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	 Anticoagulant therapy is a cornerstone in the management of various cardiovascular 
and neurological disorders as it can impose high risk of thromboembolic events. Time in 
Therapeutic Range (TTR) is a key indicator of anticoagulant therapy by measuring how often 
a patient’s INR remains within the target range to ensure the safe use of oral anticoagulant 
therapy.The cohort study involved 110 outpatients in the department of cardiology (n=80) and 
neurology (n=30) who were on oral anticoagulant treatment (WARFARIN/ACENOCOUMAROL) 
for not <6 months. Rosendaal’s linear interpolation method was used to calculate TTR with 
TTR = 60% indicating good control and TTR < 60% as poor control. The data on clinical 
events such as alopecia, gum bleeding, and allergic reactions and factors influencing TTR were 
collected through patient interactions and medical records.In cardiology, 57.5% of patients had 
TTR<60% and had a higher incidence of adverse clinical effects when compared to neurology 
patients where the distribution was more balanced and clinical events were less frequent. 
Average monthly doses were 7±2.31 mg of Warfarin and 2.5±1.45 mg of Acenocoumarol in 
cardiology, and 1.98±0.62 mg of Acenocoumarol in neurology. The findings reveal that while 
body weight shows a significant association with TTR (p<0.002), other variables such as age, 
gender, and co morbidities did not exhibit strong statistical correlations. Importantly, there was 
no significant link between TTR and the occurrence of adverse effects, suggesting that factors 
beyond TTR may play a critical role in clinical outcomes.
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	 Anticoagulant therapy is a cornerstone 
in the management of various cardiovascular 
diseases and neurological disorders, including 
atrial fibrillation, deep vein thrombosis, pulmonary 
embolism, and stroke prevention. These 
medications have well-proven effectiveness for 

those indications but pose significant challenges 
including increased bleeding risk due to the narrow 
therapeutic window and the high variability in 
patient response.1 According to several studies, 
anticoagulants, particularly in ambulatory care, 
were accountable for 12% of adverse reactions 
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because of their risk of bleeding. Keeping patients 
within their therapeutic range, which is commonly 
expressed as time in therapeutic range (TTR), 
will help to enhance the efficacy of anticoagulant 
medication.TTR is a critical parameter indicating 
the proportion of time a patient’s International 
Normalized Ratio (INR) is within the target range, 
reflecting effective anticoagulation and minimizing 
the risk of adverse events and it is important to 
determine the current standard of anticoagulation 
care and establish new objectives. It has been 
found that TTR can strongly predict both bleeding 
and thromboembolic events.2A greater TTR 
can improve anticoagulation therapy whereas 
suboptimal TTR is associated with increased 
risks of thromboembolic events when INR is too 
low and hemorrhagic complications when INR 
is too high.Using these integrated statistics, TTR 
shows the days with INRs between 2.0 and 3.0 
over the total number of days.2Therefore, regular 
monitoring and appropriate dose adjustments are 
essential to maintain therapeutic efficacy and 
safety.The most used method to calculate TTR 
is the Rosendaal linear interpolation method.3-4 

The value is calculated from the number of days 
within target range divided by the total number 
of days in the observation period. The cardiology 
and neurology departments are at the forefront of 
managing patients requiring anticoagulant therapy 
due to the high prevalence of cardiovascular and 
cerebrovascular conditions in these specialties.5 A 
thorough evaluation of TTR and safety audits in 
these settings can provide valuable insights into 
current practices, identify areas for improvement, 
and enhance patient outcomes. The current study 
aims to evaluate the TTR and conduct a safety 
audit of anticoagulant therapy in patients attending 
the cardiology and neurology departments. By 
analyzing TTR, adverse drug reactions (ADRs), 
and adherence to clinical guidelines, this research 
seeks to optimize anticoagulant management, 
lessen the incidence of complications, and enhance 
the standard of care for patients on anticoagulant 
therapy.

MATERIALS AND METHODS

	 The cohort study was carried out in the 
outpatient department of cardiology and neurology 

department of a tertiary care hospital, Erode, Tamil 
Nadu for a period of 6 months with approval from 
hospital ethical committee. Patients greater than 
18 years of age with VKA or OAC therapy had 
at least three INR values not more than 9 weeks 
apart with informed consent were recruited in the 
study whereas patients with a history of any blood 
related disorders were excluded. All the data were 
collected by direct interaction with patients and 
from patient medical records after getting approval 
from the hospital ethical committee.  (Reg.No: 
ECR/948/Inst/TN/2018/RR-22)
International Normalized Ratio
	 The target range for INR in our hospital is 
2 to 3. INR < 2 is defined as subtherapeutic range 
while INR > 3 as supratherapeutic range. The study 
designed maximum monitoring interval of 4 weeks 
both for cardiology and neurology patients. 
Time in Therapeutic Range
	 The time in therapeutic range (TTR) 
is calculated by dividing the total number of 
person-days on anticoagulant medication by the 
number of person-days that fall within a predefined 
therapeutic range. TTR was determined using the 
Rosendaal linear interpolation approach,4-6 which 
assigns a particular INR value to each patient on 
each day and assumes a linear relationship between 
two INR values. The patients were categorized into 
two groups based on their TTR interpretation. 
Statistical Analysis
	 The data obtained was entered into 
Microsoft office Excel and analyzed using SPSS. 
Logistic regression analysis was used to estimate 
the probability of events happening.

RESULTS

	 The current study recruited 110 outpatients 
in the cardiology and neurology department of 
tertiary care hospital, (cardiology = 80; neurology 
=30) who were on oral anticoagulant therapy for 
a period of less than 6 months. 
	 Figure 1 & 2 showed that, most of the 
patients recruited in the study were females (60% 
in cardiology and 53.33% in neurology patients) 
with the age group of 51-60 years (37.5% of 
cardiac patients and 33.33% of neurologic patients) 
followed by 41-50 years (33.75% of cardiology 
patients and 26.66 % of neurologic patients), 61-70 
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Fig. 1. Age wise distribution of patients in outpatient department of Cardiology & Neurology

Fig. 2. Gender wise distribution of patients in outpatient department of Cardiology & Neurology

years (8.75% of cardiac and 23.33% of neurologic 
patients) and 71 -80 years for only cardiac patients 
(8.75%). 
	 Coronary artery disease (CAD) (22.5%), 
atrial fibrillation (AF) (13.75%), rheumatic 
heart disease (13.75%), other thromboembolic 

disorders (pulmonary embolism, deep vein 
thrombosis, venous thromboembolism etc.) 
(13.75%), Aortic valve replacement (7.5%) and 
Double valve replacement (3.75%) were the 
common diagnostic conditions identified in patients 
visited cardiology department. In neurological 
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Fig. 3. Distribution of patients in outpatient department of cardiology based on diagnostic conditions

Fig. 4. Distribution of patients in outpatient department of neurology based on diagnostic conditions

patients, cerebrovascular accident (43.33%) was 
more common. (Figure 3& 4).
	 Table 1 depicts the pattern of anticoagulant 
treatment among the two study groups. The 
majority of patients (93.75%) with cardiovascular 
conditions were treated with Tab. Acenocoumarol 

at an average dose of 2.50±1.45 mg per month 
(± SD), while 6.25% of patients were treated 
with Tab. Warfarin at an average dose of 7±2.31 
(± SD) as therse are the mainstay treatment for 
thromboembolic conditions. In neurology, patients 
were solely given Tab. Acenocoumarol, which is 
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Table 1. Pattern of Anticoagulation treatment among cardiology and neurology patients

S. 	 Treatment	                        Cardiology Patients (n=80)	                     Neurology Patients (n=30)
No		  Average monthly 	 Percentage 	 Average monthly 	 Percentage
		  dose (In mg)	 (%)	 dose (In mg)	 (%)

1	 T.Warfarin	 7±2.31	 6.25	 0	 0
2	 T.Acenocoumarol	 2.50±1.45	 93.75	 1.98±0.62	 100

Fig. 5. Categorization of study patients based on Time in Therapeutic Range in Cardiology(n=80) and neurology 
patients (n=30)

a primary drug for cerebral embolism, with an 
average monthly dose of 1.98±0.62.
	 Figure 5 categorized the patients (both 
cardiology and neurology) based on their Time 
in Therapeutic Range (TTR) which calculated 
by Rosendaal method into two groups as good 
control group (TTRe”60%) and poor control 
group (TTR< 60%). In cardiology department, 
46 (57.5%) patients had a TTR of less than 60%, 
indicating that most patients struggled to maintain 
their anticoagulation within the therapeutic 
range. Conversely, 34 (42.5%) patients achieved 
a TTR e”60%, reflecting better management of 
anticoagulation therapy in this group. In neurology 
department, the distribution was more balanced, 

with 14 patients (46.6%) having a TTR of less 
than 60% and 16 patients (53.3%) achieving a TTR 
above 60%. 
	 In patients with cardiac conditions, of 
240 INR values collected, patients with a TTR 
of less than 60% had an average INR of 2.186 ± 
0.65, while those with a TTR greater than or equal 
to 60% had a higher average INR of 2.5 ± 0.33. In 
the neurology department, patients with a TTR of 
less than 60% had an average INR of 1.69 ± 0.30, 
whereas those with a TTR greater than 60% had an 
average INR of 2.36 ± 0.23. Similarly, the average 
interval between INR checks was 60 days for both 
groups. (Table 2)
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Table 2. Characteristics of Anticoagulation therapy among study patients in Cardiology and Neurology 
department

Characteristics	                              Cardiology Patients (n=80)	                 Neurology Patients (n=30)
	 TTR<60%	 TTR >60%	 TTR <60%	 TTR >60%

Average INR	 2.186±0.65	 2.5±0.33	 1.69±0.39	 2.36±0.23
Average time between INR 	 60	 60	 60	 60
checks (In Days)

Table 3. Clinical events occurred in study patients receiving Anticoagulation treatment in Cardiology and 
Neurology department

S. 	 Adverse clinical 		 Cardiology Patients (n=80)			  Neurology Patients (n=30)
No	 Effects	 TTR <60%	 TTR >60%	 Odds ratio 	 TTR <60%	 TTR >60%	 Odds ratio 
		  (n=46)	 (n=34)	 (P value) 	 (n=14)	 (n=16)	 (P value) 
				    Logistic 			   (Logistic 
				    regression			   regression)

1	 Alopecia	 3	 2	 0.893	 3	 1	 0.200 
				    (0.904)			   (0.221)
2	 Gum bleeding	 6	 4	 0.373	 2	 1	 0.073 
				    (0.641)			   (0.090)
3	 Allergic reactions 	 7	 2	 0.360	 3	 1	 0.021 
				    (0.224)			   (0.215)
	 (rashes & Itching)

P value <0.05 is considered as significant

	 Table 3 depicts that, in cardiology 
patients, 15.04% of patients in category of 
TTR<60% experienced allergic reactions (rashes, 
itching) followed by gum bleeding (7.5%) and 
alopecia (6.5%). In contrast, among those with a 
TTR e”60%, 4 patients had gum bleeding, 2 had 
alopecia and 2 reported allergic reactions. These 
findings suggest that patients with poorer TTR 
may be more susceptible to these adverse events, 
especially gum bleeding in cardiology patients 
highlighting the need for improved anticoagulation 
management. The statistical analysis showed that, 
the TTR does not predict the likelihood of alopecia 
(OR 0.893, p value>0.05), gum bleeding (OR 
0.373, p value>0.05) and allergic reactions (OR 
0.360, p value>0.05) In the neurology department, 
patients with a TTR of less than 60% had 3 cases of 
alopecia, 2 cases of gum bleeding, and 3 cases of 
allergic reactions. Those with a TTR e”60% there 
was 1 reported case of alopecia and gum bleeding 
and 1 case of an allergic reaction. This indicates 
a lower frequency of adverse events in patients 
with better TTR, but overall, the incidence of these 

events was lower in the neurology department 
compared to cardiology. The statistical analysis 
showed that TTR does not have a statistically 
significant association on the likelihood of these 
clinical events as indicated by p values>0.05. 
Although the odds ratios (Alopecia OR 0.200 
(p value 0.221), gum bleed OR 0.073 (p value 
0.090) and allergic reactions 0.021 (p value 0.215) 
suggested a reduced likelihood of these events with 
TTRe”60%. 
	 Table 4 showed that, in  cardiology 
patients in both the groups(TTR<60%; TTRe”60%) 
there was no significant difference in the average 
age (54 ± 12.65 in TTR<60%; 52.15 ± 10.3 
years in TTRe”60%) (OR 0.954, p value 0.103), 
female patients were high in number 26 (56.5%) 
in TTR<60% and 22 (35.2%) in TTRe”60% (OR 
1.491, p value 0.555). The presence of comorbid 
conditions was comparatively high among patients 
with TTR<60% (65.2%) but showed as statistically 
non-significant (OR 2.988, p value 0.067). Smoking 
and alcoholism were found to be a major sedentary 
lifestyle habit among the study patients.In patients 
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Table 4. Factors influencing Time in Therapeutic range among study cardiac patients (n=80)

S. 	 Factors		                  Cardiology Patients (n=80)
No.		  TTR <60%	 TTR> 60%	 P value	 Odds ratio
		  (n=46)	 (n=34)

1	 Age		  54±12.65	 52.15±10.3	 0.103	 0.954
2	 Gender	 M	 20	 12	 0.555	 1.491
		  F	 26	 22		
3	 Comorbidities		  30	 29	 0.067	 2.988
4	 Smoking habits		  6	 2	 0.075	 1.780
5	 Alcoholism		  4	 2		
6	 Smoking &Alcohol		  4	 1		
7	 Underweight		  1	 0	 <0.002	 0.224
	 Normal		  14	 25		
	 Overweight		  21	 8		
	 Obese		  10	 1		
8	 Polypharmacy		  20	 20	 0.618	 1.354

P value <0.05 is considered as significant

Table 5. Factors influencing Time in Therapeutic range among neurologic patients (n=30) 

S. No	 Factors			   Neurology Patients (n=30)
			   TTR <60%)	 TTR >60%	 P value	 Odds ratio
			   (n=14)	 (n=16)

1	 Age		  50.85±8.96	 50.85±8.96	 0.562	 1.021
2	 Gender	 M	 8	 6	 0.962	 0.946
		  F	 6	 10		
3	 Comorbidities		  10	 8	 0.166	 0.274
4	 Smoking habits		  3	 1	 0.700	 1.163
5	 Alcoholism		  0	 3		
6	 Smoking &Alcohol		  3	 0		
7	 Underweight		  0	 0	 0.420	 0.555
	 Normal		  7	 11		
	 Overweight		  6	 4		
	 Obese		  1	 1		
8	 Polypharmacy		  5	 7	 0.520	 1.828

P value <0.05 is considered as significant

with TTR<60%, 30.43% of patients exhibited the 
habits of smoking and alcoholism and 14.7% in 
patients with TTRe”60%. The statistical analysis 
showed that the lower rates of these risk factors 
may contribute to better TTR but found to be less 
significant as p value>0.05 (OR 1.780, p value 
0.075). There was a significant difference in BMI 
categories between the groups, with the TTR <60% 
group having a higher percentage of underweight 
and obese patients (, p value< 0.002). Both study 
groups had similar rates of polypharmacy (20 

patients in each group), with no significant impact 
on TTR (p = 0.618). (Table 4)
	 In neurology patients, the average age was 
same for both TTR <60% and TTR e”60% groups 
(50.85 ± 8.96), with no significant difference (p 
value = 0.562). It was also noted that male to 
female ratio was also similar. In patients with TTR 
<60%, 8 were males and 6 were females, while 
in the TTR e”60% group, 6 were males and 10 
were. The difference in gender distribution was 
not statistically significant (OR 0.946, p value 
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0.962). About 10 patients had comorbidities in TTR 
<60% group whereas 8 had in TTR e”60% group 
which was not statistically significant (p value = 
0.166).Smoking was high in patients with TTR 
<60% (3 patients) compared to the TTR e”60% 
group (1 patient), but this was also not statistically 
significant (p value = 0.700). Alcoholism was 
reported by 3 patients in the TTR e”60% group, 
while no patients in the TTR <60% group had a 
history of alcoholism. The distribution of BMI was 
the same in the study groups. In the TTR <60% 
group, 7 were normal weight, 6 overweight, and 1 
obese. In the TTR e”60% group, 11 were normal 
weight, 4 overweight, and 1 obese. The difference 
was not statistically significant (p value= 0.420). 
Polypharmacy was observed in 5 patients with 
TTR <60% group and 7 with TTR e”60% group 
and this difference was not statistically significant 
(p value= 0.520). (Table 5)

DISCUSSION 

	 The evaluation of TTR (t ime in 
therapeutic range) and safety audit of anticoagulant 
prescriptions are significant in ensuring optimal 
patient outcomes in cardiac and neurology 
departments where the risk of thromboembolic 
events is high. The study findings given in figures 
1 & 2 indicated that older female adult patients 
were mainly experiencing cardiovascular and 
neurological conditions, which indicated age and 
gender can act as major risk factors in disease 
progression. Another research conducted by 
Sevda Turen et al., involved 518 patients with an 
average age of 57.6±12.3 years, of whom 54.4% 
were female, which are similar to our study 
findings.7 Coronary artery disease (22.5%), atrial 
fibrillation (13.75%), and rheumatic heart Disease 
(13.75%) were the most common diagnoses among 
cardiology patients, serving as primary indications 
for anticoagulant therapy. Similarly, Majerczyk 
et al., reported that atrial fibrillation, deep vein 
thrombosis, and pulmonary embolismx  were the 
leading indications of anticoagulation therapy. 
In neurology patients, cerebrovascular accident 
(43.33%) was more common. (Figures 3 & 4). 
	 Table  1  depicted the pat tern of 
anticoagulant treatment among the two study 
groups. In patients with cardiovascular conditions, 
93.75% were treated with Tab. Acenocoumarol 

[average dose of 2.50±1.45 mg per month (± 
SD)] whereas 6.25 % of patients were treated 
with Tab. Warfarin [average dose of 7±2.31 (± 
SD)]. In neurology patients were only treated with 
Tab. Acenocoumarol [average monthly dose of 
1.98±0.62], which is a drug of choice for cerebral 
embolism. The variety of conditions treated with 
oral anticoagulants showed how complex patient 
care is and denoted that the anticoagulation 
treatment needs to be tailored to everyone, as 
these patients are at high risk and need careful 
management to prevent further complications. In 
another study conducted by Dalmau Llorca MR 
et al., 41,430 patients were evaluated, with 93% 
receiving acenocoumarol and 7% treated with 
warfarin, which indicated the common use of 
oral anticoagulants among the patients. 9 Top of 
FormBottom of Form
	 Time in Therapeutic Range (TTR) was 
calculated by the Rosendaal method, and the 
patients were categorised into two groups: the good 
control group (TTRe”60%) and the poor control 
group (TTR<60%). In the cardiology department, 
more than half of the patients struggled to maintain 
their anticoagulation within the therapeutic 
range. Whereas in the neurology department, the 
distribution was more balanced. (Figure 5) These 
findings suggested the need for individualised 
treatment strategies, close monitoring and patient 
education. This aligns with the findings of a study 
conducted by Xiliang Zhu et al., which stated that 
the time in therapeutic range (TTR) was calculated, 
and patients were classified into two groups: the 
Good Control group (TTR e” 60%) and the Poor 
Control group (TTR < 60%). Out of 274 patients, 
153 were in the Good Control group, while 121 
were in the Poor Control group.10  Table 2 shows 
that in cardiology, patients with TTR < 60% had a 
lower average INR (2.186 ± 0.65), indicating more 
variability in anticoagulation. In neurology, those 
with TTR < 60% had a significantly lower INR 
(1.69 ± 0.30) than patients with TTR e” 60% (2.36 
± 0.23), suggesting a higher risk of subtherapeutic 
anticoagulation. These findings emphasize the 
importance of maintaining a stable INR for better 
patient outcomes.
	 Table 3 showed that, in the cardiology 
department, patients with poorer TTR (< 60%) 
experienced a higher rate of adverse drug reactions. 
Among which gum bleeding was more common in 
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the poor control group, which indicated the need 
for more effective anticoagulation management 
in this population. Contrast to this, those with 
TTR e” 60% had fewer adverse effects. However, 
these findings were not statistically significant 
as there is no correlation between TTR and the 
likelihood of events indicating the presence of 
other attributing factors to ADRs. In neurology 
department, the occurrence of adverse effects was 
lower in patients with TTR < 60% and very fewer 
reports in those with TTR e” 60. Despite the lower 
overall incidence of ADRs in neurology patients, 
statistical analysis again showed no significant 
association between TTR and these adverse events, 
with p value>0.05. 
	 The current study also discussed the 
possible factors which can influence TTR among 
both cardiology and neurology patients. Age, 
gender, presence of co morbid conditions, 
lifestyle habits like smoking, alcoholism etc., 
BMI interpretations and polypharmacy were 
considered as the major influencing factors. 
The findings suggested that, among cardiology 
patients, age [(54 ± 12.65 in TTR<60%; 52.15 
±10.3 in TTRe”60%); (OR 0.954, p value 0.103)] 
may not be a significant factor affecting TTR in 
this cohort. The proportion of female patients 
was high in poor TTR control group (TTR<60%) 
but not statistically significant. In another study 
conducted by Xiliang Zhu et al., found that female 
gender is associated with TTR<60%.10 Comorbid 
conditions were comparatively high in the TTR 
<60% group indicating the least probability of 
influence on anticoagulation control (p value 
= 0.067). Smoking (30.43%) and alcoholism 
(14.7%) were more prevalent in the poor control 
group. However, the statistical analysis (p value = 
0.075) showed a marginal statistical significance 
implying that these factors cannot be considered 
as the main determinants of TTR. In a study 
conducted by Derek Gateman et al., the lifestyle 
habits were suggested that current smoking might 
be associated with a TTR of less than 60% (OR 
= 4.71, 95% CI 0.97 to 22.93).11Additionally, a 
study by Dalmau Llorca MR et al., found that 
poor anticoagulation control was primarily linked 
to advanced alcoholism (OR = 1.38).8   There was 
a significant difference in BMI categories between 
the groups, with the TTR <60% group having 

a higher percentage of underweight and obese 
patients (p < 0.002). This suggested that BMI have 
an important role in anticoagulation control, with 
an increase in body weight potentially affecting 
drug metabolism or treatment adherence. Both 
study groups had similar rates of polypharmacy 
(20 patients in each group), with no significant 
impact on TTR (p = 0.618). This suggested that 
polypharmacy may not be a major influencing 
factor in this study population. In contrast to our 
findings another study by Bahram-Fariborz Farsad 
et al., found that taking more than four medications 
is associated with a poor TTR (TTR <60%).12(Table 
4)
	 The study findings given in Table 5 
indicated that the factors examined in this study—
such as age, gender, comorbidities, smoking, 
alcoholism, BMI, and polypharmacy did not show 
statistically significant associations with TTR in 
neurology patients. Although it was also observed 
that the higher smoking rates in the poor control 
group, these differences were not substantial 
enough to be considered significant. This could 
indicate that while these factors may have some 
influence on anticoagulation control, their impact 
may be limited by other factors not fully captured in 
this study. Further research with larger sample sizes 
may provide clearer insights into the influences on 
anticoagulation management in this population.

CONCLUSION

	 The study emphasizesthe importance of 
monitoring and evaluation of Time in Therapeutic 
Range (TTR) and conducting safety audits of 
oral anticoagulant therapy particularly among 
cardiovascular and neurology patients who are 
at the risk of thromboembolic events. Similarly, 
the patients with TTRe”60% experienced fewer 
clinical events like alopecia, gum bleeding and 
allergic reactions though these outcomes were 
not statistically significant. The influencing 
factors such as age, gender, co morbid conditions, 
bodyweight, lifestyle habits like smoking and 
alcoholism and polypharmacy were examined for 
their influence on TTR control and bodyweight 
had a marginal influence in cardiovascular patients. 
While TTR did not significantly predict clinical 
events, these findings highlight the necessity for 
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further research to better understand the factors 
affecting anticoagulation control and to improve 
patient outcomes.
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