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or MB (0.59;0.07–1.36). The mean annual dose adjust-
ment frequency was lowest in Fiix-warfarin patients with 
TE (mean 5.4;95% CI 3.9–7.3) and without CRVE (mean 
6.0; 5.8–6.2) and highest in PT-warfarin patients with TE 
(14.2;12.2–16.3). Frequent dose changes predicted MB 
in both study arms. Compared to patients monitored with 
PT, high anticoagulation stability in Fiix-warfarin patients 
coincided with their low TE rate. Those with bleeding had 
high variability irrespective of monitoring method. Thus, 
although further improvements are needed to reduce bleed-
ing, stabilization of anticoagulation by Fiix-PT monitoring 
associates with reduced TE.

Keywords  Prothrombin time · Oral anticoagulants · 
Monitoring · Warfarin · Fiix · INR

Introduction

Anticoagulation with vitamin K antagonists (VKA) relies 
on controlling their inhibition of the γ-carboxylation of 
vitamin K dependent coagulation factors (F) [1]. For 
65  years this has been accomplished by measuring the 
Quick prothrombin time (PT) [2] or the variant Owren´s 
PT [3], both being equally affected by reduced activity 
of any of FII, FVII or FX. Using a calibrator, PT results 
are converted into an internationally normalized PT ratio 
(INR, PT-INR) [4] but INR variability, often ascribed to 
food and drug interactions, remains a problem. Variability 
causes frequent dose adjustments and repeated testing and 
low time within therapeutic target range (TTR) and anti-
coagulation variability associates with unfavorable clinical 
outcome [5, 6]. In the short term, INR variability may be 
mainly caused by rapid fluctuations in FVII activity that has 
a very short half-life of 4–6 h. However, evidence suggests 
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that reduced FVII has little influence on the antithrombotic 
effect that depends mainly on controlled reduction of the 
longer half-life FII or FX activity or their combined reduc-
tion [7, 8]. The new Fiix-prothrombin time (Fiix-PT) was 
developed to circumvent measuring the influence of FVII 
and to monitor only reductions in FII and FX during VKA 
treatment in order to stabilize the anticoagulant effect [8].

The mixed population Fiix-trial confirmed its prespeci-
fied hypotheses that monitoring warfarin with Fiix-PT 
based normalized ratio (Fiix-INR, Fiix-NR) would stabilize 
anticoagulation, reduce testing, reduce dose adjustments 
and lead to at least non-inferior clinical outcomes com-
pared to high-TTR standard PT-INR monitoring. Further-
more, there was a larger TE reduction in the Fiix-monitor-
ing arm than expected, from 2.3% annually in controls to 
1.2% with Fiix-INR monitoring or by 48% (RR 0.52; 95% 
CI 0.26–1.13, Pnon-inferiority < 0.0001, Psuperiority = 0.0890 
but the trial was not powered to demonstrate superiority). 
Major bleeding was not increased in the Fiix-PT arm [9]. 
As a lower incidence of TE only became apparent beyond 
6  months of Fiix-INR monitoring when the TE event 
curves started diverging, a separate post-hoc analysis of the 
primary efficacy endpoint was also reported after excluding 
the first 6 months. In that secondary analysis the TE reduc-
tion was significanly superior to standard monitoring (1.1% 
vs. 2.2%; P = 0·03 for superiority) [9]. A similar delayed 
efficacy improvement was previously observed with ximel-
agatran versus warfarin [10]. A meta-analysis comparing 
outcome of Fiix-trial atrial fibrillation (AF) patients to that 
of PT-INR monitored controls in four major direct oral 
anticoagulant (DOAC) trials in AF demonstrated a statisti-
cally significant 49% reduction in total TE and a 37% non-
significant reduction in major bleeding [11].

In the current Fiix-trial report, the aim was to assess 
how the reduced anticoagulation variability observed in 
patients monitored with Fiix-PT was reflected in patients 
with thrombotic or bleeding events.

Methods

Study population, conduct and approvals

This is a secondary analysis of the investigator initiated 
Fiix-trial, a single-center, double-blind non-inferiority 
randomized controlled clinical trial (RCT) conducted at 
Landspítali - the National University Hospital of Iceland 
in Reykjavik, Iceland from March 1st 2012 to February 28 
2014. In the Fiix-trial, patients 18 years and older receiv-
ing or starting short- or long-term warfarin therapy with 
an INR target value of 2.0–3.0 were randomized in a 1:1 
ratio to either a research arm monitored with Fiix-PT (Fiix 
arm, Fiix-warfarin patients) or a control arm monitored 

with standard Quick PT (PT arm, PT-warfarin patients). 
Both arms were dosed based on a protocol and software 
algorithm designed for monitoring with PT-INR, using the 
DAWN® anticoagulation software (4-S, Penrith, England) 
assisted dosing with a maximum recommended 6  weeks 
interval between monitoring tests [9]. Heparin or low-
molecular weight bridging was applied only during periods 
of surgery or hospitalization when patients were excluded 
temporarily from the study [9]. Both Fiix-PT and PT tests 
were done at the centralised coagulation laboratory on cit-
rated venous blood samples. The automated STA-R Evo-
lution coagulation analyser (Diagnostica Stago, Asnieres, 
France) was used for both tests. PT-INR was calculated 
on the basis of Quick PT and Fiix-INR was calculated on 
the basis of the new Fiix-PT, a modified PT that is only 
sensitive to factor II and factor X due to mixing factor II 
and factor X double-deficient plasma into the test sample. 
Both tests used Neoplastin (Diagnostica Stago, Asnieres, 
France) and an in-house standardisation of the thrombo-
plastin sensitivity index (ISI) with ISI calibrators and con-
trol plasma (Danish Institute for External Quality Assur-
ance in Health Care, Glostrup, Denmark). The calibrator is 
designed for PT standardisation but not for Fiix-PT stand-
ardisation. Standardised PT ratios and Fiix-PT ratios were 
reported electronically as a blinded R-INR to dosing staff 
(nurses, biomedical scientists, and physicians). The dosing 
staff, patients and members of the clinical event adjudica-
tion committee that assessed and classified clinical events 
were blinded to the test origin of the reported INR. The 
trial was conducted according to the Helsinki protocol with 
all appropriate approvals and primary clinical results have 
been published [9]. The Fiix-trial was registered at http://
www.clinicaltrials.gov as NCT01565239. A consort flow 
diagram is shown as an online supplement.

Procedures

The Fiix arm and the PT arm of the Fiix-trial were divided 
into subgroups based on occurrence or absence of clinically 
relevant vascular events (CRVE). The CRVE groups were 
thromboembolism (TE) or clinically relevant bleedings 
(CRB), either major bleedings (MB) or in the absence of 
MB the first non-major CRB [9]. MB was defined accord-
ing to the International Society on Thrombosis and Hae-
mostasis (ISTH) criteria [12]. TE events had to be objec-
tively verified by treating physicians and imaging and were 
classified as non-fatal or fatal arterial TE (ATE) or venous 
TE (VTE), including myocardial infarction (MI), periph-
eral arterial embolism, cerebral infarction and transient 
ischemic attacks (TIA) [9]. Patients with major events (TE, 
MB) were censored at the time of event. For patients with 
non-major clinically relevant bleeding only time until their 
first event was used to assess surrogate parameters. In those 
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with no event the whole study period as defined above was 
used. Hence, for each subgroup we evaluated, before the 
occurrence of the CRVE, monitoring test numbers, test 
intervals, dosing intervals and dose, percent time within 
target range (TTR) by the method of Rosendaal [6, 13], 
and the variance growth rate (VGR) as an indicator of INR 
or Fiix-INR variability [6]. Due to a 3.5-month laboratory 
INR calibration problem during the study, which may have 
led to unnecessary and aberrant dose reductions in the Fiix 
arm as described in the Fiix-trial initial publication [9], this 
period was excluded from both study arms in the current 
analysis leading to a shorter observation interval than in the 
initial publication. Also, this lead to one patient from the 
Fiix arm and four from the PT arm being excluded from 
the current analysis, resulting in 1143 participants instead 
of 1148 in the initial publication.

Calculations and statistical analysis

All subgroup analyzes reported here were done based on an 
intention-to-monitor (ITM) analysis, i.e., all TE and bleed-
ing events and results were included from the day of enrol-
ment until 5 days after final discontinuation of warfarin 
or study completion, regardless of temporary discontinua-
tions of therapy during the study. The number of monitor-
ing tests, number of observation days and number of days 
between monitoring tests were counted in each patient and 
the annual test frequency rate for each patient was calcu-
lated. The number of dose changes were counted for each 
patient and the number of annual dose changes in each 
patient were calculated as well as dose changes per mon-
itoring test for each patient. To calculate TTR and VGR, 
only patients with three or more monitoring tests were 
included in the calculations and, hence, 28 patients were 
excluded; 12 in the Fiix arm (3 Fiix event, 9 Fiix no event) 
and 16 in the PT arm (3 PT event, 13 PT no event). INR 
variability was calculated using VGR formula B1 [6].

Formula B1 (INR variation between adjacent INR tests):

In these formulas, n refers to the number of INR meas-
urements, i to individual INR result, τ to time in weeks 
between the present and previous INR measurement.

The non-parametric Mann–Whitney test was used to 
compare continuous data between two groups and the 
Kruskal–Wallis test (ANOVA) for more than two groups. 
The Fisher exact test or the Chi square tests were used to 
compare categorical data. Differences in rates were com-
pared using Poisson regression using the corresponding 
numerator as an offset. All P values less than 0.05 are con-
sidered statistically significant. All statistical analysis was 
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performed using GraphPad Prism 5.0 (GraphPad Software 
Inc., La Jolla, CA, USA) and R (R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results

Study population and treatment description

This subgroup analysis is based on 22,525 monitoring tests 
from 1143 patients; 11,026 from 572 patients monitored 
with Fiix-PT and 11,499 from 571 patients monitored with 
PT (Table 1). The median individual observation time was 
1.4 years. In the current analysis 73% had nonvalvular AF 
and 23% VTE. No patients were lost to follow-up.

During the study, 115 patients in the Fiix arm (20%) 
developed CRVE (112 with three or more monitoring tests) 
and 457 had no CRVE (448 with three or more monitor-
ing tests). In the PT arm, 132 patients (23%) developed 
CRVE (129 with three or more monitoring tests) and 439 
had no CRVE (426 with three or more monitoring tests). 
The CRVE included 29 major events (TE 10, MB 19) in 
the Fiix arm and 40 (TE 19, MB 21) in the PT arm. Non-
major CRB occurred in 86 and 92, respectively. The TE 
reduction in the Fiix-arm was statistically non-inferior 
(Pnon−inferiority = 0.0002). Patients in the event groups were 
older and had higher blood pressure than those in the no 
event groups. AF patients with CRVE also had higher 
CHA2DS2-VASC risk score (Table 1).

Anticoagulation at time of major vascular events

Fiix-INR and PT-INR measurements were available from 
the time of all TE and MB events in both study arms 
(Fig.  1). Fiix-warfarin patients with TE had significantly 
lower median Fiix-INR (1.8) prior to the event than those 
with no events (2.5, P = 0.0024). PT-warfarin patients also 
had significantly lower median PT-INR (1.9) prior to TE 
event than those without events (2.5, P = 0.0059). Fiix-
warfarin patients with MB had higher median Fiix-INR 
than those without events (3.2 vs. 2.5, P = 0.0467) whereas 
the median PT-INR in PT-warfarin patients with MB was 
not elevated (2.5) compared to those without major events 
(P = 0.5123). Nonetheless, major bleeding occurred in both 
arms over a spectrum of low and high INRs.

Anticoagulation variability prior to vascular 
events irrespective of monitoring method

Table 2 demonstrates that patients with CRVE had more 
variable control than patients with an uneventful course. 
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Table 1   Patient characteristics

Fiix arm
CRVE

Fiix arm
No event

PT arm
CRVE

PT arm
No event

ANOVA
P valuea

N (% of all in each arm) 115 (20) 457 (80) 132 (23) 439 (77) –
Age in years—median (IQRb) 75 (66–79) 70 (63–78) 74(67–80) 71 (63–78) 0.0154
Male sex—n (%) 71 (62) 285 (62) 80 (61) 298 (68) 0.2303
Indication for warfarin—n (%)
 Heart disease
  Atrial fibrillation total 88 (76.5) 320 (70.0) 101 (76.5) 328 (74.7) 0.2352
   AF without prior arterial thromboembolic event 62 (70.5) 245 (76.6) 71 (70.3) 246 (75.0) 0.8958
   AF with prior cerebral thromboembolic event 26 (29.5) 70 (21.9) 28 (27.7) 78 (23.8) 0.1864
   AF with prior peripheral arterial embolism 0 (0) 5 (1.6) 2 (2.0) 4 (1.2) 0.6513
   CHA2DS2-VASCc risk score in AF patients—median (IQR) 3 (2–4) 3 (2–4) 3 (3–5) 3 (2–4) 0.0240
    Percent with score 0 (low TE risk) 1.1 5.3 1.0 4.9 0.1105
    Percent with score 1 (moderate TE risk) 6.8 9.1 5.9 12.2 0.1752
    Percent with score  ≥2 (high TE risk) 92.0 85.6 93.1 82.9 0.0073
    Percent with score  ≥3 (high TE risk) 73.9 60.3 75.2 70.0 0.0061
  Ischemic heart disease total 5 (4.3) 19 (4.2) 6 (4.5) 10 (2.3) 0.3620
   Acute MI 5 (100.0) 18 (94.7) 5 (83.3) 10 (100.0) –
   Other ischemic heart disease 0 (0.0) 1 (5.3) 1 (16.7) 0 (0.0) –
  Congestive heart failure as only indication 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) –
  Atrial septal defect 1 (0.9) 7 (1.5) 0 (0.0) 3 (0.7) 0.3610
  Artificial heart valves 4 (3.5) 6 (1.3) 4 (3.0) 6 (1.4) 0.2468
  Rheumatic mitral valve disease 0 (0.0) 1 (0.2) 0 (0.0) 1 (0.2) –

 Arterial thromboembolism without known AF total 4 (3.5) 32 (7.0) 7 (5.3) 26 (5.9) 0.5293
  Cerebral thromboembolism or TIA 4 (100.0) 26 (81.3) 7 (100) 26 (100.0) –
  Peripheral arterial thromboembolism 0 (0.0) 6 (18.8) 0 (0.0) 0 (0.0) –

 Venous thromboembolism total 28 (24.3) 109 (23.9) 25 (18.9) 99 (22.6) 0.6653
  Deep vein thrombosis alone 5 (17.9) 55 (50.5) 8 (32.0) 43 (43.4) –
  Pulmonary embolism 23 (82.1) 54 (49.5) 17 (68.0) 56 (56.6) –

 Pulmonary hypertension 0 (0.0) 2 (0.4) 1 (0.8) 0 (0.0) –
Associated conditions—n (%)

  Smoker 9 (7.8) 58 (12.7) 13 (9.8) 48 (10.9) 0.4553
  High blood pressure 72 (62.6) 265 (58.0) 94 (71.2) 250 (56.9) 0.0223
  Ischemic heart disease 36 (31.3) 117 (25.6) 33 (25.0) 123 (28.0) 0.5660
  Peripheral vascular disease 10 (8.7) 21 (4.6) 13 (9.8) 23 (5.2) 0.0684
  History of congestive heart failure 21 (18.3) 51 (11.2) 17 (12.9) 57 (13.0) 0.2412
  Diabetes 12 (10.4) 66 (14.4) 16 (12.1) 50 (11.4) 0.4736
  Cancer 20 (17.4) 67 (14.7) 22 (16.7) 75 (17.1) 0.7556
  -active cancer chemotherapy 3 (2.6) 8 (1.8) 5 (3.8) 9 (2.1) 0.5474

Select drug use—n(%)
 Acetylsalicylic acid 28 (24.3) 93 (20.4) 30 (22.7) 88 (20.0) 0.7125
 Clopidrogel 2 (1.7) 10 (2.2) 1 (0.8) 7 (1.6) 0.7224
 Non-steroidal anti-inflammatory drugs 17 (14.8) 43 (9.4) 19 (14.4) 47 (10.7) 0.2173
 Amiodarone 9 (7.8) 44 (9.6) 12 (9.1) 40 (9.1) 0.9471
 H2 blockers and proton pump inhibitors 21 (18.3) 103 (22.5) 39 (29.5) 84 (19.1) 0.0578
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This was manifested by significantly more frequent moni-
toring tests, shorter time between tests, fewer tests within 
target range and lower TTR. Patients with CRVE also 
had more dose adjustments than those with an uneventful 
course.

Fiix‑warfarin and PT‑warfarin intensity 
and variability in relation to vascular event 
occurrence

Fiix-warfarin and PT-warfarin anticoagulation variability 
in relation to occurrence or absence of CRVE is shown in 
Tables 3 and 4.

Number of monitoring tests and test intervals

Patients that experienced CRVE had significantly shorter 
intervals between monitoring tests than those without 
(21 vs. 23 in the Fiix arm and 19 vs. 24 in the PT arm), 
indicating instability. Consequently, they also had more 
annual monitoring tests, i.e. 18 versus 16, respectively, 
in the Fiix-arm (P = 0.0180) and 19 versus 16 in the PT-
arm (P < 0.0001). The CRVE groups also had fewer tests 
within therapeutic range than the no event groups (61% 
vs. 67% in the Fiix arm and 59% vs. 64% in the PT arm, 
P < 0.0001 within both arms).

Table 1   (continued)

Fiix arm
CRVE

Fiix arm
No event

PT arm
CRVE

PT arm
No event

ANOVA
P valuea

 Any other drugs 113 (98.3) 412 (90.2) 119 (90.2) 406 (92.5) 0.0317

Patients with and without clinically relevant vascular events (CRVE) according to monitoring method with either Fiix-prothrombin time (Fiix 
arm) or standard Quick prothrombin time (PT arm)
Percentages may not total 100 due to rounding of numbers or presence of more than one indication in some patients
Major bleeding, other non-major clinically relevant bleeding or thromboembolism
a ANOVA comparison of the four groups; Kruskal–Wallis test for continuous data, P-values < 0.05 are considered significant
b IQR denotes interquartile (25–75%) range
c The CHA2DS2-VASC risk score indicates the risk of thromboembolic events in AF patients only

Fig. 1   INR at the time of major 
events and prior INR vari-
ability. The INR values at the 
time of major bleedings and 
thromboembolism compared 
with the average anticoagulation 
of each patient in the no event 
groups. MB major bleeding, 
TE thromboembolic event. The 
dotplots display the distribution 
of the values, the red line is 
the median, and the gray zone 
is the therapeutic target range. 
P-values by Mann–Whitney 
test are shown compared to the 
no event groups. a Fiix arm, b 
PT arm
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Time in range

Patients in both study arms that suffered from CRVE had 
lower median TTR than those without events; 79% versus 
82% in the Fiix arm (P = 0.0627) and 76% versus 80% in 
the PT-arm (P = 0.0006), see Table  3. The median TTR 
was particularly low in PT-warfarin patients that suffered 
from thromboembolism (TTR 62%).

Anticoagulation variability (INR variance growth rate; 
VGR)

The between-test INR variability was calculated using the 
VGRB1 formula and detailed results are shown in Table 4. 
The VGR was consistently lower in the Fiix-arm. In both 
arms, the variability was significantly higher in the event 
groups than in the no event groups with the exception of 
Fiix-warfarin patients with TE which did not demonstrate 
significantly increased variability (VGR 0.20) and in PT-
warfarin patients with MB where the apparent higher 
variability (VGR 0.59) was no statistically significantly 
so. Variability was 2.5 fold higher in the 19 PT-warfarin 
patients with TE than in the ten Fiix-warfarin patients 
suffering TE (0.50 vs. 0.20, P = 0.0035). The variability 
was also higher in PT-warfarin patients with no events 
than in the corresponding Fiix-warfarin patients (0.21 vs. 
0.17, P = 0.0163).

Dose and dose adjustment frequency

The median daily warfarin dose in mg within each moni-
toring arm did not differ according to presence or absence 
of CRVE, ranging from 4.5 to 4.8  mg. However, in both 
Fiix-warfarin and PT-warfarin patients the event groups 
needed more frequent annual dose changes, 7.3 and 8.5, 
than those without events (6.0 and 6.6; P < 0.0001), respec-
tively. The dose change frequency was significantly lower 
with Fiix-warfarin (P ≤ 0.0002). This was particularly evi-
dent in those with TE; PT-warfarin patients with TE had 
2.6 times more frequent annual dose adjustments (14.2) 
than Fiix-warfarin patients with TE (5.4) (P < 0.0001). 
The dose change frequency was also higher in PT-warfarin 
patients (8.0) than in Fiix-warfarin patients (7.4) with clini-
cally relevant bleeding (including MB) (P = 0.0075) and 
was higher in those with major bleeding. However, in those 
with major bleeding there was higher annual dose change 
frequency with Fiix-warfarin (11.3) than with PT-warfarin 
(8.9)(P = 0.0394).

Discussion

Anticoagulation was more stable during monitoring with 
Fiix-PT and, paradoxically, Fiix-warfarin patients with TE 
had anticoagulation variability similar to no-event patients, 
contrary to PT-warfarin patients with TE who had the 

Table 2   Test numbers, 
intervals and dosing parameters 
in relation to clinically relevant 
vascular events (CRVE) 
irrespective of monitoring 
method

Results are shown as median (interquartile range) unless otherwise noted
Major bleeding, other non-major clinically relevant bleeding or thromboembolism
a Rates were estimated with Poisson regression using the number of years as numerator, the Mann–Whit-
ney test was used for other continuous data and Chi square test with Yates correction for categorical data. 
P-values < 0.05 are considered significant
b Rosendaal method

CRVE No event P-valuea

Number 247 896 n.a
Age 74 (66–79) 71 (63–78) 0.0021
Observation days per patient 507 (277–573) 508 (323–582) 0.2456
Test number and intervals
 Monitoring tests—n 5307 17,218 n.a
 Annual tests per patient – 18.5 (18.0–19.0) 16.1 (15.8–16.3) <0.0001
 Days between monitoring tests 20 (15–27) 24 (17–32) <0.0001

Tests within defined Fiix-INR or INR ranges
  2–3—n (%) 3185 (60) 11,238 (65) <0.0001
  <2—n (%) 1163 (22) 3385 (20) 0.0004
  >3—n (%) 959 (18) 2595 (15) <0.0001
  Percent time within target rangeb 77 (64–85) 81 (70–89) <0.0001

Dosing
 Daily warfarin dose in mg 4.5 (3.2–6.2) 4.7 (3.4–6.5) 0.2022
 Annual dose changes in each patient 7.9 (7.6–8.3) 6.3 (6.2–6.5) <0.0001
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highest observed variability leading to very instable dos-
ing. However, this finding coincided with the previously 
reported lower annual rate of TE during Fiix-PT moni-
toring (1.2%) than during standard monitoring (2.3%) [9, 
14] suggesting that improved stability affected the TE rate 
favorably. With either monitoring method, clinically rel-
evant bleeding or MB alone associated with highly vari-
able anticoagulation measured either as high VGR or high 
annual dose change frequency. The TTR data was consist-
ent with the variability measures but at a lower significance 
level.

High anticoagulation intensity (high TTR) lowers the 
incidence of thromboembolism and bleeding [5, 13, 15, 
16] but geographical (or cultural) differences in VKA 
management lead to different intensity at different sites as 
confirmed in recent direct oral anticoagulant (DOAC) tri-
als in NVAF [17–19]. Additionally, many conditions have 
been associated with variable VKA anticoagulation includ-
ing age <70  years [20, 21], female gender [20], multiple 

chronic disorders [20, 21], a high PT-INR target (≥3) [22], 
sudden physical activity increase [23, 24] and low vitamin 
K intake [25] which concomitant daily low dose vitamin 
K supplementation can overcome [26]. Patient nonadher-
ence including from alcoholism causes instability of any 
anticoagulant [27, 28] and instable VKA anticoagulation 
also leads to inconvenience and cost due to more frequent 
testing and dose adjustments. Various methods have suc-
cessfully improved the stability of VKA anticoagulation, 
including dosing by specialized staff at anticoagulation 
management centers, self-monitoring [5], dosing algo-
rithms and dosing software [29]. Genotyping cytochrome 
P450 or the VKOR gene at the initiation of VKA therapy 
has not been shown to improve control in the short term 
[30–32] but usefulness of genotyping during long-term 
anticoagulation is unknown [1].

During six decades of VKA use, the appropriateness of 
monitoring VKAs with the now 80 years old PT test that is 
affected by reduced factors I, II, V, VII or X has rarely been 

Table 3   Test numbers and testing intervals in relation to vascular events and monitoring method

Warfarin patients monitored with Fiix-prothrombin time (Fiix arm) or prothrombin time (PT arm) analyzed in relation to presence or absence of 
major and non-major clinically relevant vascular events (CRVE)
Results are shown as median (interquartile range) unless otherwise noted
Major bleeding, other non-major clinically relevant bleeding and thromboembolism
a Rates were estimated with Poisson regression using the number of years as numerator, Mann–Whitney test was used for other continuous data 
and Chi square test with Yates correction for categorical data. P-values < 0.05 are considered significant

Fiix arm
CRVE

Fiix arm
No event

P-valuea

Within
Fiix arm

PT arm
CRVE

PT arm
No event

P-value
Within
PT arm

P-value
Fiix CRVE
versus PT 
CRVE

P-value
Fiix no event 
versus PT no 
event

Patient number 
(% of all in 
each arm)

115 (20) 457 (80) 132 (23) 439 (77)

Test number and 
intervals

 Number of 
monitoring 
tests –n

2382 8644 – 2925 8574 – – –

 Number of 
tests within 
defined Fiix-
INR or INR 
ranges

  2–3—n (%) 1457 (61) 5770 (67) <0.0001 1728 (59) 5468 (64) <0.0001 0.1291 <0.0001
  <2—n (%) 515 (22) 1581 (18) 0.0003 648 (22) 1804 (21) 0.2137 0.6644 <0.0001
  >3—n (%) 410 (17) 1293 (15) 0.0077 549 (19) 1302 (15) <0.0001 0.1527 0.6927

 Annual tests 
per patient 
(mean ± 95% 
CI)

18.0 (17.3–
18.7)

16.0 (15.6–
16.3)

<0.0001 19.0 (18.2–
19.7)

16.2 (15.8–
16.6)

<0.0001 0.0698 0.3932

 Days between 
monitoring 
tests in each 
patient

21 (15–28) 23 (17–32) 0.0166 19 (15–25) 24 (189 − 32) <0.0001 0.1586 0.5347
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Table 4   Assessment of anticoagulation intensity and variability in relation to different clinically vascular event occurrence

Fiix arm
Event

Fiix arm
No event

P-valuea

Within
Fiix arm

PT arm
Event

PT arm
No event

P-value
Within
PT arm

P-value
Fiix event 
versus
PT event

P-value
Fiix no event 
versus
PT no event

Percent time 
within 
target range 
(Rosendaal; 
median and 
IQRb)

 Any clinically 
relevant vas-
cular event

79 (68–86) 82 (72–91) 0.0627 76 (63–84) 80 (69–89) 0.0006 0.0332 0.0805

 TTR throm-
boembolism 
only

81 (71–95) 82 (72–91) 0.7630 62 (56–81) 80 (69–89) 0.0012 0.0571 –

 TTR total 
clinically 
relevant 
bleeding

79 (67–86) 82 (72–91) 0.0729 76 (64–84) 80 (69–89) 0.0297 0.1325 –

 TTR major 
bleeding 
only

76 (55–85) 82 (72–91) 0.1385 77 (40–84) 80 (69–89) 0.0565 0.6536 –

INR fluctuation 
between tests 
(VGR-B1

c; 
median and 
IQRb)

 Any clinically 
relevant vas-
cular event

0.21 (0.10–
0.48)

0.17 (0.08–
0.38)

0.0444 0.34 (0.13–
0.77)

0.21 (0.09–
0.49)

0.0011 0.0098 0.0163

 Thromboem-
bolism

0.20 (0.07–
0.26)

0.17 (0.08–
0.38)

0.7106 0.50 (0.27–
0.90)

0.21 (0.09–
0.49)

0.0017 0.0035 –

 Total clinically 
relevant 
bleeding

0.23 (0.12–
0.53)

0.17 (0.08–
0.38)

0.0043 0.31 (0.12–
0.73)

0.21 (0.09–
0.49)

0.0147 0.2391 –

 Major bleed-
ing only

0.31 (0.15–
0.97)

0.17 (0.08–
0.38)

0.0120 0.59 (0.07–
1.36)

0.21 (0.09–
0.49)

0.1248 0.9652 –

Annual dose 
changes 
(mean and 
95% CId)

 Any clinically 
relevant vas-
cular event

7.3 (6.8–7.7) 6.0 (5.8–6.2) < 0.0001 8.5 (8.1-9.0) 6.6 (6.4–6.9) < 0.0001 0.0002 <0.0001

 Thromboem-
bolism

5.4 (3.9–7.3) 6.0 (5.8–6.2) 0.4932 14.2 (12.2–
16.3)

6.6 (6.4–6.9) < 0.0001 < 0.0001 –

 Total clinically 
relevant 
bleeding

7.4 (6.9–7.7) 6.0 (5.8–6.2) < 0.0001 8.0 (7.5–8.4) 6.6 (6.4–6.9) < 0.0001 0.0075 –
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questioned. This is somewhat surprising as experimental 
data suggests that the antithrombotic effect mainly depends 
on controlled reduction of FII and FX. FVII is probably not 
critical except at very low concentrations rarely observed 
during controlled VKA treatment [7, 8, 33]. The main pre-
vious attempt at alternative monitoring was probably moni-
toring the native prothrombin antigen using enzyme immu-
noassay [34, 35].

The new Fiix-PT was designed to measure only reduced 
FII or FX and circumvent measuring the influence of 
reduced FVII, fibrinogen and FV. It was hypothesized that 
monitoring with Fiix-PT would stabilize warfarin anti-
coagulation while leading to at least non-inferior clinical 
outcome. These hypotheses were tested in the randomized 
and blinded clinical Fiix-trial [9] which demonstrated that 
despite the PT-monitored control group having high anti-
coagulation intensity (TTR) similar to that at many other 
European centers [17, 18, 36], Fiix-PT monitored patients 
had even higher TTR as well as lower anticoagulation vari-
ability. In the primary analysis, Fiix-PT monitoring was 
clinically non-inferior in the primary analysis but in sec-
ondary analyses resulted in significant improvement in 
long-term annual TE incidence (1.1% vs. 2.2%) without 
increasing bleeding [9, 11]. A subsequent meta-analysis 
comparing outcome of atrial fibrillation (AF) patients par-
ticipating in the Fiix trial to warfarin controls or DOAC 
treated patients in the four large DOAC trials in AF appears 
to confirm the findings [11]. In the meta-analysis, outcome 
of standard PT-warfarin monitored controls in the Fiix-trial 
was similar to that observed in PT-warfarin treated controls 
in the DOAC trials. However, with Fiix-warfarin (Fiix-PT 
monitored warfarin) in comparison to the standard PT-
warfarin treated controls in the DOAC trials, there was a 
statistically significant 49% reduction in total TE (RR 0.51; 
95% CI 0.26–0.99), a 34% reduction in composite major 
vascular events (0.66;0.43–1.00) and a 37% non-significant 
reduction in major bleeding (0.63; 0.37–1.07). The effect 

size of these reductions is larger than that of any of the 
DOACs compared to warfarin in AF trials.

The current subanalysis of Fiix-trial data adds that 
Fiix-warfarin patients with TE had similar anticoagula-
tion stability as those without vascular events whereas their 
stability was markedly improved over that observed in PT-
warfarin patients with TE, the latter having 2.6 fold higher 
dose change frequency and a twofold TE incidence. This 
finding may appear to be paradoxical as high instability is 
usually associated with TE but we interpret it as actually 
being a reflection of a true biological effect of improved 
stability with Fiix-warfarin, namely that near maximum 
achievable efficacy has been achieved with the more stable 
Fiix-warfarin (cf. 1.1% annual TE incidence with Fiix-war-
farin vs. 2.2% with PT-warfarin in the Fiix-trial). Thus, the 
very instable doses as observed with PT-warfarin may be 
major determinants of a high TE rate, even more so than 
of bleeding, whereas low variability does not entirely elim-
inate TE. In the meta-analysis of Hart et  al. it was found 
that active treatment with PT-warfarin reduced TE rate in 
non-valvular AF to about 36% of that observed in placebo 
treated controls [37]. Assuming at least similar efficacy in 
our PT-warfarin patients, Fiix-warfarin may have reduced 
TE in AF to about 18% of that expected in untreated 
patients, i.e., to about 1% annually as opposed to about 5% 
annually without anticoagulation. On the other hand, as the 
bleeding rate was similar and bleeding did associate with 
high variability in both trial arms, instable patients should 
be systematically identified in order to provide them with 
better or alternative care. Our results suggest that the easi-
est way to identify unstable patients may be to assess dose 
change frequency on a regular basis as our data suggest 
that patients needing more than monthly or even bimonthly 
dose adjustments are at increased risk.

Several limitations of the present analysis should be 
considered. First, the trial size limited the ability to inter-
pret clinical outcomes in subgroups. Instead we analyzed 

Table 4   (continued)

Fiix arm
Event

Fiix arm
No event

P-valuea

Within
Fiix arm

PT arm
Event

PT arm
No event

P-value
Within
PT arm

P-value
Fiix event 
versus
PT event

P-value
Fiix no event 
versus
PT no event

 Major bleed-
ing only

11.3 (9.6–13.3) 6.0 (5.8–6.2) < 0.0001 8.9 (7.5–10.4) 6.6 (6.4–6.9) 0.0007 0.0394 –

Intensity is measured as TTR and variability as INR variance growth rate (INR-VGR) or dose change frequency in patients with and without 
clinically relevant bleeding events or thromboembolism, monitored with either Fiix-prothrombin time (Fiix arm) or prothrombin time (PT arm).
a Mann–Whitney test for continuous data except dose adjustments rates were estimated with Poisson regression using the number of years as 
numerator. P-values < 0.05 are considered significant
b IQR denotes interquartile (25–75%) range
c Variance growth rate (VGR) formula B1
d 95% confidence interval
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surrogate outcome markers of intensity and stability in 
relation to monitoring method and whether these markers 
showed consistency with occurrence of clinically relevant 
vascular events. Secondly, the Fiix trial was designed to 
show clinical non-inferiority which it did in the primary 
efficacy analysis. The effect size for efficacy improvement, 
nevertheless, was high (RR 0.52, Pnon-inferiority < 0.0001) 
albeit statistically not superior (Psuperiority < 0.09). Given 
the effect size, these results could be false negative con-
sequent to insufficent statistical power of the trial. There-
fore, we stress the post-hoc secondary analysis finding of 
improved efficacy of Fiix-warfarin in the long-term (RR 
0.41, Psuperiority = 0.03) [9] and that results of the surrogate 
outcome markers described in the current study are con-
sistent with the clinical outcomes. Our meta-analysis of 
patients with AF only also supports the notion of superior-
ity of Fiix-warfarin over standard warfarin monitoring [11]. 
Unfortunately, a superiority trial at least quadruple the size 
of the Fiix-trial would be needed to confirm these results 
and this is far beyond the means of independent investi-
gators without strong financial sponsors. Third, a single 
center trial such as ours cannot provide data on how the 
new test would affect different dosing practices around the 
globe, e.g., manual dosing methods by private physicians 
vs centralized management. Nevertheless, a single center 
trial does have certain strengths when testing for a proof 
of a new concept, i.e. totally identical management of both 
observation arms except for the active arm being monitored 
using a test that is not affected by the VKA influenced FVII. 
Fourth, it should be pointed out that the management proto-
col that was used in the Fiix-trial was designed for monitor-
ing with the PT and not the Fiix-PT. Although it remains to 
be shown, we suggest that further improvements in stability 
may be possible once the current management protocol has 
been adapted for the Fiix-PT. In support of this, our recent 
data suggests that the Fiix-PT stabilizes warfarin anticoag-
ulation early and that it also more accurately reflects throm-
bin generation than the standard PT does [38]. Finally, it 
is possible that ignoring FVII levels may have detrimental 
influence in some cases. We think this is unlikely, however, 
as FVII never reached dangerously low leves or levels that 
affected thrombin generation during VKA in our fiix-trial 
setting with either monitoring method. Therefore, we con-
tend that during high quality warfarin management FVII 
has very little role in preventing TE events and that only 
during extreme overanticoagulation FVII levels are likely 
to decrease to levels that would risk spontaneous bleeding.

Conclusions

Anticoagulation variability and dose-adjustment need in 
Fiix-warfarin patients with TE was similar to that observed 

in event-free patients. On the other hand variability was 
significantly increased in standard PT-INR monitored 
patients with TE. Decreased variability coincided with 50% 
fewer TE events in Fiix-warfarin patients. The results there-
fore suggest that that Fiix-warfarin not only is more stable 
but also improves efficacy over that attainable during high 
quality standard PT-monitoring of warfarin. Thus, although 
further improvements may be needed to reduce bleeding, 
stabilization of anticoagulation by Fiix-PT monitoring 
improves warfarin as an anticoagulant.
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