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ABSTRACT
Vitamin K antagonists (VKA) are widely used in atrial fibrillation and venous thromboembolism. 

Their efficacy and safety depend on individual time in the therapeutic range (iTTR). Due to the 

variable dose-response relationship within patients, also patients with initially stable VKA treatment 

may develop extreme overanticoagulation (EO). EO is associated with an immediate bleeding risk, 

but it is unknown whether VKA treatment will subsequently restabilise.

We evaluated long-term quality of VKA treatment and clinical outcome after EO. EO was defined 

as INR≥8.0 and/or unscheduled vitamin K supplementation. We included a consecutive cohort of 

initially stable atrial fibrillation and venous thromboembolism patients. In EO patients, the 90 days 

pre- and post-period were compared. In addition, patients with EO were compared with patients 

without EO using a matched 1:2 cohort. 

Of 14,777 initially stable patients, 800 patients developed EO. The pre-period was characterised 

by frequent overanticoagulation, and half of EO patients had an inadequate iTTR (<65%). After EO, 

underanticoagulation became more prevalent. Although the mean time between INR-measurements 

decreased from 18.6 to 13.2 days, after EO inadequate iTTR became more frequent (62%), p-value 

<0.001. A 2.3 times (95% confidence interval [CI] 2.0-2.5) higher risk for iTTR<65% after EO, was 

accompanied by increased risk of bleeding (hazard ratio [HR] 2.1;CI 1.4-3.2), VKA-related death 17.0 

(HR 17.0;CI 2.1-138) and thrombosis (HR 5.7;CI 1.5-22.2), compared to the 1600 controls. 

In conclusion, patients continuing VKA after EO have long-lasting inferior quality of VKA 

treatment despite intensified INR-monitoring, and an increased risk of bleeding, thrombosis and 

VKA-related death.  
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INTRODUCTION
Many patients need long-term treatment with anticoagulants for atrial fibrillation (AF) or venous 

thromboembolism (VTE) to prevent ischaemic stroke and recurrence of VTE1,2. Vitamin K antagonists 

(VKA) are still the most commonly used type of anticoagulant. However, variations in the dose 

response between and within patients can make it difficult to keep the International Normalised 

Ratio (INR) within the narrow therapeutic range3. Underanticoagulation increases the thrombotic 

risk and overanticoagulation the bleeding risk4. Thus for the individual patient, the efficacy and 

safety of VKA depend on the individual time in the therapeutic range (iTTR)5-7. 

We showed previously that patients on stable VKA therapy tend to stay stable over time4. 

However, some of these stable patients do develop extreme overanticoagulation (EO) later on. In 

the short term, this leads to an increased bleeding risk8,9 and the subsequent decrease of the INR 

is associated with thrombotic events10,11. However, data on the long-term course of VKA treatment 

after such an episode are not available. 

EO could be the temporary result of a transient distorting factor, resulting in rapid restabilisation. 

On the other hand, EO could be a prelude of subsequent long-lasting inferior quality of VKA 

treatment, accompanied by a higher bleeding and thrombotic risk. Knowledge on the long-term 

course is essential for weighing the risks and benefits of VKA continuation. Therefore, we evaluated 

the quality of VKA treatment and clinical outcome during the 90 days after EO in a large cohort of 

AF and VTE patients. 

MATERIAL AND METHODS
Patients

Between January 2009 and January 2012, 15,956 VTE and non-valvular AF patients were treated for 

at least 3 months with VKA at Certe Thrombosis Service Groningen, The Netherlands. Patients with 

less than 3 months of VKA use were not selected, as these patients did not reach the steady phase 

of VKA treatment12. From this consecutive cohort of long-term VKA users, we included all patients 

with ‘stable VKA therapy’ during the 3 months ‘screening period’. The screening period started at the 

first INR from January 2009 that was measured at least 3 months after treatment initiation. Patients 

were on stable VKA therapy if during this period no episode of EO had occurred. EO was defined 

as INR≥ 8.0 and/or unscheduled supplementation of vitamin K. The maximum follow-up interval 

of the Thrombosis Service is 8 weeks. If the interval was longer, no valid assessment of stability 

could be made. Therefore, these patients were also not considered to be stable. Directly after the 

screening period, and consequently at least 6 months after VKA initiation, the observation period 

for EO started. 

Study design

Whether VKA treatment restabilised after EO was analysed in a pre-post design.  The ‘pre-period’ ran 
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from 90-8 days before EO. The ‘post-period’ ran from 8-90 days after EO. The 7 days pre and post EO 

were excluded, as these are directly related to the episode of EO, rather than the long-term course 

of anticoagulation. 

To identify patient characteristics associated with an increased risk of EO, and also to compare 

the course of VKA treatment in the group with EO to a reference group without EO, a cohort design 

was used. In order to be able to perform thorough adjudication of clinical endpoints, we used a 

matched cohort design in which for every patient with EO 2 controls without EO were selected. 

Matching was based on date of INR-measurement indicating EO (index INR) and indication for VKA. 

Every patient could be selected only once. During a total follow-up of 25,797 patient-years, 877 

patients (3.4/100 patient-years) developed EO. As patients could be randomly selected as controls 

until the date of EO, matching resulted in a final cohort of 800 patients with EO and 1600 control 

subjects. The pre- and post-period were defined according to the pre-post design, with the index 

INR as reference point. 

Data collection

Patient and treatment characteristics were collected from the patient records at the Thrombosis 

Service and included date of birth, sex, prescribed type of VKA, date of treatment initiation at Certe 

Thrombosis Service Groningen, indication for VKA treatment, INR values, date of INR measurements 

and date of supplementation of vitamin K. 

Furthermore, data on the following events were collected: thrombotic events, bleeding events, 

hospital admissions, treatment discontinuations, and deaths. The physicians of the Thrombosis 

Service register all these events prospectively as part of the routine care. In case of death or any 

indication of stroke or major bleeding event, a letter with the request for additional information is 

sent to the general practitioner by the Thrombosis Service. Hemorrhagic and ischaemic stroke are 

distinguished based on brain imaging and/or autopsy. Death is registered as ‘related to VKA therapy’ 

if caused by bleeding, VTE or stroke. 

The therapeutic range was INR 2.0-3.5. This slightly differed from the internationally accepted 

therapeutic range (INR 2.0-3.0), but is the range routinely applied by the Dutch Thrombosis Services13. 

According to Dutch guidelines, the general practitioner is directly informed by the Thrombosis 

Service in case of INR≥ 8.014. Moreover, additional information is requested regarding potential 

causes of the EO. As these patients were recognised as having EO in the real-life setting, we chose 

our cut-off value accordingly.  

Outcome definition

High quality of VKA treatment is generally defined as iTTR>70%15. However, the majority of bleeding 

and thrombotic events are expected to occur in the group of patients with poorest quality of VKA 

treatment4, especially in patients with an iTTR<65%16. Accordingly, the primary outcome of this 

study was ‘inadequate VKA treatment’, defined as an iTTR<65%. The iTTR was calculated for each 
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individual patient using linear interpolation4,17. Linear interpolation was not performed if time 

between two measurements was more than 56 days18, and also INRs measured during the 7 days 

before and after EO/index INR were not taken into account. 

The secondary endpoints consisted of additional treatment data and clinical endpoints. The 

treatment data included time below, within and above the therapeutic range of INR 2.0 – 3.5, and 

time between INR measurements. The clinical endpoints were: death, permanent discontinuation of 

treatment, bleeding, myocardial infarction, VTE, and stroke. 

The reason for permanent discontinuation was classified into the following categories: terminal 

illness, recent bleeding, instability of INRs, switch to non-vitamin K oral anticoagulants (NOACs)19 

or low molecular weight heparin (LMWH), expired indication, migration, others and unknown. The 

location of bleeding events was classified into: skin, nose, gingiva, conjunctiva, lung, gastrointestinal 

tract, urogenital tract, intraocular, muscle, intracranial, others, and unknown.

Adjudication of major bleeding was performed in accordance with the criteria of the International 

Society on Thrombosis and Haemostasis20: fatal bleeding, symptomatic bleeding in a critical organ, 

bleeding causing a fall in hemoglobin level of 20 g/L or more, and/or bleeding leading to transfusion 

of whole blood or red blood cells. Bleeding events that did not meet the criteria for major bleeding 

but did lead to a medical intervention, unscheduled contact with a physician and/or temporary 

cessation of anticoagulant therapy, were defined as clinically relevant non-major bleeding events. 

Based on the diagnosis made by a physician and brain imaging or autopsy (if available), all 

strokes were prospectively adjudicated by the physicians of the Thrombosis Service. Therefore, 

strokes and their causes were adjudicated according to the Thrombosis Service registration. 

All thrombotic events, interventions, hospital admissions, changes in medications and deaths 

are routinely reported to the Thrombosis Service, based on this information VTE and myocardial 

infarction were adjudicated. Whether death was related to VKA therapy was also prospectively 

assessed by the physicians of the Thrombosis Service, and adjudicated for this study accordingly. 

The general bleeding endpoint was the composite of clinically relevant non-major and major 

bleeding events, including hemorrhagic stroke. The general thrombotic endpoint consisted of 

myocardial infarction, VTE, ischaemic stroke and stroke with unknown cause. 

Events were adjudicated by 2 experienced physicians, who were unaware of the occurrence of 

EO to ensure a blinded classification.  

Statistical analysis

We described the baseline characteristics of the total cohort of stable patients, the exposed patients 

and their controls using appropriate statistics. Continuous variables were described using mean, 

median, standard deviation and interquartile range, depending on whether the variable was 

normally distributed. To summarise categorical variables, counts and percentages were used. 

The time at risk for EO started directly after the screening period and ended April 2012 or at date 

of death, whichever came first. The post-period ended prematurely in case of permanent treatment 
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discontinuation or death. 

The pre-post analyses of the quality of VKA treatment were based on changes within individual 

patients, and therefore included only patients with sufficient data to calculate both a pre- and post-

period iTTR. The proportion of patients with inadequate VKA treatment in the post-period was 

compared to the pre-period using McNemar’s Test. For the mean change in additional treatment 

data, a 95% confidence interval [CI] was calculated. In addition, homogeneity of the primary 

outcome was assessed in different categories of patients according to ‘adequacy of VKA treatment 

in the pre-period’, ‘type of EO’, ‘indication for VKA treatment’ and ‘duration of VKA treatment’. For the 

total group of EO patients, the event rates of the clinical endpoints were determined, as were rate 

ratios for the post-period. 

For the analyses of patients with versus without EO, the pre-period of the exposed (EO patients) 

was compared to the pre-period of the controls and the same applied for the post-periods. The risk 

for inadequate VKA treatment was determined using binary logistic regression. For comparison of 

the medians of the additional treatment data the Mann-Whitney U-test was used. To assess whether 

patients with EO were at increased risk to develop clinical endpoints in the post-period, univariable 

Cox-regression analyses were performed. Age is an important independent risk factor for bleeding21. 

In case of a difference in age between patients with and without EO, additional regression analyses 

for bleeding events were performed correcting for age.  

Results
A total of 14,777 patients were stable during their screening period. From this group, the patients 

exposed to EO were matched to controls without EO. This resulted in 800 exposed and 1600 control 

subjects (Figure 1). During the screening period, the median iTTR was 73% in the EO group, and 81% 

in their controls. AF was the most frequent indication for VKA, and this was more pronounced in 

patients with EO (85%) than in the total group (77%). Acenocoumarol was by far the most commonly 

used type of VKA (97%). The baseline characteristics are shown in Table 1. In summary, higher age, 

AF, and female sex were all associated with a higher risk to develop EO. 

Pre-post comparison of patients with EO

In the pre-period, iTTR could be calculated for 789 patients (Figure 1), of whom 395 patients (50%) 

had inadequate VKA treatment (iTTR<65%). The median ITTR was 65% (interquartile range [IQR] 

44-86). The median time above the range (16%, IQR 0-39) was significantly higher (p-value < 0.001) 

than below the range (3%, IQR 0-20). This shows that the quality of VKA treatment was already 

suboptimal in the pre-period. 

During the first week after EO, 16 patients (2%) discontinued VKA therapy, and another 55 

patients (7%) died. In the post-period, which started after this week, 51 patients (6%) discontinued 

VKA therapy and 142 patients (18%) died (Table 2). This demonstrates that patients not only 

frequently died or discontinued VKA treatment in the first week, but also thereafter. 
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Quality of VKA treatment in continuing patients

Mainly due to death and treatment discontinuation, only 626 patients (78%) had sufficient 

treatment data to calculate an iTTR for both the pre- and post-period (Figure 1). Before EO, 49% of 

these patients had an iTTR<65%. After EO, this significantly increased to 62% of patients (p-value 

<0.001), Table 3. This was the result of a sharp mean increase of 11.6% (CI 9.2 – 14.0) in the time 

Figure 1: Flowchart of patients included in the analyses

Table 1: Baseline characteristics 

Total group Patients with EO Matched controls

No. of patients (%) 14,777 (100) 800 (100) 1,600 (100)
AF no. (%) 11,451 (77)   680 * (85) 1,360 (85)
VTE  no. (%) 3,326 (23)  120 * (15) 240 (15)
Female  no. (%) 7,271 (49)  488 † (61) 793 (50)
Mean age in years (CI) 73.4 (73.2-73.6)  79.0 † (78.3-79.8) 74.9 (74.4-75.5)
Acenocoumarol  no. (%) 14,372 (97) 786 (98) 1,554 (97)

Quality of VKA during screening 
period 

     - Median time above TR (IQR) 2 (0-20)  8 † (0-26) 3 (0-21)
     - Median iTTR (IQR) 81 (63-100)  73 † (51-92) 81 (64-100)
     - Median time below TR (IQR) 0 (0-16)  5 † (0-24) 0 (0-14)

CI, 95% confidence interval; TR, therapeutic range; IQR, interquartile range
* significant difference between EO patients and total group 
† significant difference between EO patients and matched controls

15,956 patients
with AF or VTE

1,179 patients with EO and/or INR
interval>56d during the screening period

14,777 ‘stable’
patients

800 exposed to EO 1,600 randomly
selected controls

789 exposed with
pre-period iTTR

1,583 controls with
pre-period iTTR

634 exposed with
post-period iTTR

1,563 controls with
post-period iTTR

626 exposed with
pre and post iTTR

12,377 patients without EO who
were not selected as control

17 controls without pre-period iTTR

9 controls died

16 controls discontinued

12 controls without
post-period iTTR

11 exposed without
pre-period iTTR

124 exposed died

33 exposed discontinued

9 exposed without
post-period iTTR

8 exposed without
pre-period iTTR

ANALYSES

Clinical endpoint analyses

Exposed versus controls:
Quality of VKA treatment
in the pre-period

Exposed versus controls:
Quality of VKA treatment
in the post-period

Pre- versus post-period in exposed:
Quality of VKA treatment
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Table 2: Clinical endpoints 

Patients with EO Matched controls

PRE-period
no.

POST-period
no. 

PRE-period
no. 

POST-period
no.

No. of patients 800 800 1,600 1,600
Years of observation 181 137 362 356
Bleeding events, total 58 47 71 55

     - Major bleeding 5 6 2 2
Skin 1 1 0 0
Intraocular 0 0 1 1
Gastrointestinal tract 2 2 1 1
Muscle 0 1 0 0
Urogenital tract 0 1 0 0
Intracranial 0 1 0 0
Others 2 0 0 0

     - Clinically relevant non-major  bleeding 53 41 69 53
Skin 21 18 29 15
Nose 10 7 18 9
Gingiva 1 1 0 1
Conjunctiva 0 1 2 4
Lung 2 3 0 1
Gastrointestinal tract 6 4 7 7
Urogenital tract 10 6 11 13
Others 2 0 2 2
Unknown 1 1 0 1

Thrombotic events, total 7 7 2 3
     - Stroke, ischaemic 3 2 0 2
     - Stroke, unknown 0 3 0 0
     - VTE 3 0 0 0
     - Myocardial infarction 1 2 2 1
Death, total N/A 142 N/A 23

     - Death, related to VKA treatment 7* 1
Discontinuation of treatment, total N/A 51 N/A 31

     - Terminal illness 20 3
     - Recent bleeding 6 1
     - Switch to NOACs or LMWH 2 2
     - Instability of INRs 1 1
     - Expired indication 5 13
     - Migration 15 9
     - Others 0 2
     - Unknown 2 0

N/A, not applicable
*The relation with VKA therapy was unknown for one additional death. 

below the range and a moderate mean decrease in the time above the therapeutic range (3.8%; 

CI 1.3 - 6.3) (Figure 2). The mean time interval between INR-measurements significantly decreased 

from 18.6 to 13.2 days. Thus, even with more frequent INR-measurements, quality of VKA therapy 

further deteriorated after EO.
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Figure 2: On the x-axis are days from extreme overanticoagulation (EO), ranging from 90 days before EO (-90), to 
90 days after EO (90). For every day, percentages of patients above (black), within (white) and below (grey) the 
therapeutic range are on the Y-axis

Subgroup analyses of inadequate VKA treatment 

Of the 626 continuing patients, almost all (98%) patients had an INR≥ 8.0 and only 12 patients (2%) 

had solely unscheduled supplementation of vitamin K. After EO, the 388 patients (62%) with solely 

an INR≥ 8.0 showed an increase of 11.3% in the proportion of patients with iTTR<65%, compared to 

an increase of 15.9% in the 226 patients (36%) who had INR≥ 8.0 and supplementation of vitamin 

K (Table 3). Patients treated for AF and VTE had a similar absolute increase, but inadequate VKA 

treatment after EO was more prevalent in VTE (69.0%) than AF patients (60.7%). 

Patients who reached the 3 months use of VKA treatment during the study period (new patients) 

were compared with all other patients (long-term users). The proportion of inadequately treated 

new patients increased with 14.9% to 67.4%, compared to an increase of 12.6% to 60.2% in the 

long-term users. Of the patients with adequate treatment in the pre-period, 57% had inadequate 

treatment in the post-period. This shows that the decrease in quality of VKA treatment after EO was 

consistently present in all subgroups, and even the patients with adequate VKA treatment in the 

pre-period showed poor VKA control in the post-period. 

Bleeding and thrombotic events

The moderate decrease in the time above the range after EO did not result in a reduction of the major 

bleeding rate: the event rate was 2.8/100 patient-years in the pre-period versus 4.4/100 patient-

years in the post-period (rate ratio [RR] 1.59; CI 0.46 – 5.66). The composite bleeding endpoint also 

Time interval from extreme overanticoagulation (in days)
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showed no improvement after EO, as the event rate went from 32.1 to 34.4 per 100 patient-years, RR 

1.07 (CI 0.73-1.58) (Figure 3). The thrombotic events were not analysed separately as numbers were 

low: 5 ischaemic strokes, 3 unknown strokes, 3 venous thromboses and 3 myocardial infarctions 

(Table 2). The composite thrombotic event rate of 3.9/100 patient-years in the pre-period did not 

differ significantly from the 5.1/100 patient-years in the post-period (RR 1.32; CI 0.44 – 3.95). Thus, 

despite lower intensity of anticoagulation, the bleeding rate did not improve after EO. Also, no 

significant change in the thrombotic event rate could be identified, but the number of thrombotic 

events was low. 

Table 3: Treatment data of the pre-post analyses, including subgroups

PRE-period POST-period 

All continuing EO patients

No. of patients 626 626

Proportion with ITTR<65% 49% 62%

Time above TR (median) 14% 8%

ITTR (median) 66% 58%

Time below TR (median) 2% 18%

Time between INRs (mean) 18.6 days 13.2 days

Type of EO: Only INR≥8.0 Also vit. K Only INR≥8.0 Also vit. K

No. of patients  388 *  226 *  388 *  226 *

Proportion with ITTR<65% 49% 47% 61% 63%

ITTR (median) 66% 67% 59% 57%

Time between INRs (mean) 18.2 days 19.1 days 13.7 days 12.4 days

Indication for VKA treatment: AF VTE AF VTE

No. of patients 539 87 539 87

Proportion with ITTR<65% 48% 55% 61% 69%

ITTR (median) 67% 64% 60% 54%

Time between INRs (mean) 18.8 days 16.8 days 13.5 days 11.4 days

Treatment status at start study: New † Long-term † New † Long-term †

No. of patients 141 485 141 485

Proportion with ITTR<65% 52% 48% 67% 60%

ITTR (median) 62% 67% 54% 60%

Time between INRs (mean) 17.3 days 18.9 days 12.4 days 13.4 days

ITTR≥65% in pre-period ≥65%  <65% ≥65%  <65%

No. of patients 321 305 321 305

Proportion with ITTR<65% 0% 100% 57% 67%

ITTR (median) 86% 44% 61% 55%

Time between INRs (mean) 20.9 days 16.1 days 13.6 days 12.8 days

TR, therapeutic range; Vit. K, vitamin K
* Twelve patients had EO based on only unscheduled supplementation of vitamin K
†  New patients reached the 3 months use of VKA treatment during the study period, long-term users were 
all other patients.  
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Comparison of the exposed and controls

In the pre-period, the controls had a median iTTR of 82% (IQR 60-100) and 31% of patients had an 

iTTR<65%. The median time below (0%, IQR 0-16%) and above the range (0%, IQR 0-21%) were 

comparable. During the 90 days after EO, 34 of the 1600 patients (2%) discontinued treatment 

permanently and another 26 patients died (2%). The main reasons for discontinuation were expired 

indication (44%) and migration (26%). In the post-period, 27% of patients had inadequate VKA 

treatment. 

Quality of VKA treatment

Compared to controls, patients with EO had an odds ratio (OR) of 1.6 (CI 1.5-1.8) for inadequate VKA 

treatment in the pre-period and this increased to 2.3 (CI 2.0- 2.5) in the post-period. Also, the median 

iTTRs of EO patients were significantly lower in both the pre- and post-period. The mean time since 

treatment initiation did not differ between patients with (5.6 years) and without EO (5.8 years), 

p-value 0.44. Thus, the lower quality of VKA treatment in the pre- and post-period in EO patients did 

not result from differences in treatment duration.

Clinical endpoints

Forty-two of the 800 EO patients (5.3%) had at least one bleeding event in the post-period, compared 

to 52 (3.3%) of the 1600 controls. This resulted in a 2 times higher risk to develop a composite 

Figure 3: Incidence of bleeding events per patient-year according to exposure status.  
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bleeding endpoint (hazard ratio [HR] 2.1; CI 1.4-3.2) (Table 2), and this was even more pronounced 

for major bleeding (HR 7.4; CI 1.5-36.7). These increased risks were independent of age. Six patients 

with EO permanently discontinued VKA treatment as result of a bleeding event, compared to 1 

control subject.

With 7 EO patients (0.9%) versus 3 controls (0.2%) developing at least one event, EO patients 

had also a significantly higher risk (HR 5.7; CI 1.5 – 22.2) for the composite thrombotic endpoint. Five 

patients died due to VTE or ischaemic/unknown stroke, of whom 1 patient was a control subject. 

Of the 8 major bleeding events in the post-period (6 in exposed, 2 in controls) 3 resulted in death, 

none of them were control subjects. The hazard ratio of death related to VKA treatment was 17.0 

(CI 2.1- 138). This indicates that EO patients had a significantly increased risk for bleeding events, 

thrombotic events and VKA-related deaths, compared to patients without EO. 

Table 4.

What is known on this topic
• The efficacy and safety of vitamin K antagonists (VKA) depend on the individual time in 

the therapeutic range (iTTR). 
• Even in patients who were on stable VKA treatment, the variable dose response 

relationship of VKA can lead to subsequent extreme overanticoagulation.  
• In the short-term, extreme overanticoagulation leads to an increased bleeding and 

thrombotic risk. 

What this paper adds
• Patients with extreme overanticoagulaton had already suboptimal quality of VKA 

treatment during the 90 days before extreme overanticoagulation. 
• Despite intensified therapy monitoring by the Thrombosis Service, the iTTR only further 

decreased during the 90 days after extreme overanticoagulation.  
• Compared to controls, patients with extreme overanticoagulation had a significantly 

lower iTTR, which was accompanied by a long-term increased risk for bleeding events, 
thrombotic events and VKA related deaths after extreme overanticoagulation. 

DISCUSSION
In a large cohort of AF and VTE patients, EO was associated with long-lasting inferior quality of VKA 

treatment, accompanied by a higher bleeding, thrombotic and VKA-related death risk. Although the 

Thrombosis Service immediately contacted the general practitioner and intensified INR-monitoring 

after EO, this could not prevent further deterioration of the quality of VKA treatment. Interestingly, 

the frequent overanticoagulation before EO, changed into frequent underanticoagulation after EO, 

which could be partly caused by a counter reaction. 

The incidence of EO in our cohort was, with 3.4/100 patient-years, relatively low compared to 

other cohort studies8,22. This can be partly explained by our EO cut-off value of INR 8.0 versus INR 5.0 

and 6.0 in the other studies, and also by the inclusion of only experienced and initially stable VKA 

users. The latter explains in part the excellent quality of VKA treatment in the control group too16. In 

advance, we expected to include more patients who needed vitamin K for an INR<8.0, but we have 
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shown that this was very rare.

We are not aware of any previous study reporting on the long-term quality of VKA treatment 

in patients with EO. Most studies regarding overanticoagulation focused on clinical events that 

developed within 30 days after EO9,23,24. Crowther and colleagues performed 2 studies that had, like 

us, a follow-up of 90 days and distinguished between events within the first 7 days and thereafter11,25. 

They observed comparable bleeding and thrombotic rates, although they had somewhat different 

endpoint definitions. The lower mean age in both studies and the exclusion in case of a life 

expectancy <10 days in one study may explain their much lower death rates. To our knowledge, 

there are no other studies that report on the incidence of clinical events before EO. 

Our study has several limitations. Firstly, patients with other types of VKA than acenocoumarol 

were underrepresented. The relative short half-life of acenocoumarol may have influenced the 

course of VKA treatment after EO26. Therefore, our results cannot be directly translated to patients 

using phenprocoumon or warfarin. On the other hand, EO is less prevalent in patients using VKA 

with a longer half-life22, which implies that overanticoagulation is an even stronger indication of 

instability within these groups of patients. Furthermore, the long-term incidences of clinical events 

after EO in our cohort were comparable with the incidences that were observed by Crowther and 

his colleagues in patients on warfarin11,25. Thus, it seems plausible that the long-term quality of VKA 

treatment is also reduced after EO in patients on other types of VKA.  

Secondly, regardless of the large cohort, the number of thrombotic events was very low, limiting 

the ability to provide reliable risk estimates. Lastly, inherent to the retrospective design, study data 

were restricted to data that were previously collected by the Thrombosis Service. Fortunately, these 

data are highly complete as every INR-measurement is accompanied by face to face contact with 

an employee of the Thrombosis Service who routinely asks for bleeding and thrombotic events. 

Moreover, the Thrombosis Service registers all bleeding events, strokes and deaths prospectively as 

a mandatory part of their quality system. 

The strengths of our study concern the large size of the cohort, the prospectively collected 

Thrombosis Service data and the real-life setting. With our study design we created the opportunity 

to get more insight in the course of VKA treatment within patients with EO, and the comparison 

with patients without EO put the findings in perspective. The subanalyses gave valuable extra 

information on the generalisability of our findings. 

The recommended bleeding risk score HAS-BLED includes iTTR and previous bleeding, but 

does not include EO21,27. We have shown that EO is followed by poor VKA control in all subgroups 

of patients, even patients with previous adequate VKA control.  As EO was also associated with 

an increased bleeding risk in the post-period, EO could be of additional value for bleeding risk 

prediction. 

Even intensified INR monitoring and extra attention after EO could not prevent that the quality 

of VKA treatment further decreased after EO in all subgroups of patients. So, the risk benefit ratio 

of VKA makes continuation of VKA in EO patients less attractive. An alternative treatment option 
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could be the NOACs. These have fewer food and drug interactions, and can therefore be used in 

fixed dose without the need for monitoring. As they are as effective and safe as VKA for the total 

group of patients, there is a potential advantage of the NOACs in patients with low quality of VKA 

treatment16,28. However, although EO does only occur if patients do take their drugs, it does not 

guarantee good adherence with the prescribed dosage scheme. Therefore, further research is 

needed to find out whether these patients would really benefit from a switch to NOACs. Another 

alternative could be a switch to a VKA with longer half-life, as this could favor stability. 

In conclusion, patients with EO had already suboptimal quality of VKA treatment before EO. 

Instead of restabilising after EO, the proportion of patients with inadequate VKA treatment only 

further increased despite intensified monitoring. This low quality of VKA treatment was accompanied 

by a higher risk for bleeding events, thrombotic events and VKA related deaths after EO, compared 

to controls. 
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