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Biomedical research is an ever evolving field. The integrity 
and impact of research work depends heavily upon transparent 
reporting. It is crucial for Nepalese Heart Journal to emphasize 
the significance of adhering to robust reporting guidelines. These 
guidelines are not just a checklist of items like requisites but now 
they are the foundation of scientific publications that assure clarity, 
reproducibility, and credibility.

Authors bear the responsibility of writing a narrative of 
their findings through adherence to reporting guidelines. Clear 
articulation of background and introduction, study design, methods, 
results, and interpretation and discussions empowers our readers to 
validate, and build upon our work. Simultaneously, our editors and 
reviewers play a pivotal role in endorsing these standards, ensuring 
that published content meets the benchmarks of excellence set 
forth by international reporting guidelines. However, the common 
fallacies in research reporting in healthcare are inability to properly 
conduct, write and publish the research article. Sometimes, entire 
studies are either not reported or are reported long after research 
is completed. Other times, studies are incompletely reported with 
crucial components being left out like who the study participants 
were, what interventions were used etc., or data and results are 
selectively reported and outcomes are omitted. Additionally contain 
inaccuracies like inconsistencies between abstracts and main text, 
statistical errors, harms are inadequately reported, data and graphs 
are confusing or misleading, and there is misinterpretation of results. 
The research becomes useless and falls victim to bad reporting.

Elevating the Standards
By consistently incorporating reporting guidelines into our 

research endeavors, we elevate the standard of our research 
articles. This ensures our readers, reviewers, and researchers that 
our methodologies are designed as per standards, our analyses 
are accurate and our findings are presented with clarity. In doing 
so, we reinforce the credibility of our authors and the Nepalese 
Heart Journal as a beacon of excellence in biomedical research and 
publication.

Every scientific study is a narrative that describes what research 
question it aims to answer. To ensure its trust and contribution to 
the scientific literature, we must adopt and adhere to established 
reporting guidelines. The CONSORT guidelines for clinical trials, 
STROBE for observational studies, and CARE for case reports are 
the common guidelines and invaluable tools. These tools are tailored 
to amplify the transparency and completeness of research findings. 
Embracing these guidelines is not a constraint but an investment in 
the enduring impact of our contributions. Though these reporting 

guidelines were initially meant to be used by authors while 
preparing to write the final article, or even used as checklists before 
submission, we at Nepalese Heart Journal suggest that authors use 
these checklists while planning for the research and while writing 
the research proposal. 

The EQUATOR Network and Beyond
The EQUATOR (Enhancing the QUAlity and Transparency Of 

health Research) Network is an international initiative that seeks 
to improve the reliability and value of published health research 
literature by promoting transparent and accurate reporting and wider 
use of robust reporting guidelines. It is the first coordinated attempt 
to tackle the problems of inadequate reporting systematically and on 
a global scale; it advances the work done by individual groups over 
the last 15 years.

As we advocate for the adoption of reporting guidelines, we align 
ourselves with the global movement promoted by the EQUATOR 
Network. This consortium offers more than 600 resources and 
guidelines for various study designs and methodologies. Nepalese 
Heart Journal endorses the use of an appropriate reporting guideline 
when writing any health research manuscript. You can find the most 
commonly required reporting guidelines at https://www.equator-
network.org/, which also provides general information on how to 
choose the correct guideline and why guidelines are important. 

At minimum, your article should report the content addressed 
by each item of the identified checklist or state that the item was not 
considered in the study (for example, if you did not use blinding, 
your article should specify this). Meeting these basic reporting 
requirements will greatly improve the value of your manuscript, 
may facilitate/enhance the peer review process, and may enhance 
its chances for eventual publication.1 We also highly recommend 
using tools like https://www.goodreports.org/ for easing the writing 
process and using the checklist.2

These guidelines have been incorporated in practice not only in 
the international journals but also in our national journals.3 

In the domain of biomedical research, reporting guidelines are 
not constraints but catalysts for scientific advancement. They express 
our commitment to precision, transparency, and the relentless pursuit 
of knowledge. Let us, as contributors to the Nepalese Heart Journal, 
embrace these guidelines as instruments that fortify our scholarly 
legacy, enrich our academic discourse, and propel our research to 
global acclaim. Together, let's create a narrative of excellence that 
resonates far beyond the pages of our journal.
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Abstract

Background: Patients undergoing coronary artery bypass graft (CABG) and valve replacement surgery often develop 
pulmonary complications in early post-operative period as results of decreased lung function and impaired cough reflex. The 
recent study aimed to determine and compare effectiveness of respiratory PNF to conventional physiotherapy in improving the 
pulmonary function and airway clearance in early period of CABG and valve replacement patients.

Methods: A Randomized control trial was conducted on 46 subjects with median sternotomy incision. Participants were 
assigned to either Group A (n=23) received phase one of cardiac rehabilitation or Group B (n=23) received phase one of 
cardiac rehabilitation and respiratory PNF. The sessions were carried for 30 min for five consecutive days twice a day. 
Outcome measure in the present study were peak flow meter, thoracic expansion, sputum volume, respiratory rate, heart rate 
and blood pressure. The outcome measures were evaluated on baseline and post 5 days of the intervention.

Results: within group analysis revealed that both the interventional and control groups improved significantly on all outcome 
measure with p-value less (p<0.005) than in all parameters expect for blood pressure, whereas a significant difference was seen 
in between group analysis in blood pressure (0.0500) and hear rate (0.0210).

Conclusion: the study concluded that phase one cardiac rehabilitation along with respiratory PNF are effective in improving 
the lung function, rate and depth of breathing, sputum clearance.

Keywords: phase one cardiac rehabilitation, respiratory PNF, CABG and valve replacement.

DOI: https://doi.org/10.3126/nhj.v21i1.65698

Introduction
Due to a rise in the disease frequency, cardiovascular diseases 

have lately become more important in India. It is first among the top 
5 causes of mortality of coronary vascular disease.1

CABG and valve surgery is carried through median sternotomy 
incision, which violates the chest wall. This has an impact on 
breathing pattern, due to which rate and depth of breathing is altered. 
Pain is experienced while breathing so individuals take shallow 
breaths that leads to less thoracic movement and causes decreased 
thoracic expansion of the chest.2 After surgery patients commonly 
avoid coughing due to the prolonged effects of anesthesia and the 

absence of the cough reflex because of the pain at the incision site, 
which causes the cough to accumulate within the bronchial tree. 

Cardiac rehabilitation increases exercise ability, quality of life, 
and mental health along with lowering mortality, morbidity, and 
unnecessary hospital admissions.6 Following heart surgery, inpatient 
cardiac rehabilitation, also known as Phase I cardiac rehabilitation 
programs, is used to encourage early mobility and improve post-
operative care.5

Breathing depth and rate can be changed by proprioceptive 
and tactile stimulation through neurophysiological facilitation. 
Stretching the intercostals is a productive treatment that enhances 
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respiratory muscle activation and breathing rhythm, increases 
diaphragmatic excursion, chest expansion, and elevation of the chest 
wall. Anterior basal lift is procedure that aids increasing respiratory 
muscle activity and in turn increases intrathoracic lung capacity, 
which helps to increase flow rate percentage.7,8 According to Rood, 
the diaphragm is activated through co-contraction of the abdomen 
this technique stretches the abdominal muscles, which excites  the 
muscular spindle and caused its homogeneous extrafusal muscles 
to contract. Post operative pulmonary complications are most 
common problems encountered by physiotherapist in early phase of 
cardiac rehabilitation. The purpose of the research was to evaluate 
and compare effectiveness of respiratory PNF in phase one cardiac 
rehabilitation.

Method
Present study was conducted in Intensive Thoracic Unit of 

tertiary care hospital, in Belagavi city from January 2023 to July 
2023. An ethical clearance from institution ethical committee was 
obtained and the study was registered under CTRI. A Randomized 
control trial was conducted on 46 subjects with median sternotomy 
incision. Participants were assigned to either Group A (n=23) 
received phase one of cardiac rehabilitation or Group B (n=23) 
received phase one of cardiac rehabilitation and respiratory PNF.An 
ethical clearance from institution ethical committee was obtained 
and the study was CTRI registered. Participants were screened for 
inclusion and exclusion criteria. Following the screening criteria 
eligible participants willing to participate in the study were provided 
with written inform consent. Simple random sampling was used 
to accomplish the randomization. The participants were randomly 
allotted in experimental and control group through envelop method. 
The study was a single blinded study. The statistician involved in the 
study was blinded to the intervention and control groups to ensure 
unbiased data analysis. Demographic data, pre and post assessment 
of the outcome measures were noted. 

Participants:
Inclusion criteria: Participants age group between 20- 70 years 

of both the genders. Participants  who are  willing  to participate. 
Participants referred to physiotherapy. Participants who underwent 
median sternotomy incision.

Exclusion criteria: Participants  who  are  uncooperative. 
Participants with hemodynamic instability. Critically ill patient. 
Participants with cognitive inability to understand the procedure.

Intervention:
Similar post-operative medical treatment, nebulizer (budecort 

0.5mg, duolin nebulizer solution), chest binder and incentive 
spirometer (800 cc/ sec) were administered to all the participants. 
Cardiac rehabilitation intervention with regards to the research, 
intervention study, started on POD2 for both the groups. The 
same therapist administered intervention in both the groups. Each 
participant was given a demonstration and detailed instructions 
about the intervention. Subjects were randomly allotted (envelop 
method) to Group A (control group) and Group B (experimental 
group). Intervention lasted for 20-30 minutes, twice a day for 5 days 
for both the groups. 

Control group:
The treatment included standardized protocol of phase 1 cardiac 

rehabilitation. 
Step 1: 	 diaphragmatic breathing exercises. (5 repetitions, 3 

sets), Active assisted ROM bilateral upper limb and 
lower limb (5repetitions, 3 sets) Ankle toe movements 
(5 repetitions, 3 sets), thoracic mobility exercises (5 
repetitions, 3 sets) 

Step 2: 	 repeat step 1, sitting on the edge of the bed, active range 
of motion bilateral upper limb (shoulder abduction were 
limited to below 90 degree) and lower limb (5 repetitions, 
4 sets)

Step 3: 	 repeat step1, repeat step 2, supported room ambulation.
Step 4: 	 repeat step1, repeat step 2, repeat step 3, trunk mobility 

exercises (5 repetitions, 3 sets), and unsupported ward 
ambulation (2 rounds)

Step 5: 	 repeat step 4 and downstairs 2- flight (2 times/day), 
progression of ambulation10 

Intervention group:
Similar intervention as above was followed along with phase 1 

cardiac rehabilitation respiratory PNF was administered. 

Inter costal stretch: subject positioning was standardized to 
supine flat, limbs in neutral position. The position of the therapist 
is behind the patient. First palpate the suprasternal notch. Then goes 
downward about 5cm.  2nd rib lies at the level of angle of Louis trace 
the finger laterally. The intercostal stretch technique was applied over 
2nd- 6th rib bilaterally. The technique was given with the help of index 
finger. The direction of the pressure was downward towards the next 
rib. Technique was applied during expiration phase. It is applied for 
three breaths with 1-minute rest and three times repetition.7 

Anterior Basal lifting: This procedure was performed by placing 
the hands under the posterior ribs of the supine patient and gently 
lifting the lower ribs upward. The lift is maintained and provides a 
maintained stretch and pressure posteriorly and stretch anteriorly as 
well. This technique was performed thrice and maintained for five 
breaths.7,11 

Co contraction of abdomen: Provided by the therapist by pressing 
adequately pressure on the lower ribs and pelvis on the same side, so 
that the pressure is applied at the same angle. This technique will be 
performed thrice and maintained for five breaths.11,12

Outcome measures:
Peak expiratory flow meter: 

the patient was seated in a chair or in fowler’s position on bed. 
The patient was instructed to inhale as deeply as they could and blow 
into the mouthpiece as rapidly as possible. The method was carried 
out three times for accurate measurements, and the average of the 
three was calculated.8,3

Sphygmomanometer: 
diamond mercurial blood pressure monitor was used to access 

the blood pressure. The patient was seated comfortably supine 
position.11

Respiratory rate:
the patient was in supine position, with the use of stopwatch the 

patient’s respiratory rate was counted for one minute.11

Heart rate: 
pulse oximeter was used to access the heart rate. The patient was 

in supine position resting comfortably.
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Sputum volume: 
Sputum was collected in a container with markings to indicate 

the volume of sputum produced during each intervention (for each 
session/day)13. On POD 6, it was reported how much sputum had 
been expectorated overall (in mL) from POD 2 to POD 6.6

Thoracic expansion measurements: 
The participants were sitting comfortably in upright position and 

the readings were taken at three level that is at the axillary, nipple, 
and xiphisternum were marked. They were instructed to take a few 
regular breaths first and then asked for full exhalation, followed by 
a full inhalation and a short holding period. Using a measuring tape, 
the difference between the maximal inhalation and exhalation was 
recorded while holding breath at each of the three levels.7,8,27

Statistical analysis:
The various statistical measures such as mean, standard 

deviation, paired t test, Kolmogorov Smirnov test, Mann- Whitney 
U test was applied as required. Within group outcome measures like 
RR, HR blood pressure, thoracic expansion measurements, sputum 
volume and PEFR within group A and group B and between group 
A and group B was done using Kolmogorov Smirnov test, Mann- 
Whitney U test, dependent t test, independent t test.

Results 
        A total of 60 participants were screened for inclusion criteria, 

of this 10 did not meet the inclusion criteria, 4 declined to participate. 
46 participants met the inclusion criteria and were randomly divide 
into experimental and control group. All participants baseline and 
post intervention i.e., on 5th day score of respiratory rates, heart rate, 
peak flow rate, thoracic expansion measurements, sputum volume 
and blood pressure were noted. 

Table 1 shows the age, gender, and BMI of the subject in both 
the groups. There was no statistical difference in age and BMI. 
Males accounted for more than half of these patients. (56.52% in 
control and 78.26% in intervention group)

Although respiratory rate improved markedly in both the groups 
through the intervention, The difference in effect size between the 
two intervention was minimal (table 2) (figure 1). Group B was found 
to be more effective than group A. Heart rate improved markedly 
in the group through the intervention, The difference in effect size 
between the two intervention was minimal (table 3). Group B was 
found to be more effective than group A. As the table 4 suggest that 
systolic blood pressure has shown significant improvement from 
baseline to day 5 for both within and between group analysis. The 
difference in effect size was seen more in group B as compared to 
group A (table 4). There was no significant statistical difference seen 
in diastolic blood pressure in both the groups. (Table 5) sputum 
volume markedly improved in the group through the intervention 
(table 6) (figure 2), The difference in effect size between the two 
intervention was minimal. Group B was found to be more effective 
than group A. Peak expiratory flow rate markedly improved in the 
group through the intervention (table 7) (figure 3). The difference 
in effect size between the two intervention was minimal. Group A 
was more effective than group B. Thoracic expansion measurement 
markedly improved in the group through the intervention (table 
8). The difference in effect size between the two intervention was 
minimal. There was significant difference in group B at t4 level. 

Table 1: demographic data

Profile group A % Group B. % p-value
Gender 

Male 13 56.52 18 78.26 0.1160

Female 10 43.48 5 21.74�

Age    

<= 40 yrs. 5 21.74 5 21.74

41- 50 yrs. 2 8.70 7 30.43 0.2890

51- 60 yrs. 8 34.78 6 26.49

< 61 yrs. 8 34.78 5 21.74

Obesity                     

Normal 3 13.04 5 21.74

Over-
weight 11 47.83 8 34.78           0.5990

Obese 9 39.13 10                  43.48

Total 23 100.00 23 100.00

Table 2: Respiratory rate:

Within group Between group

Group Chang-
es from

Mean ± 
SD p-value Effect 

size
Mean ± 
SD

p-val-
ue

Group A BL-
Day 5

7.48 ± 
2.27 0.0001* 0.8450 7.48 ± 

2.50 0.3650

Group B BL-
Day 5

11.91 ± 
4.20 0.0001* 0.8750 11.91 ± 

2.90 0.6680

Table3: Heart rate:

Within group Between group

Groups Chang-
es from

Mean 
± SD p-value Effect 

size
Mean ± 
SD p-value

Group A  BL-
Day 5

8.96 ± 
12.87 0.0002* 0.8450 8.96 ± 

14.83 0.0020*

 Group B BL-
Day 5

11.48 
± 5.43 0.0001* 0.8750 11.48 ± 

5.62 0.4910

Table 4: Systolic blood pressure:

Within group Between group

Groups Changes 
from

Mean 
± SD p-value Effect 

size
Mean 
± SD p-value

 Group A BL-Day 5 4.04 ± 
8.21 0.0479* 0.2000 4.04 ± 

7.81 0.0130*

 Group B BL-Day 5 8.78 ± 
10.94 0.0078* 0.4340 8.78 ± 

9.03 0.0500*

Table 5: Diastolic blood pressure:

Within group Between group 

Groups Chang-
es from

Mean ± 
SD p-value Effect 

size
Mean 
± SD

p-val-
ue

 Group A BL-
Day 5

-0.39 ± 
7.20 0.9375 0.0020 -0.39 

± 6.82 0.0870

 Group B BL-
Day 5

0.43 ± 
10.58 0.9039 0.0900 0.43 ± 

15.21 0.7390
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Table 6: Sputum volume:

Within group Between group

Groups Changes 
from

Mean ± 
SD p-value Effect 

size
Mean ± 

SD
p-val-

ue

Group 
A

Pre-test 
to  

post-test

12.35 ± 
4.73 0.0001* 0.8770 12.35  ± 

4.63 0.4160

Group  
B

Pre-test 
to  

post-test

20.70 ± 
4.29 0.0001* 0.9610 20.70 ± 

4.62 0.7490

Table 7: Peak expiratory flow rate:

Within group Between group

Groups Changes 
from

Mean ± 
SD p-value Effect 

size
Mean ± 

SD p-value

Group 
A

Pre-test  
to  

post-test

113.79 
± 25.92 0.0001* 0.9530 113.79 ± 

31.03 0.5450

Group 
B

Pre-test  
to  

post-test

161.45 
± 68.95 0.0001* 0.8510 161.4 5±  

84.04      0.1060

Table 8: Thoracic expansion measurement:

Measure-
ments Groups Within group Between group

Chang-
es from

Mean± 
SD

p- 
value

Effect 
size

Mean 
± 

SD

p- 
value

At axilla

Group 
A

Pre-test 
to 

post-test

0.48 ± 
0.19 0.0001* 0.8690

0.48 
± 

0.19
0.8650

Group 
B

Pre-test 
to 

post-test

0.59 ± 
0.25 0.0001* 0.8490

0.59 
± 

0.25
0.8650

At t4 level

Group 
A

Pre-test 
to 

post-test

0.85 
±0.31 0.0001* 0.8880 0.85 

±0.31 0.1100

Group 
B

Pre-test 
to 

post-test

1.19 ± 
0.33 0.0001* 0.9320

1.19 
± 

0.33
0.1450

At xiphoid 
process

Group 
A

Pre-test 
to 

post-test

0.83 ± 
0.30 0.0001* 0.8890

0.83 
± 

0.30
0.6650

Group 
B

Pre-test 
to 

post-test

0.83 ± 
0.48 0.0001* 0.7560

0.83 
± 

0.48
0.7800
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Figure 1: Comparison of Group A and Group B with RR scores at 
different treatment time points 
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Figure 2: Comparison of Group A and Group B with SPUTUM 
VOLUME scores at different treatment time points
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Figure 3: Comparison of Group A and Group B with PEAK FLOW 
TARE scores at different treatment time points

Discussion
The present study had focused to evaluate the comparative 

effectiveness of respiratory PNF with conventional cardiac 
rehabilitation on RR, HR, blood pressure, PEFR, thoracic expansion 
flow rate and sputum volume in phase one cardiac rehabilitation. 
This study is a single blinded randomized controlled trial. The total 
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number of participant’s recruited in the study were (n=46) in phase 
one cardiac rehabilitation with median sternotomy incision.

According to literature PNF procedures are applied to enhance 
pulmonary functioning and diaphragm muscle activity. Techniques 
are used to increase reaction and strengthen the muscles that control 
breathing. The direct application of these techniques, which are based 
on SHERRINGTON’S LAW OF SUCCESSIVE INDUCTION, 
stimulates the intrinsic muscles of respiration and increases the range 
of motion of the chest and diaphragm. This facilitates movement 
by inducing a stretch reflex and stimulating the intrinsic muscles of 
respiration.13 A facilitator stimulus in the form of PNF respiration 
is generally established to induce responses to reflex respiratory 
movement approaches involve the use of external proprioceptive 
and tactile signals to produce reflex respiratory movement reactions 
that alters breathing frequency and depth. Abdominal co-contraction, 
intercostal stretch, and anterior stretch basal lift are some common 
PNF procedures.17,18 

Chordiya SS et al research concluded that the values of 
pulmonary function and hemodynamic parameters were compared 
following traditional chest physiotherapy, and it was shown that 
PNF considerably improved the values of CPT pulmonary and 
hemodynamic parameters in mechanically ventilated patients14. The 
study statement by Kumar JA et al. our current research outcome 
by suggesting that phase one cardiac rehabilitation along with 
respiratory PNF shows enhancement in patient condition through 
decrease in RR, HR and Spo2.15 During respiratory PNF, specific 
patterns of breathing and muscles contractions are employed to 
activate the muscle responsible for breathing, such as diaphragm, 
intercostal and accessory respiratory muscles. This activation 
leads to an increased awareness of breathing process, improving 
coordination and efficiency of breathing muscles. Therefore, in 
the recent study shows that post 5 days of intervention in post 
operated CABG and valve replacement patients there was significant 
difference in RR, heart rate. The study statement by Kumar JA et al. 
our current research outcome by suggesting that phase one cardiac 
rehabilitation along with respiratory PNF shows enhancement in 
patient condition through decrease in RR, HR and Spo2.15

The respiratory drive is controlled by input from sensory 
receptors in the airway, lungs, and respiratory muscles as well as 
central and peripheral chemoreceptors, the respiratory rate decreases 
when chest PNF is administered. The Golgi Tendon Organ (GTO), 
which is responsive to muscular stretch, regulates the contraction 
and relaxation of the respiratory muscles. This causes the muscle 
spindles to fire, which sends the signal to the central nervous system 
via the Alpha and Gamma motor neurons, which are directly in 
charge of starting the contraction of the muscle. IC Stretch causes 
the muscle fibers to contract and therefore resist the stretch because 
it enhances alpha motor neuron activity. The strength of the stretch 
reflex is controlled by gamma motor neurons, which innervate 
intrafusal muscle fibers of muscle spindles. Stretching the chest wall 
right before inhalation enhances gamma motor neuron discharge and 
improves alpha motor neuron activity.7,8,16

Thorat KD et al conducted a study on patients with spinal cord 
injury which was mainly based on pulmonary function and chest 
expansion17. it suggested that respiratory PNF enhanced pulmonary 
function and chest expansion in patients with spinal cord injury. 
In the present study significant difference was seen in thoracic 
expansion measurements at all three levels i.e., at axilla, at T4 

level, at xiphoid process but effect size was more at t4 level in the 
experimental group. Respiratory PNF is a technique used to enhance 
respiratory muscle coordination and thoracic expansion. The 
mechanism of increase thoracic expansion after respiratory muscle 
PNF involves stimulating proprioceptive receptors in respiratory 
muscle which provides feedback to the central nervous system. The 
proprioceptive feedback from the activated respiratory muscles helps 
the CNS to fine-tune the timing and intensity of muscle contraction 
during breathing. This enhanced proprioceptive feedback for 
better synchronization of the respiratory muscles leading to a more 
effective and coordinated expansion of the chest during inspiration.

Mistry HM et al conducted a study and was based on RR, 
PEFR and chest expansion measurements in patient with chronic 
obstructive pulmonary disease8. The study concluded that respiratory 
PNF was effective in improving RR, PEFR, and chest expansion. In 
the present study it shows that post 5 days of intervention in CABG 
and valve replacement surgery it was effective in reducing RR, 
increasing PEFR and thoracic expansion measurements. Increase 
in PEFR after introducing respiratory PNF is due to the following: 
improving respiratory muscle strength, enhanced coordination i.e., 
effective breathing requires precise coordination between respiratory 
muscles, increased thoracic mobility, reduced airway resistance i.e., 
improved respiratory muscle strength and coordination along with 
increased thoracic mobility, can reduce this resistance. When the 
respiratory muscle work optimally, they can effectively overcome 
any resistance encountered in the airways, leading to smooth and 
increased peak expiratory flow rate.

Amin R et al conducted a study on patients undergoing CABG 
which was mainly based on pulmonary ventilation regimen to 
improve ventilation and avoid post operative complications in 
CABG patients,10 similar observations were seen in the present study 
using incentive spirometry along with respiratory PNF and CRP 
enhances sputum clearance and improve pulmonary ventilation. 

The primary muscle of breathing is diaphragm. Through its 
insertion at the lower ribs, the diaphragm exerts direct pressure 
on the rib cage, which the abdominal muscles then use to lower 
intrathoracic pressure. Effective coughing is influenced by the 
strength of the abdominal muscles. Individuals with weak abdominal 
muscles exhibit inefficient coughing, which can accumulate 
secretions and cause infections, which can impair pulmonary 
function.16 This results in functional interruption of the diaphragm 
movement by reflex suppression of the phrenic nerve.10,15,19,20 

In the present study CRP have significant effect on hemodynamic 
responses such as heart rate and blood pressure. Stable HR, SBP, 
and DBP readings during both PNF stimulations show that the 
procedures were properly tailored to the patients’ needs. Aggressive 
stimulation may cause tachycardia, as well as discomfort and 
fatigue. The comparison between the control and interventional 
group showed significant improvement in heart rate and SBP and 
DBP post intervention in both the groups. O’ Farrell et al found that 
low intensity exercise training significant improvement in SBP and 
DBP. The result of this study can be supported by Ghashghaei FE 
et al, which characterized that cardiac rehabilitation significantly 
improves functional capacity and some hemodynamic responses 
post CABG.23,4 Therefore, the results of this study provide 
preliminary evidence where respiratory PNF along with cardiac 
rehabilitation was an effective treatment to improve chest expansion, 
peak expiratory flow rate, sputum volume and blood pressure and 
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to lower the heart rate, respiratory rate in post operated CABG and 
valve replacement patients.

The current study had several limitations. Initially recruiting 
larger sample size was difficult due to post operative complications 
such as prolonged mechanical ventilation and oozing from suture 
site. Furthermore, patients with low-risk postoperative pulmonary 
complications were included in the study. Finally, the long-term 
effect of respiratory proprioceptive neuromuscular facilitation in 
phase one cardiac rehabilitation were not monitored. Further studies 
in patients with different risk and longer duration are suggested to 
be carried out.

The present study concludes that cardiac rehabilitation along 
with respiratory PNF was associated with enhanced respiratory 
muscle strength and function, effective in improving rate and 
depth of breathing, sputum volume and pulmonary function in post 
operated CABG and valve surgeries.
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Abstract

Background: The cardiovascular protective effects of consuming flaxseed, such as improving lipid profile and reducing 
inflammatory markers, have been studied in both animals and humans. This study aimed to assess the effects of flaxseed in 
patients taking antihypertensives and compare their blood pressure before and after daily consumption of flaxseed on days 0, 
45, and 90.

Methods: This randomized trial was registered at ClinicalTrials.gov (Identifier: NCT0475950). A single-blind, parallel-
group, prospective interventional randomized clinical trial was conducted using a lottery sampling method. Systemic blood 
pressure measurements were taken on days 0, 45, and 90. Descriptive statistics, including percentages, means, and standard 
deviations (SD), were calculated and presented. Inferential analyses involved independent t-tests and paired t-tests.

Results: Out of 72 hypertensive patients, 34% were males and 38% were females. There were no withdrawals from the study 
post-enrollment. The mean age of enrolled patients was 55.38 years, and the mean BMI was 26.53 kg/m2. After 90 days, the 
flaxseed group demonstrated a significant reduction in mean Systolic Blood Pressure (SBP) from 151.62 to 131.89 mmHg, 
equating to a 13.01% decrease versus 4.77 % reduction in placebo group (p-value = 0.001). While there was also a reduction 
in mean Diastolic Blood Pressure (DBP) from 94.86 to 81.08 mmHg, corresponding to a 14.53% decrease in flaxseed group 
versus 5.7% reduction in placebo group, this change was not statistically significant (p-value = 0.082). 

Conclusion: Flaxseed, when given alongside antihypertensives to patients with hypertension, can be effective and safe in 
maintaining blood pressure, thus reducing the risk of cardiovascular diseases.

 
Keywords: antihypertensives; flaxseed; clinical trial; cardiovascular diseases; blood pressure
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Background
Hypertension, a significant predisposing factor for fatality 

worldwide, is responsible for approximately 8.5 million 
cardiovascular deaths globally. Extensive research is underway to 
find cost-effective medications for managing hypertension.1 The 
economic impact of treating hypertension is substantial, with an 
estimated direct and indirect cost of $51.2 billion in 2012-2013 and 
a projected total direct cost of $200 billion by 2030.1

Accurate diagnosis and evidence-based treatment of hypertension 
can effectively reduce cardiovascular events, disability, and death 
among patients.2 The American Heart Association has updated its 
recommendations, defining hypertension as a blood pressure reading 
of 130/80 mm Hg or higher and providing new treatment guidelines 
that include lifestyle modifications and blood pressure-lowering 
drugs.3 Hypertension is often referred to as the “silent killer” due 
to the absence of symptoms or warning signs, highlighting the 
importance of regular blood pressure monitoring.4 However, 
challenges persist in diagnosis and treatment due to reliance on cuff 
evaluations and the potential for long-standing, unpredictable, and 
side effect-linked treatment regimens.4 Furthermore, only a fraction 
of patients who require blood pressure-lowering drugs have access 
to effective and affordable medications.4

Controlling elevated blood pressure, along with addressing 
other risk factors such as diabetes, dyslipidemia, and smoking, is 
crucial for preventing atherosclerotic diseases. Nutritional factors, 
accounting for approximately 40% of all cardiovascular diseases, 
including hypertension, have been studied in relation to the 
beneficial effects of flaxseed supplementation as a source of alpha-
linolenic acid (ALA).5-8

The increasing prevalence of non-communicable diseases 
(NCDs) in Nepal, where NCDs account for nearly 50% of total 
deaths and cardiovascular disease represents 25% of these deaths, 
highlights the importance of addressing hypertension as a crucial 
risk factor.9 Nepal has one of the highest proportions of hypertensive 
individuals, with an estimated prevalence of 27.3%.9 Studies 
conducted in eastern Nepal have reported a hypertension prevalence 
of 33.9% among adults aged 20 years and above, emphasizing the 
need for interventions targeting cardiovascular risk factors.10

Flaxseed, derived from Linum usitatissimum L., is rich in alpha-
linolenic acid, an omega-3 fatty acid. Its cardiovascular protective 
effects demonstrated through improvements in lipid profiles and 
reductions in inflammatory markers, have been investigated in both 
animal and human studies.11-18 This study aims to further explore 
the potential use of flaxseed as a promising anti-hypertensive 
medication in our specific settings as no such flaxseed intervention 
in hypertensive patients were conducted yet in Nepal till date.

Methods 

2.1. Study design
The present study was a single-blind, two parallel-group, prospective 

interventional randomized clinical trial conducted on hypertensive 
patients visiting the Medicine OPD [Out Patient Department) of B.P. 
Koirala Institute of Health Sciences, Dharan, Nepal.

2.1.1. Protocol registration
After receiving approval from the Institutional Review 
Committee, BPKIHS, and the Nepal Health Research 
Council, Kathmandu, the study was registered on 
clinicaltrials.gov with the registration number ID: 
NCT04759508.

2.1.2. Ethical statement

The study was approved by the Institutional Review 
Committee at BPKIHS, Dharan (Reference no: 347/077/078-
IRC), and the Nepal Health Research Council, Kathmandu-
Nepal (Reference no: 2608). Eligible participants received 
detailed information about the study, including potential 
adverse drug reactions, before providing informed consent 
and information on demographic factors and medical 
history.

2.2. Participant selection
2.2.1. Inclusion criteria

The inclusion criteria for participants were as follows:

•	 Patients aged 18 years and above with a confirmed 
diagnosis of hypertension

•	 Patients who agreed to take only physician-advised 
medicine.

•	 Patients who strictly followed the advised diet.

•	 Patients taking a single antihypertensive drug with 
equivalent doses.

2.2.2. Exclusion criteria

The following individuals were excluded:

•	 Patients suffering from serious or recurrent infections.
•	 Pregnant or breastfeeding women, immunodeficiency 

or HIV patients.

•	 Patients presenting with any mental abnormality that 
could impede or be influenced by the study procedure.

•	 Patients with a history of bleeding disorders.

•	 Hypersensitivity reaction or allergy to flaxseed.

•	 History of surgery within the past 6 weeks.

•	 Patients who did not give informed consent.

•	 Alcohol consumption > 30 U/day.

•	 Cigarette smoking > 2 packs/day.

•	 Patients taking multiple antihypertensive drugs.

2.3. Randomization and blinding
Randomization was conducted using the “lottery method,” which 

is a common and basic randomization technique. Interventional and 
placebo groups were numbered on separate slips of paper of the same 
size, shape, and color. The slips were folded, mixed in a container, 
and a blindfolded selection was made. The required number of slips 
was selected for the desired sample size, and the respective groups 
were allocated in a sequence.
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2.4. Sample size calculation
The number of participants required in each group was calculated 

using a power and sample size program. The sample size estimation 
for this study was based on the following formula: 

Using the formula of two samples mean comparison: -

n = {2σ2 (Zα/2+Zβ)2}/ (x̅1 - x̅2)2 where, σ= combined standard 
deviation, 

Here, σ1=11, σ2=10

Zα/2 = 1.96 for a 95% confidence level

This set of data was decided by taking reference from the result 
obtained by Levya et al. (11)

2.5. Intervention
After obtaining clearance from the IRC and NHRC, 

randomization was conducted, assigning participants to either the 
Interventional group receiving Flaxseed Capsule 500 mg or the 
placebo group receiving a look-alike capsule with no therapeutic 
effect. Both groups were instructed to take their respective capsules 
twice a day along with the anti-hypertensive drug Amlodipine 5 mg. 
On the first day of enrollment, before the start of the intervention, the 
blood pressure of all enrolled subjects was measured. Demographic 
data and recorded blood pressure were documented on Day 0. 
Subjects were then given their respective capsules, and the first 
follow-up was conducted on the 45th day. Finally, subjects were 
followed up again on the 90th day. The proforma, which included 
patients’ socio-demographic data, blood pressure values, adverse 
drug reactions (ADR), and drug interactions, was completed. 
The data were appropriately coded, entered into MS Excel, and 
subsequently analyzed using SPSS v20 for further analysis.

2.5.1 Subject withdrawal 

The study team made every reasonable effort to complete the 
study. If any subject wished to withdraw from the study at 
any time, he or she was permitted to do so. Every reasonable 
effort was made to complete a final assessment.

A subject may withdraw from the study in any of the 
following circumstances:
1.	 Serious adverse events
2.	 Major violation of the protocol
3.	 Withdrawal of consent
4.	 Occurrence of any systemic illness during the study 

period requiring the intake of other drugs
5.	 Dose modification of equivalent antihypertensive 

medications required as per the physician’s discretion.

2.6 Outcome measures 
2.6.1 Primary outcome measures
•	 To assess the effects of Flaxseed in patients taking 

antihypertensive drugs.
2.6.2 Secondary outcome measures
•	 To compare the blood pressure of patients before and 

after daily consumption of Flaxseed on Day 0, 45th day, 
and 90th day.

•	 To analyze adverse effects after daily consumption of 
Flaxseed.

2.7 Statistical analysis 
The intention-to-treat (ITT) population was used for the efficacy 

analysis. For safety analysis, all randomized participants who took 
at least one dose of any investigational drug were included. Data 
collected from the study were coded and evaluated using MS Excel 
2013. SPSS 20v was used for per-protocol statistical analysis. 
Descriptive statistics, including percentages, means, and standard 
deviations, were calculated and presented graphically and in tables. 
For inferential analysis, independent t-tests and paired t-tests were 
applied to determine significant differences between the groups 
taking both amlodipine and flaxseed and the other groups taking 
Amlodipine and placebo drugs. Other relevant variables were 
calculated at a 95% confidence interval, with p<0.05.

Procedure-

Figure 1: CONSORT Diagram of Study

Results 
The study was conducted from September 2020 to September 

2021, and it included hypertensive patients above the age of 18 
who visited the medicine OPD. A total of 72 hypertensive patients 
participated in the study, comprising 34 males and 38 females. They 
were divided into two groups: Drug Therapy group (37 patients) and 
the Placebo group (35 patients). There were no dropouts after the 
final enrollment. The mean age of the enrolled patients was 55.38 
years, and the mean BMI was 26.53 kg/m2. Six patients experienced 
side effects such as nausea, constipation, and hypotension due to 
Flax capsule intake, and they were appropriately managed at the 
Medicine OPD. Vitals were stable at the time of the OPD visit for 
all those six patients. Proton pump inhibitor (Omeprazole tablet), 
Laxative (Lactulose syrup), Oral rehydration therapy, reassurance, 
and proper counseling to encourage further participation in this 
study was assured. The detailed results of this Randomized Single 
Blind Placebo Controlled Trial are presented below.
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Table 1: Baseline characteristics of the study population

Drug Therapy
n=37 (51.4%)

Placebo Therapy
n=35 (48.6%)

Gender
Male 11 (29.7) 22 (62.9)
Female 26 (70.3) 13 (37.1)
Age in years
18-40 3 (8.1) 3 (8.6)
41-60 21 (56.8) 24 (68.6)
>60 13 (35.1) 8 (22.9)
District
Sunsari 32 (86.5) 26 (74.3)
Morang 0 (0) 5 (14.3)
Siraha 1 (2.7) 2 (5.7)
Saptari 3 (8.1) 1 (2.9)
Dhankuta 1 (2.7) 1 (2.9)
Religion
Hindu 32 (86.5) 31 (88.6)
Muslim 1 (2.7) 1 (2.9)
Christian 3 (8.1) 2 (5.7)
Kiratis 0 (0) 1 (2.9)
Buddhist 1 (2.7) 0 (0)
Marital status 
Married 37 (100) 35 (100)
Unmarried 0 (0 %) 0 (0 %) 
Residence
Semi-Urban 34 (91.9%) 34 (97.1)
Rural 3 (8.1%) 1 (2.9)
Education
Literate 17 (45.9%) 25 (71.4)
Illiterate 20 (54.1%) 10 (28.6)
Occupation
Business 5 (13.5%) 7 (20)
Homemaker 20 (54.1%) 10 (28.6)
Teacher 1 (2.7%) 3 (8.6)
Farmer 5 (13.5%) 8 (22.9)
Service 5 (13.5%) 7 (20)
Sweeper 1 (2.7%) 0
Duration of Hypertension (in years) 
1 to 5 21 (56.8%) 29 (82.8)
6 to 10 6 (16.2%) 3 (8.6)
11 to 15 8 (21.6%) 3(8.6)
16 to 20 1 (2.7%) 0 (0)
>20 1 (2.7%) 0 (0)
Family History
Yes 17 (45.9%) 20 (57.1)
No 20 (54.1%) 15 (42.9)
Smoking 
Yes 13 (35.1%) 20 (57.1)
No 24 (64.9%) 15 (42.9)
Alcohol intake 
Yes 11 (29.7%) 25 (71.4)
No 26 (70.3%) 10 (28.6)
BMI 
<18.5 1 (2.7%) 0 (0)
18.5-22.9 2 (5.4%) 8 (22.9)
23-24.9 9 (24.3%) 9 (25.7)
25-29.9 17 (45.9%) 14 (40)
>30 8 (21.6%) 4 (11.4)

Figure 2: Distribution of Groups in Patients Receiving Intervention
Figure 2 displays the distribution of patients in the intervention 

study. Out of the total 72 patients, 51.39% received drug therapy 
consisting of flax capsules with Amlodipine, while 48.61% received 
placebo therapy consisting of placebo capsules with Amlodipine, as 
illustrated in Figure 2.

Figure 3: Age distribution among patients receiving intervention
Figure 3 presents the age distribution of the 72 enrolled patients. 

Among them, 63% fell within the 41-60 years age group, 29% 
belonged to the above 60 years age group, and only 8% were in the 
18-40 years age group. These patients had hypertension and were 
undergoing antihypertensive drug therapy for a specified duration, 
as depicted in Figure 3.
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Figure 4: Prevalence of family history among enrolled patients
In Figure 4, the comparison between enrolled patients receiving 

drug therapy (Flax capsule and Amlodipine together) and placebo 
therapy (Placebo capsule and Amlodipine together) reveals 
no significant difference in the prevalence of family history of 
hypertension. Specifically, 51% of the patients reported a positive 
family history, while 49% reported a negative family history of 
hypertension, as depicted in Figure 4.

Figure 5: Distribution of BMI among patients receiving the 
intervention

Given the significant correlation between BMI and SBP/DBP, 
Figure 5 illustrates the distribution of BMI among the enrolled 
patients. Approximately 60% of the patients fall within the obese 
category, followed by 25% in the overweight category, and around 
14-15% within the normal category, as depicted in Figure 5.

Systolic Blood Pressure and Diastolic Blood Pressure at Day 0

Table 2: SBP and DBP at Day 0 and Independent – Samples T-test

Group Drug Therapy Placebo Ther-
apy p-value*

SBP Day 0 151.62±13.020 
mm of hg

150.86± 
10.396 mm 
of hg

0.671

DBP Day 0 94.86±8.035 mm 
of hg

90 ± 7.060 
mm of hg

0.411

Table 2 summarizes that the SBP and DBP datasets in both groups 
before the intervention at Day 0 are statistically non-significant.

Table 3: Comparison of SBP and DBP following drug therapy and 
Amlodipine using Paired-Samples t-test

Data Comparison Paired Differences p-Value

SBP Day 0 - SBP Day 45 14.324 ± 12.811 0.001

SBP Day 45 - SBP Day 90 5.405 ± 7.301 0.001

SBP Day 0 - SBP Day 90 19.730 ± 12.799 0.000

DBP Day 0 - DBP Day 45 11.892 ± 7.393 0.003

DBP Day 45 - DBP Day 90 1.892 ± 5.695 0.051

DBP Day 0 - DBP Day 90 13.784 ± 8.284 0.002

Table 3 summarizes that there is a significant reduction in 
systolic and diastolic blood pressures following drug therapy and 
Amlodipine when comparing Day 0 to Day 45, Day 45 to Day 90, 
and Day 0 to Day 90, except for the comparison of DBP Day 45 - 
DBP Day 90, which appears to be statistically non-significant.

Table 4: Comparison of SBP and DBP following placebo therapy 
and Amlodipine using Paired-Sample t-test

Data Comparison Paired Differences p-Value

SBP Day 0 - SBP Day 45 5.429 ± 7.413 0.001

SBP Day 45 - SBP Day 90 1.714 ± 5.137 0.063

SBP Day 0 - SBP Day 90 7.143 ± 7.101 0.000

DBP Day 0 - DBP Day 45 4.000 ± 6.945 0.001

DBP Day 45 - DBP Day 90 1.143 ± 5.298 0.211

DBP Day 0 - DBP Day 90 5.143 ± 6.585 0.003

Table 4 summarizes the changes in systolic and diastolic blood 
pressures following placebo therapy and Amlodipine administration. 
The comparisons were made between Day 0 to Day 45, Day 45 to 
Day 90, and Day 0 to Day 90. The results indicate a significant 
reduction in both systolic and diastolic blood pressures, except for 
the comparison between SBP and DBP at Day 45 and Day 90, which 
showed no statistically significant difference.



Effects of Flaxseed on Blood Pressure in Patients Taking Antihypertensive Drugs: A Randomized Trial16

Nepalese Heart Journal 2024; Vol. 21(1), 11-19

Table 5: Comparison of Systolic and Diastolic Blood Pressure 
Changes between Drug Therapy and Placebo Therapy Groups over 
90 Days

Drug Therapy 
(mmHg)

Placebo Thera-
py (mmHg) p-value

Systolic Blood Pressure (SBP)

SBP Day 0 151.62 ± 13.020 150.86 ± 10.396 0.672

SBP Day 45 137.30 ± 6.519 145.43 ± 6.108 0.004

SBP Day 90 131.89 ± 6.163 143.79 ± 6.456 0.001

Diastolic Blood Pressure (DBP)

DBP Day 0 94.86 ± 8.035 90 ± 7.060 0.416

DBP Day 45 82.97 ± 5.199 86.00 ± 6.945 0.041

DBP Day 90 81.08 ± 4.585 84.86 ± 7.016 0.082

The Systolic Blood Pressure (SBP) decreased gradually during 
the two follow-up periods on Day 45 and Day 90 in both treatment 
groups. The magnitude of the decrease was directly proportional to 
the duration of treatment, as shown in Table 5. The between-group 
comparison of SBP percentage on the 45th and 90th day using an 
Independent-Sample T-test was found to be statistically significant.

The diastolic blood pressure (DBP) has decreased in both 
treatment groups, and the magnitude of the decrease is directly 
proportional to the duration of treatment, as indicated in Table 6. The 
between-group comparison of DBP percent on the 45th day using the 
Independent-Sample T-test yielded a statistically significant result 
(p=0.04). However, the between-group comparison of DBP percent 
on the 90th day using the Independent-Sample T-test did not show 
statistical significance (p>0.05).

 

Figure 6: Percentage change in SBP relative to baseline (Day 0) in 
both treatment groups

In order to facilitate the comparison of systolic blood pressure 
(SBP) among the groups, we expressed SBP as a percentage 
relative to the baseline measurement taken on Day 0 (set as 100%). 

Throughout the study period, SBP decreased in all treatment 
groups, with the lowest values observed at Day 90 for each group. 
Notably, when comparing the groups, the reduction in SBP was 
more significant in the group receiving Flax Capsule and equivalent 
antihypertensive medications, in comparison to the group receiving 
Placebo Capsule and equivalent antihypertensive medications, as 
illustrated in Figure 6.

Figure 7: Percentage change in DBP relative to baseline (Day 0) in 
both treatment groups

To standardize the comparison of diastolic blood pressure 
(DBP) across the groups, we expressed DBP as a percentage 
relative to the baseline measurement at Day 0 (set as 100%). Over 
the course of the study, DBP decreased in all treatment groups, 
reaching its lowest point at Day 90 for each group. However, when 
comparing the groups, the decrease in DBP was more pronounced in 
the group receiving Flax Capsule and equivalent anti-hypertensive 
medications, compared to the group receiving Placebo Capsule and 
equivalent anti-hypertensive medications, as illustrated in Figure 7.

After 90 days, the flaxseed group demonstrated a significant 
reduction in mean Systolic Blood Pressure (SBP) from 151.62 
to 131.89 mmHg, equating to a 13.01% decrease versus 4.77 % 
reduction in placebo group (p-value = 0.001). While there was also 
a reduction in mean Diastolic Blood Pressure (DBP) from 94.86 
to 81.08 mmHg, corresponding to a 14.53% decrease in flaxseed 
group versus 5.7% reduction in placebo group, this change was not 
statistically significant (p-value = 0.082). 

Discussion 
In this study, there were a total of 72 patients, comprising 34 

males and 38 females, distributed across different age groups: 18-
40 years, 41-60 years, and above 60 years. The mean age of the 
enrolled patients was 55.38 years, and the mean BMI was 26.53 
kg/m2. Among the total cases, 63% fell within the 41-60 years age 
group, 29% were above 60 years, and only 8% belonged to the 18-40 
years age group. Both sexes were equally represented, with females 
accounting for 53% and males for 47% of the disease occurrence, 
resulting in a female-to-male ratio of 1.1:1. A study conducted by 
Levya et al. in Canada in 2013, titled “Potent Antihypertensive 
Action of Dietary Flaxseed in Hypertensive Patients,” is highly 
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comparable to our study.11 Their study reported a similar mean age 
of presentation (67 years) and a male-to-female ratio of 1:1.

The present study aimed to evaluate the effect of Linum 
usitatissimum L. (Flax) capsules on systolic and diastolic blood 
pressure in patients taking anti-hypertensive drugs. The study 
observed that Flax capsules had a beneficial effect on hypertensive 
patients. The mean systolic and diastolic blood pressure significantly 
decreased in patients taking Flax capsules and Amlodipine together 
compared to those taking Placebo capsules and Amlodipine together.

Side effects such as nausea, constipation, and hypotension 
occurred in 6 patients, and they were appropriately managed at 
the Medicine OPD. Fortunately, all these patients completed their 
assigned interventions. Notably, the study conducted by Levya et al. 
did not address these particular side effects.

Around 80% of the patients were from Sunsari district, while the 
remaining 20% were from nearby districts. This hospital serves as 
the tertiary care center for the eastern region of Nepal, explaining the 
geographical distribution. The religious and ethnic composition of 
the patients aligned with the regional demographics, with 87% being 
Hindu, and the remaining 13% comprising Christians, Buddhists, 
Kiratis, and Muslims.

There was no significant difference in the family history of 
hypertension among the groups, with 51% reporting a positive family 
history and 49% reporting a negative family history of hypertension. 
However, this finding does establish a family history as one of the 
risk factors for hypertension. Smoking and alcohol consumption 
were reported by 46% and 50% of the patients, respectively.

Since BMI is significantly correlated with SBP and DBP, the 
figures demonstrate that approximately 60% of the enrolled patients 
fell within the obese category, followed by 25% in the overweight 
category, and around 14-15% within the normal category.

In the case of loss to follow-up, patients were contacted using 
the contact numbers recorded in the proforma.

In our study, the combination of Flax capsules and anti-
hypertensive drugs resulted in a significant reduction (p<0.05) in 
SBP by the 45th day and at the end of the 90th day, compared to the 
combination of placebo capsules and equivalent anti-hypertensive 
drugs. The reduction in DBP was significant (p<0.05) by the 45th day 
but became statistically non-significant (p>0.05) after the 90th day 
between the two groups. Approximately 80% of patients from both 
groups maintained the same dose of anti-hypertensive medication 
throughout the trial. It has been proposed that Flax capsules lower 
blood pressure by altering circulating oxylipins through α-linolenic 
acid-induced inhibition of soluble epoxide hydrolase.19

Similarly, various studies have shown the effect of different 
forms of flax on blood pressure in hypertensive patients. Flaxseed, 
containing ALA, may exhibit its anti-hypertensive potential 
through its anti-inflammatory effect. In a randomized, controlled, 
crossover trial, 23 hyperlipidemic patients were provided with 
a high-ALA diet, high linoleic acid diet, or a typical western diet 
for 6-week periods each. The high-ALA diet notably reduced 
peripheral blood mononuclear cell production of interleukin-6, 
interleukin-1, and tumor necrosis factor-alpha compared to the 
high linoleic acid diet.20 Additionally, ground flaxseed consumption 
reduced pro-inflammatory oxylipins in the plasma of older adults 

after 4 weeks.21 Essential hypertension has been theorized to result 
from inflammation and endothelial dysfunction, leading to an 
imbalance between endothelial-derived vasoconstrictive factors and 
vasodilative factors. If ALA has anti-inflammatory effects, it is likely 
to prevent the inflammation-induced imbalance of molecules that 
regulate vascular tone. ALA may also influence inflammation and 
blood pressure by altering the oxylipin profile.22

Limitations
This research had certain limitations and shortcomings. Firstly, 

the study was conducted over a relatively short period, which 
limits our understanding of the long-term effects of flax capsules. A 
longer duration would have provided more comprehensive insights. 
Secondly, the sample size was small, restricting the generalizability 
of the results to larger populations. Including a larger number 
of participants in future studies would improve statistical power 
and enhance the validity of the findings. Also, there was unequal 
distribution of participants based on their gender and religion in 
both groups, as the sample was selected through randomization 
during the time of the COVID pandemic. Lastly, the lack of medical 
staff supervision for the intake of flax capsules raises concerns 
about consistency and adherence to the prescribed regimen. This 
may introduce variability and affect the overall effectiveness 
of the intervention. The quality of the intervention drug could 
not be measured due to the unavailability of required funds and 
technologies. Similarly, the effect of flaxseed on lipid profile, blood 
glucose, and various other inflammatory bio-markers could not be 
studied due to the limitation of time and funds.

To overcome these limitations, further research is needed. 
Larger-scale trials with longer durations and closer medical 
supervision would provide more robust evidence and address the 
limitations identified in this study.

Conclusion
Based on observation of our study, the inclusion of flaxseed 

supplements into the treatment regimen for hypertension, in 
conjunction with antihypertensive medications, led to a notable 
reduction in blood pressure levels Based on these findings, 
it can be concluded that the administration of flax capsules 
alongside antihypertensive drugs in patients with hypertension 
can be both effective and safe in maintaining blood pressure 
levels, consequently reducing the risk of cardiovascular diseases. 
However, further multicentric randomized clinical trials with 
greater sample sizes for longer intervention periods and follow-
up duration are necessary to estimate effects with precision and 
negative effects become less likely. 
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Abstract

Background: Oxygen supply to the myocardium is determined mainly by the amount of the coronary blood flow. 
Transesophageal echocardiography is being widely used intraoperatively during cardiac surgery. We studied to compare 
coronary sinus blood flow using Transesophageal echocardiography before and after coronary artery bypass grafting to 
determine the adequacy of surgical revascularization in a single cardiac centre in Nepal. 

Methods: Twenty  patients scheduled for elective coronary artery bypass grafting were included in this study. After 
induction of anesthesia according to institutional protocol, a transesophageal echocardiography probe was inserted into 
patients’ esophagus, and velocity time integral of coronary sinus, coronary sinus diameter, and coronary sinus blood flow per 
beat at pre-revascularization and post-revascularization periods were recorded.

Results: The velocity time integral in the post-revascularization period was significantly higher as compared with the pre-
revascularization period (P<0.000). Coronary Sinus diameter in the post-revascularization period was significantly larger as 
compared with the pre-revascularization period (0.59 vs.0.56 cm) (P<0.000). There was a significant increase in coronary 
sinus blood flow per beat in the post-revascularization period (4.45±0.66ml) as compared with the pre-revascularization period 
(4.29±0.65ml) (P<0.000).

Conclusion: Transesophageal echocardiography can be used to measure the adequacy of revascularization in CABG patient 
by measuring the change in real time coronary sinus blood flow before and after revascularization.

Keywords: Coronary artery bypass graft, Transesophageal echocardiography, coronary sinus 

DOI: https://doi.org/ 10.3126/nhj.v21i1.65654

BACKGROUND
Oxygen supply to the myocardium is determined mainly by 

the amount of the coronary blood flow. In presence of coronary 
lesions and myocardial ischemia the coronary blood flow decreases 
so, measurement of the amount of coronary blood flow helps in 
evaluating the presence of any coronary diseases. Measurement of 
coronary blood flow can be assessed by coronary sinus blood flow 
(CSBF). In patients with coronary artery disease, there is reduced 
CSBF. Any intervention done to increase coronary perfusion may 
also increase CSBF,.

Measurement of CSBF is done by various invasive techniques 
that require cardiac catheterization using intracoronary Doppler flow 
wire, thermodilution catheter, or digital coronary angiography. It can 
also be measured using radioisotope dyes such as argon technique or 
xenon scintigraphy1. 

Transesophageal echocardiography (TEE) is being widely 
used intraoperatively during cardiac surgery. Because the 
echocardiographic probe is located in the esophagus in proximity 
to the left atrioventricular junction, the TEE can demonstrate 
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the coronary sinus (CS) with high resolution. Besides this, it can 
evaluate CSBF in real time with good reproducibility and allows the 
monitoring of flow before and after the revascularization procedures.

Limited studies has been done using TEE to assess CSBF and 
see the improvement in coronary artery perfusion after surgical 
revascularization. The aim of this study is to compare CSBF using 
TEE before and after coronary artery bypass grafting (CABG) to 
determine the adequacy of surgical revascularization in a single 
cardiac centre in Nepal. 

Method
This was a prospective observational study performed at 

Shahid Gangalal National Heart Center of Nepal. After obtaining 
Institutional review board approval a written informed consent 
was obtained from all the patients age above 18 years who were 
scheduled for elective isolated CABG surgery and not having any 
of the exclusion criteria (patients’ refusal, patient under mechanical 
ventilator prior to surgery, patients’ with ejection fraction <45%, 
accompanying valvular or other cardiac surgery and emergency 
Surgery) were enrolled in the study. 

Demographic details of the patients were recorded. After the 
patient was brought to the operation theatre, standard monitoring 
such as electrocardiography and pulse oximetry were applied. 
Invasive blood pressure monitoring line and central venous 
catheter through right internal jugular vein were inserted under 
standard aseptic precautions. The anesthetic induction was done 
with midazolam, fentanyl, and propofol as per standard hospital 
protocol. In all patients, neuromuscular blockade was provided 
by vecuronium. After anesthetic induction, an appropriatesized 
(7 for female and 7.5 for male) cuffed high volume low pressure 
endotracheal tube (ETT-portex, Smiths Medical ASD, INC, USA) 
was used to secure the airway. Mechanical ventilation was started 
with volumecontrolled mode with the tidal volume of 8 ml/kg of 
predicted body weight, respiratory rate of 12 per minute, inspiratory/
expiratory ratio 1: 2 and inspiratory oxygen fraction(FiO2) 0.6 with 
an airoxygen mixture with isoflurane. After that, TEE probe (Philips 
EpiQ7, USA) was inserted after adequate lubrication and a brief jaw 
thrust maneuver. Experienced cardiac anesthesiologist inserted the 
probe and managed all cases. Bite guard was used after TEE probe 
placement. 

By using B-mode echocardiography the image of CS was 
obtained in modified four chamber view. The pulse doppler sample 
volume was placed in the CS 1 cm before its inflow in the right 
atrium. The transducer position was optimized to obtain an angle 
of less than 40° between the Doppler beam and direction of CSBF. 
After induction of anesthesia and five minutes after complete 
revascularization, velocity time integral (VTI) of CS was recorded 
and diameter of CS was measured by using M-mode. Assuming that 
the cross-section of CS is elliptical and that the major diameter is 
double the length of the minor diameter, the cross-section area of CS 
was calculated as 0.39× diameter of CS4. CSBF per beat was then 
calculated as CS VTI × cross-sectional area of CS. Hemodynamic 
parameters including heart rate, mean atrial pressure and central 
venous pressure before and after revascularization were recorded.

Collected data were analysed by means of statistical software 
SPSS-22. Statistical analysis for demographic variables was done 
by chi-square test and student’s paired t test was applied to compare 
the mean difference in CS diameter, VTI and CSBF before and 
after revascularization. P-value of < 0.05 was considered to be 
statistically significant.

Results
The demographic data of the patient are as shown in Table 1. The 

hemodynamic parameters in terms of heart rate and mean arterial 
pressure though seemed to be changed statistically significantly 
before and after revascularization, but the range of change was 
within the acceptable range of 20%  of baseline as shown in Table 
2. The difference in central venous pressure wasn’t statistically 
significant.

The velocity time integral in the post-revascularization period 
was significantly higher as compared with the pre-revascularization 
period (P<0.001). Coronary Sinus diameter in the post-
revascularization period was significantly larger as compared with 
the pre-revascularization period (0.59 vs.0.56 cm) (P<0.001). There 
was a significant increase in coronary sinus blood flow per beat in 
the post-revascularization period (4.45±0.66ml) as compared with 
the pre-revascularization period (4.29±0.65ml) (P<0.001) as shown 
in Table 3.

Table 1: Demographic data of the patients

Variables

Sex (M:F) 11:9

Age(Years) 62.5(51-76)

Weight (kg) 61(52-88)

Height (cm) 155(145-172)

Number of grafts 3.5(3-5)

Tables 2: Comparison of Hemodynamic parameters

Before revas-
cularization 

(mean+/- SD)

After revas-
cularization 

(mean+/- SD)

 P 
value

HR (in mins) 66.60±7.88 73.50±7.48 0.001

MAP 
(mmHg) 81.70±12.99 74.50±5.97 0.001

CVP (mmHg) 13.40±3.08 13.70±2.56 0.428

Tables 3: Comparison of TEE findings

Before revas-
cularization 

(mean+/- SD)

After revas-
cularization 

(mean+/- SD)

 P 
value

CS VTI (cm) 14.33±2.18 14.82±2.19 0.001

CS diameter 
(cm) 0.56±0.12 0.59±0.12 0.001

CSBF per 
beat(ml) 4.29±0.65 4.45±0.66 0.001

DISCUSSION
In CABG various arterial or venous grafts are used in the 

obstructed vessels in order to increase the coronary artery blood 
flow. The patency of these graft is the major factor for the success of 
this surgery. So, proper evaluation of the patency of the graft intra-
operatively is very important. Intraoperative assessment tools for 
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measurement of graft patency include transit time flowmetry and 
intraoperative fluorescence coronary angiography. However, these 
measurement modalities aren’t available in our center. So, surgeons 
often use the crude evaluation technique like finger palpation of the 
graft to assess the patency of graft.

CS drains the venous blood from its tributaries like great cardiac 
vein, middle cardiac vein, and small cardiac vein. These veins 
drain the venous blood from the myocardial that is supplied by 
coronary arteries. Any intervention that aims at restoring the flow 
of the stenosed vessel increases coronary artery flow that should 
consequently increase the CSBF. Measurement of CSBF can be used 
as an indirect tool for the assessment of adequacy of coronary artery 
perfusion after surgical revascularization1.

Though measurement of CSBF is done by various invasive 
techniques that require cardiac catheterization using intracoronary 
Doppler flow wire, thermodilution catheter, or digital coronary 
angiography and radioisotope dyes such as argon technique or xenon 
scintigraphy1,4, but these techniques cannot be used intra-operatively 
in the operating room. As the use of intraoperative TEE is a routine 
practice in cardiac surgery, we used TEE to evaluate the change in 
CSBF after revascularization.

Our study findings showed that the velocity time integral in the 
post-revascularization period was significantly higher as compared 
with the pre-revascularization period (p<0.001). Coronary Sinus 
diameter in the post-revascularization period was significantly larger 
as compared with the pre-revascularization period (0.59 vs.0.56 
cm) (p<0.001). There was also a significant increase in coronary 
sinus blood flow per beat in the post-revascularization period 
(4.45±0.66ml) as compared with the pre-revascularization period 
(4.29±0.65ml) (p<0.001).

In a study done by Meenakshi K et al. to find the change in 
CSBF after percutaneous coronary angioplasty, they performed 
transthoracic echocardiography and measured the CS diameter and 
CSBF. The  CSBF per beat increased from 3.06±1.12 to 4.2±1.80 
(p<0.038) in their study and their result was comparable to our study.

In similar study done by Prajapati M et al. they also found 
significant improvement in CS diameter (0.68 vs.0.79 cm), CS 
VTI(16.53 vs 19.66) and CSBF per beat (3.04 vs 4.90) after 
revascularization in off pump CABG patients. Their findings were 
also in consistent to our study findings.

Ng DW et al1. did transthoracic echocardiography to see the 
CSBF before and after CABG. They also found significant change in 
CS VTI from 10.6±1.93 to 13.4±2.3 (p=0.01) and significant change 
in CSBF after revascularization. However, they didn’t notice any 
significant change in CS diameter in their study. The difference noted 
in CS diameter in our study could be due to the use of retrograde 
cannula in our study population which could have also contributed 
in change of the diameter of coronary sinus post revascularization.

In a study done by Hajaghaei M et al. they found CS diameter 
increased from 8.6 ±1.06 to 9.4±1.21 (p<0.01) 1 month after CABG 
and their findings were also similar to our study findings.

All of our study population didn’t develop any complications 
in the post-operative period and none required intra-aortic balloon 
pump placement. They were hemodynamically stable throughout 
their post-operative period and were discharged home with 
satisfactory outcome.

This study has some limitations, which mainly are related to 
low number of study patients. In addition, the study was done 
in on-pump CABG patients with retrograde cannulation in the 
coronary sinus which could have also contributed in change 
of the diameter of coronary sinus post revascularization. We 
also recommend to undergo further studies in off-pump CABG 
patients as well in the future.

Conclusion
Transesophageal echocardiography can be used to measure 

the adequacy of revascularization in CABG patient by measuring 
the change in real time coronary sinus blood flow pre and post 
revascularization. So, we recommend to use TEE measurements of 
CSBF to look for the changes in blood flow after the surgery.
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Clinical profile and practice patterns of patients with severe 
hypercholesterolemia: A Hospital-based registry

Abstract

Background: Severe hypercholesterolemia, defined as low-density lipoprotein cholesterol of ≥190mg/dL (≥4.9 mmol/L), 
has a high risk of atherosclerotic cardiovascular disease and premature and recurrent coronary events. Its prevalence may be as 
high as 5–7% in the general population. This registry aims to provide insights into clinical profiles and practice patterns among 
such patients treated at the tertiary cardiac hospital of Nepal. 

Methods: This was a cross-sectional, observational, registry of the patients who were diagnosed with severe 
hypercholesterolemia from January 2022 to December 2022 in the National Heart Centre.

Results: In this registry, 119 cases were included. The mean age of patients was 53 years, with 56.3% being female. Of 
these patients, 74 (62.1%) were hypertensive, 16 (13.4%) had diabetes mellitus, and 16 (13.4%) used tobacco. A history of 
premature coronary artery disease was present in 15 (12.6%) patients, and premature peripheral vascular disease in 1 (0.8%) 
patient. A family history of premature coronary artery disease was reported in 4 (3.3%) patients, and a family history of total 
cholesterol levels >7.5 mmol/L was present in 20 (16.8%) patients. Tendon xanthoma was found in 4 (3.3%) cases, and arcus 
cornealis in 22 (18.4%) cases. The body mass index ranged from 15.2 to 43.2, with a mean of 26.3; over 60% of cases were 
overweight or obese. Rosuvastatin was used in 87 (73.1%) cases, atorvastatin in 32 (26.9%) cases, and ezetimibe 10 mg 
combined with atorvastatin in 18 (15.1%) cases. High doses of statins were administered in 93 (78.1%) cases.

Conclusion: Severe hypercholesterolemia hospital-based registry provides valuable information on severe 
hypercholesterolemia regarding the associated cardiovascular risk factors and its clinical presentation. Most of the patients 
were treated with high doses of statins as recommended by guidelines. 

Keywords: Coronary artery disease; Familial hypercholesterolemia; High intensity statins; Severe Hypercholesterolemia; 

Chandra Mani Adhikari, Amrit Bogati, Birat Krishna Timalsina, Barkadin Khan, Sushant Kharel,  
Sajjad Safi, Vijay Ghimire, Puja Adhikari, Pratik Thapa, Dipanker Prajapati
1	 Department of Cardiology, Shahid Gangalal National Heart Centre, Kathmandu, Nepal

Corresponding Author: Chandra Mani Adhikari
Department of Cardiology, Shahid Gangalal National Heart Centre, Kathmandu, Nepal
Email: topjhap@gmail.com 
ORCID: https://orcid.org/0000-0001-5811-9977
   

Cite this article as: Adhikari, C. M., Bogati, A., Timilsena, B. K., Khan, B., Kharel, S., Safi, S. ., Ghimire, V., Adhikari, P. ., Thapa, P., & Prajapati, D. 
Clinical profile and practice patterns of patients with severe hypercholesterolemia: A Hospital-based registry. Nepalese Heart Journal 2024; 21(1), 25-29

Submission date: 10th March 2024
Accepted date: 6th April 2024

DOI:  https://doi.org/10.3126/nhj.v21i1.65822

Original Article

@Nepalese Heart Journal. Nepalese Heart Journal retains copyright and work is simultaneously licensed under Creative Commons Attribution 
License CC - BY 4.0 that allows others to share the work with an acknowledgement of the work’s authorship and initial publication in this journal. 

Nepalese Heart Journal 2024; Vol 21(1), 25-29

Introduction
 Severe hypercholesterolemia is defined as Low-Density 

Lipoprotein Cholesterol (LDL-C) of ≥ 190mg/dL (≥ 4.9mmol/L).1 

Prevalence of severe hypercholesterolemia may be as high as 5–7% in 
the general population.2,3 Patients with severe hypercholesterolemia 
have a high risk of Atherosclerotic Cardiovascular Disease (ASCVD) 
and premature and recurrent coronary events.4 It is suggested that the 
risk of coronary artery disease (CAD) is accelerated by 10–20 years 
in men and 20–30 years in women with LDL-C levels ≥190 mg/
dL.2 The future risk of CAD remains 6-fold higher in those with 
LDL-C ≥190 mg/dL and no familial hypercholesterolemia-related 
mutations.4

Current guidelines recommend the initiation of high-intensity 
statin therapy in individuals with LDL-C ≥190 mg/dL without 

calculating 10-year ASCVD risk, due to their high lifetime risk for 
ASCVD events that are related to long-term exposure to markedly 
elevated LDL-C levels.1,5,6 Initiation of high-intensity statin therapy 
is strongly recommended in this population to achieve a ≥50% 
reduction in LDL-C to adequately reduce their risk for future 
cardiovascular events.1,7

There is limited information available about this group of 
patients in Nepal. This registry aims to provide insights into clinical 
profiles and practice patterns among severe hypercholesterolemia 
patients treated at the tertiary cardiac hospital of Nepal.

Methods
This was a prospective, observational registry done at Shahid 

Gangalal National Heart Centre (SGNHC), Bansbari, Kathmandu, 
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Nepal. A web-based performa was designed to collect information 
about severe hypercholesterolemia patients. Cardiologists were 
given access to enter the patient's data. Data were entered by the 
treating cardiologists. All consecutive patients aged >18 years who 
were diagnosed with severe hypercholesterolemia in the National 
Heart Center from 2022 January to 2022 December were included. 
Age, gender, premature CAD in patients (men <55 y old, women <60 
y old), premature cerebral or peripheral vascular disease (men <55 
y old, women <60 y old), family history of Myocardial Infarction 
(MI) <50 y old in second-degree relative or <60 y old in first-degree 
relative, family history of Total Cholesterol (TC) >7.5 mmol/L in 
a first- or second-degree relative, hypertension, diabetes mellitus, 
tobacco use, Body Mass Index (BMI), tendon xanthoma and arcus 
cornealis in patients, total Cholesterol, triglyceride, High density 
lipoprotein, LDL, treatment received at the time of enrollment were 
entered in the web-based registry portal.

Operational definitions are as follows:
Hypertension: Diagnosed case on lifestyle modification or   

medication 

Diabetes Mellitus: Diagnosed case on lifestyle modification or 
Medication 

Family history of premature Coronary artery disease: First-
degree relatives who had CAD before 55 years in males and before 
65 in Females.

Smoker: Patients were considered as smokers if they report any 
smoking consumption within the last 1 year of study enrollment.

Tobacco consumer: Patients were considered as Tobacco if 
they report any tobacco consumption within the last 1 year of study 
enrollment. 

A BMI less than 18.5 was considered underweight, a BMI of 
18.5 to <24.9, was considered as healthy weight, a BMI of 25.0 
to <30 was considered overweight, BMI of≥30.0 was considered 
obese.8

Data were analyzed using the statistical software, SPSS version 
20. Ethical approval for this study was taken from the Institutional 
Review Committee of SGNHC. Informed written consent after 
proper counseling regarding the nature and purpose of the study was 
taken from each respondent.

Results
During the study period, 119 patients were enrolled in the 

study. Age ranged from 25 years to 77 years with a mean age of 53 
years. Among them 67(56.3%) were female and 52 (43.7%) were 
males. Among the 119 patients enrolled in this study 74 (62.1%) 
were hypertensive,16 (13.4%) were Diabetes mellitus patients, 
and 16(13.4%) patients consumed tobacco. History of premature 
CAD was diagnosed in 15 (12.6%) patients, a history of premature 
Peripheral Artery Disease (PAD) in 1(0.8%) patient, a family history 
of premature CAD was present in 4 (3.3%), and family history 
of TC>7.5mmol/L was present in 20 (16.8%) patients, Tendon 
Xanthoma in 4 (3.3%) cases, arcus cornealis in 22 (18.4%) cases as 
shown in Table 1.

Table 1. Baseline characteristic n=119 

Variable n %

Male 53 43.7

Female 67 56.3

Hypertension 74 62.1

DM 16 13.4

Smoking/Tobacco con-
sumer 16 13.4

Premature CAD 15 12.6

Premature PVD 1 0.8

Family History of Prema-
ture CAD 4 3.3

Family history of 
TC>7.5mmol/L 20 16.8

Tendon Xanthoma 4 3.3

Arcus Cornealis 22 18.4

BMI ranged from 15.2 to 43.2 with a mean of 26.3. More than 
60% of cases were overweight, and obese as shown in Table 2.

Table 2: Classification as per BMI

BMI n %
<18.5 (Underweight) 4 3.3

18.5-<25 (Normal) 38 31.9

24.9-<30 (Overweight) 56 47

30-39.9 (Obese) 21 17.4

Table 3 Lipid profile levels

Range Mean
TC 6.3-17.0 7.9mmol/L

TG 0.7-5.4 1.9mmol/L

HDL 0.8-2.1 1.1mmol/L

LDL 4.9-12.7 5.8 mmol/L

Rosuvastatin was used in 87 (73.1%) cases, Dose ranged from 
10 to 40mg with a mean of 23.9mg, Atorvastatin in 32 (26.9%) cases, 
with Dose ranging from 10 mg to 80 mg with a mean of 47.1 mg. 
Ezetimibe combined with atorvastatin was used in 18(15.1%) cases, 
in all cases 10 mg of Ezetmibe was used. High-intensity atorvastatin 
of 40 mg or more was used in 20 (16.8%) cases, Low intensity was 
used in 12 (10.0%) cases. High-intensity rosuvastatin 20 mg or more 
was used in 73(61.3%) cases, and Low-intensity rosuvastatin was 
used in 14 (11.7%) cases. Over 93 (78.1%) cases were treated with 
high doses of statin as shown in Table 4

Table 4 Statin and their dose (n=119)

Statin Dose Number %

 diabetes 
mellitus
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Atorvastatin 32 26.9

10 1 0.8

20 2 1.6

30 9 7.5

40 8 6.7

70 9 7.5

80 3

Mean Atorvastation dose 47.1 mg

Exetimibie+Atovastatin 18 case 15.1

Atorvastation 30+10 9 7.5

Ator 70+10 8 6.7

Ator 20+10 1 0.8

Rosuvastatin 87 73.1

10 14 11.7

20 49 41.1

40 24 201

Mean Rosuvastation Dose 23.9mg

Discussion
Individuals with severe hypercholesterolemia are at significantly 

increased lifetime risk of CAD. One study involving over 68,000 
subjects followed for up to 30 years found that those with LDL-C 
≥190 mg/dL had a 2–5 fold increased risk of CAD compared to those 
with LDL-C <130 mg/dL.2 Further, CAD occurred 10–20 years 
earlier in men and 20–30 years earlier in women with LDL-C≥190 
mg/dL than in people with LDL-C<130.9

In our study patient’s ages ranged from 25 years to 77 years 
with a mean age of 53 years. Among them 67(56.3%) were female 
and 52 (43.7%) were male. In a study done by Candace L. Jackson, 
there were 27,963 patients with a recorded LDL-C value. Of these 
patients, 388 had severe hypercholesterolemia (1.4%). The median 
age was 57 years, and 66% were women.9 The exact number of very 
high LDL patients in Nepal is not known. In a cross-sectional study 
done on 454 participants by Limbu et al, a cluster sampling method 
was used through different health camps conducted in Kathmandu 
valley and found severe hypercholesterolemia in 5.8% of cases.10 

In a study done by Karki et al., fasting lipid profile of 2218 blood 
samples taken from patients attending a private clinic in Kathmandu 
found that 26 (1.1%) cases have severe hypercholetraolmia.11

In our study family history of TC>7.5mmol/L was present 
in 16.8% of cases. An important consideration in cases of severe 
hypercholesterolemia is the potential diagnosis of familial 
hypercholesterolemia (FH).11 FH is an autosomal dominant disorder 
that causes premature CVD due to lifelong elevated LDL-C.13,14 

The heterozygous form of FH is estimated to occur in 1 in 250 to 
1 in 500 people, while the incidence of the homozygous form is 1 
in 250,000 to 1 in 1 million.9,15,16 Studies using genetic testing for 
diagnosis report a 2% prevalence of FH in those with LDL-C 190 
mg/dL.4 An analysis from the NHANES study using clinical criteria 
reported a 7% prevalence.17 It is estimated that at least 20 million 
people with FH worldwide, but 80% are unaware of their diagnosis.9 

The prevalence of FH increases progressively at higher LDL-C 
thresholds. Both the Simon Broome and AHA diagnostic criteria 
delineate an LDL-C level above 190 mg/dL as raising the potential 
for FH, which should then be supported and confirmed by additional 

clinical criteria.9 National Lipid Association Guidelines state that an 
LDL-C 190 mg/dL should raise suspicion for FH and that detailed 
family history should be collected in all such individuals.18

To improve the diagnosis and treatment of FH among severe 
hypercholesterolemia patients we need to increase awareness. We 
need to understand current practice regarding the evaluation and 
management of these patients and apply it in our clinical practice. 
The 2013 ACC/AHA Cholesterol Guidelines recommended high-
intensity statin therapy in all those ages 20 years and older with 
LDL-C ≥190 mg/dL, without calculation of the estimated 10-year 
risk of atherosclerotic cardiovascular disease due to their high 
lifetime risk for ASCVD events that are related to long-term exposure 
to markedly elevated LDL-C levels.18 This recommendation was 
based on extensive data that have demonstrated a benefit in LDL-C 
reduction, as patients with LDL-C ≥190 mg/dL were excluded 
from most clinical trials due to their probable need for cholesterol-
lowering therapies.1 In our study all the patients were not treated 
with high-dose statins. Every effort should be made to treat these 
patients with high doses of statin. LDL-C reduction ≥50% was 
recommended as the initial goal, and a potential need for non-statin 
therapies to achieve optimal LDL-C levels was recognized.1

Current guidelines recommend consideration of adding 
ezetimibe or proprotein convertase subtilisin/kexin 9 (PCSK9) 
inhibitors in high-risk patients, such as those with LDL-C ≥190 mg/
dL, who have<50% reduction in LDL-C on maximally tolerated 
statin therapy.1 But they were not adequately managed with statins, 
or other lipid-lowering medications,9 only a small proportion 
of those diagnosed receive optimal therapy.9,19 A study done by 
Candace L. Jackson showed that  36% of patients with an LDL-C 
190 mg/dL had no record of having ever been prescribed a statin.9 A 
general practice electronic health record in Australia found that 44% 
of patients with an LDL-C ≥190 mg/dL had never taken a statin20 

as well and an analysis of statin prescription rates from a national 
clinical registry showed that 34% of patients with an LDL-C ≥190 
mg/dL did not have a statin prescription.9 Almost 90% of patients 
had not been prescribed another lipid-lowering medication, such as 
PCSK9 inhibitors, ezetimibe, niacin, fibrates, or bile acid binding 
resin, and only 5% were currently on one of these medications.21 

But in our study all the patients were treated with statins, many 
with high-dose statins. Few of them were treated with ezetimibe. 
PCSK 9 was not used as it is not available in Nepal. Until PCSK9 
inhibitors become available, it is crucial to educate physicians on the 
importance of using high doses of statins combined with ezetimibe 
for these patients.

A registry like this can significantly enhance awareness of 
severe hypercholesterolemia and its management options among 
both the general public and physicians. These data were collected 
from the web portal by the treating physicians. The patients 
included in this study exhibit diverse clinical backgrounds: some 
underwent general check-ups, others were admitted, and some 
sought evaluation for additional risk factors such as hypertension 
and diabetes. There may be variation in the LDL levels as LDL 
levels were not tested in the same laboratory, different methods of 
LDL calculation may have been used, and fasting or non-fasting 
samples were collected. As this was just an observational study, we 
did not have the effect of different doses of statins, and changes in 
the LDL level cannot be mentioned.
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In conclusion
The hospital-based registry on severe hypercholesterolemia 

offers significant insights into the related cardiovascular risk 
factors, its clinical presentation, and its management. Most of the 
patients were treated with high doses of statins as recommended by 
guidelines. Every effort should be made to diagnose and treat these 
patients.
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Abstract

Background and Aim: Cardiac Magnetic Resonance (CMR) is a crucial noninvasive imaging technique for the thorough 
evaluation of the heart in various cardiovascular conditions. The potential to offer quantitative data on cardiac perfusion and 
function make CMR an exceptional choice of imaging for providing functional and morphological information about the heart. 
We performed cardiac MR evaluation of patients over a period of 12 months. Our aim was to establish the common cardiac 
MR indications and the diagnoses in different age groups in our population.
Method: A retrospective analysis of patients undergoing CMR at Shahid Gangalal National Heart Center, Kathmandu, Nepal 
over a period of 12 months, from October 2021 to September 2022 was done. All patients who underwent cardiac MRI at our 
center, irrespective of age, sex, and indication were included in the study. A total number of 392 patients were included in our 
study who had undergone Cardiac MRI on a 3Tesla platform at our center. The respective protocols, tailored to the disease 
being investigated, were followed based on the indication of each patient. Data were entered in a predesigned proforma and 
SPSS was used for the analysis.
Results: The most common indication to perform CMR at our centre was found to be the myocardial viability test. Among 
147 patients (37.5 % of the study population) assessed for myocardial viability, 120 (81.6 %) showed infarction in the left 
anterior descending (LAD) territory, 17 (11.5 %) showed infarction in the LCX territory and 10 (6.8 %) showed RCA territory 
infarction. The most common cardiomyopathy diagnosed with cardiac MRI at our center was hypertrophic cardiomyopathy 
(HCM) (15.5 %), followed by dilated cardiomyopathy (DCM) (10.0 %). Other various cardiac MR diagnoses of patients were 
congenital heart disease (CHD) (5.8 %), arrhythmogenic right ventricular cardiomyopathy (ARVC) (5.6 %), myocarditis (3.0 
%),  valvular heart disease (VHD) (3.0 %), cardiac mass/pseudo mass (2.0 %), pericarditis  (1.7 %), and others (3.3 %).  48 
patients that represented about 12.2 % of the total study population who underwent cardiac MRI at our centre had normal 
CMR findings. 
Conclusion: Cardiac MRI is an excellent imaging modality in the evaluation of different groups of cardiovascular diseases. 
It does not only provide the diagnosis but also helps in evaluating the prognostic parameters in different cardiac patients. 
Hence, the use of CMR is encouraged in clinical practice in our setting to implement early and appropriate therapies in cardiac 
patients that may ultimately improve patient outcomes. 
Keywords: Cardiac Magnetic Resonance (CMR), Viability, Hypertrophic cardiomyopathy (HCM), Dilated cardiomyopathy 
(DCM), Myocarditis, Arrhythmogenic right ventricular cardiomyopathy (ARVC), Congenital heart disease (CHD) 

DOI: https://doi.org/10.3126/nhj.v21i1.65648

Introduction
Magnetic resonance (MR) imaging, one of the several available 

radiologic modalities, is acknowledged as a promising noninvasive 
imaging technique with an improved spatial and temporal 
resolution, and an absence of ionizing radiation1. Cardiac Magnetic 
Resonance (CMR) is a crucial noninvasive imaging technique 
for the thorough evaluation of the heart in various cardiovascular 

pathologies including viability evaluation, cardiomyopathies, 
pericardial pathologies and congenital anomalies of the heart1,2. The 
potential to offer quantitative data on cardiac viability, perfusion, 
and function make CMR an exceptional choice of imaging where 
the functional and morphological information of the heart can be 
evaluated through cine images that facilitate quantifying end-
diastolic and end-systolic volumes1. In addition, CMR is helpful in 
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the diagnosis of valvular diseases and acquired conditions such as 
cardiac lesions and masses including metastases. The basic cardiac 
MRI sequences may generally be divided into bright-blood and 
black-blood sequences. The bright blood sequence is a gradient echo 
(GRE) based acquisition that gathers data on cardiac function and 
blood flow. Bright blood imaging is utilized to assess both segmental 
and global left ventricular (LV) function which is represented by the 
high signal intensity of rapidly flowing blood. This sequence aids 
in the measurements of blood flow, LV mass, myocardial perfusion, 
and coronary morphology. Black blood sequence is a spin echo 
(SE) based acquisition that depicts fast-moving blood as having low 
signal intensity. This sequence primarily aids to characterize cardiac 
wall, pericardium and the mediastinal anatomy. Delayed gadolinium 
enhancement (DGE) is another valuable sequence in which 
gadolinium is used as a contrast agent and delayed enhancement 
offers relevant information based on the specific cardiac condition, 
such as in the detection of myocardial viability, myocardial fibrosis, 
and so on. As a result, the DGE sequence is acknowledged as the 
gold standard imaging approach for ischemic and nonischemic 
cardiomyopathies1. Hence, CMR imaging is the decisive and gold 
standard mode of imaging technique in a wide range of cardiac 
conditions. The principal objective of this study was to establish 
the common cardiac MR indications in our setting and the CMR 
diagnoses in different age groups in our Nepalese population.

Methods
Our study was a retrospective analysis of patients undergoing 

CMR at Shahid Gangalal National Heart Center over a period of 12 
months, from 1st October, 2021 to 30th September, 2022. All patients 
who underwent cardiac MRI at our centre in our 3Tesla MR platform 
were included in the study. Following the ethical approval of the 
Institutional Review Board, the data of the patients were obtained 
retrospectively. A total number of 392 patients were included in our 
study who had performed Cardiac MRI at our centre. The CMR 
sequences including the black blood and the bright blood images 
were carried out in all the patients. The short-tau inversion recovery 
(STIR) images were obtained from the base to the apex of the heart 
in the short-axis view. The delayed gadolinium enhancement (DGE) 
phase-sensitive inversion recovery (PSIR) sequences were obtained 
in short-axis, four-chamber, and vertical long-axis views. The 
respective protocols were followed based on the indication of each 
patient undergoing CMR. 

CMR features for diagnosis
For the myocardial viability test, three principal protocols were 

evaluated: wall motion using cine gradient echo, resting perfusion by 
first-pass contrast-enhanced studies, and infarction/scar by delayed 
gadolinium-enhanced inversion recovery imaging. All coronary 
artery territories were analyzed, and the affected coronary arteries 
and infarcted segments were localized based on the varying extent of 
delayed GAD enhancement in the myocardium. Bull’s eye diagram 
was given illustrating the viable and the non-viable segments in 
different territories. 

For the evaluation of cardiomyopathies, the ventricular volumes 
were evaluated along with the wall thickness, ventricular systolic 
function (ejection fraction), and myocardial mass. We used the 
diagnostic parameter of the maximal left ventricular wall thickness 
of ≥15 mm in the end-diastolic phase in conjunction with left 
ventricular outflow (LVOT) obstruction plus with or without systolic 
anterior motion (SAM) of the mitral valve to diagnosis hypertrophic 
cardiomyopathy (HCM). In the diagnosis of dilated cardiomyopathy 

(DCM), ventricular dilatation associated with thinning of the 
ventricular wall along with the left ventricular ejection fraction 
was assessed.  To diagnose infiltrative cardiomyopathies, T2/ 
STIR images were examined for the presence of inflammation and 
edema and delayed GAD images for the scar tissue or fibrosis. The 
characteristic CMR features to diagnose amyloidosis used were 
concentric, symmetric or asymmetric thickening of the left ventricle 
wall, difficulty in nullifying the myocardium, elevated native 
T1 time and extracellular volume (ECV), disproportionate atrial 
enlargement with diffuse, subendocardial, or patchy enhancement 
patterns in LGE sequences. The non-compaction cardiomyopathy 
was assessed based on the ratio of noncompacted to compacted 
myocardium where the threshold of a ratio above 2.3, measured at 
end-diastole, was used.

The modified Lake Louise criteria were followed for the 
diagnosis of acute myocarditis wherein the myocardial edema was 
identified by a visible regional high T2 signal intensity on the STIR 
sequence. Patchy / diffuse subepicardial or mid myocardial delayed 
GAD enhancement was identified in these patients that represented 
the retention of contrast agents in the affected myocardial tissue. 

The modified task force criteria were followed in the diagnosis 
of arrhythmogenic right ventricular cardiomyopathy (ARVC). Right 
ventricular dyssynchronous motion along with reduced RVEF were 
assess to diagnose ARVC in patients with arrhythmia.  

Acute and chronic pericarditis were diagnosed based on 
the pericardial thickness of ≥4 mm, depicted as a dark, low 
signal intensity pericardium (usually associated with significant 
fibrocalcific changes). The post-contrast studies were assessed for 
the presence of pericardial inflammation and pericardial scar shown 
by early and late enhancement respectively.

The stack of steady-state fast precession (SSFP) cine images of 
the whole thorax were used in the evaluation of CHDs. Both the 
vascular and valvular flow were assessed, shunts were quantified, and 
left as well as right ventricular myocardial function was measured.

Data were then entered in a predesigned proforma, and SPSS 
was applied to do the analysis. 

Results

Study population
Out of 392 patients, 269 (68.6%) were male with age ranging 

from 8 to 82, and 123 (31.4%) were female with age ranging from 13 
to 86 (Figure 1). The most common age group of patients referred to 
us for the CMR evaluation was between 51 to 60 years of age. This 
represented 24.5% of our study population (Figure 2). 

CMR indications and diagnoses
The most common indication to perform cardiac MRI at our 

centre was for viability evaluation, comprising of 37.5% of the 
study population (147 cases). Among the patients evaluated for 
viability, 114 (77.5%) were male and 33 (22.4%) were female. 
Among 147 patients (37.5% of the study population) assessed for 
myocardial viability, 120 (81.6%) showed infarction in the left 
anterior descending (LAD) territory, 17 (11.5%) showed infarction 
in the left circumflex artery (LCX) territory and 10 (6.8%) showed 
infarction in the right coronary artery (RCA) territory. The most 
common cardiomyopathy diagnosed with cardiac MRI at our 
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center was hypertrophic cardiomyopathy (HCM) which comprised 
of 61 cases (15.5%) followed by dilated cardiomyopathy (DCM) 
comprising of 39 cases (10.0%). Other cardiac MR diagnoses of 
patients were 23 (5.8%) of congenital heart disease (CHD), 22 
(5.6%) arrhythmogenic right ventricular cardiomyopathy (ARVC), 
12 (3.0%) valvular heart disease (VHD), 12 (3.0%) myocarditis,  
8 (2.0%) cardiac mass/pseudo mass, 7 (1.7%) pericarditis and 13 
(3.3%) others. About 48 (12.2%) number of patients who underwent 
cardiac MRI had normal CMR findings (Table 1) (Figure 3). In 
patients diagnosed with HCM, the most common variant was septal 
form of hypertrophic cardiomyopathy 27 cases (44.2%), followed 
by concentric form 26 cases (42.6%), apical 6 (9.8%), and basal 
2 (3.2%). Out of 39 (10.0%) cases of DCM, 27 (69.2%) were 
ischemic and 12 (30.7%) were non-ischemic DCM. Among various 
congenital diseases, Ebstein’s anomaly 17 (73.9%) was found 
to be the most common indication for cardiac MRI at our center 
followed by follow-up cases of tetralogy of fallot (TOF). We had 
8 cases of cardiac masses in this time period who came to us for 
CMR evaluation. Among the 8 cases, 50% were diagnosed to have 
pseudomass or thrombus by CMR. Cardiac pseudo-masses seen 
included right atrial appendage thrombus, caseous calcification of 
mitral annulus (CCMA), and LV cavity apical thrombus. There were 
7 cases of  pericarditis representing 1.7% of the study population. 
Few miscellaneous conditions were grouped in other categories, 
which included iron overload cardiomyopathy, ventricular non 
compaction and subendocardial fibroelastosis amongst others (Table 
1, Figure 3).

Table 1. Number of patients based on CMR diagnosis  

S.N CMR Diagnosis
Number 

of patients 
(%)

1. Viability
a. Left anterior descending (LAD) territory 

infarction
b. Left circumflex artery (LCX) territory 

infarction 
c. Right Coronary Artery (RCA) territory 

infarction

147 (37.5)
120 (81.6)

17 (11.5)

10 (6.8)

2. Hypertrophic Cardiomyopathy (HCM)
a. Septal 
b. Concentric  
c. Apical 
c. Basal 

61 (15.5)
27 (44.2)
26 (42.6)

6 (9.8)
2 (3.2)

3. Dilated Cardiomyopathy (DCM)
a. Ischemic 
b. Non-ischemic DCM

39 (10.0)
27 (69.2)
12 (30.7)

4. Congenital Heart Disease (CHD)
a. Ebstein’s anomaly 
b. Tetralogy of fallot (TOF)
c. Transposition of great arteries (TGA) 
d. Total anomalous pulmonary venous connection 

(TAPVC )
e. Ventricular septal defect (VSD)

23 (5.8)
17 (73.9)

2 (8.6)
2 (8.6)
1 (4.3)

1 (4.3)

5. Arrhythmogenic right ventricular cardiomyopathy 
(ARVC)

22 (5.6)

6. Myocarditis 12 (3.0)

7. Valvular Heart Disease (VHD) 12 (3.0)

8. Cardiac mass/Pseudomass
a. Metastases
b. Cardiac mass
c. Pseudomass 

•	 	Right atrial appendage thrombus
•	 Caseous calcification of mitral annulus 

(CCMA) 
•	 LV cavity thrombus

8 (2.0)
2 (25)
2 (25)
4 (50)

1 (25.0)
1 (25.0)

2 (50.0)

9. Pericarditis 7 (1.7)

10. Others
a. Infiltrative cardiomyopathy 
b. Amyloidosis 
c. Non-compaction cardiomyopathy
d. Iron overload 
e. Subendocardial fibroelastosis
f. Pericarditis

13 (3.3)
5 (1.3)
3 (0.8)
2 (0.5)
1 (0.2)
1 (0.2)
1 (0.2)

11. Normal 48 (12.2)

Discussion
There are numerous causes of chest pain and the timely 

recognition of the etiology is of utmost importance as treatment 
and prognosis vary among different conditions. In spite of the 
availability of several modern therapeutic options, up to one-third 
of individuals with acute myocardial infarction (MI) experience 
clinical heart failure, which continues to be a common and major 
healthcare burden3,4. Following an MI, the detection of viable 
myocardium has significant implications to predict the possible 
advantages of revascularization. CMR with a good spatial resolution 
has been established as the gold standard for evaluating viability 
based on the presence and pattern of DGE that estimates myocardial 
scar. A viability assessment using CMR can offer crucial diagnosis 
and prognosis in cases of complicated coronary disease with 
simultaneous left ventricular (LV) dysfunction5,6. In acute care, 
CMR has the role to rule out inconclusive diagnoses, evaluate risk 
stratification for patients with coronary artery disease, and identify 
the risk of future cardiac events such as reinfarction or heart failure. 
As per the American Heart Association’s guidelines, CMR may be 
an alternative method to examine patients planned for conventional 
percutaneous coronary intervention. Similarly, the European Society 
of Cardiology encourages non-invasive screening in patients 
suspected of having acute coronary syndrome but with negative 
cardiac biomarkers and normal or ambiguous electrocardiographic 
changes. In such circumstances, CMR may meet the key objective 
of excluding causes of acute chest pain in addition to identifying 
inconclusive clinical diagnoses3,7,8. 

Based on gender predilection, males are at higher risk of 
suffering ischemic heart disease as shown by previous studies which 
is consistent with the result in our study. The age distribution revealed 
the prevalence of the disease increases with advancing age9,10. The 
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leading causes behind male predominance could be the lifestyle 
factors such as smoking, unhealthy eating habits, obesity, and social 
stress amongst others. Therefore, on a positive note, appropriate 
precautions if taken may lower the likelihood of developing ischemic 
heart disease. Overall, CMR can play a crucial role as an essential 
modality of choice to evaluate myocardial viability that can guide 
in management by assisting to decide the revascularization of the 
diseased vessel. 

In the present study, 48 patients which represent about 12.2% of 
the study population showed normal CMR findings. Most of those 
cases were sent for the evaluation of unexplained arrhythmias.  Few 
of the patients were sent with the suspicion of acute myocarditis. 
However, none of them showed definite arrhythmogenic foci or 
features of myocarditis as edema and delayed GAD enhancement. 
Ventricular arrhythmias may occur in patients with different structural 
heart diseases such as cardiomyopathies, chronic myocarditis, and 
healed myocardial infarction or they can be idiopathic in origin. 
It is essential to timely recognize ventricular arrhythmias related 
to cardiac causes from idiopathic ones as myocardial structural 
abnormalities carry the risk of causing sudden cardiac death. CMR 
with tissue characterization techniques can aid in the identification 
and characterization of the arrhythmogenic substrate in individuals 
with ventricular arrhythmias. Furthermore, previous studies have 
revealed that arrhythmia is frequently seen in men at around the age 
of 40, which is consistent with our findings in the form of ARVC11,12. 
Normal CMR findings in few of the arrhythmia patients might be 
related to the idiopathic arrhythmias. 

The fact that HCM was frequently found among men in our study 
is supported by previous studies on HCM that have consistently 
revealed a male predominance13,14. The findings of young individuals 
usually having HCM with frequent involvement of interventricular 
septum are also consistent with earlier research15,16,17. Besides 
gender and age predilection, the extraordinary temporal and spatial 
resolution, features like tissue characterization, and the capacity 
to image in any desired tissue plane make CMR a crucial imaging 
tool guiding not only in the diagnosis but also in evaluation of the 
prognostic parameters17. 

In every 1000 newborns, congenital heart disease (CHD) is seen 
in about 6-8 cases. Early diagnosis and treatment have improved the 
survival rate of CHD patients making them through to adulthood18. 
However, there are still a certain number of the adult population with 
CHD, who go unnoticed and present late. The role of CMR imaging 
is constantly growing in evaluating congenital heart diseases in 
both pediatric and adult patients due to its non-invasiveness and 
lack of ionizing radiation. Moreover, CMR has emerged as a tool 
of imaging for CHD patients who have had surgical repairs and 
require a lifelong follow-up in order to monitor interval changes 
allowing for serial comparisons without the need of being exposed 
to radiation19. Hence, by providing accurate ventricular volume, 
function, arterial flow, information on regurgitation, and three-
dimensional contrast angiography providing additional anatomical 
information plus late gadolinium sequences characterizing several 
pathologies, CMR is the preferred imaging technique to assess 
any possible CHD patients including the follow-up cases of post-
surgical intervention. We had limited evaluation of congenital heart 
diseases in the pediatric population because of unavailability of all 
the required MR compatible instruments and pediatric anesthesia set 
ups in our MR system.

Therefore, in the clinical scenario of our center (which largely 

represents the scenario of the whole country), we have found CMR 
to be an efficient imaging modality to aid both in the diagnosis and 
management of patients of different cardiac conditions.

Limitations:
This study however has some limitations. The prolonged scan 

time required for the imaging and the patient’s ability to follow 
breath-holding commands led to artifacts in few of the studies thus 
necessitating further processing during image acquisition. Secondly, 
considering the fact that CMR has only recently been introduced 
and practiced in Nepal, this study is a pioneering effort to gather 
data on the prevalent cardiac conditions encountered in a national 
cardiac center of Nepal. There are no other centers yet in our country 
where the CMR is regularly practiced. This is only a single-centered 
study done over a period of one year. A multicenter study in a 
larger population is warranted in the future to have a more precise 
understanding of the different cardiac conditions prevalent in our 
Nepalese population. 

Conclusion
In conclusion, we found CMR to be an excellent imaging 

modality in the evaluation of different groups of cardiovascular 
diseases. The various methodologies of CMR such as cine-CMR 
to examine the morphology and function of the heart, and contrast-
enhanced CMR to detect myocardial infarctions and characterize 
tissue non-invasively make it a unique tool that can be used alone or 
in combination with other imaging modalities for proper diagnosis 
and treatment. It does not only provide the diagnosis but also 
helps in evaluating the prognostic parameters in different cardiac 
patients. Hence, the use of CMR is encouraged in clinical practice 
to implement early and appropriate therapies that may ultimately 
improve patient outcomes. 
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Abstract

Background and Aims: To determine the frequency of multi-vessel disease among patients with First ST-Elevation 
Myocardial Infarction and to identify the cutoff value of N Terminal-Pro Brain Natriuretic Peptide (NT-proBNP) for diagnosis 
of multi-vessel disease. 

Methodology: A descriptive cross-sectional study was conducted in the Department of Cardiology at a tertiary care 
hospital from September 2021 to February 2022. The study included 150 patients who presented to the emergency room with 
first ST-elevation myocardial infarction and preserved ejection fraction. NT-proBNP levels were tested within 12 hours of 
hospital admission. The severity of coronary artery disease was assessed by the number of vessels affected labeled, the luminal 
diameter narrowing and the syntax score. 

Results: The mean age of participants was 60.60±11.1 years. 76% were men, 53.3% of the participants had hypertension, 44% 
had type 2 diabetes, and 14% were smokers. The mean BMI of the patients was 27.86±3.86. The mean ejection fraction of the 
patients was 50±4.5.Single-vessel disease was present in 47 (31%) and 103 (69%) had multi-vessel disease. The mean NT-
proBNP level in single-vessel disease was 561.34 pg/mL, and in multi-vessel disease, it was 1640.65 pg/mL. Raised levels of 
NT-proBNP were significantly associated with the severity of coronary artery disease. (P-value <0.05). The optimal cut-off 
value of NTpro-BNP for ruling out multiple vessel disease was 947.50 pg/mL at 81% of sensitivity.

Conclusion: Pro-BNP is a valuable biomarker in assessing the severity of coronary artery disease in STEMI patients. Its 
levels have been shown to correlate with the degree of CAD severity including multi-vessel involvement.

Keywords: Acute Coronary Syndrome, NT-proBNP, coronary artery disease.

DOI: https://doi.org/ 10.3126/nhj.v21i1.65664

Introduction
Inadequate blood and oxygen supply to the myocardium due 

to coronary artery stenosis generates a demand-supply imbalance 
and is the most common cause of myocardial ischemia in coronary 
artery disease (CAD). Blood flow is restricted by the formation of an 
atherosclerotic plaque in the coronary artery lumen.1

NT-proBNP, Troponin I, and Hs-CRP (High-sensitivity 
C-reactive Protein) are the three most well-known cardiac 
biomarkers related to the severity of coronary artery disease.2 The 
neurohormone N terminal pro-B-type natriuretic peptide (NT-
proBNP), which is elevated in acute myocardial infarction and 
angina pectoris, is synthesized and released by ventricular muscles.3 

The two basic sources of BNP and NT-proBNP release are wall stress 
and myocyte stretch. Among its various activities are sympathetic 
nerve activation, natriuresis, vasodilation, and inhibition of the 
renin-angiotensin-aldosterone system.4 

 BNP and NT proBNP have been shown to offer predictive 
information on acute coronary syndrome (ACS)5,  and  they  seem 
to be associated to the severity of CAD in these patients and have 
demonstrated an association with multivessel disease, poor TIMI 
flow, as well as are markers of coronary disease extension.6

 Despite the worldwide use of NT-proBNP testing, prospective 
data that examine its role in the diagnosis of multivessel disease 
in ACS has been limited in our population.7 So, we planned this 
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study to determine the prevalence of multi-vessel disease among 
patients with First ST-Elevation Myocardial Infarction as well as 
to determine NT-ProBrain Natriuretic Peptide cut-off value for the 
diagnosis of multi-vessel disease. 

Materials and Method: 
This descriptive cross-sectional study enrolled 150 consecutive 

patients, who presented to the emergency department with STEMI 
and underwent coronary artery angiography and primary angioplasty, 
for a period of six months from September 2021 - February 2022. 
The NT-proBNP levels were sent along with the baseline labs 
in the emergency department along with Troponin I and limited 
echocardiography was done to evaluate wall motion abnormality, 
left ventricular morphology, and systolic function pre-intervention 
and  complete echocardiography (including diastolic dysfunction 
and RV systolic dysfunction) was done post-intervention, Those 
with preserved ejection fraction were then included in the study and 
those with reduced ejection fraction , more than grade 1 diastolic 
dysfunction and RV systolic dysfunction were excluded from the 
study. The hospital’s ethical committee approved the research and 
informed consent was taken from the patients. 

The inclusion criteria included both genders, male, and female, 
>18 years who presented to the emergency room with their first case 
of STEMI, which is indicated by a typical ST segment elevation 
>1mm in at least 2 or more contiguous leads accompanied by a 
characteristic chest pain lasting for more than 20 minutes.  

When blood levels of cardiac troponin (cTn) rise above the 
99th percentile upper reference limit (URL), myocardial damage 
is considered to be present. The injury may be acute, as evidenced 
by a newly detected dynamic rising and/or falling pattern of cTn 
values above the 99th percentile URL, or chronic, in the setting 
of persistently elevated cTn levels.8All patients who had a prior 
history of cardiomyopathy, renal failure, surgical history ( having 
cardiopulmonary bypass) or having any valve surgery or any valvular 
disease, and those with a previous history of acute myocardial 
infarction, patients with left main disease and cardiogenic shock, 
electrocardiograms with pre-existing bundle branch block or 
displaying non-sinus rhythm and poor quality echocardiographic 
images were excluded from the study. 

The levels of NT-proBNP were measured using an automated 
electrochemiluminescence immunoassay (ECLIA) on an Analyzer 
Axym from Abbott Diagnostic in line with established methods. 
The detection range of the test was 5-25,000 pg/ml, with a normal 
value of 194 pg/ml.  The transthoracic echocardiogram was done 
using (GE Vivid 95), and the left ventricular ejection fraction was 
estimated using the modified biplane method.9 The severity of 
coronary artery disease was assessed in multiple ways. First in terms 
of the number of vessels affected labeled as single vessel when one 
major coronary artery was involved and multi-vessel when ≥2 major 
coronary vessels were involved. According to the luminal diameter 
narrowing, ≥50% for the left main coronary artery and 70% for the 
major coronary arteries, also only those vessels were considered 
which had a diameter of ≥ 1.5mm.10 Apart from this, the angiograms 
were also scored according to the syntax score system. For this, 
two interventional cardiologists were taken on board who were 
blinded to the patient characteristics and the study protocol. A senior 
cardiologist’s opinion was sought when there was a discrepancy 
between the two results and then a consensus was reached. For 
the purpose of calculation, the software on the following website 

(http://www.syntaxscore.com) was used. Only coronary arteries 
with a diameter of 1.5mm having lesions causing ≥ 50% of stenosis 
were included in the calculation. According to the syntax score the 
patients were divided into 3 tertiles as follows; a low syntax group 
with a score of ≤22, an intermediate group with a score between 23 
to 32, and a high syntax group with a score of ≥ 33 11. 

Sample size calculation and Data analysis
The sample size was calculated through Sample Size Calculator 

by Wan Nor Arifin (Available at https://wnarifin.github.io/ssc/
ss1prop.html) by taking the prevalence of multivessel disease= 
54%12, margin of error=8%. The total calculated sample size was 
150 patients. The statistical analysis of the collected data was carried 
out by using IBM SPSS Statistics version 26. Mean and standard 
deviation was computed for quantitative variables. Frequency and 
percentages were reported for qualitative variables. ANOVA was 
applied for mean comparison while the chi-square/Fisher exact 
test was applied to check the association of qualitative variables. 
Pearson’s correlation coefficient was applied to determine the 
relationship between quantitative variables. The level of significance 
was considered at p<0.05.

Result: Among 150 participants, 76% (n=114) were men. The 
patients included had a mean age of 60.60 ± 11.1 years. Out of 
the total patients, 53.3% (n=80) were hypertensive whereas 44% 
(n=66) were diabetic and 14% (n=21) were smokers. Details of all 
demographics are mentioned in Table 1. Regarding the involvement 
of CAD, 31% (n=47) and 69% (n=103) patients had single-vessel 
disease and multi-vessel disease, respectively. The Association of 
CAD with demographics and risk factors are presented in Table 2. 
Troponin I (p=0.000) and NTpro-BNP (p=0.000) were significantly 
associated with the severity of coronary artery disease. The mean 
syntax score was 17.36 ± 3.5 for for single-vessel disease and 26.53 
± 5.2 was for multi-vessel disease.

The mean pro-BNP was 561.34 pg. /ml in single-vessel disease 
and 1640.65 pg/ml in multi-vessel disease.  The Pro BNP and Syntax 
score showed a moderate, positive, and statistically significant 
relationship (r= 0.66, P <0.001) as presented in Figure 1. The 
optimal cut-off value of NTpro-BNP for ruling out multiple vessel 
disease was 947.50 pg/mL at 81% of sensitivity. The area under 
the receiver operating characteristic curve (ROC) of PRO BNP 
for diagnosing diagnosis of multi-vessel disease was 0.93 at 95% 
confidence interval (Figure 2).  

Other predictive values for cut-off with different levels of 
sensitivity and specificity are mentioned in the table. 3. 

Table 1:  Patients’ history and demographics

Patient’s characteristics frequency (percent)

Age(years); mean± std. dev 60.6 ± 11.1

Groups

≤40 years 7(4.7)

41-59 years 61(40.7)
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≥60 years 82(54.7)

Gender

Male 114(76)

Female 36(24)

Trop-I (ng/mL); mean± std. dev 9.81±7.97

Groups

<0.30 ng/mL 23(15.3)

0.30-10 ng/mL 72(48)

10-25 ng/mL 38(25.3)

>25 ng/mL 17(11.3)

Co-morbidities

Hypertension

Yes 80(53.3)

No 70(46.7)

Diabetes Mellitus

Yes 66(44)

No 84(56)

Smoking Status

Smoker 21(14)

Non-Smoker 129(86)

Type of MI

Anterior 115(76.7)

Antero-lateral or lateral 15(10)

Inferior 20(13.3)

Coronary artery disease

Single vessel disease 47(31.3)

Multi vessel disease 103(68.7)

Table 2: Association of CAD Severity with Demographic and Risk Factors

Coronary artery disease 
frequency (percent)

p-value
Patient’s charac-

teristics Single Multi 
Vessel

Age 

≤40 years 3(6.4) 4(3.9)

0.66141-59 years 20(42.6) 41(39.8)

≥60 years 24(51.1) 58(56.3)

Gender

Male 37(78.7) 77(74.8)
0.598

Female 10(21.3) 26(25.2)

Troponin-I 

<0.30 ng/mL 18(38.3) 5(4.9)

<0.001*
0.30-10 ng/mL 16(34) 56(54.4)

10-25 ng/mL 4(8.5) 34(33)

>25 ng/mL 9(19.1) 8(7.8)

NT Pro BNP

<450 pg. /ml 17(36.2) 4(3.9)

<0.001*450-1000 pg. /ml 11(23.4) 25(24.3)

>1000 pg. /ml 19(40.4) 74(71.8)

Co-morbidities

Hypertension

Yes 21(44.7) 59(57.3)
0.151

No 26(55.3) 44(42.7)

Diabetes Mellitus

Yes 20(42.6) 46(44.7)
0.809

No 27(57.4) 57(55.3)

Smoking Status

Smoker 3(6.4) 18(17.5)
0.069

Non-Smoker 44(93.6) 85(82.5)

Type of MI

Anterior 32(68.1) 83(80.6)

0.225Antero-lateral or 
lateral 6(12.6) 9(8.7)

Inferior 9(19.1) 11(10.7)

Chi-square/fisher exact test was applied.
*Significant at 0.05 level.
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Figure.1. Relationship between Pro BNP and Syntax Score

Figure.2. ROC Curve for detection of Pro BNP cut-off in diagnosis 
of multi vessel disease

Table No 3: ROC Coordinates of the Curve of different Pro-BNP 
cutoffs for diagnosis of multi-vessel disease

Coordinates of the Curve

Positive if Greater Than or 
Equal To Sensitivity 1 - Specificity

947.5000 .816 .064

962.0000 .816 .043

981.5000 .806 .021

Discussion:
The primary finding of the current study was that patients who 

presented with their first ST elevation myocardial infarction were 
more likely to have multi-vessel disease (68.7 %). Patients with low 
NT-proBNP values had single-vessel disease, whereas those with 
high NT-proBNP values had multivessel coronary artery disease. 
Early assessment at presentation in the emergency room helps with 
the stratification of risk in patients suffering from acute myocardial 
infarction as it is a critical predictor of outcome in these patients.13 
Another study reported that BNP  and NT-proBNP are related to 
long-term prognosis in patients with predominant ST-segment 
elevation AMI.14 A few studies have found that BNP levels in 
persons suffering from ACS can correlate with the CAD severity, 
degree as well as TIMI flow.15

When pro-BNP levels increase, it relates to a worsening of 
coronary artery disease. This is shown in one of the well-known 
studies, BIOMARCS.16 when the left anterior descending artery is 
obstructed, Pro-BNP levels are greater than when the left circumflex 
and right coronary arteries have stenotic lesions. These elevated levels 
of Pro-BNP indicate multi-vessel involvement of the coronaries.16 
when a patient has an acute myocardial infarction, blood levels of 
natriuretic peptides (atrial natriuretic peptide, NT-ProBNP, and BNP) 
rise dramatically. 16 According to the findings of this investigation, 
the plasma NT-ProBNP level may be used to assess the degree of 
myocardial ischemia.16 BNP levels are elevated in STEMI patients, 
unstable angina patients, and cases of myocardial infarction with 
non-ST elevation, displaying the extent of the severity of coronary 
vascular disease and aberrant coronary blood flow.17 However, with 
respect to the cited study, our study was characterized by the absence 
of left ventricular dysfunction and enlargement, which are the main 
factors responsible for BNP increase.18

According to the findings of a meta-analysis, patients with 
acute coronary syndrome who had elevated BNP levels had an 
increased chance of dying or having a myocardial infarction.19 
Additionally, there is a notable rise in the likelihood of unfavorable 
consequences.19 Another study showed that higher NT-proBNP 
levels were associated with cardiovascular and all-cause mortality in 
an unselected, large population of elderly patients in the primary care 
setting, independent of traditional risk factors, implying that NT-
proBNP can help identify subjects at high risk for cardiac events.20 
Subjects with greater levels of NT-proBNP had a higher incidence 
of all-cause and cardiovascular mortality.20 Another study explored 
in more depth and found Participants with stage 1 hypertension 
with elevated NT-proBNP had a higher risk of heart disease than 
those with stage 2 hypertension with lower NT-proBNP.21 Similarly 
one more researcher found that NT-proBNP could predict worse 
outcomes in dysglycemic individuals with Chronic Coronary 
Syndrome and normal LVSF, implying that NT-proBNP could aid in 
risk stratification in this population.22 The above studies differ from 
the present study as we did not control risk factors.

There are certain limitations of this study. It was an observational 
study with a small sample size and single center therefore, it is 
difficult to interpret concrete conclusions, also comprehensive 
echocardiography was not done prior to intervention. Further studies 
should be conducted in this regard to determine the sensitivity and 
specificity of NT-pro-BNP in predicting single and multi-vessel 
disease.
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Conclusion: 
The findings of this study support the utilization of Pro-BNP as 

a valuable marker in the risk stratification of patients with first ST–
elevation myocardial infarction to assess the severity of coronary 
artery disease. Pro-BNP levels have been shown to correlate with 
the degree of CAD severity including multi-vessel involvement and 
can provide important prognostic information. Further research and 
validation studies are warranted to confirm the clinical utility of Pro-
BNP in guiding optimal treatment strategies for STEMI patients.
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Abstract

Background:  Hypertension is the leading cause of cardiovascular disease and premature death worldwide. Left ventricular 
hypertrophy (LVH), a measure of hypertensive target organ damage in the heart is associated with increased morbidity, 
mortality and development of arrhythmias. This study was designed to identify the more accurate ECG criteria for identifying 
LVH taking LVH by echocardiography as reference. 

Methods:  A cross sectional study was conducted at Shahid Gangalal National Heart Centre. A total of 252 patients were 
included. A 12-lead ECG and Echocardiography were done. Analysis done by SPSS 25. Stata-14 software was used for ROC 
(Receiver operating characteristics) comparison and P<0.05 considered statistically significant. 

Results: Sensitivity, specificity, PPV, NPV and accuracy of Sokolow-Lyon criteria in diagnosis LVH was 41.8%, 80.8%, 
67.1%, 59.7% and 61.9% respectively. The results of the test parameters taking Cornell Voltage criteria to detect LVH was 
65.6%, 73.1%, 69.6% 69.3% and 69.4%. Likewise, the test parameters of cornell voltage duration measurement was 57.4%, 
84.6%, 77.8%, 67.9% and 71.4% respectively. Similarly results of the test parameters by Romhilt-Estes system was 36.9%, 
88.5%, 75%, 59.9% and 63.5% respectively. Area under the curve(AUC) of Sokolow-Lyon index, Cornell voltage criteria, 
Cornell voltage duration measurement and Romhilt- Estes system was 0.613, 0.693, 0.71 and 0.627 respectively.  

Conclusion: In our study Cornell Voltage duration measurement criteria had a higher sensitivity and higher AUC to detect 
LVH. The different ECG criteria must be integrated with the clinical scenario. Isolated interpretation of LVH using a single 
ECG criteria has a low diagnostic value. 

Keywords:   left ventricular hypertrophy, Sokolow-Lyon, Cornell Voltage, Romhilt-Estes point score 

DOI: https://doi.org/10.3126/nhj.v21i1.65968

Introduction
Hypertension is the leading cause of cardiovascular disease 

and premature death worldwide.1 Hypertension affects 1 billion 
worldwide and it remains the most common, readily identifiable, 
and reversible risk factor for myocardial infarction (MI), stroke, 
heart failure, atrial fibrillation, aortic dissection, peripheral arterial 
disease, and cognitive decline.2 Left ventricular hypertrophy (LVH), 
a measure of hypertensive target organ damage in the heart, has been 
reported to be associated with increased morbidity and mortality and 
development of atrial arrhythmias.3,4 

The presence of left ventricular hypertrophy, in addition to 
hypertension, thus has important implications for assessing risk and 
managing patients, including decisions on interventions other than 
antihypertensive treatment, such as lipid lowering treatment and life- 
style modifications.5 

ECG LVH also provides unique prognostic information for 
increased risk of SCD, even when adjusted for echocardiographic 
LVH.6 Electrocardiography (ECG) and echocardiography 
(ECHO) can be applied to detect LVH in clinical practice. The 
diagnosis of LVH should preferably be made by ECHO because 
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it can visually measure every parameter of cardiac structure in a 
noninvasive method.7 The greater convenience and lower cost of 
the ECG continue to support its widespread use for the diagnosis of 
ventricular hypertrophy in clinical practice, epidemiological studies, 
and clinical trials. 

Several ECG criteria, such as the Sokolow–Lyon index, Cornell 
voltage or Cornell voltage duration product, and RavL are available 
to assess LVH. Most of previous studies have been conducted in 
Caucasians and the diagnostic performance of ECG criteria for 
Asians remains under investigation.8,9 We believe that this study 
will aid in identifying the more accurate ECG criteria for identifying 
LVH taking LVH by echocardiography as reference and will help in 
identifying, assessing risk and managing such patients. 

OBJECTIVES 
To compare four different ECG criteria’s of left 

ventricular hypertrophy in terms of diagnostic accuracy taking 
echocardiographically diagnosed left ventricular hypertrophy as 
reference standard. 

OPERATIONAL DEFINITION 

Hypertension: Hypertension be diagnosed when a person’s sys-
tolic blood pressure (SBP) in the office or clinicis≥140mmHg and/
or their diastolic blood pressure (DBP) is ≥90mmHg following re-
peated examination in accordance with the methods and guidelines 
provided by the internationals society of hypertension10 or patients 
taking anti- hypertensive medications for more than 6 months.

Left Ventricular Hypertrophy: LVH as defined 
by echocardiographic or electrocardiographic criteria. 
Electrocardiographically Sokolow-Lyon index, Cornell voltage 
criterion, Cornell voltage duration measurement and Romhilt-Estes 
point score system was applied to diagnose LVH. LVH is diagnosed as 
1.	 Sokolow-Lyonindex-SV1+RV5>3.5mVorRaVL>1.1mV
2.	 Cornell voltage criterion - SV3 + RaVL > 2.8 mV in males and 

> 2.0 mV in females 
3.	 Cornell voltage duration measurement- Cornellvoltage × QRS 

duration > 2436 mm-sec 
4.	 Romhilt-Estes point score system 

Any limb lead R wave or S wave >2mV (3 points) 
SV1 or SV2 ≥ 3.0 mV (3 points)
RV5 to RV6 ≥ 3.0 mV (3 points)
ST-T wave abnormality, no digitalis therapy (3 points) 
ST-T wave abnormality, digitalis therapy (1 point) 
Left atrial abnormality (3 points) 
Left axis deviation ≥ −30 degrees (2 points) 
QRS duration ≥ 90 m sec (1 point) 
Intrinsicoid deflection in V 5 or V 6 ≥ 50 msec (1 point) 
Points of 5 or more was taken as LVH. 

Echocardiographically LVH is diagnosed as LVM/BSA > 95 
g/m2 in females and > 115 g/m2 in males and LVM/ height > 51 g/
m2 in males and > 47 g/m2 in females according to the European 
Association of Cardiovascular Imaging (EACVI) and American 
Society of Echocardiography (ASE) recommendations.11 

Obesity: Obesity is defined as abnormal or excessive fat 
accumulation that may impair health. Western Pacific Regional 
Office of WHO (WPRO) defined as overweight (BMI 23.0–24.9) 
and obesity (BMI ≥25.0) for Asian populations.12

The formula to calculate BMI = kg/m2 where kg is a person’s 
weight in kilograms and m2 is their height in metres squared. 

Smoking Status-As defined by CDC.

Current smoker-An adult who has smoked 100 cigarettes in 
his or her lifetime and who currently smokes cigarettes every day 
or some days. 

Former smoker- An adult who has smoked at least 100 
cigarettes in his or her lifetime but who currently do not smoke.

Never smokers- An adult who has never smoked, or who has 
smoked less than 100 cigarettes in his or her lifetime.

MATERIALS AND METHODS 
Setting: Cardiology Department of Shahid Gangalal National Heart 
Centre, Kathmandu, Nepal.
Duration of the study: - 6 months from August 2021 to February 
2022. 
Sample size: 252
Calculated using Dr. Lin Naing calculator.

Sample selection

Inclusion criteria 
1.	 All the patients presenting to the OPD diagnosed with 

hypertension or under anti-hypertensive medications 
irrespective of the presenting complain or duration of therapy. 

2.	 Patient’sageshouldbefrom 35-65 years of age. 
3.	 Patients willing to take part with consent in the study. 

Exclusion criteria 

1.	 Patients with cardiomyopathies. 
2.	 Patients with valvular heart diseases. 
3.	 Patients with left/right bundle branch block 
4.	 Patients with left anterior fascicular block 
5.	 Patients with valvular heart diseases 
6.	 Patients with any underlying kidney disease 
7.	 Patients with other secondary causes of hypertension 
8.	 Patients with gestational hypertension or pre-eclampsia. 
9.	 Patients unwilling to participate 

STUDY DESIGN: Cross sectional study 
Following the ethical clearance from the Institutional Review 

Board (IRB) of the Shahid Gangalal National Heart Centre, a cross 
sectional study was conducted. Cases diagnosed with hypertension 
or under anti- hypertensive medications and fulfilling the inclusion 
criteria was enrolled as cases. They were explained about the 
purpose of the study and the methods used. Informed written consent 
was taken in either Nepali or English language whichever they feel 
comfortable assuring full confidentiality. All patients underwent full 
history taking and physical examination. A 12-lead resting ECG was 
recorded at 25 mm/s and 1 mV/cm standardization. The 12-lead 
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ECG was read by two independent cardiologists and findings were 
recorded. 

Defined electrocardiographic indices was applied to diagnose 
LVH. Echocardiography was done by using GE healthcare Vivid 
E95 echocardiography machine.

Echocardiographic measurement performed by the investigator 
measuring inter ventricular septum (IVS), left ventricular internal 
diameter (LVID), and posterior wall thickness (PWT) and left 
ventricular mass (LVM) was calculated using the American Society 
of Echocardiography (ASE) recommended formula: 

LVM (g) = 0.8{1.04[(LVIDd + PW + IVSd)3 - (LVIDd)3]} + 
0.6 g.10

LVM was standardized by body surface area (BSA) and body 
height as LVM/BSA and LVM/height respectively. 

LVH was diagnosed as LVM/BSA > 95 g/m2 in females and > 
115 g/m2 in males and LVM/ height > 51 g/m2 in males and > 47 g/m2 
in females according to the EACVI and ASE recommendations.12

All the information such as age, gender, height, weight, BMI, 
SBP, DBP, origin, smoking status, LVH on ECG criteria, LVH on 
echocardiography was noted in a predesigned proforma. 

DATA ANALYSIS PROCEDURE 
The collected data was entered using data validation tool (MS-

Excel worksheet 2010). Statistical analyses were performed with 
statistical software (IBM SPSS®statistics 25 for Windows). The 
data was presented in tables and diagrams. All measured values were 
reported as means ±SD for continuous variables like age, height, 
weight, BMI, SBP, DBP and BSA. Frequency and percentages for 
categorical variables like gender, area of origin, smoking status. 

Sensitivity, specificity, PPV NPV and diagnostic accuracy of 
ECG different criteria like Sokolow-Lyon, Cornell criteria, Cornell 
voltage duration measurement, Romhis-Estes point scoring system 
for LVH was computed and echocardiography was taken as gold 
standard. 

Receiver operating characteristic (ROC) curves and the areas 
under the curves analyses were conducted to compare diagnostic 
accuracy for the four ECG criteria using conventional cut-off values. 
Stata-14 software was used for ROC comparison and P<0.05 was 
considered of statistical significance. 

RESULTS 
A total of 252 patients diagnosed with hypertension or under 

anti- hypertensive medications irrespective of the presenting 
complain were included in this study. The average age of the patients 
was 50.32±6.95 years. There were 157(62.3%) male and 95(37.7%) 
female participants The mean systolic and diastolic blood pressure 
was 139.92 ± 26.97 and 88.37 ± 9.61 respectively. Almost 52% 
patients were from urban and 48% from rural areas (figure 5). Out 
of 252, 50%(126) of the population were nonsmokers; 28.2% were 
currently smoking and 21.8% had previously smoked. Almost 78% 
were currently taking anti hypertensive medications. The baseline 
characteristics of the patients are reported in Table 1. 

Out of 252 study cases, 122(48.4%) of them had left ventricular 
hypertrophy on Echocardiography. According to ECG criteria, left 
ventricular hypertrophy was observed as defined by Sokolow-Lyon 

criteria on 76(30.2%), as Cornell voltage criteria on 115(45.6%), 
as Cornell voltage duration measurement on 90(35.7%) and as 
Romhilt- Estes point score system on 60(23.8%) as shown in table 2. 

Sensitivity, specificity, PPV, NPV and accuracy of Sokolow-
Lyon criteria in diagnosis of left ventricular hypertrophy was 
41.8%, 80.8%, 67.1%, 59.7% and 61.9% respectively. Likewise, 
diagnostics parameter of ECG by Cornell Voltage to detect LVH 
was 5.6%, 73.1%, 69.6% 69.3% and 69.4% respectively. Similar 
diagnostics parameter of ECG as defined by Cornell voltage 
duration measurement was 57.4%, 84.6%, 77.8%, 67.9% and 71.4% 
respectively and diagnostic parameters of ECG by Romhilt- Estes 
point score system was 36.9%, 88.5%, 75%, 59.9% and 63.5% 
respectively as shown in table 3. The different ECG criteria also 
seemed to have a better diagnostic accuracy in patients younger than 
50 years of age as shown in supplementary table 1.

Receiver operating characteristic (ROC) curve for four criteria 
of Echocardiography to detect LVH is represented in figure 1. Area 
under the curve(AUC) of Sokolow-Lyon index, Cornell voltage 
criteria, Cornell voltage duration measurement and Romhilt-Estes 
point (score system was 0.613, 0.693, 0.71 and 0.627 respectively. 
Comparison of AUC among the ECG criteria is shown in table 
4. AUC of Cornell voltage criteria and Cornell voltage duration 
measurement was significantly high in all criteria (p=0.038, p=0.047 
and p=0.004).  Our study also showed that the combined analysis 
of the 4 ECG criteria may have a higher diagnostic value than each 
ECG criterion alone as shown in supplementary table 2.

Table 1: Baseline characteristics of the patients 	 Total: 252

 Males  157 (62.3%)

Age (years) 50.32 ± 6.95

BMI(kg/m2)  25.26 ± 2.66

BSA(m2)  1.77 ± 0.12

SBP (mmHg)  139.92 ± 26.97

DBP (mmHg)  88.37 ± 9.61

Current use of anti-hypertensive  
medications(%)  77.78 %

 Urban residence(%)  51.98 % 

Smoking status
   Current
   Ex-smoker
   None

28.2%
21.8% 
50%
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Table 2: Frequency of patients with left ventricular hypertrophy 
detected by electrocardiography And echocardiography

Diagnostic criteria LVH 
Positive

LVH 
Negative

Sokolow-Lyon index 76(30.2%) 176(69.8%)

Cornell voltage criteria 115(45.6%) 137(54.4%)

Cornell voltage duration mea-
surement 90(35.7%) 162(64.3%)

Romhilt-Estes point score system 60(23.8%) 192(76.2%)

Echocardiography 122(48.4%) 130(51.6%)

Table 3: Four different ecg criterias of left ventricular hypertrophy 
in terms of diagnostic accuracy taking echocardiographically as 
reference standard

Diagnostic
Criteria of 

ECG

Sensi-
tivity

Speci-
ficity PPV NPV Accu-

racy

Sokolow-Lyon 
index 41.8% 80.8% 67.1% 59.7% 61.9%

Cornell volt-
age criteria 65.6% 73.1% 69.6% 69.3% 69.4%

Cornell volt-
age duration 
measurement

57.4% 84.6% 77.8% 67.9% 71.4%

Romhilt-Estes 
point score 
system

36.9% 88.5% 75% 59.9% 63.5

Table 4: Pair wise comparison of four electrocardiography finding 
taking echocardiographically as reference standard

ECG diagnostic criteria
for LVH AUC P-Val-

ue

Sokolow-Lyon index 
vs.

Cornell voltage 
criteria

0.613 vs. 
0.693 0.038*

Cornell voltage 
duration mea-
surement

0.613 vs. 
0.71 0.011*

Romhilt-Estes 
point score 
system

0.613 vs. 
0.627 0.706

Cornell voltage criteria 
vs.

Cornell voltage 
duration mea-
surement

0.693 vs. 
0.71 0.456

Romhilt-Estes 
point score 
system

0.693 vs. 
0.627 0.047*

Cornell voltage dura-
tion measurement vs.

Romhilt-Estes 
point score 
system

0.71 vs. 
0.627 0.004*

This comparison was done by Stata-14 software

Figure 1: receiver operating characteristic (roc) curves for four 
different ecg criteria in prediction of lvh
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DISCUSSION 
LVH is mainly determined by an increase in left ventricular 

mass, which can be estimated by the electrical voltage changes 
detected on the surface electrocardiogram. Because of this, the 
ECG is a good proxy for detecting changes in left ventricular mass. 
However, the electrical voltage of the heart is not only determined 
by the amount of myocardium present. It is instead reliant on active 
and passive electrical connections between the heart and torsum. 
These are influenced by variables such as the distance between 
the left ventricular cavity and the electrode, the position of the 
surface electrode, individual anthropometric variations, conduction 
problems, myocardial fibrosis, and pulmonary pathology.13 
Furthermore, the ECG voltage has been shown to vary dramatically 
from day to day, between patients, and even between individuals. 

The only way to clarify whether or not ECG criteria are reliable 
in diagnosing LVH is to test them against echocardiography. In view 
of this, the present study evaluated the four more commonly used 
electrocardiographic criteria’s for left ventricular hypertrophy, using 
echocardiography as diagnostic standard. 

Our data confirms the high incidence of electrocardiographically-
defined LV hypertrophy, 30.2% had LV hypertrophy as defined 
by Sokolow-Lyon criteria, Cornell voltage criteria 45.6%, Cornell 
voltage duration measurement 35.7% and Romhilt-Estes point score 
system 23.8%. 

Certain groups of the population have showed even a higher 
prevalence of ECG defined Sokolow-Lyon criteria for left ventricular 
hypertrophy. In a study done by Sharma et al. the Sokolow-Lyon 
criteria was positive among 45% of 1000 young atheletes.14. Our 
study also showed similar findings that the ECG criteria seemed to 
have a better diagnostic accuracy in patients younger than 50 years 
of age.

Few previous studies investigated the accuracy of ECG criteria 
in the detection of LVH in Asians.15-17 In 546 Chinese patients with 
hypertension, Xie et al. found that the Cornell voltage and product 
criteria had a higher sensitivity to detect echocardiographic LVH 
(28% and 36.6%, respectively).15 

In our study Cornell Voltage and cornell voltage duration 
measurement criteria had had a higher sensitivity to detect 
echocardiographic LVH (65.6% and 57.4%) respectively. In a study 
done by Su et al. in Taiwan, among 539 young army men the Cornell 
voltage and cornell voltage duration product criteria had better 
performance for the echocardiographic LVH than the Sokolow–Lyon 
criteria, with a sensitivity of 22.2%, 27.8%, and 8.3%, respectively.16 
In 332 Korean patients, Park et al. demonstrated that the Cornell 
product criterion was superior to the Sokolow–Lyon voltage criterion 
in women, but the opposite was true in men.17 It has been shown that 
QRS duration had a stronger association with Echo- LVH among all 
other single- lead components18 which may have driven the better 
performances of Cornell- product- related criteria. QRS duration was 
reported to be an independent predictor for LVH in previous studies 
(Okin et al., 2002; Palmieri et al., 2007). Potential mechanisms 
included the longer time required to activate myocardium that was 
increasingly distant from specialized conduction tissue and the 
decreased conduction velocity in hypertrophied myocardium. 

In the systematic review done by Pewnser et al the accuracy 
of different electrocardiographic indexes for the diagnosis of left 
ventricular hypertrophy had sensitivity ranging from 10.5-21% and 

median specificity of 89-99%.5 In our study area under the curve of 
Cornell voltage criteria and Cornell voltage duration measurement 
was significantly high in all criteria (p=0.038, p=0.047 and p=0.004) 
and this is in accordance with previous studies by Salles et al19 and 
by Xie et al.15 

Previous studies often focused on the diagnostic sensitivity 
and specificity of single ECG criterion.20,21 Our study found that 
the combined analysis of the 4 ECG criteria may have a higher 
diagnostic value than each ECG criterion alone. Also these criteria 
appear to have a higher diagnostic accuracy in those patients aged 
less than 50 years of age. 

As the diagnostic accuracy of the Sokolow-Lyon criteria is 
comparably low, Cornell criteria and Cornell voltage duration 
measurement, should be implemented in routine clinical practice. 
In a resource-limited setting like ours where echocardiography 
facilities are not accessible in all rural settings, using ECG criteria 
such as Cornell voltage and Cornell voltage duration measurement 
can be considered to be standard investigations in the future for 
diagnosis of LVH based on the strength of their cost- effectiveness 
and availability. Also it has been reported that ECG-LVH can predict 
the outcome of heart failure outperforming MRI-LVH.22 We also 
would recommend that the Cornell voltage duration algorithm be 
applied to the in-built software in ECG which would aid in decision 
making to physicians. 

Our research must be understood in light of its limitations. 
Firstly, we just looked at four of the several ECG criteria’s validated 
for diagnosis of LVH. Second, it was conducted in a single center. 
As a result, our study may be less representative than a larger 
multicenter study. Also left ventricular mass was established using 
echocardiography, cardiac magnetic resonance imaging is known to 
be more accurate. Nonetheless, the current study paved the way for 
future research in Nepal on the use of the current ECG crteria’s for 
LVH and possibly the need of a better ECG LVH diagnosis criteria. 

CONCLUSION 
In our study Cornell Voltage criteria and cornell voltage duration 

measurement had the higher sensitivity to detect echocardiographic 
LVH (65.6% and 57.4% respectively. All of the ECG criteria must 
be integrated with the clinical scenario. Isolated interpretation of 
LVH using a single ECG criteria has a low diagnostic value. In the 
evaluation of hypertensive patients for LVH, echocardiography is 
still the method of choice. However, in resource limited settings 
where echocardiography might not be readily available, ECG criteria 
such as cornell voltage and cornell voltage duration measurement 
can be used regularly as screening investigation for LVH because of 
its cost-effectiveness and easy availability. 
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Abstract

Fenofibrate induced rhabdomyolysis is  not very common event. We present a case of muscle pain and generalized weakness 
following administration of fenofibrate for 10 days in undiagnosed hypothyroidism. Patient gradually improved after stopping 
the drug. As per our knowledge, this is probably the first case report of fenofibrate induced rhabdomyolysis from Nepal. 
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Introduction
Hypothyroidism on many occasions may remain undiagnosed 

as symptoms of hypothyroidism are vague. There are many clinical 
situations in which patients are taking different medicines in the case 
of undiagnosed hypothyroidism.

Fibric acid derivatives such as fenofibrate increases high density 
lipoprotein (HDL) and lowers low density lipoprotein (LDL), total 
plasma cholesterol, very low-density lipoprotein (VLDL) and 
triglyceride. Fenofibrate has half-life of about 20 hours, is 99% 
protein-bound with 80% excretion via urine. One of the most serious 
side-effect is rhabdomyolysis and myopathy.1 

Myopathy in hypothyroidism generally present as elevation of 
serum creatinine phosphokinase (CPK), muscle pain and stiffness, 
proximal muscle weakness and cramps.2,3 Rhabdomyolysis is a 
syndrome involving skeletal muscle necrosis and the consequent 
release of intracellular muscle proteins and electrolytes into 
the systemic circulation. Its severity is variable, ranging from 
asymptomatic elevations in serum muscle enzymes levels to life-
threatening electrolyte disturbances and acute renal failure.4 The 
typical clinical presentation includes muscle weakness, myalgias 
and dark-colored urine due to myoglobinuria, and the diagnosis 
is usually established by elevated serum skeletal muscle enzyme 
levels.5 Creatinine phosphokinase  is the most sensitive indicator of 
muscle injury and, although there is no defined serum cut-off level 
for the diagnosis, many clinicians use five to ten times the upper 
limit of normal range.6 Only few articles have been reported on 
fenofibrate induced rhabdomyolysis in patients of hypothyroidism 

in other settings.1,7 No case have been reported in the settings similar 
to ours as per our best knowledge. We report a case of 38 years 
male of undiagnosed hypothyroidism culprit for fenofibrate induces 
rhabdomyolysis. 

Case report:
A 38 years male, non-smoker, non-alcohol consumer,  known 

case of  systemic hypertension under medication, recently diagnosed 
as hypertriglyceridemia (triglyceride [TG] level of 6.5 mmol/L) 
and started on fenofibrate 160 mg since last 10 days came with 
complain of generalized weakness and bilateral pain in arms, thighs 
and buttocks since last 10 days. He denied any history suggestive 
of inherited muscle disease. He complained of undue fatigue and 
difficulty in mobilization. The patient was having inadequate urine 
output since same duration however there was no history of swelling 
of limbs. On examination, patient had generalized muscle tenderness 
and proximal muscle weakness. 

The diagnosis of rhabdomyolysis in this patient was 
established on the basis of myalgia, muscle weakness, prominent 
elevation of serum levels of CPK, lactate dehydrogenase, aspartate 
aminotransferase and also creatinine. The fenofibrate was 
discontinued, thyroid hormone replacement was started with oral 
levothyroxine (50mcg/day) and intravenous fluid replacement with 
normal saline was started. The urine output was normalized, and 
serum urea and creatinine decreased to normal values during hospital 
stay. The patient’s maximal weakness was observed on the seventh 
day following the onset of weakness. The patient started improving 
on the tenth day following stoppage of the offending drug. 



Undiagnosed Hypothyroidism: Culprit for Fenofibrate Induced Rhabdomyolysis.50

Nepalese Heart Journal 2024; Vol. 21(1), 49-50

Investigations at admission, discharge and follow up are shown 
in Table 1.

Table 1: Serial investigations of the patient from admission till 
follow up.

At admis-
sion

After 1 
week

After 1 
month

After 3 
months

CPK-TO-
TAL 39463 IU/L 29021 IU/L 474 IU/L 234 IU/L

CREATI-
NINE 1.3 mg/dL 1.2 mg/dL 0.9mg/

dL 0.9mg/dL

POTASSI-
UM 4.0 MEQ/L 3.9 MEQ/L 5.1 

MEQ/L
4.8 
MEQ/L

ALT 501 IU/L 470 IU/L 24 IU/L 71 IU/L

AST 2076 IU/L 859 IU/L 20 IU/L 36 IU/L

TG 2.2 
MMOL/L

3.3 
MMOL/L

LDL 2.2 
MMOL/L

1.6 
MMOL/L

TOTAL 
CHOLES-
TEROL

4.3 
MMOL/L

3.1 
MMOL/L

URINE 
MYOGLO-
BIN

>12000 
MICRO-
GRAM/L

TSH 137 uIU/
ML

70.2 uIU/
ML

2.87 uIU/
ML

Discussion:
Hypothyroidism is an established secondary cause of 

dyslipidemia, but it is  also a potential risk factor of myopathy 
induced by lipid-lowering agents.8-11 Fenofibrate monotherapy-
induced rhabdomyolysis is very rare event. Thus, other risk factor 
like hypothyroidism should be suspected, in cases of  fenofibrate 
induced rhabdomyolysis.12 Once diagnosed, it is mandatory 
to stop fibrates and start IV hydration along with correction of 
hypothyroidism. Our patient started recovering after 2 days and 
his myopathy improved after 10 days. In cases of rhabdomyolysis, 
rechallenge of the treatment is not advised because of the risk of 
a serious relapse. Treatment of hypothyroidism itself should lower 
the TG level in these cases.13  Isolated hypothyroidism leading to 
rhabdomyolysis is a rare and literatures have recommended to search 
for other precipating factors like statin therapy and heavy exercise.14  
Our patient recovered completely after stopping fenofibrate and 
subsequently adding oral levothyroxine. 

The study has few limitations. The demarcation of cause of 
improvement on the patient could have been contributed by both of 
the measures of adding levothyroxine and stopping fenofibrate. We 
didn’t consider muscle biopsy and genetic testing in the patient as 
the patient recovered almost completely in follow up. 

Conclusion:
Hypothyroidism increase the chance of myopathy and should be 

checked in all patients of dyslipidemia who are planned to be treated 
with fenofibrate. 
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Abstract

Sarcoidosis is a complex systemic disorder characterized by an increased cellular immune response and the development of 
non-caseating granulomas. Sarcoidosis can affect any other organ and cardiac involvement has been reported in a substantial 
percentage of individuals. A sound clinical evaluation is needed for rapid recognition and implementation of appropriate 
treatment alternatives. Chest pain is a common presenting symptom in sarcoidosis. We present here an interesting case 
of a 39-year-old female presenting with ST elevation myocardial infarction who was managed by primary percutaneous 
intervention.
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Introduction
Sarcoidosis is a complex systemic disorder characterized by an 

increased cellular immune response and the development of non-
caseating granulomas. Because it can affect practically every organ 
in the body, it can induce a wide range of clinical symptoms.1 The 
etiology of sarcoidosis is unknown, and because it can mimic other 
common clinical illnesses, diagnosing it can be difficult. Although 
the prognosis can be improved, early discovery and vigorous 
treatment are required.1

While sarcoidosis can affect many other organs, cardiac 
involvement has been reported in a substantial percentage of 
individuals. The first recorded case of cardiac sarcoidosis occurred 
in1929, and subsequent autopsy studies have showed that up to 
76% of sarcoidosis patients have cardiac involvement.2 Despite its 
prevalence, cardiac sarcoidosis is commonly misdiagnosed because 
it resembles other heart illnesses. A sound clinical evaluation is 
needed for rapid recognition and implementation of appropriate 
treatment alternatives.3

Studies suggest that sarcoidosis results from the combination 
of immune dysregulation, environmental factors, and genetic 
predisposition.6

Sarcoidosis can present clinically in a variety of ways depending 
on the organs involved. Typical symptoms include fatigue, weight 
loss, fever, and general malaise. Pulmonary involvement is the most 
common sarcoidosis symptom, and patients usually complain of 
chest pain, shortness of breath, and coughing. Sarcoidosis, on the 
other hand, can affect the skin, eyes, liver, spleen, lymph nodes, and 
neurological system causing a variety of symptoms and issues.7

Chest pain is a common presenting symptom in sarcoidosis. 
Perfusion defects indicative of myocardial ischemia was detected in 
almost 50% cases in a study focusing on the importance of angina in 

sarcoidosis patients.4 It is important to note that, despite the discovery 
of myocardial involvement, epicardial coronary involvement was 
not pathologically established in explanted hearts untilrecently.5

Sarcoidosis must be diagnosed using clinical evaluation, 
imaging studies, laboratory tests, and histological analysis. The 
first evaluation includes a detailed medical history and physical 
examination to search for any possible organ involvement symptoms. 
Laboratory tests may reveal abnormalities such as hypercalcemia, 
liver dysfunction, or elevated angiotensin-converting enzyme (ACE)
levels. These findings, however, can be discovered in a variety of 
disorders, not just sarcoidosis.

Figure 1: Coronary angiogram showing total occlusion  
in Proximal RCA.
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Figure 2: Coronary angiogram showing 100% stenosis in mid LAD 
and diffused disease in LCX and OMI

Figure 3: ECG revealed ST elevation in V1-V4 with reciprocal ST 
depression in II, III and aVF.

Imaging investigations, such as chest X- rays, CT scans, or 
magnetic resonance imaging (MRI), are critical for establishing 
organ involvement and assessing disease severity. Sarcoidosis 
is distinguished by pulmonary infiltrates and bilateral hilar 
lymphadenopathy. Other imaging modalities, including as positron 
emission tomography (PET) scans, can help determine extra 
pulmonary involvement and disease activity.

For a definitive diagnosis of sarcoidosis, histopathological 
evidence of non-caseating granulomas is required. A biopsy of the 
affected organ or tissue is typically performed to do this. A heart 
biopsy in patients with cardiac sarcoidosis may be difficult to acquire 
because to its invasive nature. However, in some cases where there 
is a high clinical suspicion, cardiac samples or even explanted heart 
testing may be required to establish the diagnosis.9

When a diagnosis of sarcoidosis is made, the severity and amount 
of organ involvement decide how the disease should be managed. 
Sarcoidosis may occasionally resolve on its own or require only 
supportive care. However, when organ function is severely damaged 
or the disease is progressing, medication is essential to control 
inflammation and avert the consequences.10

Case Presentation
A 39-year-old woman, presented with chest pain, and shortness 

of breath that had been persistent for five days. She was a known case 
of Sarcoidosis for five years. She was diagnosed to have hypertension 
and type2diabetes for two years. She was treated for pulmonary 
tuberculosis on clinical grounds. No improvement in symptoms 
even after completion of anti-tubercular therapy warranted further 
evaluation.

During work up her angiotensin-converting enzyme (ACE) level 
was elevated the value was more than 300 U/L; normal value 12-
68 U/L. On USG abdomen and pelvis, she had hepatomegaly and 
numerous intraabdominal lymph nodes. A true cut biopsy of the 
liver was done and reported as many lymphoid and fibrous tissue-
encircled non-caseating epithelioid cell granulomas. The findings 
of Granulomatous inflammation on liver biopsy pointed to liver 
involvement in sarcoidosis.

After diagnosis of Sarcoidosis was made, she was being treated 
with azathioprine 50mg and prednisolone as and when required. She 
was doing well one day prior to presentation at our center.

On evaluation at our center the ECG revealed ST elevation 
in V1-V4 with reciprocal ST depression in II, III and AVF. 
Her Qualitative Troponin done outside center was positive. 
Diagnosis of anteroseptal STEMI was made. Echocardiography 
revealed hypokinesia of Left anterior descending artery 
(LAD) territory and LVEF of 35%. Coronary 
angiogram was performed and diagnosis of triple 
vessel disease involving LAD, Right coronary artery 
(RCA) and Left circumflex artery 
(LCX) was made. PCI was performed on LAD and RCA.

Her condition was stable at the time of discharge. She was 
discharged on Dual antiplatelet therapy (DAPT), Sodium Glucose 
Transporter 2 (SGLT2) inhibitors, Mineralocorticoid receptor 
antagonist (MRA), Angiotensin receptor  blocker (ARB), Diuretics 
and azathioprine. Prednisolone therapy was avoided keeping in 
consideration the acute myocardial infarction.

On follow-up she did not have complaints of chest pain or chest 
heaviness. Her vitals were stable with LVEF of 45% on 2D echo.

Discussion:
A systemic inflammatory illness called sarcoidosis is characterized 

by the development of non-caseating granulomas in the organs that 
are afflicted. Heart failure, conduction problems, arrhythmias, and 
sudden cardiac death are just a few of the manifestations that can 
result from   cardiac involvement in sarcoidosis, often known as 
cardiac sarcoidosis (CS). The connection between sarcoidosis and 
ACS is, however, not very common.11 However, our patient had 
cardiac involvement in terms of heart failure and coronary artery 
disease which was very less commonly reported.

Uncertainty exists regarding the precise pathophysiological 
mechanisms behind the ACS development in sarcoidosis. The 
infiltration of coronary arteries by sarcoid granulomas is thought to 
cause luminal constriction and ensuing myocardial ischemia.  The 
development of atherosclerosis and plaque instability may be aided 
by inflammation and fibrosis within the artery walls, raising the risk 
ofACS.12

It was unexpected, nonetheless, for ACS to develop alongside 
sarcoidosis.13 Our diagnosis was supported with initial findings of 
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non-caseating granulomas in the liver biopsy and increase level of 
ACE. In our case indicated that the patient, had a known history of 
sarcoidosis.

Patient was diagnosed with diabetes and hypertension for short 
duration of two years. There was absence of any other traditional risk 
factor for coronary artery disease in this young lady. At the time of 
diagnosis of sarcoidosis there was involvement of liver and lungs. 
The nature of presentation in this case supported the causal role of 
disease in development of acute MI.

Due to the necessity to combine antiplatelet and anticoagulant 
medications with the danger of aggravating granulomatous 
inflammation, the management of ACS in patients with sarcoidosis 
can be difficult. Due to the amount and severity of coronary artery 
disease in our situation, revascularization was advised.14 This strategy 
was designed to increase the myocardial blood flow and reduce 
symptoms. The treatments also included antiplatelet medications, 
statins, beta-blockers, and angiotensin receptor blockers.15

The management of her illness was made difficult by the existence 
of numerous comorbidities, including hypertension, type 2 diabetes, 
and her coronary artery disease most likely developed and progressed 
as a result of these comorbidities. As prolonged inflammation and the 
development of granulomas can have resulted in vascular dysfunction 
and a prothrombotic condition, sarcoidosis itself may have contributed 
to the emergence of ACS.16

In order to effectively manage patients with sarcoidosis and 
ACS over the long term, medical therapy must be optimized with 
frequent follow-up visits. Ventricular arrhythmias and sudden 
cardiac death are likely to occur in ACS patients, hence, implanted 
cardioverter-defibrillator (ICD)insertion may be considered in certain 
circumstances.17

Conclusion:
The necessity of taking sarcoidosis into account as a possible 

underlying cause in patients who come with ACS is highlighted by 
this case, especially in those who have a history of sarcoidosis or 
suspicious clinical characteristics. For these patients’ results to be 
maximized, early identification and adequate therapy are essential. 
Unanswered questions that whether the pathophysiology and 
behavior of the coronary artery disease remains different in this 
subset of patients’ needs to be addressed. Alternative therapies which 
have less deleterious effect on long term basis needs to be sought. 
More investigation is required to comprehend the pathophysiological 
pathways that connect sarcoidosis and ACS and to create specialized 
treatment plans for this particular population.
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