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Abstract 
Objective: Valvular heart disease (VHD) patients after mechanical heart valve (MHV) replacement surgery require 
postoperative prophylactic anticoagulation to preclude the risk of thromboembolic events. The aim of the present study 
was to understand the impact of international normalised ratio (INR) variability and time in therapeutic range (TTR) in 
balancing the choice of antithrombotic therapy and its outcomes in patients who underwent the MHV replacement. 
Methods: This retrospective cohort study was conducted between January 2018 to December 2019 at a tertiary care 
hospital in South India.  
Results: A total of 159 patients with a mean age of 37.31 (12) years were operated for MHV replacement. Of 159 
patients, 50 patients (31.4%) were male and 109 (68.6%) were female. From the cohort, majority of the patients 
underwent mitral valve replacement (93, 58.5%), followed by double valve replacement (34, 21.4%) and aortic valve 
replacement (32, 20.1%). Post-surgery, 36 patients had thromboembolic complications, where the majority suffered 
from peripheral embolism (18, 50%), followed by ischemic stroke (10, 27.7%), and prosthetic valve thrombosis (8, 
22.2%). The most common post-operative anti-coagulation drug used was warfarin (124, 79%). The INR range of 2.01 – 
2.49 (p - 0.003) was reported to be significant for mitral valve and double valve replacement patients.  
Conclusion: Overall, the complication rates in the Indian population who underwent MHV replacement was reported to 
be low. To conclude, higher the TTR - lesser will be the risk of developing complications and vice versa. 
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Introduction 
The prevalence of valvular heart disease (VHD) is rising 
worldwide, affecting approximately 41 million people 
(1). In future too, it is expected to rise year-on-year 
concurrently with increase in life expectancy. Among all 
the heart valve-related pathologies, rheumatic heart 
disease (RHD) is more prevalent and reported 
predominantly in low-income and middle-income 
countries (2). It is estimated that approximately 300 000 
new prostheses are implanted annually worldwide (3). 
Such heart valve replacement surgeries were performed 
using either mechanical or bioprosthetic valves 
depending upon the individual medical and other 
considerations such as age, desires, lifestyle, values, 

surgical factors, co-morbidities, and clinical conditions 
(4).  
Both mechanical and bioprosthetic valves have their 
own advantages and disadvantages. However, 
limitations such as durability and structural valve 
deterioration discouraged the use of bioprosthetic 
valves. Except for the risk of thromboembolism, 
mechanical valves were considered to be more durable 
and effective. To avoid any post-operative mechanical 
heart valve (MHV) replacement-related complications, 
all the operated patients are now encouraged to use 
lifelong anticoagulation drugs and vitamin K antagonists 
such as warfarin. 
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Graphical abstract 
 

 
In clinical practice, European therapeutic guidelines or 
the American College of Cardiology/ American Heart 
Association/ American College of Chest Physicians 
(AHA/ACC/ACCP) have provided certain 
recommendations regarding the use of anticoagulants 
and target international normalized ratio (INR) range 
for the timeous adjustment of anticoagulants dosages, 
to avoid INR out of the safe range related thrombosis 
and bleeding complications (5). Such anticoagulation 
effects by anticoagulants were thoroughly measured 
using either the traditional/or Rosendall method, to 
determine the target INR and time in the therapeutic 
range (TTR, anticoagulation effectiveness). The 
traditional method is the percentage of values in the 
therapeutic range. For mitral valve replacement 
(MVR) and double valve replacement (DVR) patients, 
target INR was considered a 2.5 – 3.5 and for aortic 
valve replacement (AVR) patients it was considered as 
2.0 – 3.0. The Rosendall method, known as the 
percentage of days in the therapeutic range, considers 
the amount of time between the visits and estimates 
the number of days the patient's INR was in the 
therapeutic range. The Rosendall method uses linear 
interpolation to assign an INR value to each day 
between successive observed INR values (6). 
Establishing such optimum INR was reported to avoid 

a large number of post-operative complications. The 
optimal INR range was always a debate and it was also 
reported to be highly dependent up on race and 
ethnicity of the patients. Randomised clinical trials 
conducted in Asian population have always confirmed 
the greater tendency of bleeding to anticoagulation 
therapy over Western population (5). From the 
literature, the overestimation of such TTR values and 
its outcomes were well documented from different 
parts of the world. In view of this, balancing INR and 
TTR was reportedly taken a central role in patient`s 
post-operative outcomes. 
In the present study, we tried to study and 
understand the impact of INR variability and TTR in 
balancing the choice of antithrombotic therapy and its 
outcomes in patients who have underwent MHV 
replacement. 
 
Methods 
Study design and population 
This retrospective cohort study was conducted over a 
period of two years (January 2018 to December 2019) 
at a tertiary care hospital in South India. All the 
patients were operated for MHV replacement (single 
or double) were rigorously followed up.  
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Only patients with a minimum of 15 INR reports were 
included in the final study data.   
Whereas, patients with a history of MVR, AVR or DVR 
with coronary artery bypass graft surgery (CABG) were 
excluded. Patients with co-morbidities associated with 
liver/kidney disease  

/coagulopathies were also discouraged from 
participating in the study. 
Written informed consent was obtained from the 
participants for all procedures. Ethics committee 
approval was received for this study from the 
Institutional Ethics Committee for Observational 
Studies, JIPMER, India (JIP/IEC/2021/031). 

Baseline variables 
 All the required final data was collected from 
electronic medical records and operation theatre 
registries of the hospital. The demographic (age, sex), 
history of atrial fibrillation, comorbidities, surgery and 
their types, transcatheter interventions, valve lesions 
and anticoagulation therapy were retrieved.   
Outcome variables 
Post-surgery, all the patients were contacted and 
enquired through telephone or email regarding any 
postoperative complications. Major thromboembolic 
events such as cerebral infarction, peripheral 
embolism, and valve thrombosis were considered and 
recorded. Cerebral infarction is defined as a sudden 
temporary or permanent neurologic defect. Whereas, 
hemorrhagic episodes include fatal bleeding, 
intracranial bleeding, or any bleeding requiring a 
blood transfusion, and hospitalization. Any events 
that occurred during an episode of endocarditis were 

excluded. We also documented survival of patients. 
Whereas, INR values measured at the time of the 
event or within the last seven days of the event were 
included and documented.  
TTR Calculation 
Generally, TTR was calculated either by traditional 
method or Rosendall method or both. The traditional 
method is the percentage of values in the therapeutic 
range. Whereas, the Rosendall method, known as the 
percentage of days in the therapeutic range by using a 
linear interpolation approach. In the present study, 
we have used the traditional method for calculation of 
TTR. 
 
 

 

  
Statistical analysis 
Based on the normality of the data, the continuous 
variables like age, follow-up period, total INR values, 
TTR, INR range, and INR at the time of the event were 
summarized as mean with standard deviation (SD)/or 
median with interquartile range (IQR). Whereas the 
categorical variables such as sex, diagnosis, atrial 
fibrillation, past history, and comorbidities were 
summarized as frequency/or proportion. The 
comparison of variables between groups was 
performed using the Mann-Whitney U test and the 
Chi-Square test. A p-value < 0.05 was considered 
significant. Throughout the study, a standard pro 
forma was used for data collection, tabulation 
(Microsoft Office 2021, Microsoft Corporation, 
Albuquerque, NM, USA), and analysis (SPSS Version 
22, Chicago, IL, USA).   

 
Results 
A total of 159 patients were operated for MHV 
replacement. The mean age of the patients was 37.31 
(12) years (Table 1) with female predominance (109, 
68.6%). Of 159 patients, 119 (74.8%) had no history of 
surgery and predominant of them underwent MVR 
(93, 58.5%), followed by DVR (34, 21.4%) and AVR (32, 
20.1%). The most common post-operative 
complication was reported to be thromboembolic 
events (36, 22.6%). Out of 159 patients, 143 were 
alive, 14 had expired, and 2 were lost to follow-up.  
The major post-operative anti-coagulant used was 
warfarin (124, 79%), followed by warfarin-
acetylsalicylic acid (24, 15.3%) and acitrom (9, 5.7%).  
The surgical baseline characteristics, INR, and TTR 
grouping of all the patients are reported in Tables 2-5.  
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Table 1. Clinical characteristics 

Variables N=159 

Age distribution, years 37.3 (12.0)  

Sex distribution, n(%)  

Male 50 (31.4) 

Female 109 (68.6) 

Atrial fibrillation, n(%)  

Yes 63 (39.6) 

No 96 (60.4) 

History of past surgery, n(%)  

No surgery 119 (74.8) 

Yes 3* (1.9) 

Balloon mitral valvotomy 24 (15.1) 

Trans-ventricular mitral commissurotomy 11 (6.9) 

Balloon aortic valvotomy 2 (1.3) 

Surgery done, n(%)  

Aortic valve replacement 32 (20.1) 

Double valve replacement 34 (21.4) 

Mitral valve replacement 93 (58.5) 

Complications, n(%)  

No complication 116 (73) 

Bleeding complication 7 (4.4) 

Thrombotic complications, n(%) 36 (22.6) 

Peripheral embolism 18 (50) 

Ischaemic stroke 10 (28) 

Prosthetic valve thrombosis 8 (22) 

Anticoagulation used, n(%)  

Warfarin 124 (79) 

Warfarin- acetylsalicylic acid 24 (15.3) 

Acitrom 9 (5.7) 

Survival, n(%)  

Alive 143 (91) 

Expired 14 (9) 

Not known 2 

*exact detail of the surgical procedure not known 
Data are presented as mean (SD) and number (percentage) 

 
As can be seen from Table 2, patients who underwent 
AVR were older than patients in MVR and DVR groups, 
and female sex dominated in MVR and DVR groups. 
Atrial fibrillation was present only in MVR and DVR 
groups, due to mitral valve disease. History of balloon 
valvotomy and transventricular mitral comissurotomy 
was higher in MVR group.  MVR group tended to have 
less complications, while AVR group has higher 
thrombotic complications and DVR – bleeding 
complications.  Groups did not differ by type of 

anticoagulation therapy. Survival did not differ 
between groups.  
As to valve lesions (Table 3), in AVR group severe 
calcific aortic stenosis and aortic regurgitation 
prevailed, while in MVR group severe mitral stenosis 
due to rheumatic heart disease was the most  
encountered lesion and in DVR group – severe aortic 
stenosis and severe mitral stenosis and  severe mitral 
stenosis and severe aortic regurgitation bot due to 
rheumatic heart disease were documented in 1/5 of 
patients each.  
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Table 2. Surgical group- wise baseline characteristics 

Baseline characteristics  
N=159 

AVR DVR MVR 

(n=32) (n=34) (n=93) 

Age, years 41.1 (12.4) 35.5 (12.6) 36.6 (11.4) 

Sex, n(%)    

Male 20 (62.5) 14 (41.2) 16 (17.2) 

Female 12 (37.5) 20 (58.8) 77 (82.8) 

Atrial fibrillation n(%)     

Yes 0 17 (50) 46 (49.5) 

No 32 (100) 17 (50) 47 (50.5) 

Past surgery, n(%)    

No surgery 32 (100) 29 (85.3) 58 (62.4) 

Yes - 0 3 (3.2) 

BMV - 3 (8.8) 21 (22.6) 

TVMC - 0 11 (11.8) 

BAV - 2 (5.9) 0 

Complications, n(%)    

No Complication  22(68.8) 23(67.7) 71(76.3) 

Bleeding Complication  1(3.1) 3(8.8 ) 3(3.2) 

Thrombotic Complication  9(28.1) 8(23.5) 19(20.4) 

Anticoagulation used, n(%)    

Warfarin  24(75) 28(82.3) 72(79.1) 

Warfarin-ASA  7(21.9) 3(8.8) 14(15.4) 

Acitrom  1(3.1) 3(8.8) 5(5.5) 

Survival, n(%)    

Alive  28(93.3) 31(91.2) 84(90.3) 

Expired  2(6.7) 3(8.0) 9(9.7) 

Data are presented as mean (SD) and number (percentage) 
ASA - acetylsalicylic acid, BAV - balloon aortic valvotomy, BMV - balloon mitral valvotomy, TVMC - trans-
ventricular mitral commissurotomy 

 
The time spent according to INR range are displayed 
in Table 4. The time in suboptimal INR less 2.0 for 
AVR, MVR and DVR was found as 22.5 and 7.6 median, 
while in 2-2.5 and 3.5-4.5  – 20.5 and 11.5 
respectively. Mean TTR was 30.8% 
 The TTR and INR ranges for each groups of surgery – 
AVR, MVR and DVR are presented in Table 5.  
The TTR for AVR group was 39%, DVR – 31.5% and 
MVR – 27%. 
Comparison  between groups with and without 
complications are presented in Table 6.   
There were no differences  between groups with and 
without complications regarding age, sex, history of 
atrial fibrillation, history of surgery and type of 
surgery (p>0.05). 
There were significant differences in survival status 
with mortality of 32% in complications group vs no 
mortality in group without complications (p<0.01). 

Among those 43 patients reported with complications, 
29 (67.4%) were alive and 14 (32.6%) were 
succumbed to death. Of the 14 patients dead, 6 
patients died following thromboembolic events, 5 of 
bleeding complications, 2 were unrelated to surgery, 
and 1 patient’s cause of death could not be identified.   
The INR values at the time of the complications of all 
the patients were assessed and it was reported that 
they all had a low TTR (< 25%) (p<0.01). 
Among the INR ranges, the overall complication rates 
were reportedly low in the INR range of 2.01 – 2.49 
(p=0.003). Whereas, increase in complication rates 
were reported in INR values >4.5 (p=0.001) and <1.5 
(p<0.01).  
Overall, 422 patient-years were retrospectively 
studied and 3919 INR values were reviewed with a 
mean follow-up period of 2.65±1.5 years, and mean 
INR values of 24.65±6.9 for each patient. 
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Table 3. Surgical groups-wise valve lesions (n=159) 

AVR  DVR MVR 

(n=32) (n=34) (n=93) 

Diagnosis Number (%) Diagnosis Number (%) Diagnosis Number (%) 

BAV Sev 
CalcificAS 

1 (3.1) IE MV AV 2 (5.9) RHD SevMR 7 (7.5) 

BAV SevAR 2 (6.3) 
RHD ModMS 

SevAR 
1 (2.9) 

RHD SevMR 
SevAR 

4 (4.3) 

RHD SevAR 2 (6.3) 
RHD ModMS 

SevAS 
2 (5.9) RHD SevMS 76 (81.7) 

Sev CalcificAS 11 (34.4) 
RHD SevAS 

ModMS 
1 (2.9) 

RHD SevMS 
ModAR 

2 (2.2) 

Sev CalcificAS 
BAV 

1 (3.1) 
RHD SevMR 

ModAR 
3 (8.8) 

RHD SevMS 
SevMR 

3 (3.2) 

SevAR 8 (25) 
RHD SevMR 

ModAS 
1 (2.9) SevMR 1 (1.1) 

SevAR IE 1 (3.1) 
RHD SevMR 

SevAR 
3 (8.8) - - 

SevAR Takayasu 
arteritis 

1 (3.1) 
RHD SevMR 

SevAS 
1 (2.9) - - 

SevAS 5 (15.6) 
RHD SevMS 

ModAR 
5 (14.7) - - 

SevAR IE 1 (3.1) 
RHD SevMR 

SevAR 
3 (8.8) - - 

- - 
RHD SevMS 

SevAR 
7 (20.6) - - 

- - 
RHD SevMS 

SevAS 
7 (20.6) - - 

AR - aortic regurgitation, AS - aortic stenosis, AV - aortic valvotomy, AVR - aortic valve replacement, BAV - 
bicuspid aortic valve, DVR - double valve replacement, IE - Infective endocarditis, MR - mitral 
regurgitation, MS - mitral stenosis, MV - mitral valvotomy, MVR - mitral valve replacement, Mod – 
moderate, RHD - rheumatic heart disease, Sev – severe 

 

Table 4. Time spent in different INR ranges by AVR, MVR, and DVR patients 

INR Group N=159 
Mean (Standard 

Deviation) 
Median 

Inter quartile 
Range 

Time Therapeutic 
Range  

159 30.8 (13.4) 29.1 (39.3, 22.2) 

INR 1.5 - 2.0 159 23.2 (10.2) 22.5 (29.4, 15.7) 

INR 2.0 – 2.5 126 20.9 ( 8.3) 20.5 (27.7, 14) 

INR 3.5 – 4.5 159 12.4 (6.6) 11.5 (15.6, 5.04) 

INR > 4.5 159 8.9  (5.7) 7.2 (12.58, 4.5) 

INR < 1.5 159 13.8 (13.9) 7.6 (15.9, 5.0) 

AVR - aortic valve replacement, DVR - double valve replacement, INR - international normalized 
ratio, MVR - mitral valve replacement, TTR - time therapeutic range 
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Table 5. TTR and different INR ranges for the three surgical groups (AVR, MVR, and 
DVR) 

Variables AVR DVR MVR 

Time Therapeutic 
Range*  

39.3 (54.13, 22.98) 31.5 (36.83, 19) 27 (35.2, 21.8) 

N 32 34 93 

INR 1.5 – 2.0 23.4 (33.3, 17.7) 23 (26.9, 15.7) 22.2 (29.7, 15.35) 

N  33 93 

INR 2.0 – 2.5 - 21 (29.4, 14.5) 20.5 (27.35, 13.8) 

N 25 23 83 

INR 3.5 – 4.5 20 (23.95, 13.6) 9.5 (13.3, 5.8) 9.6 (14.2, 5.8) 

N 20 28 70 

INR < 4.5 6.6 (7.4, 4.7) 9.75 (13.83, 4.3) 7.95 (12.93, 4.55) 

N 25 27 82 

INR > 1.5 10 (33.95, 5.4) 6.6 (21, 4.7) 7.5 (13, 5) 

Data are presented as median (IQR) 
INR - International Normalized Ratio; TTR - Time Therapeutic Range; MVR - Mitral 
valve replacement; DVR - Double valve replacement; AVR - Aortic valve replacement. 
*The INR values collected in the follow up period have been systematically arranged 
separately for AVR, MVR, and DVR patients. These values have been further 
segregated into different INR ranges, where TTR represents the established INR range 
i.e. 2.0 – 3.0 for AVR patients and 2.5 – 3.5 for MVR and DVR patients. The range 2.01 
– 2.49 will be available only for MVR and DVR patients, as in the AVR patients the TTR 
is taken as INR 2.0 – 3.0. Therefore, in AVR patients, there will be no entry in the 2.01 
– 2.49 range column. Remaining all ranges are common for all the three groups. 
 

 
Discussion 
In resource-limited settings like India, MHV 
replacement is associated with high costs which 
results in lower reach to the people. In view of such 
limitations, in the early 1900s an indigenous 
prosthetic heart valve (The TTK Chitra™) was 

developed by the Sree Chitra Tirunal Institute for 
Medical Sciences and Technology, Trivandrum. Since 
then, it was largely tested and curated as per 
international protocols applicable for the 
development and use of critical bio-medical devices.  

In the present study cohort, TTK Chitra™ was used in 
all the patients and majority were females with mitral 
valve disease. Review studies conducted by Youssef et 
al. (7) and Desjardin JT et al.(8) also confirmed the 
higher prevalence rate of mitral valve (especially 
rheumatic heart disease) lesions in women  across all 
age groups over men with a predominance rate of 3:1. 
On the other hand, men were reported to have higher 
incidences of aortic valve diseases (aortic 
regurgitation) (9). Major post-operative complications 
in these MHV replacement patients include bleeding 
and thromboembolic events such as valve thrombosis, 
cerebral infarction, and peripheral embolism. 
As reported by multiple studies, the Asian population 
has a higher propensity for bleeding during 
anticoagulation therapy than the Western population 
(5). Therefore, before mechanically applying the ‘one-

size-fits-all’ strategy as per current Western-oriented 
US and European guidelines, focusing on optimal 
treatment strategy depending on the patient’s race 
and medical condition can be highly beneficial in 
terms of decreasing complication rate and increasing 
survival rate (10,11).  
In view of this, in the present study, an optimal, lower 
INR range was explored for efficacious anticoagulation 
without increasing the risk of thrombosis. Where an 
efficient therapeutic INR range was reported to be 2 - 
3 in AVR patients and 2.5 - 3.5 for MVR and DVR 
patients (12). Among all the anti-coagulants used 
post-operatively, warfarin (a vitamin K antagonist) 
was reported to have significant effect in reducing the 
thromboembolic side effects and bleeding. From the 
earlier studies, labile INR was defined as TTR < 60% 
(6,13).  
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Table 6. Comparison between gender, age, atrial fibrillation, surgical history, type of surgery, 
survival status, TTR, INR range, and complications 

 

Variables 
No Complications 

(N=116) 

Bleeding or 
thrombotic 

complications (N=43) 
p 

Gender, n(%)    

Male 40 (34.5%) 10 (23.3%) 0.176 
 Female 76 (65.5%) 33 (76.7%) 

Age, years 37 (42, 30) 39 (45, 32) 0.455 

Atrial fibrillation    

Yes 41 (35.3%) 22 (51.2%) 0.070 
 No 75 (64.7%) 21 (48.8%) 

Surgical history, n(%)    

No surgery 83 (71.6%) 36 (83.7%) 

0.339 
 

Yes 3 (2.6%) 0 

BMV 19 (16.4%) 5 (11.6%) 

TVMC 10 (8.6%) 1 (2.3%) 

BAV 1 (0.9%) 1 (2.3%) 

Type of surgery, n(%)    

AVR 22(19%) 10 (23.3%) 
0.518 

 
DVR 23 (19.8%) 11 (25.6%) 

MVR 71 (61.2%) 22 (51.2%) 

Survival, n(%)    

Alive 114 (100%) 29 (67.4%) 
<0.01 

Expired 0 14 (32.6%) 

TTR 33.3 (42.8, 26) 18.7 (23.5, 13.3) <0.01 

%Time in INR range    

INR 1.5 – 2.0 22.2 (29.6, 15.9) 25 (33.3, 15.6) 0.216 

N 94 32  

INR 2.0 – 2.5 22.2 (28.2, 15.6) 16.2 (25.2, 10.1) 0.003 

N 96 35  

INR 3.5 – 4.5 10.8 (15.6, 5.8) 13.3 (15.3, 7.6) 0.660 

N 83 35  

INR > 4.5 6.2 (11.7, 4.1) 10.5 (15.3, 6.6) 0.001 

N 94 40  

INR < 1.5 6.3 (10.65, 4.7) 19.4 (34.3, 8.7) <0.01 

AVR - aortic valve replacement, BAV - balloon aortic valvotomy, BMV - balloon mitral valvotomy, 
DVR - double valve replacement, INR - international normalized ratio, , MVR - mitral valve 
replacement, TTR - time in therapeutic range, TVMC - trans-ventricular mitral commissurotomy 

 

 
However, multiple studies have reported a wide TTR 
range varying from ∽25% to 65%, depending upon the 
patients’ geographical region, and physician specialty 
(14–16). The studies are in favour of higher TTR for 
better outcomes. The mean TTR in the present study 
was reportedly very low (29.1%, IQR: 22.2 – 39.3) with 
higher complication rate of 22.6%, thus validating the 

fact of low TTR and its association with higher 
complication rates. 
In MVR and DVR patients, complications have 
occurred mainly outside the INR range of 2.0-3.5. 
Whereas, fewer complications were noted in the INR 
range group of 2.0 – 2.5 and 2.5 – 3.5, which were 
statistically significant. 
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Studies have also reported less vulnerability of Asian 
patients to thromboembolic events with a greater 
tendency to bleed during anticoagulation therapy 
than Western patients. In view of this, patients from 
Asian countries are always recommended a lower 
therapeutic INR range. However, in contrast to this, 
our study has shown a higher thromboembolic 
complication rate occurrence outside the INR range of 
2.0-3.5.  
In Asian countries, especially in populous countries 
like India, rheumatic heart disease is considered as a 
neglected disease of poverty and it is also seen very 
high globally in disadvantaged population (17, 18). As 
the majority of our patients are from the lower 
socioeconomic strata of society, the literacy rate, 
awareness level, and limited access to INR testing 
have formed natural confining barriers. This in turn 
reflected in the patient’s non-compliance with 
medication, suggested dietary modifications, and 
regular follow-ups leading to poorer INR control and 
low TTR.  As per the RE-LY AF registry maintained 
worldwide, the TTR for patients from India, China, and 
Africa were reported to be <40% (19,20). Therefore, 
to improve the clinical outcomes using oral 
anticoagulants in patients from lower-middle-income 
countries (i.e. India) - recruitment of educated and 
motivated individuals from the local communities as 
surrogate healthcare providers to perform home 
monitoring can be a novel and practical approach. 
Study limitations 
The present study findings might have been 
influenced by several limitations. Such limitations 
include its single-centre, retrospective, and non-
randomized nature with a limited-sized cohort. Non-
validation of concomitant medications and their 
interference with anti-coagulant drugs. The use of the 
traditional method over the Rosendall method in TTR 
calculation. Data gaps in the long-term follow-up due 
to the pandemic are prone to bias due to telephonic 
follow-ups too. Despite these limitations, the current 
study provides some valuable insights.  
Conclusion 
From our study, we conclude TTR as a highly 
dependent factor in developing MHV post-operative 
complications. TTR usage cannot be generalised, as it 
is largely varied and highly dependent on the patient’s 
geographical location. Therefore, the guidelines 
advised by the AHA/ACC/ACCP may not be relevant 
and may not be suitable to extrapolate data from 
Western patients to the Asian population. Overall, the 

complications rate in the Indian population who 
underwent MHV (Mitral and Double valve 
Replacement) replacement was reported to be low in 
between the therapeutic INR range of 2.01 – 2.50 with 
efficacious anticoagulation without any increased risk 
of thrombosis. 
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