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Key Points

!"Variability in warfarin anticoagulation is generally blamed on food and drug interactions but not on
the monitoring test.

!"Replacing PT-INR warfarin monitoring with Fiix-PT stabilized anticoagulation and was associated
with a 56% reduction in TEs.

Abstract

During warfarin management, variability in prothrombin time-based international normalized ratio (PT-
INR) is caused, in part, by clinically inconsequential fluctuations in factor VII (FVII). The new factor II
and X (Fiix)-prothrombin time (Fiix-PT) and Fiix-normalized ratio (Fiix-NR), unlike PT-INR, are only
affected by reduced FII and FX. We assessed the incidence of thromboembolism (TE) and major bleeding
(MB) in all 2667 patients on maintenance-phase warfarin managed at our anticoagulation management
service during 30 months; 12 months prior to and 18 months after replacing PT-INR monitoring with Fiix-
NR monitoring. Months 13 to 18 were predefined as transitional months. Using 2-segmented regression, a
breakpoint in the monthly incidence of TE became evident 6 months after test replacement, that was
followed by a 56% reduction in incidence (from 2.82% to 1.23% per patient-year; P = .019). Three-
segmented regression did not find any significant trend in TE incidence (slope, +0.03) prior to test
replacement; however, during months 13 to 18 and 19 to 30, the incidence of TE decreased gradually
(slope, −0.12; R  = 0.20; P = .007). The incidence of MB (2.79% per patient-year) did not differ. Incidence
comparison during the 12-month Fiix and PT periods confirmed a statistically significant reduction
(55-62%) in TE. Fiix monitoring reduced testing, dose adjustments, and normalized ratio variability and
prolonged testing intervals and time in range. We conclude that ignoring FVII during Fiix-NR monitoring
in real-world practice stabilizes the anticoagulant effect of warfarin and associates with a major reduction
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in TEs without increasing bleeding.

Visual Abstract

Introduction

A major problem during the use of vitamin K antagonists (VKAs), such as warfarin, is their variable effect,
as measured using the prothrombin time–based international normalized ratio (PT-INR). The PT-INR is
traditionally assumed to reflect the biological VKA effect, with its variability primarily ascribed to food
and drug interactions. The variability necessitates frequent laboratory monitoring and dose adjustments.
However, it is possible that part of the anticoagulation variability measured by PT-INR is due to an inherent
flaw in the measured effect. Reduced factor VII (FVII) affects the prothrombin time (PT) equally to
similarly reduced FII or FX.  However, experimental evidence suggests that the antithrombotic effect of
warfarin is caused by reductions in FII and FX and that reductions in FVII and FIX play a small role.
FVII has a very short half-life of 4 to 6 hours and may vary widely in the short term, causing marked PT-
INR fluctuations, whereas FII and FX, with their much longer half-lives and their important antithrombotic
effect, remain relatively unaffected.  So why monitor vulnerable patients using a test that is highly
influenced by irrelevant fluctuations in FVII that confound assessment of the true antithrombotic effect of
warfarin and cause alarm and dose changes when not needed?

Based on these considerations, we invented a modified PT test, called factor II and X (Fiix)-prothrombin
time (Fiix-PT; pronounced “fix-PT”), that is affected by reduced FII or FX but not FVII.  In a small
randomized double-blind clinical trial,  we found that, in warfarin-treated patients monitored with a Fiix-
normalized ratio (Fiix-NR) calculated based on the Fiix-PT (Fiix-warfarin patients), thromboembolic
events occurred at 48% of the rate observed in well-managed traditional PT-monitored control patients (PT-
warfarin patients, statistically noninferior reduction). The efficacy improvement was 50% and was
statistically superior if the first 6 months of Fiix monitoring, which can be considered a lag time, were
excluded. There also were reduced anticoagulation variability and fewer dose adjustments.  Furthermore,
these major trials are the initial pharmaceutical company–initiated DOAC trials in atrial fibrillation (AF)
using meta-analytic methods, Fiix-warfarin was also more effective than PT-warfarin in those trials.

Because of the favorable outcome of Fiix-warfarin in the Fiix trial, with the approval of the appropriate
official bodies in Iceland, we replaced all PT monitoring with Fiix monitoring on 1 July 2016 at our
anticoagulation management service (AMS). Simultaneously, we decided to evaluate the effect of the
replacement in practice, hypothesizing that the replacement of PT-INR monitoring with Fiix-NR
monitoring in real-world situations would confirm the Fiix trial findings of stabilized anticoagulation and
reduced TE.

Methods

Study outline and approvals

This is a before and after historical single-cohort study using an interrupted time series method of analysis
conducted at the AMS at The National University Hospital of Iceland (Landspitali), the only acute care
hospital in the Reykjavik area. After completion of our Fiix trial on 28 February 2014, all warfarin patients
were monitored with Owren’s type PT-INR until 1 July 2016, when the laboratory method was changed to
Fiix-PT. Patients were switched to the new method when they came for their next monitoring test, most
within 8 weeks. The current study assessed clinical outcome and anticoagulation parameters in all patients
18 years and older on maintenance-dose warfarin monitored at our AMS from 1 July 2015 until 31
December 2017. The study was approved by the Landspitali Health Research Ethics Committee (#25/2017)
and the Landspitali medical director, and a waiver was received from The Data Protection Authority of

1

2,3

1

1,3

4

5

6-9

10

Ignoring instead of chasing after coagulation factor VII during warfarin ... https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable

2 of 20 1/5/22, 9:36 AM

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138549/?report=printable#B10


Iceland. Information was obtained from the centralized Icelandic Directorate of Health Prescription
Medicines Register with approval from the National Bioethics Committee (VSNb2020090032/03.0l). The
study was conducted in compliance with the Declaration of Helsinki.

Patient population, warfarin dosing, study periods, and clinical event adjudication

A dynamic cohort of 2667 patients, who were on maintenance-phase warfarin (>60 days from initiation of
warfarin) at some time during the 30-month period, was included, irrespective of indication,
anticoagulation target range, or planned treatment length. The expected effect size was a 50% long-term
reduction in TE, as had been found during the Fiix trial, a blinded trial that randomized 1156 patients into 2
arms observed for a median of 1.7 years. Using www.ClinCalc.com, we calculated that, to identify a 50%
reduction in TE during 1 year with 80% power, ≥1122 patients would need to be studied both during the
PT-INR monitoring and Fiix-NR monitoring. No patient was lost to follow-up. The AMS clinical staff did
not change during the study (4 experienced nurses and 2 hematologists), and they dosed patients using the
DAWN anticoagulation software version 7.9.41 algorithm (4-S Ltd, Penrith, United Kingdom) during the
entire study period. Software-suggested dose changes are rarely overridden (∼5% of the time). All
anticoagulation data and clinical information are recorded continuously in the DAWN record. From 1 July
2015 to 30 June 2016, patients were monitored with the traditional Owren’s type PT-INR (12-month PT
period) that had been used since 1 March 2014 when the Fiix trial was completed. During the subsequent
18 months, from 1 July 2016 to 31 December 2017, the laboratory used the new Fiix-NR instead. Based on
the prior Fiix trial observation that a 6-month lag time occurred before clinical improvement was observed,
we predefined the first 6 months of Fiix-NR monitoring as being a transition (lag) period. The following 12
months (months 19-30) made up the 12-month Fiix period. In 2 subgroup analyses (unpaired and paired),
we included only long-term patients that had taken warfarin for >360 days when entering each study
period. A third subgroup analysis included only AF patients. The maximum recommended monitoring
interval was 8 weeks, although noncompliant patients were not excluded from clinical event analysis.

The electronic AMS records and hospital charts at our institution were reviewed for all major vascular
events and fatalities during the study period. We electronically searched the 10th Revision of the
International Statistical Classification of Diseases and Related Health Problems discharge codes indicating
thromboembolism (TE; cerebral infarction, transient cerebral ischemic attack [TIA], peripheral arterial
embolism, myocardial infarction, venous TE [VTE; deep vein thrombosis or pulmonary embolism]) and
bleeding; see supplement Table 3 for a full list of the codes (available on the Blood Web site). Two
reviewers examined patient charts for confirmation of all events; however, because of the sequential dates
giving away the monitoring period, they could not be blinded. Composite end points included stroke and
systemic embolism (SSE; any thrombotic or hemorrhagic cerebrovascular event or systemic embolism
excluding myocardial infarction), cerebral ischemic events (infarction or TIA), composite major bleeding
(MB) by International Society on Thrombosis and Haemostasis criteria,  and total intracranial hemorrhage
(ICH). Deaths were classified as vascular or nonvascular, and any unknown cause of death was classified as
nonvascular.

The primary analysis was based on all major vascular events while on warfarin (ie, TE or MB by
International Society on Thrombosis and Haemostasis criteria)  or within 5 days after discontinuing
warfarin. Patients were not censored from the cohort if they remained on warfarin after suffering a nonfatal
event. All deaths during known warfarin therapy or within 5 days after the last monitoring test were
included. Events occurring during temporary discontinuation of anticoagulation treatment (eg, in relation to
surgery) were excluded if >5 days after cessation of warfarin or <5 days after resuming warfarin.

Coagulation testing
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Study population

PT and Fiix-PT tests were measured on citrated venous blood samples, as previously described, using an
automated STA-R Evolution coagulation analyzer (Diagnostica Stago, Asnieres, France).  In short, PT
(Owren’s type; aka prothrombin-proconvertin time) was measured by adding STA-SPA  combined 
thromboplastin and adsorbed plasma reagent with ISI 1.32 (Diagnostica Stago) to prediluted patient
plasma. Owren’s PT is affected by reduced FII, FVII, or FX but not by fibrinogen or FV; for the purpose of
warfarin monitoring, the calculated international normalized ratio (INR) is identical to Quick PT–based
INR measured in the same samples.  Fiix-PT was measured by adding Neoplastine CI Plus with ISI 1.01
(Diagnostica Stago) to prediluted patient plasma with mixed in FII- and FX-deficient plasma that corrects
for low FI, FV, and FVII.  Fiix-PT is only affected by reduced FII or FX. For normalized ratio
calculations, the thromboplastins for PT-INR and Fiix-NR were locally calibrated using Danish Institute for
External Quality Assurance in Health Care (Glostrup, Denmark) standards, traceable to the World Health
Organization primary PT-INR standards, as described elsewhere.

Statistical analysis

We used GraphPad Prism version 8.3 statistical and graphical software (GraphPad Software, San Diego,
CA). We used the SegReg online program (https://www.waterlog.info/segreg.htm) for 2-segmented
regression and assessment of incidence change over time and STATA program version 13.1 (StataCorp LP,
College Station, TX) for 3-segmented regression. The annual incidence of vascular events per 100 patient-
years (% ppy) was calculated using total patient observation years in each defined period as the
denominator. We compared the median incidence of vascular events at monthly intervals during the 3
defined periods using the Kruskal-Wallis test with Dunn’s post test. Segmented linear regression was also
used to compare the incidence of events at monthly intervals.  The χ  test with Yates correction was
used to compare categorical clinical data, with results shown as relative risk (RR) with 95% confidence
intervals (CIs). In a secondary paired analysis, to reduce the possible influence of interindividual variability
in a gradually shrinking warfarin population, McNemar’s test was used to compare events in concordant
and discordant pairs using www.statology.org. Anticoagulation variability parameters, calculated in patients
who had ≥3 monitoring tests during a study period and after excluding noncompliant patients who had >90
days between tests, were compared using the Mann-Whitney U test when comparing 2 periods (or using the
Kruskal-Wallis test when 3 periods were compared). The exclusions were used to reduce skewing of
calculations caused by noncompliant patients. The variability parameters included annual test frequency,
testing interval, and dose adjustment frequency and interval. The Rosendaal formula was used to calculate
percent time within target range (TTR), and the normalized ratio variability between tests was calculated
using the variance growth rate (VGR) B2 formula. P values <.05 were considered statistically
significant.

Results

Patients

The total cohort consisted of 2667 patients on maintenance-phase warfarin who were
treated during at least part of the study period (Figure 1). During the PT period, 2363 patients were
monitored for 2003 observation years (0.85 years per patient), during the transition period, 1885 patients
were monitored for 873 observation years (0.46 years per patient), and during the Fiix period, 1796 patients
were observed for 1544 observation years (0.86 years per patient). The gradual shrinking of the warfarin
population during the study period is explained in Figure 1 and was primarily due to discontinuation of
anticoagulation, as well as replacement of warfarin with DOAC drugs while new warfarin referrals were
simultaneously decreasing. Patient characteristics evaluated on entrance into the PT period or the Fiix
period, as well as of those still on warfarin at the end of the Fiix period were similar (Table 1). During the
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Incidence of TE and MB over time (periodical and interrupted time series analysis)

Vascular events and deaths during the warfarin-maintenance phase in the 12-month Fiix vs PT periods

Vascular events and deaths during long-term warfarin management

PT period/Fiix period, the median age was 76 (interquartile range [IQR], 66-83)/76 (range, 67-84) years,
and 60/61% were males. Demographics of patients who continued vs discontinued warfarin did not differ
between the periods, with the exception that discontinuing patients were older (median age, 77 years vs 75
years; supplemental Table 2B). The median time on warfarin prior to the beginning of the PT and Fiix
periods was 5.7 and 7.0 years, respectively. Most patients had been monitored continuously with Owren’s
PT for 16 months or with Fiix-PT for up to 6 months on entering the PT period or Fiix period, respectively.
The main indications were AF (57/55%), VTE (26/27%), and prosthetic heart valves (6/6%). The
normalized ratio target range was 2.0 to 3.0 in 90/90%, 2.5 to 3.5 in 6/7%, and 1.5 to 2.5 in 2/3%.

The median monthly
incidence of TEs (% ppy; Figure 2A-B) was lower during the Fiix period (1.45%) than during the PT
period (2.60%; P = .0377); it was also lower than during the transition period (3.15%; P = .0314), but the
latter did not differ from the PT period (P = .6491). The median incidence of MB during the Fiix period
(2.30%) was not significantly reduced compared with the PT period (2.70%; P = .2505).

We then assessed the incidence of vascular events during 30 consecutive 1-month intervals using an
interrupted time series before-and-after method of analysis. Using a 2-segmented regression model (
Figure 2C), a breakpoint in the incidence of TEs was mathematically identified at 18 months (6 months
after test replacement), followed by a 56% reduction in TEs (from 2.82% to 1.23% ppy; P = .019, analysis
of variance). The incidence of TEs was constant during each segment, with regression coefficients of +0.03
and −0.01 for the 2 segments; no preintervention incidence trend was evident. The pre- and
postintervention incidence of MB did not differ (2.79% ppy) (Figure 2D). A separate 3-segmented
regression (Figure 3E-F) confirmed close to horizontal MB incidence slopes during the 3 study periods:
−0.07*x, 0.00*x, and +0.01*x; R  = 0.04), but the TE incidence slope did deviate significantly from 0
(0.03*x, −0.12*x, and −0.12*x; R  = 0.20; P = .007).

As
shown in Figure 3A, during the Fiix period, 55 composite fatal or nonfatal TE or MB events occurred in
1796 patients compared with 115 events in 2363 patients during the PT period (RR, 0.63; 95% CI,
0.46-0.86; P = .0034). The incidence (% ppy) was 3.56% vs 5.74%. In the Fiix period compared to the PT
period, 66 vs 128 composite TE, MB, or deaths from any cause occurred (RR, 0.68; 95% CI, 0.51-0.91; P =
.0092) at an incidence of 4.27% vs 6.39%. Fifteen deaths occurred during the Fiix period (0.97% ppy)
compared with 26 during the PT period (1.30%), with 4 (0.26%) vs 13 (0.65%) vascular deaths,
respectively (RR, 0.41; 95% CI, 0.13-1.24; P = .1402).

Fiix monitoring was associated with a significant reduction in total TEs (RR, 0.45; 95% CI, 0.25-0.75; P =
.0014), total arterial TEs (RR, 0.43; 95% CI, 0.25-0.74; P = .0020), cerebral ischemic events (RR, 0.38;
95% CI, 0.18-0.80; P = .0095), and cerebral infarction (RR, 0.40; 95% CI, 0.16-0.99; P = .0464). MB was
not significantly reduced (RR, 0.80; 95% CI, 0.53-1.21; P = .3547), and gastrointestinal bleeding was
similar. The Fiix group had fewer ICHs (RR, 0.54; 95% CI, 0.23-1.30; P = .2152), nontraumatic ICHs (RR,
0.29; 95% CI, 0.06-1.33; P = .1277), and intracerebral hemorrhages (RR, 0.66; 95% CI, 0.12-3.59; P =
.7044), but the differences were not significant. Fewer SSEs occurred in the Fiix group at an incidence of
0.71% vs 1.85% (RR 0.39;95% CI 0.20 to 0.76; P = .0049).

To reduce a potential bias if fewer high-
risk patients were present during the Fiix period (ie, fewer new patients, possible loss of high-risk patients
during the PT period), we performed a subgroup analysis that only included patients who had been on
warfarin for >360 days. A total of 1697 patients was observed for 1456 patient years during the Fiix period,
and 2056 patients were observed for 1850 patient years during the PT period. As shown in Figure 3B, the
observed vascular event pattern was totally consistent with that in the entire maintenance population (
Figure 3A), although the effect size in favor of Fiix monitoring was larger in long-term patients (eg, for
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AF patients

Anticoagulation parameters

Anticoagulation parameters during transition period

total TEs [RR, 0.30; 95% CI, 0.16-0.54; P < .0001], cerebral ischemic events [RR, 0.23; 95% CI,
0.10-0.56, P = .0003], and SSEs [RR, 0.26; 95% CI, 0.12-0.56; P = .0001]). MB and intracranial bleeding
were reduced numerically but not significantly. Vascular deaths were reduced in statistically significant
manner (RR, 0.28; 95% CI, 0.08-0.98; P = .0422).

In a further attempt to reduce the possible influence of more high-risk patients treated during the PT period,
we analyzed vascular events by pairing each long-term patient against him/herself in the PT vs the Fiix
period. For this analysis we excluded all fatal events, events that led to warfarin cessation, and recurrent
events during each period. By analyzing the remaining 1542 “pairs,” the reduction in total TEs during the
Fiix period remained significantly reduced by 57% (odds ratio [OR], 0.43; P = .0446), SSEs were not
significantly reduced (OR, 0.42; P = .1456), and MB remained similar (OR, 1.15; P = 1.0000).

We separately analyzed the largest subgroup (AF maintenance patients), consisting of 57% of
the PT-warfarin patients and 55% of the Fiix-warfarin patients. Their median age was 78 (range, 71-84) vs
79 (range, 72-85) years, respectively, with a median CHA DS -VASC score 3 (interquartile range, 2-4) vs
3 (interquartile range, 2-4), respectively. During the PT monitoring period, 1353 maintenance-phase AF
patients were observed for 1212 observation years (0.90 years per patient), and 993 patients were observed
for 888 observation years (0.89 years per patient) during the Fiix period. All types of TEs, with the
exception of myocardial infarctions, were consistently reduced to a similar degree as in the total
maintenance group during Fiix-warfarin treatment (Figure 4).

Anticoagulation laboratory indicators are shown in Table 2. During the PT
period, 29 018 monitoring tests were done compared with 17 895 during the Fiix period (Table 2). The
annual number of tests done per patient decreased from a median of 17 to 13 (24%) and the testing interval
increased from 20 days to 27 days (+35%) with Fiix monitoring. Likewise, dose-adjustments ppy were
reduced from 5.0 to 3.3 (−34%), and the dose-adjustment interval increased from 64 to 95 days (+48%).
The TTR was 79% with Fiix monitoring and 77% with PT monitoring (P = .0157); Fiix monitoring reduced
the normalized ratio between-test variability (VGR) by 33% (P < .0001). During the PT period, patients
who were switched to DOACs had more variable PT-INR than did those remaining on warfarin (VGR, 0.20
vs 0.16; P = .0188) but there was no difference during the Fiix period (VGR, 0.10 vs 0.10; P = .7570).

During the PT period, patients with TEs had a lower INR (2.2; 1.7-2.8) than did those with MB (3.2;
2.7-4.2; P < .0001); during the Fiix period, the INR was also lower in those with TEs (2.5; 1.9-2.9) than in
those with MB (3.2; 2.4-4.5; P = .0005). Patients with TEs had higher anticoagulation variability (VGR)
than did those without vascular events (PT period: 0.25; 0.12-0.70 vs 0.16; 0.06-0.34; P < .0001; Fiix
period: 0.21; 0.06-0.34 vs 0.08; 0.04-0.17; P = .0043). Likewise, patients with MB had a higher VGR
compared with those without vascular events (PT period: 0.36; 0.16-0.65 vs 0.16; 0.06-0.34; P < .0001;
Fiix period: 0.34; 0.19-0.51 vs 0.08; 0.04-0.17; P < .0001).

During the 6-month transition period compared with the
PT period, the number of tests done was not reduced (17 tests on annual basis), the daily dose of warfarin
was the same (4.5 mg), and the TTR remained 77%. However, at the same time, there were significantly
fewer dose adjustments (3.2 vs 5.0 on an annual basis), a longer dose-adjustment interval (82 vs 64 days),
and lower INR variability (VGR, 0.09 vs 0.15; supplemental Table 2B).

Discussion

Fiix-NR monitoring of warfarin was associated with a 56% reduction in total TEs without increasing MB.
The incidence of intracerebral hemorrhage was low. TTR was only slightly higher, but anticoagulation
variability was considerably lower during Fiix monitoring compared with prior traditional PT-INR
monitoring. These real-world observations lend major support to the validity of the previously reported
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similar reduction in TEs observed in the Fiix trial.

Fiix-NR, which can be easily measured manually or on any semiautomatic or automatic system at all times,
only reflects the combined activity of FII and FX, and, therefore, the true antithrombotic effect of
warfarin.  Clinically irrelevant short-term clotting time fluctuations caused by FVII or by different
sensitivities of different thromboplastins to FVII  that influence standard PT-INR results and confound
warfarin dosing are eliminated.  Consequently, the dosing staff no longer has to chase after fast clotting
time variations caused by FVII fluctuations. Consequent to less anticoagulation variability and more stable
anticoagulation levels but not simply higher TTR, dose management becomes more precise, and
effectiveness is markedly improved, as shown previously.  As in the Fiix trial, the median warfarin
dose was similar with both types of monitoring, but dose variation was reduced with Fiix monitoring. We
suggest that less variable anticoagulation intensity with Fiix monitoring prevents an increase in
bleeding.  We considered whether the therapeutic PT-INR is likely to be falsely therapeutic in a number
of cases (ie, when FVII is low but FII and FX are not that low), but we could not confirm this because we
did not measure Fiix-NR and PT-INR in the same samples. However, we did measure both in all samples in
the Fiix trial but had not yet analyzed these data. Therefore, we now revisited the previously published Fiix
trial data and compared Fiix-NR in Fiix-INR–monitored patients to Fiix-NR patients in the PT-INR–
monitored control group. Surprisingly, the new Fiix trial results showed that Fiix-NR was slightly lower in
the Fiix group (median, 2.50 vs 2.67; P < .0001). However, the median Fiix-NR range was narrower in the
Fiix group (2.1 vs 2.3; P = .0416) and the variability (VGR) of Fiix-NR was lower in the Fiix-monitored
group compared with the PT-monitored control group (0.14 vs 0.20; P < .0001). Thus, reduced
anticoagulation variability remains the most likely explanation for the improved clinical outcome during
Fiix-NR monitoring.

Our main clinical findings were identical in the overall consecutive 30-month interrupted time series
analysis and in the 2 predefined PT and Fiix periods comparisons for which we had decided to exclude the
first 6 months as a transition period. The 6-month lag time before clinical improvement becomes evident
was mathematically identified by the 2-segmented regression and is remarkably similar to the Fiix trial
finding that we used to predefine the arguable length of the transition period. The long lag time may be due
to the fact that most of our patients already had an established monitoring and dosing pattern when the
monitoring test was replaced, as well as the fact that it takes 2 to 3 months until all patients are being
monitored with the new test. Then, a few more Fiix tests need to be done over several months before
anticoagulation variability is reduced and effectiveness improves.

Being an observational study, we considered whether high-risk patients suffering fatal or severe vascular
events leading to warfarin cessation were selectively lost during the 30-month study period, because this
could bias results in favor of Fiix-warfarin. Patients switched to DOACs during the PT period had more
anticoagulation variability, which may have led to a more stable warfarin population during the Fiix period,
although primarily low-risk patients appear to have been switched to DOACs during the Fiix period, as has
been reported elsewhere.  On the other hand, older age during Fiix-warfarin monitoring might have biased
results against Fiix-warfarin. We approached these issues from several angles. First, patient demographics
from the beginning to the end of the study did not differ, with the exception of increasing age and that
patients who discontinued warfarin were older (77 years) compared with those who continued taking it (75
years). Second, to minimize the loss of high-risk patients, we did not censor those who continued on
warfarin after surviving vascular events. Third, the segmented regression analyses do not suggest that
population morbidity was changing prior to test replacement. The absence of a significant slope prior to test
replacement may be the strongest indicator we can provide that the PT-warfarin patient population and the
Fiix-warfarin patient population were indeed comparable.  Fourth, to reduce the influence of more new
patients, who often have unstable anticoagulation during early treatment, during the PT period, we
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performed a subanalysis of long-term warfarin patients only (Figure 3B). This analysis led to the same
outcome but with an even larger effect size in favor of Fiix monitoring. Fifth, in a further subanalysis, a
paired analysis of long-term patients confirmed the major findings, despite excluding the patients who
suffered the most severe events.

Our single-center experience with Fiix-PT represents ∼65% to 70% of all warfarin use in Iceland. Being a
single-center experience at a high TTR site, this may limit the generalizability of the current results to other
practices. Nevertheless, our dosing is based on a highly standardized British warfarin monitoring software
algorithm that is widely used in other high TTR anticoagulation centers in the United Kingdom, Canada,
and the United States. Therefore, we argue that the results would likely translate to those populations. How
the new test would affect individual physician dosing not using software assistance has not been studied,
but we suggest that it will be easier to manage because there is less variability. However, we stress that a
modified warfarin-initiation protocol should be used with Fiix-NR monitoring to prevent early
overanticoagulation.

Further limitations should be considered. First, associations, but not causality, can be claimed based on a
historical cohort study, albeit a “quasi”-experimental–interrupted time series study.  Second, despite being
all inclusive without loss to follow-up, rare vascular events may have escaped detection if diagnosed in
small provincial hospitals or abroad, although we have no reason to believe that underreporting would have
been systematically skewed to a particular observation period. Third, analyzing aggregate data, pooling
events and patient years means that little adjustment for patient-level properties was possible. Fourth, the
inability to blind the 2 clinical event reviewers is a potential source of bias. Fifth, the dosing staff was not
blinded to the origin of the normalized ratio, which could be a source of bias, although we contend it was
not, because Fiix-NR monitoring led to less frequent monitoring and reduced TEs despite that. Sixth, the
fact that the majority of patients were monitored using both PT-INR and Fiix-NR, in that particular order,
also could have introduced selection bias effects that are difficult to assess. Seventh, it should be noted that
the study population was >99% white. Nevertheless, taking all of these considerations into account, we
contend that the similarity of the current results to the prior double-blind randomized Fiix trial and the
segmented regression results does not suggest a major bias.

During the past decade, the convenient, but more expensive, DOACs have increasingly replaced VKAs for
the management of AF and VTE. In AF, the overall interpretation of 4 major industry-initiated randomized
controlled trials has been that DOACs are at least as effective as PT-warfarin with superior safety claimed
for some, in particular reduced intracranial or intracerebral hemorrhage.  However, superior efficacy
and safety of DOACs has not been shown compared with well-managed PT-warfarin control patients in
these trials.  Meta-analyses of trials involving patients with unprovoked VTE  or evaluating long-term
anticoagulation  report lower mortality with VKA treatment than with DOACs.  Two recent studies
from real-world practice involving 323 000 patients in the United States and the United Kingdom suggest
that warfarin effectiveness was underestimated in the randomized controlled trials, that the overall clinical
significance of rare intracerebral hemorrhages is overestimated compared with the consequences of the
much more common preventable ischemic strokes,  and that patients on PT-warfarin had lower mortality
than did those taking DOACs.  Based on the above considerations and assuming that the efficacy of
DOACs and well-treated PT-warfarin is similar, we can infer from the results of the current study and the
prior Fiix trial that well managed Fiix-warfarin is more effective than well-managed PT-warfarin and
DOACs. Such a conclusion may also be supported by our prior meta-analysis,  but it remains to be
investigated directly. Finally, although adding the Fiix-deficient plasma reagent to the clotting test increases
the cost of the reagent, most of the assay cost is not reagent cost, and, in our opinion, any moderate increase
in reagent cost will be far outbalanced by the improved clinical effectiveness of the new monitoring
method.
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The primary aim of prescribing oral anticoagulants is to reduce mortality and long-term complications of
TEs on health. Warfarin remains used when DOACs are less effective than PT-warfarin or are unsafe,
in patients being returned to warfarin when physicians consider a trial of DOACs to have failed, and for
patients in less affluent situations. The current study, together with the Fiix trial, suggests that the
effectiveness of well-managed warfarin can be improved markedly without increasing bleeding if
monitored with the new Fiix-NR instead of the traditional PT-INR. Indeed, it is tempting to conclude that
the traditional PT-INR, as a result of its sensitivity to reduced FVII, has confounded warfarin dosing and
caused warfarin instability for 7 decades. Our results suggest that replacing the traditional PT with Fiix-PT
could have a major favorable impact on individual patient health, public health, and health care costs.
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Figure 1.

Maintenance-phase population derivation (short-term and long-term warfarin-treated patients are
included). *Warfarin-naive patients are transferred to the maintenance-phase population after being on warfarin
for >60 days.
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Table 1.

Patient characteristics on entrance into the PT period or Fiix period and at the end of the study

Unless otherwise indicated, data are shown as n (%). Percentages may not total 100% owing to the presence of >1
indication in some patients or rounding of numbers.

CHA DS -VASC score, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or TIA or
thromboembolism, vascular disease; NA, not applicable.

2 2
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Figure 2.

TE and MB incidence rates (% ppy) over 30 months; 12 months before, and 18 months after, monitoring
test replacement. Incidence of composite TE (A) and MB (B) during each of the PT, transition, and Fiix periods
(box plots with 90% range). TE incidence (C,E) and MB incidence (D,F) per 100 patient years at consecutive
monthly intervals over the entire 30-month course. Two-segmented (C-D) and 3-segmented (E-F) regression lines
(solid lines), 95% CIs (dotted lines), and R  values are shown for the overall plots.2
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Figure 3.

Relative risk plots comparing TE, MB, and deaths during the Fiix and PT periods. (A) Outcomes in all
maintenance-phase warfarin patients. Data are based on event counts during the PT and Fiix periods in patients
treated beyond the first 60 days on warfarin and show the number of events, event incidence (% ppy), RR, and P
value. (B) Outcomes in long-term warfarin patients only (ie, patients treated with warfarin for >360 days prior to
entering the study group).
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Figure 4.

RR plots comparing TE, MB, and deaths during the Fiix and PT periods in AF patients on maintenance-
phase warfarin. Data are based on event counts during the PT and Fiix periods in patients treated beyond the first
60 days on warfarin and include the number of events, event incidence (% ppy), RR, and P value.
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Table 2.

Anticoagulation testing, dosing, intensity, and variability

PT-INR period
(12 mo)

Fiix-NR period
(12 mo)

P Proportional change from
PT to Fiix period (%)

Patients analyzed, n 1997 1437 NA NA

Monitoring tests and intervals

 Monitoring tests, n (%) 29 018 (100) 17 895 (100) NA

  Within target range 18 665 (64) 11 084 (62) NA

  Below target range 5 799 (20) 3 430 (19) NA

  Above target range 4 544 (16) 3 430 (19) NA

 Annual tests per patient 17 (12-24) 13 (9-18) <.0001 −24

 Patient testing interval, d 20 (15-29) 27 (20-39) <.0001 +35

 Patient normalized ratios 2.47 (2.30-2.65) 2.50 (2.30-2.70) .0580 0

 Patient PT-INR or Fiix-NR
range

1.80 (1.20-2.60) 1.60 (1.10-2.30) <.0001 −16

Patient’s normalized ratio
between test variability (VGR)

 All patients: any target 0.15 (0.06-0.30) 0.10 (0.04-0.21) <.0001 −33

 2.5-3.5 0.30 (0.11-0.58) 0.15 (0.07-0.36) .0017 −50

 2-3 0.15 (0.06-0.30) 0.10 (0.04-0.20) <.0001 −33

 1.5-2.5 0.05 (0.03-0.12) 0.04 (0.02-0.18) .8340 −20

Patient’s TTR

 Any target range 77 (65-88) 79 (67-89) .0157 +3

 2.5-3.5 70 (53-83) 71 (58-82) .8518 +1

 2-3 77 (65-88) 79 (68-89) .0067 +3

 1.5-2.5 88 (77-98) 86 (74-100) .7339 −2

Dosing

 Patient daily dose 4.5 (3.2-6.1) 4.4 (3.1-6.1) .1820 −2

 Patient dose range 0.71 (0.15-1.57) 0.43 (0.00-1.00) <.0001 −39

 Patient annual dose adjustments 5.0 (1.1-10.3) 3.3 (0.0-7.1) <.0001 −34

The 12-mo Fiix-NR period was compared with the 12-mo PT period. Only patients on maintenance-phase
anticoagulation (after excluding the first 60 d in new patients) are included in the analysis. Patients not showing up for
testing for >90 d, as well as those who had <3 tests during the respective period, were excluded. Unless otherwise
noted, data are median (IQR). Ranks were compared using the Mann-Whitney U test.

NA, not applicable.
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