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Abstract
Background The increased warfarin sensitivity observed after mechanical mitral valve replacement (MVR) operations 
dictates clinical discretion in warfarin dose initiation. Evidence is still lacking with regard to anticoagulation management 
of MVR patients.
Objective This study aimed to compare initiating warfarin at the recommended dosing regimen versus empirically lowered 
doses intended to account for the variation in warfarin sensitivity.
Methods A prospective, single-blind, randomized, comparative study was conducted in postoperative MVR patients. Patients 
were randomly assigned to either the 5 mg group (n = 25) or the 3 mg group (n = 25) and were initiated on a 5 or 3 mg 
warfarin dose, respectively. Time to target international normalized ratio (INR), time in therapeutic range, occurrence of 
bleeding/thromboembolic events, and cost of bridging with enoxaparin were assessed for both groups.
Results Target INR was achieved earlier in the 5 mg group than in the 3 mg group (p = 0.033), with a mean ± SD of 5.3 ± 
2.0 and 6.6 ± 2.0, respectively (95% confidence interval of the mean difference 1.022–1.890). Bleeding events did not differ 
significantly between the two groups. The cost of enoxaparin consumption per patient was significantly higher in the 3 mg 
group versus the 5 mg group (p = 0.002).
Conclusions The initiation of warfarin at a 5 mg dose in MVR patients was more efficacious than the 3 mg dose in terms 
of time to reach the target INR. Moreover, the cost of enoxaparin bridging was significantly reduced with a 5 mg warfarin 
initiation dose. Bleeding events were comparable.
ClinicalTrials.gov ID NCT04235569, 22 January 2020.
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1 Introduction

It has been estimated that 300,000 prosthetic heart valve 
replacements are performed each year worldwide [1]. 
Mechanical heart valves are more durable than bio-prosthe-
ses but more thrombogenic. Hence, postoperative warfarin 
anticoagulation is recommended for all patients receiving 

mechanical aortic or mitral heart valve replacement [2]. 
Mechanical heart valves necessitate lifetime anticoagulation, 
with an international normalized ratio (INR) target range 
of 2.0–3.0 for aortic valves, and 2.5–3.5 for mitral valves. 
Warfarin starting doses between 5 and 10 mg/day admin-
istered on the first 1 or 2 days of warfarin treatment were 
consistently accepted in earlier medical practice and were 
recommended by the American College of Chest Physicians 
(ACCP) to be applied for individuals who need long-term 
anticoagulation with consequent dose adjustment based on 
the INR findings [3]. The exaggerated warfarin sensitivity is 
defined as an increased warfarin dose response that people 
may experience as a result of certain conditions or factors 
[4], and it is well recognized after heart valve surgery [5–7].

Many factors contribute to this postoperative sensitiv-
ity, including patient’s age, sex, body weight, concomitant 
medications such as amiodarone and cefazoline, baseline 
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Key Points 

Optimal warfarin initiation dosing in patients with 
mechanical mitral valve replacements (MVRs) is debat-
able.

Warfarin initiation dose is lowered empirically in clinical 
institutions to balance the early increased postoperative 
warfarin sensitivity, leading to increased consumption of 
enoxaparin as a bridging agent.

This study compared two initiation dosing protocols of 
warfarin 5 mg versus 3 mg using low molecular weight 
heparin (enoxaparin) as a bridging agent in the MVR 
patient population at a single institution.

Patients receiving the 5 mg initiation dose achieved 
therapeutic international normalized ratio more rapidly, 
hence minimizing the cost of enoxaparin bridging.

23]. This practice has hindered the use of the warfarin initia-
tion protocols, with a 5 mg dose in our hospital after heart 
valve surgery. Consequently, warfarin initiation in this group 
has sometimes reverted to empirical dosing depending on 
clinical judgment, with the commencement of a 3 mg dose 
targeting a more conservative initiation and transition to a 
stable INR.

The current study aimed to compare the efficacy and 
safety of warfarin initiation at two dose levels (5 vs. 3 mg), 
in terms of reaching optimum anticoagulation and occur-
rence of bleeding/thromboembolic events, as well as to cal-
culate the enoxaparin cost used as the bridging agent.

2  Methods

2.1  Study Design

This was a prospective, single-blinded, randomized con-
trolled study conducted in patients subjected to isolated 
mechanical MVR at the Cardiovascular Hospital, Ain Shams 
University (ASU). The study protocol was approved by the 
Research Ethics Committee for Experimental and Clinical 
Studies at the Faculty of Pharmacy, ASU. Before participa-
tion in the study, written informed consent was obtained 
from all participants. The study was conducted in accord-
ance with the Declaration of Helsinki and was registered at 
ClinicalTrials.gov (ID: NCT04235569).

2.2  Patients and Methods

All patients presenting to the Cardiovascular Hospital for 
MVR were screened for eligibility. Patients were included if 
they were between 18 and 65 years of age. Exclusion criteria 
comprised pregnancy or lactation, renal dysfunction (glo-
merular filtration rate ≤ 45 mL/min), hepatic insufficiency 
(Child–Pugh class B or C), clinically significant active 
bleeding, recurrent DVT or pulmonary embolism, baseline 
INR > 1.2, cancer, Asian ancestry, malnutrition, or excessive 
alcohol consumption.

Patients were randomly assigned to either the 5 mg group 
(n = 25) or the 3 mg group (n = 25) and initiated on warfarin 
5 or 3 mg, respectively. A blocked randomization list for 
patient allocation was produced using an online software 
application available at https:// www. seale denve lope. com/ 
simple- rando miser. An allocation ratio of 1:1 and a block 
size of 2 was determined. Participant randomization assign-
ment remained concealed in sealed envelopes.

The principal investigator was the on-site clinical phar-
macist responsible for generating the allocation sequence, 
participants’ enrollment, and randomly assigning partici-
pants to interventions, as well as the collection of patients’ 
data during the study period.

INR, and serum albumin level [8]. Owing to the lack of 
evidence in this field, currently available guidelines offer no 
clear recommendation concerning warfarin initiation after 
heart valve surgery [9–11].

The existing warfarin commencement protocols were 
addressed for use in populations other than mitral valve 
replacement (MVR) patients [12–16]. Those protocols inves-
tigated different warfarin initiation dosing techniques (5 mg, 
10 mg, empirical, or age-adjusted) in patient populations 
with various warfarin indications such as atrial fibrillation, 
deep vein thrombosis (DVT), pulmonary embolus, malig-
nancy, or vascular surgeries. Although there is still consid-
erable uncertainty regarding using a 10 mg or 5 mg loading 
dose for warfarin initiation [17], using the 10 mg dose is not 
recommended and is not usually used in clinical practice 
for postoperative warfarin initiation after prosthetic heart 
valve replacement due to the increased warfarin sensitivity 
and risk of bleeding [18, 19]. As a result of these recom-
mendations, the starting dose of 10 mg is no longer used in 
our hospital, and lower initiation doses, such as 5 mg, may 
be preferred following prosthetic valve replacement surgery.

In clinical practice, it has been observed that when start-
ing with the commonly used warfarin loading dose of 5 mg, 
many patients exceed the upper limit of the therapeutic range 
and thus require several dose reductions; occasionally, war-
farin may be discontinued, resulting in irregular anticoagu-
lation management [20]. This may result in a higher risk of 
bleeding, a delay in achieving therapeutic INR, the removal 
of the pacing wires, and, consequently, prolonged hospitali-
zation [21]. Hence, many clinical practices recently favored 
loading warfarin using reduced empirical dosing (e.g., 3 
mg), particularly in the early postoperative period [16, 22, 
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Patients’ demographic data [age, sex, body mass index 
(BMI), smoking status] and laboratory data (liver and kidney 
function tests, platelet count, serum albumin), along with 
comorbid diseases, allergies, comedication, and family his-
tory, were all collected from the patient daily notes using a 
predesigned follow-up sheet.

The study patients were initiated on warfarin for post-
operative anticoagulation combined with enoxaparin as a 
bridging agent 24 h after surgery. Once the lower limit of 
the therapeutic INR range (2.5) was reached, enoxaparin 
was discontinued. Enoxaparin injections were administered 
twice daily using therapeutic doses adapted to the patient’s 
body weight (1 mg/kg).

Warfarin dose adjustments and enoxaparin injection doses 
were determined using the anticoagulation toolkit (version 
1.7) [24] produced by the Michigan Anticoagulation Quality 
Improvement Initiative (MAQI2) [18].

There is no validated initiation nomogram for warfarin 
doses < 5 mg or for the target INR range (2.5–3.5). Hence, 
some healthcare facilities (such as the University of Con-
necticut Health Center/John Dempsey Hospital, 2015 [25] 
and University of Iowa Healthcare Warfarin Tips & Dosing 
Nomograms, 2013 [26]) previously applied dose adjust-
ment techniques that used the same percentage increase 
or decrease in warfarin initiation dose nomogram stated 
in MAQI2 to fill the gap between the published guidelines 
and clinical practice. We decided to adopt the same MAQI2 
accustomed technique used by other health care institutions 
[25, 26] to standardize the dose adjustment processes and 
make the results reproducible.

Regarding postoperative care, all patients were monitored 
in the Intensive Care Unit (ICU) of the Cardiovascular Hos-
pital, ASU, and received postoperative care by the ICU staff 
as per the hospital management protocols for postoperative 
oral diet introduction, fluid administration, and extubation.

2.3  Follow‑Up and Endpoints

All patients were followed up for a minimum of 4 consecu-
tive days from the start of postoperative anticoagulation until 
the INR was within the therapeutic range for at least 2 con-
secutive days [22, 27]. According to the routine practice of 
our institution, follow-up was scheduled daily for INR moni-
toring and dose adjustments. Warfarin dose was adminis-
tered at 5:00 pm, while INR laboratory monitoring was done 
on the morning of the following day. The INR measurement 
methodology and techniques were unified and assessed at 
the same laboratory for all patients in both groups. Dose 
adjustments were made accordingly by the attending physi-
cian together with the responsible clinical pharmacist until 
the first in-range target INR reading (2.5–3.5). All patients’ 
comedications during the follow-up period were recorded.

2.3.1  Primary Outcome

The quality of anticoagulation was evaluated using time 
to reach therapeutic INR, defined as the number of days 
required to reach the lower limit (2.5) of the target INR 
range.

2.3.2  Secondary Outcomes

The proportion of patients who reached the target INR range 
within 3–5 days was recorded. The 3- to 5-day range was the 
time required for the usual onset of the anticoagulant effect 
of warfarin that matches the target time crucial for cardiac 
surgeons to allow the removal of pacing wires.

The proportion of time spent in the therapeutic range, 
defined as the percentage of time (days) that the patient’s 
INR value was within the therapeutic INR range, was also 
reported. It was calculated as a percentage ratio of the num-
ber of in-range INR readings to the total number of INR 
readings recorded throughout the follow-up period.

The count of INR readings per patient that were in range 
or that exceeded four during the follow-up period were also 
recorded. Furthermore, any major or minor bleeding events, 
as well as thromboembolic events, were reported during the 
follow-up period.

Minor bleedings were mild bleeding events that required 
minimal medical intervention only to stop or treat the bleed-
ing without the need to temporarily discontinue warfarin 
[28]. Major bleedings were serious bleeding events that 
necessitated extensive medical intervention to stop or treat 
bleeding, including temporarily discontinuing or chang-
ing the dose of warfarin [28]. They were defined using the 
National Cancer Institute’s Common Terminology Criteria 
for Adverse Events (CTCAE v4.03 [minor update 2014]) 
[29].

2.3.3  Cost of Bridging

During the anticoagulation initiation period, the duration of 
bridging with enoxaparin administration until its discontinu-
ation was reported.

The cost consumed, from the time enoxaparin was initi-
ated until it was discontinued after reaching the first thera-
peutic INR, was calculated and was estimated in US dollars.

2.4  Statistical Analysis

Sample size was calculated using the STATA program 
(StataCorp LLC, College Station, TX, USA), setting the 
type-1 error (α) at 0.05 and the power (1 − β) at 0.9. Results 
from a previous study by Roberts et al. [22] showed that the 
protocol group (n = 37) achieved a stable INR more rapidly 
than the empiric group (n = 77); median times of 5.1 and 
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8.7 days, respectively, with a pooled standard deviation (SD) 
of 3.4 days. Median was transformed to mean according to 
Hozo et al. formula [30]. Calculation according to these val-
ues produced a sample size of 25 cases per group (50 total), 
considering a 20% dropout rate.

Statistical analysis was performed using IBM  SPSS® Sta-
tistics version 22  (IBM® Corporation, Armonk, NY, USA). 
Quantitative data were expressed as mean and SD or median 
and interquartile range as appropriate, while qualitative data 
were expressed as frequency and percentage. Pearson’s Chi-
square test or Fisher’s exact test was used to examine the 
relation between qualitative variables. Quantitative data 
were tested for normality using the Kolmogorov–Smirnov 
test and Shapiro–Wilk test. Comparison between two groups 
for normally distributed data was performed using Student’s 
t test, and the Mann–Whitney test was used for data that 
were not normally distributed. Because there was a signifi-
cant difference in age between the two groups, the outcome 
measures were adjusted for age using logistic regression 
for qualitative outcome variables or analysis of covariance 
(ANCOVA) for quantitative outcome variables. The other 
patient characteristics that could have affected warfarin 
sensitivity, such as BMI, albumin level, and some of the 
concomitantly used drugs, were comparable between the 
two study groups and did not require statistical adjustment. 
All tests were two-tailed. A p value < 0.05 was considered 
significant.

3  Results

From March 2018 to January 2019, out of a total of 85 MVR 
patients screened, only 50 patients fulfilled the inclusion cri-
teria and were recruited, as detailed in Fig. 1. The analysis 
included all randomized patients.

3.1  Patient Characteristics

Baseline characteristics and demographics were comparable 
between the two groups except for age, which was statisti-
cally higher in the 3 mg group versus the 5 mg group (p = 
0.048). No allergic reactions were observed in either group 
of patients.

Serum creatinine level was within the normal range in 
both groups, but the 5 mg group had a significantly higher 
level than the 3 mg group (p = 0.001). The identified 
comorbidities included diabetes mellitus, hypertension, 
rheumatic heart disease, atrial fibrillation, hyperlipidemia, 
and hypothyroidism. Medications coadministered included 
cephazolin, amiodarone, non-steroidal anti-inflammatory 
drugs, paracetamol, omeprazole, levothyroxine, simvasta-
tin, and propranolol. Among those medications, amiodarone 
and cefazoline are known to affect warfarin response [4]. 

Medication use was comparable between groups, particu-
larly for amiodarone (28% vs. 16%) and cefazoline (92% vs. 
92%). Patients’ demographics, baseline characteristics, and 
comedications affecting warfarin response are presented in 
Table 1.

3.2  Primary Outcome Analysis

At the end of the follow-up period, comparison between 
groups indicated that the 5 mg group achieved a therapeutic 
INR more rapidly than the 3 mg group (95% confidence 
interval [CI] of the mean difference 1.02–1.89), with a mean 
± SD of 5.3 ± 2.0 and 6.6 ± 2.0 days for the 5 mg and 3 mg 
groups, respectively (p = 0.033) (Table 2).

Endpoints are presented in Table 2. A dot plot to show 
the 25 individual time to reach therapeutic INR data points 
for each group is presented in Fig. 2.

3.3  Secondary Outcome Analysis

The proportion of patients who reached the target INR range 
within 3–5 days was not significantly different between the 
two study groups (5 mg group vs. 3 mg group: 14 [56%] 
vs. 7 [28%]; p = 0.08). Furthermore, the proportion of time 
spent in the therapeutic range was comparable between the 
two groups. During the follow-up period, the median number 
of in-range readings, as well as the number of INR readings 
that were > 4 per patient, were statistically higher in the 5 
mg group.

Four patients experienced major bleeding events in the 5 
mg group compared with five patients in the 3 mg group (p 
= 0.589). Eleven patients experienced minor bleeding events 
in the 5 mg group compared with five patients in the 3 mg 
group (p = 0.022). The percentages of patients who experi-
enced any type of bleeding events, as well as the total num-
ber of bleeding events experienced for each patient in each 
group, were not significantly different between the groups.

The major bleeding events reported were hematuria, 
hematochezia, hematemesis, and wound bleed, while the 
minor bleeding events were epistaxis, bleeding gum, and 
localized bruises.

No thromboembolic events were reported in patients of 
either group throughout the follow-up period, and there was 
no significant difference in the length of follow-up periods 
between the two groups (p = 0.120).

3.4  Cost Analysis

The median duration of enoxaparin administration as bridg-
ing therapy was significantly higher in the 3 mg group (p < 
0.001) (Table 2).

The cost of enoxaparin consumption per patient was sig-
nificantly lower in the 5 mg group compared with the 3 mg 
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group, with a median USD (IQR) of 24.8 (16.5–35.6) versus 
49.6 (30.8–57.5), respectively (p = 0.002) (Table 2).

4  Discussion

After mechanical MVR, anticoagulation is usually initiated 
with warfarin in addition to low molecular weight heparin 
(LMWH) for bridging until the therapeutic INR is achieved 
[31]. Warfarin initiation at a 5 mg dose may sometimes 
result in irregular anticoagulation management [20] and a 
delay in pacing wire removal [21]. As a result, many clinical 
practices have recently favored loading warfarin with lower 
empirical dosing, such as 3 mg. In light of the complete lack 
of clinical trials specifically addressing this issue, this was 
considered a safe strategy [16, 22, 23].

Currently, there are no available data from randomized 
controlled trials addressing the effective and well tolerated 
warfarin loading dose for use in MVR patients.

In this study, we compared the conventional protocols 
[17, 32] that recommend warfarin initiation at a 5 mg dose 
versus the safe strategy of using the 3 mg dose.

Our results showed that the efficacy of initiating warfa-
rin at 3 mg was found to be less than that of the 5 mg dose, 

demonstrated by the longer time required to reach the thera-
peutic INR range, with a comparable safety profile. Further-
more, the shorter mean time to reach the therapeutic INR 
achieved with the 5 mg dose (5.3 days) was comparable with 
that observed by Roberts et al., who reported a mean time 
to reach therapeutic INR of 5.1 days in their study that com-
pared empirical warfarin initiation at 5 mg in MVR patients 
with a designed protocol that adopted lower warfarin initia-
tion doses [22].

On the contrary, the 5 mg group in the study by Ageno 
et al. [16], comparing 5 mg and 2.5 mg warfarin initiation in 
heart valve replacement patients, reported a lower mean time 
to reach therapeutic INR (1.98) than our 5 mg group (5.3). 
This discrepancy could be attributed to their lower target 
INR range (1.5–2.6), which differs from the defined target 
INR range in our population. Moreover, the shorter time to 
therapeutic INR attained in our 5 mg group (5.3 days) was 
comparable with that reported in previous studies by Kovacs 
et al. (5.6 days) in acute VTE [33] and Shine et al. (5 days) 
in acute clotting and atrial fibrillation [34].

The longer time to reach therapeutic INR in the 3 mg 
group resulted in longer bridging days, with higher con-
sumption of enoxaparin and, consequently, higher bridging 
cost. Although earlier studies have suggested an increased 

Fig. 1  Study flow diagram: 
enrollment, randomization, and 
follow-up
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Table 1  Demographics and baseline characteristics of the study groups

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, INR international normalized ratio, IQR interquartile 
range, SD standard deviation
a Independent t test
b Chi-square test
c Mann–Whitney test
d No p value given because of the small number of cases within groups
e p value < 0.05: significant

Parameter 5 mg group [n = 25] 3 mg group [n = 25] p value

Age, years [mean ± SD] 43.2 ± 12.7 49.3 ± 8.0 0.048a,e

Male [n (%)] 13 (52) 11 (44) 0.571b

BMI, kg/m2 [mean ± SD] 30.6 ± 5.9 27.8 ± 3.7 0.061a

Smoking status [n (%)] 6 (24) 5 (20) 0.733b

INR [mean ± SD] 1.1 ± 0.1 1.1 ± 0.1 0.279a

Serum creatinine, mg/dL [median (IQR)] 1.10 (0.90–1.16) 0.83 (0.79–0.94) 0.001c,e

Platelet count, ×1000/μL [mean ± SD] 381 ± 66 390 ± 59 0.613a

ALT, IU/L [mean ± SD] 23.7 ± 5.1 19.0 ± 5.0 0.052a

AST, IU/L [mean ± SD] 21.8 ± 5.4 20.1 ± 3.9 0.090a

Serum albumin, g/dL [mean ± SD] 4.1 ± 0.4 4.2 ± 0.5 0.608a

Number of patient comorbidities [median (IQR)] 1 (0–1) 1 (0–1) 0.142c

Comorbid diseases [n (%)]
 Diabetes mellitus 7 (28) 7 (28) 1.00b

 Hypertension 2 (8) 5 (20) 0.417
 Rheumatic heart disease 4 (16) 4 (16) 1.00b

 Atrial fibrillation 2 (8) 2 (8) d

 Hyperlipidemia 0 (0) 2 (8) d

 Hypothyroidism 1 (4) 2 (8) d

Medications [n (%)]
 Amiodarone 7 (28) 4 (16) 0.306b

 Cefazolin 23 (92) 23 (92) 1.00b

Table 2  Comparison of outcomes and endpoints between the study groups

TRT  time required to reach the lower limit of therapeutic INR, INR international normalized ratio, IQR interquartile range, SD standard deviation
a Analysis of covariance
b Logistic regression
c p value < 0.05: significant

Parameter 5 mg group [n = 25] 3 mg group [n = 25] p value

TRT, days [mean ± SD] 5.3 ± 2.0 6.6 ± 2.0 0.033a,c

Patients reached target INR in the first 3–5 days [n (%)] 14 (56) 7 (28) 0.080b

Proportion of time spent in therapeutic INR, % [median (IQR)] 38 (25–44) 29 (24–33) 0.091a

Number of INR readings > 4 [median (IQR)] 0.0 (0.0–2.0) 0.0 (0.0–0.5) 0.009a,c

Number of in-range readings [median (IQR)] 3 (2–4) 2 (2–3) 0.023a,c

Patients experienced major bleeding event [n (%)] 4 (16) 5 (20) 0.589b

Patients experienced minor bleeding event [n (%)] 11 (44) 5 (20) 0.022b,c

Patients experienced any bleeding event [n (%)] 13 (52) 8 (32) 0.094b

Total number of bleeding events [median (IQR)] 1 (0–2) 0 (0–1) 0.052a

Number of bridging days [median (IQR)] 3.0 (2.0–4.0) 6.0 (3.5–6.5) < 0.001a,c

Enoxaparin overall cost, USD [median (IQR)] 24.8 (16.5–35.6) 49.6 (30.8–57.5) 0.002a,c

Follow-up period, days [mean ± SD] 9.0 ± 2.8 8.6 ± 2.5 0.557a
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cost of bridging when using reduced loading warfarin 
doses [33, 35], to the best of our knowledge none of them 
have estimated the value of this increased cost of bridging 
therapy. Healthcare cost reduction is of utmost importance, 
especially when addressing countries with limited healthcare 
resources and high expenditures such as Egypt.

The proportion of time spent in the therapeutic range 
may provide a good presentation for anticoagulation man-
agement, however this is dependent on the length of the 
follow-up period after treatment initiation [36]. Several 
meta-analyses concluded that the higher proportion of time 
spent in the therapeutic range could be detected after 1 or 
more months of follow-up and that there was a significant 
improvement when follow-up periods were extended to 2 or 
3 months [34–36].

In the current study, the proportion of time spent in the 
therapeutic range was not significantly different between the 
two groups, yet the lack of difference could be attributed to 
the short period of follow-up in our study that aimed to focus 
on the early initiation phase of anticoagulation.

Following the warfarin 5 mg loading dose for initiation, 
the proportion of patients achieving therapeutic INR by 
day 5 in previous studies varied from 46 to 88% [14, 33, 
35]—56% in the current study, compared with 46% reported 
by Kovacs et al. [33] and 63% reported by Shine et al. [34], 
although involving patients of different indications. On the 
contrary, Crowther et al. reported a higher proportion of 
88%, which might be attributed to the fact that 44% of their 
patients suffered malignancy, which could contribute to an 
increase in coagulability status [14]. In the 3 mg group in 
our study, the percentage of patients reaching target INR 
within 3–5 days (28%) was comparable with that previously 
reported by a retrospective study on adult Thai patients 

(29%) that studied the same dose for long-term anticoagu-
lation in different indications [23].

In the present study, there was no significant difference 
between the two groups in the percentage of patients achiev-
ing the therapeutic INR within 3–5 days; however, the dura-
tion of enoxaparin bridging was significantly lower in the 
5 mg group. This reveals that warfarin initiation at 5 mg 
accelerated reaching target INR, and consequently permit-
ted the earlier removal of pacing wires by cardiac surgeons. 
Moreover, the inconvenience and pain associated with par-
enteral bridging and, subsequently, overall treatment costs 
were reduced with the 5 mg loading dose.

It is worth noting that despite the number of patients with 
laboratory evidence of over-anticoagulation (INR occa-
sions >4), major bleeding events were only reported in four 
patients in the 5 mg group and five patients in the 3 mg 
group. Similarly, a recent study concluded that a rapid rise 
in INR following warfarin administration was not associated 
with an increased risk of major bleeding in those patients 
during the immediate postoperative period [37]. This could 
be explained by the phenomenon that a rapid initial increase 
in INR inhibits the clotting cascade, resulting in a relatively 
net neutral effect on the total risk of bleeding [9].

Minor bleeding events were more common in the 5 mg 
group. Nonetheless, as evidenced by comparable follow-up 
periods between groups, this significant difference did not 
delay attaining stable INR.

Patients achieved stable therapeutic INR in a variable 
number of days. As a result, each patient’s follow-up period 
was unique, ranging from 4 to 16 days.

The mean number of days of follow-up did not differ 
statistically between groups and was comparable with the 
average postoperative time (7 days) required to achieve a 
postoperative stable INR value that allows ICU discharge, 
as previously reported in the literature [38].

Patients’ age, concurrent drugs such as amiodarone and 
cefazoline, baseline INR, and serum albumin level were all 
shown to contribute to postoperative warfarin sensitivity [8]. 
Hence, all patients with a baseline INR > 1.2 were initially 
excluded and statistical analyses were adjusted for age. Fur-
thermore, there was no significant difference between groups 
in terms of amiodarone or cefazoline use, as well as baseline 
serum albumin levels.

Prior guidelines published by the ACCP recommended 
against routine genotyping [39], but the Clinical Pharma-
cogenetics Implementation Consortium guidelines recom-
mended incorporating existing genotype information into 
warfarin dose decisions [40].

Genotype-guided warfarin dosing is not performed at 
our hospital. Published clinical trials have generated vari-
able results regarding the benefit of genotype-guided war-
farin dosing [32, 41]. Some studies showed better safety 
[42] or shorter time to reach therapeutic INR [43] with 

Fig. 2  Dot plot showing individual TRT for the 25 patients in each 
group. TRT  time to reach therapeutic international normalized ratio
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genotype-guided warfarin, while others have highlighted 
the need to develop race-specific dosing algorithms [44, 
45]. However, further studies are still needed to determine 
the cost effectiveness of routine warfarin‐related genotype 
testing [46].

Currently, it would appear more practical to assign the 
limited financial resources to the founding of better infra-
structure for INR testing, improving patient–provider com-
munication, implementing validated clinical anticoagulation 
protocols, and enhancing patient adherence rather than using 
genotype-based dosing algorithms [47, 48]. Accordingly, we 
presume that genetic-guided dosing is not currently recom-
mended, especially in developing countries.

Based on the findings of the current study in MVR 
patients, using a safe strategy of warfarin initiation at 3 mg 
did not improve the effectiveness of anticoagulation or add 
benefit to safety profiles and resulted in a higher cost of 
bridging therapy versus the regular warfarin initiation at 5 
mg.

4.1  Study Limitations

Although our study was powered and the sample size was 
calculated, the number of patients is still limited. Further 
studies may demonstrate the effect of a wider range of doses 
for warfarin initiation. Larger randomized controlled trials 
that are powered to show differences in bleeding/thrombo-
embolic events are required to confirm the results and to 
provide more information about anticoagulation complica-
tions of heart valve replacement patients. Furthermore, our 
study can be useful as an hypothesis generator for other ran-
domized studies addressing the different warfarin initiation 
dosing in other patients with different types of prostheses 
and its impact on other patient clinical data such as the tim-
ing of chest tube and pacing wire removal. In the current 
study, we roughly estimated the cost of bridging with enoxa-
parin, yet a full pharmacoeconomic study can better interpret 
the overall costs.

5  Conclusion

The efficacy of anticoagulation management using the 5 mg 
warfarin initiation in MVR patients appeared to be more 
favorable than that of the 3 mg group. No significant differ-
ence was found between groups in terms of major bleeding 
events or total number of bleeding events. Only minor events 
were higher in the 5 mg group, and the cost of bridging was 
higher in the 3 mg group. Further larger randomized studies 
are required to examine the efficacy and safety of 5 mg ver-
sus higher warfarin initiation doses in MVR patients.
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