 patients after excluding
2 unsuccessful CRT and 2 unsuccessful readjustments for LV lead
dislodgment) as shown in table 3.
-Mean Follow up duration was 12±10 months (Range 1 to 30 months)
Table 3: Outcome Measures
Parameters

Pre-CRT

Post CRT

p Value

QRS width (ms)

162.4±16

127.8±12

<0.01

LVEF

22.3±5.5

27.5±7.7

<0.01

NYHA class

2.9±0.5

1.8±0.6

<0.01

LVIDs(mm)

60.5±9.6

57±8.7

<0.01

Mitral regurgitation

2.26±0.6

2.03±0.3

<0.01

Responder by NYHA class

33/38 (86%)

Responder by Echo criteria

20/34 (59%)

Super-responder

4/34 (12%)

Heart failure admission

2 (5%)

Mortality

1 (2%)

Bi V paced

99±0.2%

Discussion
Baseline characteristics: In our study, 36% of female patients
received CRT which is comparable with CRT landmark trials3,6. Given
the incidence of congestive heart failure in women is almost similar
to men14, this number clearly shows that CRT has been underutilized
in female patients, despite the fact that female patients even respond
better than men15.
Being our initial experience, we tried our best to put CRT in class
I indicated patients to have better initial outcome. Therefore, based
on ECG criteria, almost 85% of our patients had LBBB and around
12% had completed heart block with LV systolic dysfunction. Almost
two-third of patients had non-ischemic cardiomyopathy (NICM) out
of which 2 patients were upgraded to CRT due to the development
of pacing induced cardiomyopathy. Most of the patients had NYHA
class III symptoms, few were NYHA class II and ambulatory class
IV symptoms. Regarding heart failure medicines, all patients were on
diuretics, around 90% patients were on ACEI/ARB and aldosterone
antagonists, whereas 80% were on beta-blocker. These data reflect
that our CRT candidates have been properly managed with guideline
directed medical therapy(GDMT). Two-third of our patients received
CRT pacemaker whereas only one-third received CRT-defibrillator.
This is in vast contrast with the real world data from other developed
countries16 where CRT defibrillator is far more common than CRT
pacemaker. And its worthwhile to mention that affordability in our
context is the key reason for not adding ICD in CRT pacemaker.
With the growing evidence of better outcome with quadripolar lead
as compared to bipolar lead17 and with our own learning curve, we
implanted quadripolar LV leads in majority (95%) of our patients.
Procedural outcome and complications: Coronary sinus
cannulation was successful in 41 out of 42 patients. We were unable
to cannulate coronary sinus in one patient because the coronary sinus
size was small and could not clearly identify coronary sinus ostium
in venogram. LV lead delivery was unsuccessful in another patient
because we could not get the acceptable threshold in any of the
available CS branches, probably due to extensive scarring. Hence, our
procedural success was 40/42 (95%), comparable to several previous
studies3,5. CS dissection occurred in two patients out of which we

were able to successfully implant CRT in one patient whereas in
other, due to extensive dissection with no visible target vessels, we
had to reschedule the procedure after six weeks, which was then done
successfully. LV lead dislodgment occurred in three patients; all of
them occurred within one month of implant. LV lead readjustment was
successful in two patients but one patient got LV lead dislodgement
again and being planned for the 3rd procedure with screw-in lead. We
were unable to readjust the LV lead in the 3rd patient, even with the
screw-in lead, and he is being offered for surgical LV lead implant.
Outcome measures: Out of 42 patients, excluding two patients
in whom CRT was unsuccessful and excluding other two patients in
whom LV lead dislodgment was not fixed, outcome data has been
assessed in remaining 38 CRT patients. The outcome data like LVEF
and LVIDs were assessed only in 34 patients excluding four patients
whose follow up duration was only one month. We routinely perform
Echo only after three months post CRT implants.
BiV paced QRS was significantly narrower compared to baseline
QRS (Pre CRT 162 ms Vs post CRT 127ms, p<0.01). It has been shown
in previous studies and meta-analysis that magnitude of QRS reduction
predicts responder to CRT18. In our study, the reduction in mean QRS
duration was 35ms, which is greater than previous meta analysis of
CRT trials18. The greater reduction in QRS complex in our study was
because majority of patient at baseline had LBBB pattern with QRS
width more than 150ms. There was significant improvement in NYHA
functional class with CRT (pre CRT 2.9 Vs post CRT 1.8), (p<0.01).
Regarding the LV remodeling parameters, there was improvement in
mean LV systolic function (Pre-CRT 22.3 Vs post CRT 27.5, p<0.01)
and mean LV end systole diameter (LVIDs), (Pre CRT 60 mm Vs Post
CRT 57 mm, p<0.01). There was improvement in mitral regurgitation
as well (pre CRT 2.2 Vs post CRT 2.0, p=0.01). These results are
similar to other CRT trials and real world data3,19,20,21. CRT responder
rate in the literature varies (32 to 91%) due to various definitions of
CRT responders22. Our CRT responder rate based on NYHA class was
close to 85% which is very promising, likely because most of our
patients were class I CRT eligible patients. However, when assessed
by echo, the CRT responder rate was only 59% comparable to other
real world data. Super-responder rates ranges from 13 to 16% in
different studies23,24. In our study, super-responder rate was 12% (4 out
of 34 patients). Those who super- responded to CRT were: one patientpacing induced cardiomyopathy, one patient- CHB with LV systolic
dysfunction and two patients- NICM. In other words, all patients who
super-responded to CRT were Non Ischemic Cardiomyopathy. Two
patient had hospital admissions for heart failure and one patient died
within one month of CRT.
Underutilization of CRT: Just to emphasis again, the beneficial
effect of CRT has been consistently proved in several randomized
trials, like Miracle3 (improves functional capacity and LVEF),
REVERSE4 (improves LV remodeling), Care-HF5 (the first CRT trial
to show survival benefit), and trials in combination with ICD like
Companion6, MADIT-CRT7, RAFT8 (all showed survival benefit).
Despite the evidence base and guidelines, CRT has been underutilized
in eligible patients, with significant variation in age, gender, QRS
duration, care provider, insurance status, and geographic location of
practices11. It is true for the underdeveloped country like Nepal where
CRT is financially out of reach to most of the CRT eligible patients.
Being a very small number of patient who undergo CRT, the CRT
outcome had never been reported in Nepal before. As we have been
routinely performing CRT in SGNHC for the last three years, this led
an opportunity for us to report for the first time the outcome of CRT in
Nepal. And our clinical outcome is comparable to other previous data.
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Conclusion
In SGNHC, Cardiac resynchronization therapy is emerging as
a routine treatment strategy with a reasonable efficacy and safety
outcome.
Limitation
The main limitation of this study is the small sample size.
Being retrospective observational study, there is possibility of bias.
Measuring Left ventricle end systolic volume (LVESV) would have
been better as this is more reliable remodelling parameter than left
ventricle internal diameter in systole (LVIDs). However, we do not
routinely measure LVESV. We are planning to routinely measure
LVESV in upcoming CRT implantations. Given small sample size
and the nature of observational study, we cannot draw any conclusion
regarding the improvement in hard endpoints like heart failure
admissions and mortality.

Sources of funding: None
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