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Abstract
Low SAMe-TT2R2 score of <2 was validated as a predictor of optimum anticoagulation control, reflected by mean time in
therapeutic range (TTR) above 65% to 70%, among warfarin-treated atrial fibrillation patients. This study aimed to validate the
ability of SAMe-TT2R2 score and its individual components in predicting anticoagulation control (mean TTR and clinical events)
among a cohort of venous thromboembolism (VTE) patients in Qatar. A total of 295 patients were retrospectively evaluated.
There was a trend toward statistical significance in mean TTR between low (<2) and high (� 2) SAMe-TT2R2 score groups
(P¼ .05), a difference that was not sustained when a cutoff of 3 was used (ie, a score of 3 or more). Patients with poor INR control
(TTR <70%) were numerically less likely to have SAMe-TT2R2 score of <2 compared with those with good INR control, though
the difference was not statistically significant (16.7% vs 83.3%, respectively, P ¼ .4). No thromboembolic events were reported,
and no association was found between the score and risk of bleeding. Non-Caucasian origin was the only significant predictor of
good anticoagulation in the studied cohort. In conclusion, SAMe-TT2R2 score could not predict quality of anticoagulation control
in a cohort of VTE patients treated with warfarin in Qatar. Contribution of other clinical factors and whether a different scoring
may yield better prediction of anticoagulation control remains to be tested.
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Introduction

Despite major advancement in anticoagulation field, warfarin,

as well as other vitamin K antagonists (VKA), remain a main-

stay for the treatment and prevention of venous thromboembo-

lism (VTE).1 Compared to warfarin, the newer direct oral

anticoagulants (DOACs) have limited use in patients with some

thromboembolic conditions such as cerebral venous thrombosis

as well as advanced kidney and liver dysfunction.2-6 They were

also shown to be less effective than warfarin in the prevention

of thrombosis associated with Antiphospholipid Antibody Syn-

drome, particularly in high risk patients (ie, test positive for all

3 antiphospholipid antibodies) and with history of arterial

thrombosis).7-9 Moreover, DOACs are contraindicated

in patients with prosthetic heart valves, mitral stenosis, and

in pregnancy.2-5 Increased cost of DOACs compared to war-

farin is another reason why many patients may opt to use war-

farin over DOACs.

However, it is well recognized that achieving and maintain-

ing optimum anticoagulation with warfarin is quiet challen-

ging. Several variables are known to influence patients’

1 Al Wakra Hospital, Hamad Medical Corporation, Doha, Qatar
2 College of Pharmacy, QU Health, Qatar University, Doha, Qatar
3 Hamad General Hospital, Hamad Medical Corporation, Doha, Qatar

Corresponding Author:

Eman Nawash Alhmoud, Department of Pharmacy, Al-Wakra Hospital,

PO Box: 82228 Al Wakra, Qatar.

Email: ealhamoud@hamad.qa

Clinical and Applied
Thrombosis/Hemostasis
Volume 26: 1-8
ª The Author(s) 2020
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1076029620945039
journals.sagepub.com/home/cat

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-3871-7088
https://orcid.org/0000-0002-3871-7088
mailto:ealhamoud@hamad.qa
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1076029620945039
http://journals.sagepub.com/home/cat
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


response to warfarin and subsequent dose requirements such as

age, dietary vitamin K intake, disease states, drug interactions,

and pharmacogenetics. Thus, such factors should be continu-

ously assessed in order to achieve and maintain a therapeutic

International Normalized Ration (INR).10

Quality of anticoagulation control in warfarin-treated

patients is usually measured by the time spent in therapeutic

range (TTR), which is a good surrogate marker for clinical

outcomes such as bleeding and thrombosis, with maximum

benefits proven when the TTR is greater than 70%.11-13

In view of the challenges associated with predicting and

sustaining quality of anticoagulation control in warfarin-

treated patients, a clinical tool or a score that can preemptively

identify high risk patients who are less likely to maintain ther-

apeutic targets was deemed necessary. Such patients would

benefit from more frequent surveillance, extra emphasis on

education and considering DOACs as an alternative, when fea-

sible. In 2013, utilizing data of 2080 patients in the Atrial

Fibrillation Follow-up Investigation of Rhythm Management

(AFFIRM) trial, Apostolakis et al developed the SAMe-TT2R2

score (Table 1). The score incorporated simple clinical and

demographic factors that were significantly associated with the

level of anticoagulation control. It was found that SAMe-

TT2R2 score of 0 to 1 could predict patients who may benefit

from warfarin by achieving high TTR (> 65%-70%) and that

high SAMe-TT2R2 score (� 2) predicts patients who may not

benefit from warfarin due to low TTR (<65%-70%). The score

was further validated externally in a prospective cohort of

patients receiving anticoagulation therapy, and it illustrated

good discrimination performance in both the internal and exter-

nal validation cohorts (c-statistics 0.72; 95% CI: 0.64-0.795;

and c-statistics 0.7; 95% CI: 0.57-0.82, respectively).14 The

clinical utility of the SAMe-TT2R2 score was subsequently

proven upon testing in varying real-world populations of

patients.15-19 Based on the above evidence, SAMe-TT2R2 score

was endorsed by atrial fibrillation (AF) treatment guidelines.20

However, data regarding the validity of the score in predict-

ing the quality of anticoagulation control among warfarin-

treated patients with VTE including deep vein thrombosis and

pulmonary embolism is still limited and contradicting. In a

study of 1943 warfarin recipients with acute VTE, SAMe-

TT2R2 score was shown to have a modest predictive value for

the quality of anticoagulation and adverse clinical events.21 A

finding that was not confirmed in a subsequent Spanish study

of 135 acenocoumarol-treated patients, where TTR did not

vary significantly between low and high SAMe-TT2R2 score

groups (ie, �1 and >2). However, the study did not evaluate

adverse events (bleeding, thrombosis), which are important

indicators of anticoagulation quality.22

In this study, we sought to investigate the clinical utility of

SAMe-TT2R2 score in predicting the quality of anticoagulation

control, measured by TTR as well as warfarin-related adverse

events (thromboembolism and bleeding), and to explore

whether an association between individual elements of the

score and quality of anticoagulation control exists in a cohort

of VTE patients treated with warfarin.

Methods

Research Design

This was an observational retrospective cohort study conducted

among warfarin-treated patients at Hamad Medical Corpora-

tion (HMC), Qatar’s leading governmental health care

provider.

Study Setting and Timeline

Patients were recruited from ambulatory anticoagulation

clinics in 2 facilities within HMC, namely Hamad General

Hospital and Al-Wakra Hospital. International Normalized

Ration results were collected over at least 6 months period and

up to 1 year, excluding the first 6 weeks of treatment (to avoid

the initiation phase). The frequency of patients’ visits to the

clinics and INR testing were decided by the treating clinicians

according to the patients’ factors and INR stability, and in

compliance with a standardized warfarin management protocol

that is approved by the Pharmacy & Therapeutics Committee in

each facility.

Study Population and Sampling

Patients were enrolled in the study if they fulfill the following

inclusion criteria: (1) age �18 years, (2) receiving warfarin for

a confirmed diagnosis of VTE (eg, deep vein thrombosis, pul-

monary embolism, cerebral vein thrombosis, portal/mesenteric

vein thrombosis, and other venous thrombosis at unusual sites),

(3) INR target 2-3, and (4) treatment duration of 6 months or

more. Patients were excluded if they had less than 10 retrieva-

ble INR measurements, therapy interruption of more than 2

weeks, reported poor compliance to warfarin and/or clinic vis-

its and/or loss of follow-up with the clinic. The sample size of

this cohort was 295.

Data Collection and Outcome Measures

In addition to the collection of INR readings as described

above, baseline demographic and clinical information includ-

ing: age, gender, ethnicity, weight, smoking status, comorbid-

ities, and concomitant medications were collected by electronic

Table 1. SAMe-TT2R2 Score.14

S Sex (female) 1
A Age (<60 years) 1
M
e

Medical historya 1

T Treatment (interacting Rx, eg, amiodarone for rhythm control) 1
T Tobacco use (within 2 years) 2
R Race (non-Caucasian) 2

aDefined as more than 2 of the following: hypertension, diabetes, coronary
artery disease/myocardial infarction, peripheral arterial disease, congestive
heart failure, previous stroke, pulmonary disease, hepatic or renal disease.

2 Clinical and Applied Thrombosis/Hemostasis



chart review though Cerner. Anticoagulation control was

assessed by mean time in therapeutic range (TTR), reported

events of bleeding and thromboembolism. Time in therapeutic

range was calculated for each patient using the linear interpola-

tion method of Rosendaal et al, which adds each patient’s time

within the therapeutic range and divides by the total time of

observation.23 A target TTR of � 70% was utilized as a cutoff

value for “good anticoagulation control,” in accordance with

the European Society of Cardiology’s recommended target,

thus patients were categorized into 2 groups accordingly (ie,

poor anticoagulation control ¼ TTR <70% vs good anticoagu-

lation control TTR �70%).24 Bleeding events were classified

as major and clinically relevant nonmajor bleeding according

to internationally recognized criteria.25,26

The 6 items of the SAMe-TT2R2 score were retrieved

through chart review and subsequently the score was calcu-

lated (Table 1). For interacting medicines, drugs with war-

farin interaction category (D and X) in lexi-comp were

considered, as unlike AF patients, amiodarone may not be

commonly prescribed in our population of VTE patients.

This was based on similar or more significant level of inter-

action between amiodarone and warfarin (category D) on

the drug database utilized.27 Patients were categorized into

low and high SAMe-TT2R2 score using two cutoffs of 2 and

3 (ie, low ¼ 0-1 vs high ¼ 2 or more, and low ¼ 0-2 vs

high ¼ 3 or more, respectively). Using a cutoff of 2, demo-

graphic characteristics of patients in low and high score

groups were compared.

Statistical Analysis

Descriptive statistics was used to analyze baseline demo-

graphics. Depending on their normal distribution, numerical data

were presented as mean + standard deviation (SD) or median

and interquartile range (IQR). Continuous variables were tested

for normality tests including Kolmogorov-Smirnov and Shapiro-

Wilk. Categorical variables were presented as frequencies and

percentages and analyzed using w2 test.

SAMe-TT2R2 score (median, IQR) and TTR (mean + SD)

as well as mean (+ SD) and median number of follow-up visits

were calculated. The effect of SAMe-TT2R2 individual factors

(example: gender, tobacco use, etc) on TTR was evaluated by

Student t-test. The difference in patients’ demographics

between low and high SAMe-TT2R2 score groups was evalu-

ated by w2 testing.

The association between SAMe-TT2R2 score (low vs

high) and quality of anticoagulation control (low vs high)

was tested by w2 test. ANOVA testing was used to compare

the mean TTR in the different SAMe-TT2R2 score groups.

Sensitivity, Specificity, positive predictive value and nega-

tive predictive value, and odds ratio of SAMe-TT2R2 model

on poor quality of anticoagulation were explored using

logistic regression. A P value of less than .05 was consid-

ered statistically significant. All statistical tests were carried

using the IBM Statistical Package for Social Sciences, SPSS

version 26.0 (IBM Corp).

Ethical Approval

As data were analyzed anonymously, consent was waived. The

study was approved by Medical Research Center in HMC

(MRC-01-17-053) and conducted in full accordance with rules

and regulations of research at HMC.

Results

A total of 295 patients were included (55.9% males), with

majority being from Arabic origin (59%) and younger than

60 years old (77.3%). Hypertension and diabetes were the 2

most common comorbid conditions in the cohort (32.9%
and 26.4%, respectively). Tobacco use was reported in 22

patients only (7.5%).Mean (+SD) and median number of

follow-up visits were 14.5 (+6.8) and 14, respectively,

with a follow-up period that ranged between 6 and 12

months.

The mean TTR (+SD) was 76.7 (+18.6). Median

SAMe-TT2R2 was 3 (IQR ¼ 1). Majority of patients had

SAMe-TT2R2 score of 3 (n ¼ 130, 44.1%) and 4 (n ¼ 104,

35.3%; Table 2).

Association of SAMe-TT2R2 With Anticoagulation Control
(TTR)

None of the factors in the SAMe-TT2R2 score had a significant

effect on the TTR except for the ethnicity (Caucasians vs non-

Caucasians) where TTR was significantly lower in non-

Caucasians (n ¼ 283) compared to Caucasians (n ¼ 12;

76.1% + 18.6% vs 89.2% + 13.7%, P ¼ .017). There was a

trend of reduction in mean TTR as SAMe-TT2R2 score

increased, however, it did not reach statistical significance

(P ¼ .183; Figure 1).

Upon categorizing patients into 2 groups based on SAMe-

TT2R2 score; group 1 (SAMe-TT2R2 score of 0, 1) and group 2

(SAMe-TT2R2 score of 2 or more), a trend toward statistical

significance in mean TTR between the 2 groups was revealed

(90.9% vs 76.4%, P ¼ .05; Figure 2), however such difference

was not sustained when a cutoff of 3 was used (ie, 0-2 score

group vs 3 or more group). Chi-square testing revealed a

numerically higher proportion of patients achieving good antic-

oagulation control (TTR�70) in the SAMe-TT2R2 group of (0-

1) than those achieving poor anticoagulation control

(TTR<70%; 83.3% vs 16.7%), however the difference was not

statistically significant (P ¼ .4).

The only significant differences in patients’ demographics

between low and high SAMe-TT2R2 score groups were male

gender, ethnicity, and the diagnosis of peripheral arterial dis-

ease, as all patients in the low score group (n ¼ 6) were Cau-

casian males (Table 2).

The model as a whole had very good sensitivity (98.9%)

but lacked specificity (2.5%). The corresponding positive

and negative predictive values were 32.87% and 83.33%
(Table 3).
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Table 2. Demographics and Baseline Characteristics of Patients in the Overall Cohort, and After Stratification Into Low (0-1) and High SAMe-
TT2R2 (�2) Score Groups.

Demographic
Overall frequency (%),

(n ¼ 295)
Low SAMe-TT2R2

group (0-1), (n ¼ 6)
High SAMe-TT2R2

(�2), (n ¼ 289) P value

Age <60 years 228 (77.3) 4 (66.7) 224 (77.5) . 53
Gender, male 165 (55.9) 6 (100) 159 (55) .03a

Smoker no. (%) 22 (7.5) 0 (0) 22 (7.6) .48
Race

Arab 174 (59) 0 (0) 174 (60.2) .001a

Asian 94 (31.9) 0 (0) 94 (32.5)
African 15 (5.1) 0 (0) 15 (5.2)
Caucasian 12 (4.1) 6 (100) 6 (2.1)

SAMe-TT2R2 score
Zero 1 (0.3) 1 (16.7%)
1 5 (1.7) 5 (83.3)
2 25 (8.5) 25 (8.7)
3 130 (44.1) 130 (45)
4 104 (35.3) 104 (36)
5 28 (9.5) 28 (9.7%)
6 2 (0.7) 2 (0.7%)

Concomitant disease
Hypertension 97 (32.9) 3 (50) 94 (32.5) .37
Diabetes mellitus 78 (26.4) 1 (16.7) 77 (26.6) .85
Coronary artery disease/myocardial infarction 17 (5.8) 1 (16.7) 16 (5.5) .25
Peripheral artery disease 2 (0.7) 1 (16.7) 1 (0.3) .001a

Congestive heart failure 11 (3.7) 0 (0) 11 (3.8) .62
Previous stroke 17 (5.8) 1 (16.7) 16 (5.6) .25
Pulmonary disease 25 (8.5) 0 (0) 25 (8.7) 0.45
Hepatic disease 9 (3) 0 (0) 9 (3.1) .66
Renal disease 30 (10.2) 0 (0) 30 (10.4) .40
>2 of the above conditions 32 (10.8) 1 (16.7) 31 (10.7) .64
Cancer 4 (1.4%) 0 (0) 4 (1.4) .51

Receiving interacting medication 13 (4.4) 0 (0) 13 (4.5) .59

aP value is less than .05 as measured using w2 test comparing low (0-1) and high SAMe-TT2R2 (�2) score groups.

Figure 1. Mean TTR in SAMe-TT2R2 score groups.
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As tobacco use was poorly reported and the majority of

patients were non-Caucasians, SAMe-TT2R2 score was recal-

culated after omission of these 2 components. However, mean

TTR did not differ significantly between the 2 SAMe-TT2R2

groups (0-1 vs �2; P ¼ .68).

There were only 25 reported cases of minor bleeding

(8.5%), 1 case of major bleeding (0.3%), and no cases of throm-

boembolic events. No association was found between SAMe-

TT2R2 score and risk of bleeding.

Discussion

The current study demonstrated that SAMe-TT2R2 score could

not predict quality of anticoagulation control in a cohort of

VTE patients treated with warfarin in Qatar. There was a trend

of decline in TTR as the score increased, however, the associ-

ation was not statistically significant.

Despite vast body of evidence that supports the ability of the

score in predicting anticoagulation control among AF

patients,14-19 the score’s utility in VTE patients seems to be

limited. Palareti and colleagues were the first to investigate the

efficacy of SAMe-TT2R2 score in predicting quality of antic-

oagulation among a cohort of 1308 VTE patients treated with

VKA in Italy. Time in therapeutic range was significantly

lower in patients with score � 2 compared to score 0-1

(58.5% + 20% vs 61.5% + 19%, respectively, P ¼ .046). The

difference in TTR between the 2 score groups was strikingly

high in the first 3 months of therapy (53% + 26% vs 61% +
26%, respectively; P ¼ .0001), which was mostly due to more

time spent below therapeutic INR. However, the study utilized

TTR only as a surrogate marker of anticoagulation control and

did not evaluate any clinical outcomes.28

The score was subsequently validated by Kataruka et al in a

cohort of 1943 warfarin-treated patients with acute VTE.

Patients were divided into 3 categories according to the

SAMe-TT2R2 score (low 0-1, borderline 2, high >2) and a

TTR cutoff of <60% was applied as a marker of poor antic-

oagulation control. Increments in the SAMe-TT2R2 score sig-

nificantly increased odds of poor anticoagulation control

(TTR <60%), (odds ratio [OR]: 1.18, 95% confidence interval

[CI]: 1.11-1.26, P < .0001). Compared to low score group (0-

1), high score group (>2) demonstrated lower TTR (50% vs

57%), higher percentage of patients achieving a TTR <60%
(63.4% vs 52.3%, P < .0001), and higher rates of recurrent

VTE (69 vs 57 per 100 patient years, P ¼ .0003). The rate of

major bleeding was numerically increased in patients with a

SAMe-TT2R2 score >2 but did not reach statistical signifi-

cance. Interestingly, the score’s discriminative ability was

consistent when different TTR cutoffs of <60%, <65%, or

<70% were tested through sensitivity analysis (c-statistics of

0.61, 0.65, and 0.65, respectively).21

Our findings are in agreement with results of a previous

Spanish study, where SAMe-TT2R2 score could not predict

INR control among 135 acenocoumarol-treated patients. In the

study, no significant differences in INR controls within, above,

or below range between patients with score 0-1 versus a score

of �2 were found. The study also analyzed the predictive

capacity of the test, using a TTR cutoff of 65%, a sensitivity

of 31.8%, a specificity of 66.7%, and demonstrated a positive

predictive value of 47.7% and negative predictive value of

50.6%. Moreover, area under the curve of the receiver operat-

ing characteristic curve for the score groups (0-1, �2) was

0.517, revealing a low score’s capacity of discrimination.22

The authors contributed these findings to the remarkable

variation in individual components of the score (particularly

concomitant amiodarone and cardiovascular diseases) among

the evaluated cohort and those in studies validating the score

among AF patients.

In our study, prevalence of myocardial infarction, conges-

tive heart failure, ischemic heart diseases, and peripheral arter-

ial diseases was low as well. However, we accounted for

potential drug interactions of “moderate” to “severe” signifi-

cance and did not limit it to amiodarone only.

A more recent study confirmed the limited usefulness of

SAMe-TT2R2 score in predicting anticoagulation control and

adverse clinical outcomes in VTE populations. The study

analyzed 3874 VTE patients randomized to warfarin arm of

the Hokusai-VTE trial for up to 6 months, excluding first

month of therapy. Majority of patients had a high score of

�2 (76%), which was associated with numerically lower med-

ian TTR (64.7% vs 70.7%). Nonetheless, for a TTR threshold

of 66%, the score revealed low negative and positive

Figure 2. Mean TTR in low (0-1) versus high (�2) SAMe-TT2R2 score
groups.

Table 3. Capability of SAMe-TT2R2 Model to Predict Poor Quality of
Anticoagulation.a

TTR<70%

Sensitivity (%) 98.96
Specificity (%) 2.5
Positive predictive value (%) 32.87
Negative predictive value (%) 83.33
OR (95% CI)b 2.5 (0.28-21.25)
P valueb 0.4

Abbreviations: CI, confidence interval; OR, odd ratio.
aSAMe-TT2R2 score of 1 was used as the cutoff in this model.
bOR (95% CI) and P value were measured using logistic regression.

Alhmoud et al 5



predictive values (0.59 and 0.52, respectively) as well as poor

discrimination (c-statistic, 0.58). Additionally, comparison of

symptomatic recurrent VTE and bleeding events (major or

clinically relevant nonmajor bleeding) between low and high

score groups revealed low absolute risk difference of 0

(�0.6%, þ0.7%) and þ1.3% (�0.1%, þ2.7%), respectively.

The results were further confirmed by sensitivity analysis

evaluating whole study duration.29

In our study, evaluation of the score’s individual compo-

nents demonstrated that Caucasian origin was the only signif-

icant predictor of the quality of anticoagulation control, as they

exhibited significantly higher mean TTR. Additionally, ethnic

origin and gender were significantly different between low and

high score groups as the 6 patients in the low score group were

Caucasian males. However, due to the small number of

patients, the clinical significance of this finding is limited.

Previous literature demonstrated that European Americans

were significantly more likely to achieve good (ie, TTR� 60 <

70%) and excellent (TTR� 70%) anticoagulation control com-

pared to African Americans. Moreover, they experienced sig-

nificantly lower bleeding episodes (Incidence rate ratio: 1.38,

95% CI: 1.01, 1.89, P ¼ .045) and were at significantly lower

relative risk of major hemorrhagic events (HR: 1.58; 95% CI:

1.04-2.41; P ¼ .03) despite adjusting for clinical and genetic

factors and TTR.30 In the study of Kataruka et al,21 none of the

score’s factors was independently associated with predicting

poor anticoagulation control. Analysis identified weight, his-

tory of previous VTE, and alcohol consumption, which are

risk factors not included in the SAMe-TT2R2 score, as signif-

icant predictors of low TTR (<60%). However, when these

factors were incorporated into the score and a new model

created, only marginal improvement in the score’s perfor-

mance characteristic and ability to predict TTR <60% was

noted (c-statistic ¼ 0.64 vs 0.61). Furthermore, the study

investigated whether including patients with nonactive malig-

nancy could affect the score’s predictive ability, but the effect

turned to be insignificant (OR point estimate [1.18, 95% CI:

1.11-1.25], c-statistic ¼ 0.59).

It is noteworthy that only 12 patients evaluated in our study

were classified as Caucasians (white-origin) compared to 70%
of VTE patients in the first Italian study of score validation.

Thus, one may question the validation and/or need for recali-

bration of the score in a non-Caucasian population, such as

those evaluated in our study, given that non-Caucasian race

already accounts for 2 points in the score. However, the score

was validated in previous Asian studies of AF patients.31,32 In

a Chinese study of 1428 nonvalvular AF patients, where the

lowest possible score was 2, a significant and progressive

decline in TTR was confirmed as SAMe-TT2R2 score

increased (P ¼ .016).32 As mentioned earlier, the association

between anticoagulation control and SAMe-TT2R2 score,

when calculated without ethnic origin, did not vary signifi-

cantly in our study.

Of note, the relatively high TTR (76.7 [+18.6]) reported in

this study is in line with previous data from Qatar.33,34 In one

study, mean TTR in pharmacist managed anticoagulation clinic

was remarkably high and significantly higher than that

observed in a historical cohort from a doctor-based clinic

(81.8% vs 69.8%, P < .001).33 Another study revealed an over-

all patients’ median TTR of 70% (range 19-100) with a numeri-

cally higher mean TTR in Arabs than in Asian patients (71%
+15% vs 67% +17%, P ¼ .15).34

Excluding patients with reported poor compliance to war-

farin and/or clinic visits may have also contributed to this high

TTR. However, data about the exact number of such excluded

patients in unavailable. Additionally, since point of care INR

testing is the mainstay testing we use at our clinics, it has an

error margin of +0.2. Thus, we consider INRs of 1.8 to 3.2 as

“within therapeutic range.” This may have also slightly over-

estimated the TTR. However, this should not affect our overall

result since we applied the same methodology for all included

subjects regardless of their SAMe-TT2R2.

Our study has some limitations. Reported rate of cardiovas-

cular diseases included in the score and the use of amiodarone

among evaluated patients were low. However, all drug inter-

actions of “moderate” to “severe” significance were included in

the score calculation. In addition, despite our efforts to account

for most of factors that could affect INR control (such as age,

gender, common comorbidities, significant drug interactions,

etc), other factors could be potentially missed due to the retro-

spective observational nature of the study. Social habits that

may have an influence on INR control such as smoking (only

7.5% reported to be tobacco users) and alcohol consumption

are poorly documented in patients’ records; however, we

adjusted for all these variables in the linear regression analysis.

Moreover, genetic factors (Polymorphisms of the vitamin K

epoxide reductase complex subunit 1 gene [VKORC1] and the

cytochrome P450 (CYP)2C9 gene), which are important deter-

minants of maintenance dose, were not addressed in this study,

but their evaluation is costly and not always feasible. It is

important also to note that with regard to ethnic group, as this

was a retrospective chart review, and medical records system

does not identify ethnic origin, classification was based on

recorded nationality, and only patients of European, Australian,

and North American nationalities were considered as Cauca-

sians in this analysis, which may not be accurate. Moreover, as

the majority of patients were non-Caucasians (95.9%) the study

included 6 patients only in the low score group, which limits

the interpretation of our findings. This low number has also

reduced the statistical power of the cohort to determine the

association between SAMe-TT2R2 and the quality of anticoa-

gulation. Of note, when the score was calculated without race

and tobacco use, a significant association between the score

and mean TTR was not observed. In conclusion, it appears that

despite evidence of the clinical utility of the SAMe-TT2R2

score in predicting anticoagulation quality among AF patients,

evidence seems to be less promising in VTE patients.
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Validation of the SAMe-TT2R2 score in a nationwide population

of nonvalvular atrial fibrillation patients on vitamin K antago-

nists. Thromb Haemost. 2015;114(4):695-701. doi:10.1160/

TH15-02-0169

17. Roldán V, Cancio S, Gálvez J, et al. The SAMe-TT2R2 score

predicts poor anticoagulation control in AF patients: a prospective

‘real-world’ inception cohort study. Am J Med. 2015;128(11):

1237-1243. doi:10.1016/j.amjmed.2015.05.036

18. Lip GY, Waldo AL, Ip J, et al. Determinants of time in therapeutic

range in patients receiving oral anticoagulants (a sub study of

IMPACT). Am J Cardiol. 2016;118(11):1680-1684.

19. Lip GYH, Haguenoer K, Saint-Etienne C, Fauchier L. Relation-

ship of the SAMe-TT2R2 score to poor-quality anticoagulation,

stroke, clinically relevant bleeding, and mortality in patients with

atrial fibrillation. Chest. 2014;146(3):719-726. doi:10.1378/chest.

13-2976

20. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for

the management of atrial fibrillation developed in collaboration

with EACTS. Eur Heart J. 2016;37(38):2893-2962. doi:10.1093/

eurheartj/ehw210

21. Kataruka A, Kong X, Haymart B, et al. SAMe-TT2R2 predicts

quality of anticoagulation in patients with acute venous throm-

boembolism: the MAQI2 experience. Vasc Med. 2017;22(3):

197-203. doi:10.1177/1358863X16682863

22. Demelo-Rodrı́guez P, Postigo-Esteban A, Garcı́a-Fernández-

Bravo I, et al. Evaluation of the SAMe-TT2R2 score to predict

the quality of anticoagulation control in a cohort of patients with

venous thromboembolism treated with vitamin K antagonists.

Thromb Res. 2016;147:58-60. doi:10.1016/j.thromres.2016.09.

021

23. Rosendaal FR, Cannegieter SC, van der Meer FJ, Briet E. A

method to determine the optimal intensity of oral anticoagulant

therapy. Thromb Haemosta. 1993;69(3):236-239.

24. De Caterina R, Husted S, Wallentin L, et al. Vitamin K antago-

nists in heart disease: current status and perspectives (section III):

Position paper of the ESC working group on thrombosis—Task

force on anticoagulants in heart disease. Thromb Haemost. 2013;

Alhmoud et al 7

https://orcid.org/0000-0002-3871-7088
https://orcid.org/0000-0002-3871-7088
https://orcid.org/0000-0002-3871-7088
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/206316s004lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/206316s004lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/022406s019s020lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/022406s019s020lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/202155s012lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/202155s012lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/202155s012lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/206316s004lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/206316s004lbl.pdf


110(6):1087-1107. doi:10.1160/TH13-06-0443 PMID:

24226379

25. Kaatz S, Ahmad D, Spyropoulos AC, Schulman S; Subcommittee

on Control of Anticoagulation. Definition of clinically relevant

non-major bleeding in studies of anticoagulants in atrial fibrilla-

tion and venous thromboembolic disease in non-surgical patients:

communication from the SSC of the ISTH. J Thromb Haemost.

2015;13(11):2119-2126.

26. Schulman S, Kearon C; Subcommittee on Control of Anticoagu-

lation of the Scientific and Standardization Committee of the

International Society on Thrombosis and Haemostasis. Definition

of major bleeding in clinical investigations of anti-hemostatic

medicinal products in non-surgical patients. J Thromb Haemost.

2005;3:692-694.

27. Warfarin. Lexi-Drugs Online [Lexi-Drugs Online]. Lexicomp,

Inc; 2017. Updated August 17, 2020. Accessed February 20,

2020. http://online.lexi.com

28. Palareti G, Antonucci E, Lip GY, et al. The SAME-TT2R2

score predicts the quality of anticoagulation control in patients

with acute VTE. A real-life inception cohort study. Thromb

Haemost. 2016;115(6):1101-1108. doi:10.1160/TH15-10-0830.

Published correction appears in Thromb Haemost. 2016;

116(2):396

29. Barco S, Granziera S, Coppens M, et al. Determinants of the quality

of warfarin control after venous thromboembolism and validation

of the SAMe-TT2-R2 score: an analysis of Hokusai-VTE. Thromb

Haemost. 2019;119(4):675-684. doi:10.1055/s-0039-1678546

30. Limdi NA, Brown TM, Shendre A, Liu N, Hill CE, Beasley TM.

Quality of anticoagulation control and hemorrhage risk among

African American and European American warfarin users.

Pharmacogenet Genomics. 2017;27(10):347-355. doi:10.1097/

FPC.0000000000000298

31. Bernaitis N, Ching CK, Chen L, et al. The sex, age, medical

history, treatment, tobacco use, race risk (SAME TT2R2) score

predicts warfarin control in a Singaporean population. J Stroke

Cerebrovasc Dis. 2017;26(1):64-69. doi:10.1016/j.jstrokecereb-

rovasdis.2016.08.030 PMID: 27671097

32. Chan PH, Hai JJ, Chan EW, et al. Use of the SAMe-TT2R2

score to predict good anticoagulation control with warfarin in

Chinese patients with atrial fibrillation: relationship to ischemic

stroke incidence. PLoS One. 2016;11(3):e0150674. doi:10.1371/

journal.pone. 0150674 PMID: 27010633

33. Elewa H, Jalali F, Khudair N, Hassaballah N, Abdelsamad O,

Mohammed S. Evaluation of pharmacist-based compared to

doctor-based anticoagulation management in Qatar. J Eval Clin

Pract. 2016;22(3):433-438. doi:10.1111/jep.12504

34. Mohammed S, Aljundi AH, Kasem M, Alhashemi M, El-Menyar

A.Anticoagulation control among patients with nonvalvular atrial

fibrillation: a single tertiary cardiac center experience. J Adv Pharm

Technol Res. 2017;8(1):14-18. doi:10.4103/2231-4040.197370

8 Clinical and Applied Thrombosis/Hemostasis

http://online.lexi.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


