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INTRODUCTION

Oral anticoagulation therapy (OAT) with coumarins (vitamin K-
antagonists) has been available for more than 60 years, and is
prescribed for both prophylactic and therapeutic use to patients
at increased risk of thromboembolism (1). OAT has a narrow
therapeutic index, and monitoring is based on the International
Normalized Ratio (INR) conventionally determined on citrated
plasma obtained by venepuncture. Based on the INR measure-
ments, health care providers determine the appropriate dose of
coumarins (e.g. warfarin (Marevan®) and phenprocoumon (Mar-
coumar®)). Hence, the INR is used as guidance for the coumarin
dose.

Despite this close monitoring of therapy, thromboembolism and
bleeding are common concerns and accounts for a large propor-
tion of the morbidity and mortality in these patients: major bleed-
ings have an incidence ranging from 0.3 — 13.4 % per year and
that of major thromboembolism ranging from 0.4 — 3.5 % per year
(2-6), though highly dependent on selection of patients and defi-
nition of events.

In patients with mechanical heart valves, a low quality of OAT is
the most important independent predictor of reduced survival (7)
and is responsible for approximately 75 % of all postoperative
complications observed in these patients (4).

Optimised management of OAT improves the quality of treatment
(8-10). Different methods of managing OAT exist: routine care



(provided by the general practitioner), hospital outpatient clinic,
highly specialised anticoagulation clinic, shared care, use of com-
puter assessed dosage, patient self-testing (PST) and patient self-
management (PSM) (1, 8, 11-13). PSM is a concept where the
patient takes an active part or even a leading role in his or her
own treatment. For many years it has been used as the standard
treatment in diabetics, who measure their blood glucose using a
portable apparatus and perform insulin dosage according to this
(14-16). The concept of PSM has also been shown to be successful
in other settings, e.g. in patients with hypertension and asthma
(17, 18). PSM in OAT implies that the patient analyses a drop of
blood using a portable coagulometer (INR-monitor). The coagu-
lometer displays the INR, which the patient uses for coumarins
dosage. PST merely implies that the patient performs blood sam-
pling and analysis while a health care provider decides on dosage
adjustment (13, 19).

Today patients with chronic diseases and on long-term treatment
are increasingly engaged in their own treatment and have to take
an active part in their treatment”. Therefore, PSM seems to be a
natural step in terms of management.

However, the history of PSM begins many years ago; the first
paper on this issue was published in 1974 by Erdman et al (20),
who trained mechanical heart valve patients to manage their own
OAT based on a standard Prothrombin Time (PT) test analysed at
the laboratory. These initial results seemed promising, but for
many years PSM did not gain much attention, until 1985 where a
young German female student with a mechanical heart valve
became frustrated by her OAT managed by her general practitio-
ner (21). The patient purchased a coagulometer and began PSM
on her own. After reporting her experience to the medical society,
PSM was gradually launched as a therapeutic concept in Germany.
PSM gained increased popularity, especially in Germany, and
other countries followed this lead. However, it is still not clarified
which subset of patients (in terms of indication for OAT, age, co-
morbidity etc.) that potentially will benefit from PSM, and how
large this potential effect is.

A precondition for a correct dosage of coumarins is a correct
estimation of the INR, and the method and apparatus used for
providing the INR measurements is in this context essential. The
coagulometers used for PSM have not been investigated ade-
quately in terms of precision and agreement, so this is warranted.
In this context, it is important to state that PSM is a concept in-
cluding patient self dosing based on self testing of INR, whereas
the evaluation of the coagulometer estimates the quality of INR
measurements and not the quality of OAT.

INR has proven adequate for adjusting dosages. However, it is
doubtful that the level of INR reflects the overall haemostatic
capacity or thrombotic potential of individual patients (22, 23).
Furthermore, the predictive value of the INR in estimating indi-
vidual patients’ risk of complications is questionable (24, 25).
Oake et al (25) found that nearly 50 % of all major complications
occurred even when the INR was within therapeutic INR target
range. Accordingly, it is important to obtain knowledge of pa-
rameters that can bring additional information in order to predict
complications.

Measurement of continuous calibrated automated thrombin
generation (CAT) may serve as a more sensitive and global
haemostatic parameter and potentially with better performance

! The Patient with chronic disease. Self-monitoring, self-care and
patient education. A catalogue of ideas. The National Board of
Health, Denmark 2007 (http://www.sst.dk).

in predicting risk of complications in patients on OAT. In addition,
coumarins main effect is by depression of the coagulation factors
I, VII, IX, and X. It may be speculated, that determination of the
clotting activity of these coagulation factors could provide sup-
plementary predictive information regarding risk of complications
(22, 23, 26). However, in order to predict complications in the
individual patient, it is important to further characterise these
tests; to estimate the variability of these tests over time, to see if
the results are associated with the INR, their practical and clinical
application and whether or not these new methods will bring
additional information regarding the overall coagulation activity.
The aims of this thesis were to:

e  Estimate the variability of coagulation factors I, VII, IX
and X and continuous calibrated automated thrombin
generation in patients on stable oral anticoagulation
therapy.

e Compare and evaluate coagulation factor activities (II,
VII, IX and X) and continuous calibrated automated
thrombin generation with the International Normalized
Ratio (INR) in patients on stable oral anticoagulation
therapy.

e  To assess the variability of INR, coagulation factor activi-
ties, (Il, VII, IX and X) and continuous calibrated auto-
mated thrombin generation during 24 hours of storage
of blood samples at ambient temperature.

e  Estimate the precision and accuracy of the coagulome-
ters used for patient self-management of oral antico-
agulation therapy.

e Determine the feasibility and quality of patient self-
management of oral anticoagulation therapy prescribed
to different patient categories such as mechanical heart
valve patients and children.

e  Compare patient self-management of oral anticoagula-
tion therapy with conventional management in a ran-
domised controlled trial.

e Evaluate the efficacy and safety of patient self-
management of oral anticoagulation therapy in a sys-
tematic review and meta-analysis.

METHODOLOGICAL CONSIDERATIONS

Oral anticoagulation therapy, definition

OAT is a therapy that prevents coagulation; it reduces/stops the
blood from clotting. Coumarins reduces the clotting activity and
the effect is mediated via inhibition of gamma-carboxylation and
thereby predominantly suppression of the activity of the vitamin K
dependent coagulation factors in blood, namely coagulation
factors Il, VII, IX and X (1). The coumarins used are predominantly
warfarin (Marevan®), phenprocoumon (Marcoumar®) and aceno-
coumarol (Sintrom Mitis®). OAT is indicated for both prophylactic
and therapeutic use in patients at increased risk of thromboem-
bolism, e.g. in patients with prosthetic heart valves, atrial fibrilla-
tion and thrombophilia. Careful adjustment of dosing based on
the measurement unit INR is used to determine the clotting ten-
dency of the blood, and it is required in order to reduce the risk of
complications (1).



Monitoring oral anticoagulation therapy
INR, basic principles
PT ISI
INR is a calculated using this formula: INR = —_pattent,
MNPT

MNPT is the Mean Normalized Prothrombin Time and ISl is the
International Sensitivity Index.

Simplified, the INR is a calibrated estimate of the clotting time;
normal individuals have an INR of approximately 1.0, so an INR of
2.0 implies a clotting time double as long as normal.

The INR system was launched in 1983 and is a standardisation of
the PT (27); the latter being a clotting time of a plasma (or whole
blood) sample in the presence of a preparation of thromboplastin
(tissuefactor and phospholipids) and the appropriate amount of
calcium ions. The time is reported in seconds.

MNPT represents the average normal PT, normally taken from 20
healthy individuals. ISl is calculated by calibrating the locally used
thromboplastin with a reference thromboplastin, and the ISI
reflects the responsiveness of a given thromboplastin to the re-
duction of the vitamin K dependent coagulation factors (1).
Calculation of the ISI has been done as shown by Van den Besse-
laar et al (28).

The INR is a mathematically adjusted PT (29), therefore the “ob-
jective true” INR is not known (30, 31). Differences in INR using
the same test sample is observed, which is not to be regarded as
an indictment of the INR system, but merely display the variables
in PT testing (see below) (27).

Coagulation factor activities

Determination of the clotting activity of single coagulation factors
Il, VII, IX, and X may provide supplementary predictive informa-
tion regarding individual patient’s risk of complications (22, 23,
26). Casuistic observations by Sarode et al (32) found no correla-
tion between INR and coagulation factor Il and X in patients with
supratherapeutic INR (> 5.0). Costa et al (33) found a weak rela-
tionship between coagulation factor Il and X versus the level of
INR, and advocated that coagulation factor Il and X could be used
for optimising monitoring. Furthermore, D’Angola et al (23) have
stated that the activity of coagulation factor Il better reflects the
antithrombotic effect than the INR. Van Geest-Daalderop et al
(34) found that the mean INR was inversely related to the sup-
pression of coagulation factors, but the variability over time was
not estimated. In contrast, Watala et al (35) found that coagula-
tion factors Il, VIl and X were strong modulators of INR, explaining
90 % of the INR variability. Others have found a differentiated
suppression of the function of coagulation factors Il, VII, IX and X
in patients with similar INR’s (36-38). So far, systematic recording
of the activity of single coagulation factors II, VII, IX, and X is not
part of daily clinical practice and has never been evaluated and
compared with the INR in a prospective clinical setting.
Christensen et al (VIII) found no significant variability of the activ-
ity of coagulation factors Il, VII, IX, and X during a 6-week observa-
tion period in patients on stable OAT. The level of INR was signifi-
cantly associated with the activity of coagulation factors II, VII, IX,
and X, so the results of the two tests can be used concomitantly
and/or interchangeably. Approximately 50 % of the total variabil-
ity of the coagulation factor activities was reflected by the INR,
whereas the remaining variability was within the subject (patient).
Coagulation factor activities can therefore potentially be used to
provide further information to the risk of bleeding and throm-
boembolism, since 50 % of the variability within the subject is not

displayed in the INR value. This residual variability could therefore
encompass additional information regarding the clotting activity
within the individual patient. This is supported by the finding that
a considerable variability of coagulation factor activity was ob-
served between patients with the same INR values.

Larger clinical trials with a longer follow-up period, preferably
using clinical endpoints, are needed in order to draw any firm
conclusions regarding the clinical consequences. This could be
done in “high risk” patients, e.g. patients with a high variability of
the INR values, limited time within therapeutic INR target range or
those patients who previously experienced a complication. How-
ever, since complications are relatively rare, a large number of
patients are needed to be included. It could also be done as a
case-control study where patients admitted to hospital with com-
plications are cases, and controls are patients without complica-
tions.

Christensen et al (VIl) found no influence on the results of coagu-
lation factor activities, when samples were stored for up to 24
hours at ambient temperature, and this increases the practical
adaptability of using this test in a clinical setting. However, it is a
potential drawback that the analyses are expensive to perform.
Based on the study by Christensen et al (VII, VIII), the premises for
a larger study have therefore been given, since these tests were
characterised and their potential application in patients on OAT
was tested.

There was no difference between different methods used (labora-
tory, CoaguChek® S and CoaguChek® XS), so the INR for compari-
son to the coagulation factor activity can be measured using
either of these methods (VIII).

Christensen et al (VIII) included a well-defined and closely moni-
tored group of patients and used advanced statistical analysis,
including assessment of both within- and between patient vari-
ability, making the internal validity of the study high. The study
limitations include i) limited number of parameters of coagulation
measured, e.g. differences in levels of natural anticoagulants, such
as protein C and antithrombin could have added, ii) no measure-
ments of other modifying factors such as polymorphisms and
genotype (39), and iii) some patients had aspirin prescribed. Fur-
thermore, a potential drawback compromising the external valid-
ity is that patients included were on stable OAT and with a thera-
peutic INR target range within 2 - 3. However, the presence of INR
values ranging from 1.40 to 5.60 have likely limited this potential
bias. Furthermore, the influence of the different levels of INR was
accounted for in the statistical analysis. Additionally, nearly 50 %
of all major complications occur even when the INR is within the
therapeutic INR target range (25). A longer observation period
and a larger number of patients combined with more frequent
measurements than every third week (e.g. every week) would
have strengthened the conclusion.

In conclusion, measurement of coagulation factor activities may
improve measurement of coagulation activity in patients pre-
scribed OAT beyond the parameters currently clinical available.

Global evaluation of haemostatic capacity using calibrated
automated thrombin generation

INR has proven adequate for adjusting dosages. However, it is
doubtful that the level of INR reflects the overall haemostatic
capacity or thrombotic potential of individual patients (22, 23).
Furthermore, the predictive value of the INR in estimating indi-
vidual patient’s risk of complications is questionable (24). Meas-
urement of CAT may serve as a more sensitive and global haemo-



static parameter with better performance in predicting risk of
complications in patients on OAT.

Measurements of CAT have been used to study the global haemo-
static capacity in a variety of coagulopathies (40-42). The INR
measures merely time to clot, whereas the CAT is portraying the
full coagulation dynamic (43). In patients prescribed OAT, CAT has
only been sparsely investigated; Gatt et al (26) have performed
tests in patients on OAT with atrial fibrillation and found a close
association between recordings of CAT and INR within the thera-
peutic INR target range, but a wide variability existed. However,
the study used simplified statistical analysis, and therefore no firm
conclusion can be drawn. In contrast, Brummel et al (22) have
described profound variability in thrombin generation measured
in minimally altered whole blood from patients on OAT despite
similar and stable levels of INR. Brocal et al (44) found a high
correlation between INR and thrombin generation, concluding
that thrombin generation could potentially indentify patients with
a high risk of complications, but additional studies are needed.
Again, the study is flawed by the use of simplified statistics.
Christensen et al (VIII) found no significant variability of CAT dur-
ing a 6-week observation period in patients on stable OAT. For the
various parameters of CAT, 22 - 61 % of the variability was dis-
played in the INR measurement, and residual variability was found
to be within the subject (patient). The level of INR was signifi-
cantly associated with the various parameters of CAT, so the
results of the two tests can be used concomitantly and/or inter-
changeably.

Only measurements analysed immediately after sampling was
included, since the CAT parameters are influenced by storage time
(V). The practical use of CAT in a clinical setting is limited due to
changes over time.

The significance regarding additional information, strengths and
limitations are those mentioned above (coagulation factor activi-
ties), except that the study could be additionally berated for not
adding corn trypsin inhibitor to the blood samples (45). Artificial
spontaneous contact activation could potentially be abolished and
thereby obtain a reduced variability, but others had questioned
this assumption (46). Secondarily, relatively large standard devia-
tions regarding the different parameters is concerning. However,
this can be reduced by adhering to new international standards in
terms of using standardised reagents and reference plasma (47).
In conclusion, measurement of CAT may improve measurement of
coagulation activity in patients prescribed OAT beyond the pa-
rameters currently clinical available.

Other methods

Indentifying patients at an increased risk of complications are
potentially possible; coagulation factor activities and CAT have
been discussed above. Other methods include e.g. estimation of
prothrombin fragment 1 + 2, thrombin-antithrombin complex (38,
48) and thrombelastography (49, 50). However their use awaits
further studies regarding their precise association with the INR.
Furthermore, it is beyond the scope of this thesis, and will there-
fore not be discussed further.

Methods of measuring INR

Precision and accuracy of INR, methodological aspects and defi-
nitions

In general, the terms precision and accuracy are used when esti-
mating the quality of a method; accuracy is the degree of veracity
while precision is the degree of reproducibilityz.

Precision is descriptive in general terms (e.g. acceptable and
poor), whereas imprecision (the reciprocal of precision) is ex-
pressed by means of the standard deviation or coefficient of
variation (CV) of the variability. The total variability of the INR can
be divided into three parts: pre-analytical, biological and analyti-
cal variability. The term precision can be replaced by the terms
repeatability and reproducibility. Repeatability is the agreement
between the results of consecutive measurements (within the
same measuring series), and reproducibility is the agreement
between the results of discontinuous measurements of INR car-
ried out under changing measuring conditions over time. The
analytical variability deals with the apparatus used for INR meas-
urements, and this should display a CV of less than 3 % (30).
Accuracy is the closeness of agreement between the result of one
measurement and the true value. Accuracy can be divided into
analytical accuracy (“does the test give the same results estimated
purely numerical as on the gold standard?”), and diagnostic accu-
racy (“does the test provide accurate information about diagnosis,
prognosis, risk of disease, and other clinical issues as on the gold
standard?”) (51). The analytical accuracy should ideally be below
+/- 0.2 INR within the therapeutic INR target range (for most
purposes between 2 and 3) (30, 52, 53). The diagnostic accuracy
can be defined as relevant (i.e. not resulting in a change of cou-
marin dosage) using different degrees of agreement (54, 55) or
according to that defined by Poller et al (56), where a deviation of
> 15 % was defined as clinical relevant.

Laboratory, pre-analytical variability

There are several pre-analytical factors, which can cause errone-
ous INR: 1) sampling and blood collection problems, 2) evacuated
tube effects, 3) sodium citrate concentration, 4) storage time, 5)
storage temperature and 6) inadequate sample (27, 57). Item
number 1, 2 and 6 can be substantially reduced, if the samples are
taken correctly. However, it is likely, that they have a major im-
pact in a clinical setting. Since both their impact and methods to
eliminate them are known, they will not be discussed further.
Item no. 3 can be eliminated by using tubes containing coagula-
tion sodium citrate of 3.2 % instead of 3.8 % (28). The storage
temperature has been found to be of minor importance (58).
However, regarding the storage time, dispute exists. In the daily
clinical setting blood samples are frequently sent by mail, and INR
analysis are delayed until the following day (59). Furthermore,
laboratory INR measurements are used as an effect parameter in
PSM trials (60, 61) (llI, IV). Accordingly, this effect parameter has
to be properly validated.

It has been shown that INR remains unchanged if analysed within
24 hours (62-68), whereas other studies have shown time de-
pendent derangements of the measured INR (58, 59, 69) Unfortu-
nately, the published studies (58, 59, 62-67, 70) suffer from vari-
ous methodological shortcomings; e.g. small sample size (66, 67)
or simplified and insufficient statistical analyses (63, 67, 70) result-
ing in non-conclusive results (71). Noteworthy, the studies report-
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ing on no alteration of the INR following a 24 hour storage of
blood samples mainly focus on the effect on the overall mean INR,
and thereby potentially missing crucial and clinical important
changes in each individual patients (58, 69).

Christensen et al (VIl) found in a prospective case-series study no
differences in INR measurements as a result of 24 hours storage.
Advanced statistical analyses were used looking both at mean and
individual INR measurements. The study group consisted of a
well-defined and closely monitored group of patients with only a
few different indications for OAT. However, high external validity
of the study is assumingly maintained because the indications are
not expected to influence the results.

A potential limitation of the study is that only patients on stable
OAT with a therapeutic INR target range of 2 - 3 were included. A
larger variability of the INR could potentially affect the results, e.g.
it may be speculated that high INR values are more susceptible to
24 hours storage of blood samples. Yet, the problem is considered
to be limited since a range of INR values from 1.70 to 5.60 were
included. The conclusions could have been strengthened, if a
larger group of patients had been included and/or a longer obser-
vation period had been applied. Furthermore, in order to docu-
ment that samples are unaffected when send by mail, they should
have been posted and not just stored, since the mechanical han-
dling of the blood-samples is likely to have an impact on the INR
measurements (58). Another potential shortcoming is the use of
one type of thromboplastin and only one laboratory, and the
original WHO method for INR analysis was not used (see below).
However, the applied method used in the laboratory is in coher-
ence with high international standards (see below) (29).

In conclusion, several potential correctable pre-analytical factors
can affect the INR measurements. However, the INR result is
unaffected during 24 hours of storage at ambient temperature.

Laboratory, biological variability

The biological variability comprise factors within the patient that
influence the INR (e.g. vitamin K-dependent factors, calcium,
magnesium), but also the interaction between patient factors and
the PT measurement system (e.g. type of thromboplastin and
reagent used) (30). The biological variability is therefore the
within patient variability, and it is important to estimate and
isolate the influence by this factor as a basis for evaluating a new
method/apparatus for INR measurements. The biological variabil-
ity is found to have a CV of approximately 9 % (53, 72). However,
the pre-analytical and biological variability are often considered as
one parameter (73).

Laboratory, analytical variability

The INR system of PT standardisation was originally based on
manual tilt tube determination of PT’s and envisaged the assign-
ment of a single ISI value for each batch of thromboplastins re-
agent (27, 74). A minimum of 80 fresh plasma samples (20 healthy
donors and 60 patients stabilised on vitamin K-antagonist) should
be used (75). Today however, the manual PT technique has been
almost universally replaced by coagulometers.

Numerous factors can influence the INR measurements (27). The
ISI of thromboplastins reagents often differs according to the type
of instruments used (28). The original reference thromboplastin
was the International Reference Preparation of Thromboplastin,
Human, Combined (coded 67/40) and was established by the
WHO Expert Committee on Biological Standardization in 1976
(74). Subsequent generations of International Reference Prepara-
tion have been made, all calibrated against the original reference

or latter generations, and this provides bias (75). Furthermore,
the ISI value varies; highly sensitive thromboplastins (ISI of ap-
proximately 1) provide more accurate INR measurements than
those with a higher ISI. The thromboplastin also varies in terms of
origin; e.g. coming from rabbit brain, bovine or recombinant types
(1, 75).

The PT can also be measured using different methods; Quick’s and
Owen'’s methods® (29, 76), the latter being predominantly used in
the Nordic countries. Additionally, several other factors have
impact on the INR measurement: e.g. haematocrit, whether
whole blood or plasma analysis is used, matching of the used
thromboplastin, instrument and the ISI, the applied statistics, and
the stability of the patients OAT (29, 57, 63, 77-79).

As shown above, many factors influence the analysis of INR and it
is not an easy task to optimise this and thereby achieving accurate
and precise INR measurements in a laboratory setting. This has
been approached by applying international guidelines to the
laboratories (1).

ISI calibration in a normal laboratory setting is often not possible
since standard thromboplastin reagents are difficult to assess and
there is a requirement for large samples of plasma (28, 75).

In order to reduce the interlaboratory variability and the need for
plasma, methods for local calibration have been developed in an
international collaboration (27, 28, 75, 80).

Accordingly, laboratories can calibrate their own local system
using certified plasma in two different ways:

1) A modification of the WHO method where plasma is assigned a
manual PT value by a reference centre. In the local laboratory
these PT’s are plotted against the local coagulometer and throm-
boplastin combination. The ISl is calculated as described previ-
ously and INR can be determined from the local PT’s and MNPT.

2) Assignment of INR values to a set of plasmas with the manual
method and an international thromboplastin standard by a refer-
ence centre. The PT’s of these plasma’s are measured using the
local coagulometer and thromboplastin combination. The latter
PT’s are plotted against the reference INR’s, and the INR’s of
patients can be interpolated from local PT’s using this line, and
accordingly there is no need for ISI or MNPT determination (direct
INR determination).

The latter is being widely used, e.g. in Denmark, where DEKS*
delivers the PT’s of the certified plasma’s.

The interlaboratory variability has a CV in the ranges of 10 — 20 %
if none of the above methods are applied (28, 75, 80, 81). How-
ever, by using either of these methods, this variability can be
reduced to a CV of 5 — 6 %. The method using direct INR determi-
nation is probably superior in reducing the variability compared to
the other technique (80).

INR determined in the laboratory using a standardised and quality
controlled method (as using calibrated plasma (see above)) is
often used as reference to which all other methods should be
compared (82). However, this is a contentious statement, since
the original method (gold standard) of estimating the INR in a
laboratory is using the WHO reference thromboplastin and by
applying the manual tilt-tube technique (74), not the INR analysed
in a normal laboratory setting. This includes the above mentioned

® The Quick method (first described in 1935) measures the
changes in coagulation factors Il, VIl and X, but is also dependent
on the level of coagulation factor V and fibrinogen. The Owen
method (developed in the 1950’s) uses another dilution and
measures merely the changes in coagulation factors Il, VIl and X.

* Danish Institute for External Quality Assurance for Laboratories
in Health Care (http://www.deks.dk/index.html).




methods to reduce variability. The variability when using other
methods than the original WHO method should therefore be
stated when comparing INR measurements in the laboratory to
other methods (e.g. coagulometers). However, the gold standard
is rarely used.

The quality of day-to-day routine measurements (internal and
external quality control) can be increased through participation in
quality assurance programs, e.g. DEKS. In a scientific investigation,
an increased quality validation is needed. The studies that have
compared the laboratory to other methods (e.g. coagulometer)
are flawed by lack of double measurements/estimations of the
INR on the laboratory (61). Optimally, both within run analyses5
and between run analyses6 should be performed before compari-
son with other methods (e.g. coagulometer). In general, the preci-
sion of a method should be thoroughly estimated before methods
are compared in terms of accuracy (83).

Christensen et al (VI) measured the INR using both non-frozen and
frozen samples, finding a CV of 0.8 and 1.3 %, respectively. No
statistically significant difference in agreement between frozen
and non-frozen was found, hereby providing a basis for compari-
son between the laboratory and coagulometer. A drawback is that
only one laboratory was included, and optimally it should have
been a multicenter study, so the variability between laboratories
would have been estimated. Otherwise, the INR should have been
analysed using the original method (gold standard) as defined by
the WHO (74). However, the CV’s are below the required 3 % (30).
It has been brought forward (April 2009) that the calibrators
delivered by DEKS in the period for the studies by Christensen et
al (VI-VIIl) have not been correct. The calibrator with the high INR
value, which was estimated to be 3.92, was found to be closer to
3.627. All the results published by Christensen (VI-VIII) were there-
fore recalculated accordingly, and it did not have a significant
impact on the results. The conclusions of the published studies
remain unchanged. However, the coagulometers investigated in
study VI were slightly more accurate compared to the laboratory
measurements than previously found®, but also here the conclu-
sion remains unchanged (see below). However, this issue clearly
displays the difficulties in measuring a “correct” INR even when
adhering to high international standards and underlines that
estimating the INR should be done using the original WHO tech-
nique (gold standard).

In summary, various parameters affect the INR measurements.
The correct and most accurate method of estimating the INR is
the original WHO method, which is the gold standard. However,
using certified plasma, the interlaboratory CV is in the range of 5 —
6 %. If this method is not applied by the laboratories their variabil-
ity is even higher (minimum 10 %). It is important to have these
considerations in mind when INR measured in a laboratory is
compared to other methods.

Coagulometer (INR-monitor)
The first study using a fingerstick blood-sample and a portable
coagulometer was published in 1987 (84).

> The two samples analysed immediately after each other.

® The two samples analysed a certain time (e.g. 4 weeks) after the
two first samples are analysed.

’ DEKS newsletter (April 2009).

& After recalculation, the CoaguChek® S and CoaguChek® XS had
31 % and 21 % of all INR measurements deviating 215% from the
non-frozen laboratory measurements, respectively.

Since then several types of coagulometers have been introduced
on the market; e.g. CoaguChek® (Roche Diagnostics, Switzerland),
INRatio® Monitor (HemoSense, Inc., USA), Pro-Time® (Interna-
tional Technidyne Corporation, USA) (13, 61, 85, 86). Other brands
are likely to be introduced.

All the coagulometers work basically in the same way; a drop (10-
30 pl) of capillary whole blood is released by a finger puncture
device and applied on the test strip and inserted into the coagu-
lometer. The clotting process is initiated by thromboplastin and
clot formation is subsequently detected. However, the detection
of the clot is different from one coagulometer to another and
minor differences in terms of function exist. All the coagulometers
are calibrated using lot-specific code chips or stored lot specific
conversion equation. Furthermore, most of them can have both
internal- and external quality control performed.

A more in depth presentation of the functionality and technical
specifications of the coagulometers are discussed thoroughly in
other papers, e.g. (85-87).

Some coagulometers are not included due to the following rea-
sons: simplified versions (Hemochrom Jr and GEM PCL) of the
ProTime®/ProTime® 3 coagulometers (88, 89), the predecessors
to the CoaguChek® in terms of the Coumatrack (Dupont Pharma-
ceutical Co, Delaware, USA) (19, 90-93) and Biotrack 512 (Ciba-
Corning, Massachusetts, USA) (88, 94, 95). Furthermore, the
AvoSure™ PT-Pro (Avocet Medical Inc., California, USA) and Har-
mony (LifeScan Inc., Johnson & Johnson, California, USA) have
been withdrawn from the market (96). Lastly, the Thrombolytic
Assessment System (TAS)/RapidpointCoag™ (Pharmanetics Inc,
North Carolina, USA) is not included since it does not analyse
capillary blood (88, 97-100). The i-STAT® System (Abbott Point of
Care Inc., New Jersey, USA) is a semi-professional system and
accordingly not shown (101). Lastly, only coagulometers display-
ing the result in INR were included. The first introduced Coagu-
Chek® models (CoaguChek® and CoaguChek® S) are no longer for
sale. However, many patients still use them and they were used in
the studies by Christensen et al (I — VIII) and are therefore in-
cluded.

The CoaguChek® coagulometers (CoaguChek®, CoaguChek® S and
CoaguChek® XS) have been intensively investigated both in terms
of accuracy and precision and they are the most used coagulome-
ters in clinical trials (4, 60, 102-104), and in the daily clinical set-
ting (105). The other types of coagulometers have been applied in
only a limited number of studies, and have not yet gained sub-
stantial impact in the clinical setting. Accordingly the main focus
in this section will be on the CoaguChek®.

The variability of the INR measurements depends on the same
pre-analytical, biological and analytical variables as described for
the laboratory. The pre-analytical variability depends on various
things; who (patient or health care provider) that takes the blood-
sample, handling of the test-strips, temperature etc., but the
precise influence of these factors has not been quantified. The
biological part is also the same as mentioned for laboratory test-
ing, except that concomitant use of low-molecular weight hepa-
rin, heamotocrit, fibrinogen level and presence of antiphosphol-
ipid antibodies has a relative large impact on the INR result (79,
106-108).

Studies including other types of coagulometers (INRatio® (Hemo-
sense Inc., California, USA), Pro-Time®/Pro-Time® 3 (International
Technidyne Coporation, New Jersey, USA and SmartCheck INR
System (Unipath, Bedford, England)) (97, 98, 109-114) than the
CoaguChek® are published. The studies are limited in numbers,
and hence firm conclusions are difficult to obtain. However, the
precision and accuracy are in the same range as the CoaguChek®



and the CoaguChek® S, but inferior to the results obtained by the
CoaguChek® XS. The studies including only children will be dis-
cussed in another section (see below).

Several studies has investigating the precision and accuracy for
the CoaguChek® and CoaguChek® S coagulometers (52, 55, 56, 60,
88, 89, 93, 94, 101, 102, 105, 110, 112-152) (VI).

The CoaguChek® XS has a different detection system than its
predecessors (105, 149, 152-157) (VI). The CoaguChek® XS has a
smaller variability and is more accurate than the predecessor
models.

In terms of precision, the CV should ideally be less than 3 % (30),
but the CV is found to range from 1.4 - 8.5 %. In terms of accu-
racy, all the coagulometers, compared to the laboratory, tend to
overestimate the INR when INR measurements are high, espe-
cially above 4.0 (55, 133, 154). A small tendency to underestimate
INR is found when INR is within and below the therapeutic INR
target range (105, 149, 156) (VI)

The dosage of coumarins would have to be changed in 8 - 25 % of
the cases due to potential inaccuracy of the coagulometer (89,
110, 113, 125, 133).

Estimating the precision of a coagulometer provides problems,
since it is not possible to perform ordinary within- or between
runs. Methods to circumvent this have been suggested (30, 158,
159), but none of these methods have been entirely comparable
to ordinary within- or between runs. It is not possible to store the
blood without interfering with the coagulation process, and it is
not possible to reuse the test strip. A feasible method of estimat-
ing the within run imprecision is to perform INR measurements in
duplicates (e.g. using two different fingers), but no established
method exists for between-run estimation.

In terms of estimating the variability, one has to be aware of the
comparator used (laboratory). As stated above, the laboratory
also displays variability, especially since the original WHO method
is only used in a limited number of studies (56, 134). This has to
be taken into account when comparison of accuracy is done, since
it cannot a priori be stated which of the two methods is the most
accurate (30). The interpretation of the results regarding the
potential inaccuracy of the coagulometers has to seen in this
context.

Many of the studies displayed have not used optimal designs, e.g.
most studies used correlation coefficients for estimating accuracy,
and not mean versus difference (Bland—Altman plot) assessing the
mean/median difference (30, 83). Furthermore, by using single
INR measurements comparison instead of multiple comparisons,
the method being investigated is biased.

Other parameters regarding the comparator (laboratory) including
the ISI value, type of quality control performed in the laboratory,
use of calibrated plasma, the number of included laboratories and
the use of automated versus manual detection of clotting time
vary significantly between studies. This should be taken into ac-
count when comparison and interpretation is done. Furthermore,
the definition and use of either analytical- or clinical accuracy
varies, and many of the studies have been supported by the
manufacture of the apparatus (coagulometer), which implies
potential bias.

Some studies have concluded that the laboratories have an equal
interlaboratory variability (CV of approximately 10 %) compared
to that of the coagulometers (76, 160). However, these studies
are potential flawed since they predominantly estimate the vari-
ability of the laboratory from an overall median, and it is not clear
if certified plasma was used. If so, the CV of the interlaboratory
variability is potentially reduced by 50 %.

Christensen et al (VI), found that the CoaguChek® S and Coagu-
Chek® XS had a precision (CV) of 3.4 and 2.3 %, respectively. Ap-
plying analytical accuracy and comparing single measurements,
the INR measurements tended to be lower (0.33 - 0.42 INR) on the
coagulometers, compared to the laboratory. Regarding diagnostic
accuracy, the CoaguChek® S and CoaguChek® XS deviated 2 15 %
from the laboratory measurements in 43 and 40 % of the patients,
respectivelyg. A deviation of 15 % with an INR of 2.5 will provide a
range of 2.125 — 2.875 (+ 0.375 INR), and whether this will in-
crease the risk of thromboembolism and bleeding events is unset-
tled. However, any improvement in accuracy is of cause prefera-
bly. Optimally, the original WHO method should have been used
as comparison, or secondary using several laboratories, so that
the interlaboratory variability could have been estimated instead
of merely using one laboratory. However, a laboratory using the
“direct method” with calibrated plasma was used, and the exter-
nal validity has probably not been severely compromised (28). The
results found by Christensen et al (VI) are comparable to the
results found by Poller et al (56, 134, 161), who used the original
WHO method.

The study by Christensen et al (VI) included a well-defined and
closely monitored group of patients combined with the use of
appropriate and advanced statistical analysis making the internal
validity of the study high, especially by using multiple compari-
sons. Furthermore, the precision of the methods were measured
before calculation of agreement which strengthen the conclusions
of the study (83). Lastly, patients made the measurements on the
coagulometers themselves, thereby reducing the influence of
letting a health care provider do the blood sampling and analysis.
A drawback is that the patients had to be on stabile OAT and with
a therapeutic INR target range within 2 — 3. However, the ranges
of measurements were from 1.70 to 5.60, and extrapolation be-
yond this is not possible.

In the studies reporting the highest reduction of the interlabora-
tory variability, it is still in the order of a CV of 5 %. This figure
should be compared to the inaccuracy found in the coagulome-
ters, e.g. in the study by Christensen et al (VI), and the implication
should be done in respect of this. Even a CV of 5 % of the labora-
tory measurement variability will also result in a less pronounced
inaccuracy when comparing the coagulometer and the laboratory.
It is important to remember that differences in INR using the
same test sample is observed, which is not to be regarded as an
indictment of the INR system, but merely display the variables in
PT testing (27).

In conclusion, several coagulometers are available on the marked
and their precision has generally found to be adequate for clinical
use in patients. Their performance in terms of accuracy has to be
viewed in respect of the inherent inaccuracies of INR measure-
ments. The coagulometers accuracy seems in this respect gener-
ally acceptable and they can be used in a clinical setting. However,
external quality control is essential.

Quality control
Laboratory INR measurements have been standardised worldwide
by extensive international work and has been adapted to exces-
sive quality control (28, 29). This has not been the case with the
coagulometers.

® After recalculation, the CoaguChek® S and CoaguChek® XS had
31 % and 21 % of all INR measurements deviating 215% from the
non-frozen laboratory measurements, respectively.



The manufacturer of the coagulometers provides control-
solutions with a known INR value (internal quality control). The
frequency of performing this quality control varies between 1 - 12
times per year (61, 121, 122, 162, 163) (llI, IV). It only estimates
the functionality of the individual/single device, but does not test
the accuracy (164). Therefore, as a sole quality control it is not
sufficient. An external quality control checking the accuracy has
been recommended (102, 121, 122, 164, 165) (VI), but has not yet
been widely adapted.

This external quality control can be accomplished using different
methods (31, 56, 162, 164, 166-168):

1. Comparing INR from venous samples analysed on the
laboratory with that of the coagulometer

2. Comparing INR from a reference coagulometer with that
of the coagulometer

3. Plasma (with a known INR value) sent from a central
laboratory and compared with the result of the coagu-
lometer

4. Comparing INR measured on a certified (calibrated) co-
agulometer with that of the patients coagulometer us-
ing 5 sets of plasma

Number 1 is generally named the split-sample method (168), but
it is dependent on the quality of the INR measured on the labora-
tory, does neither account for imprecision nor accuracy, is time
consuming and seems not suitable for external quality control.
Method number 2 has the same obstacles as number 1.

Number 3 is the method developed by the UK NEQAS'®, which
provides lyophilized plasma for external quality control to a num-
ber of centres using the coagulometers (166). One sample con-
taining 2 sets of plasma (e.g. send every 3™ month) is provided,
and patients are independently able to perform the control (164,
167). It does estimate imprecision by using two samples, but does
not estimate inaccuracy, since the deviation is based on a devia-
tion from an overall performance. Furthermore, since the report-
ing of results is done centrally, a time delay is present.

Number 4 is the method recommended by the European Action
on Anticoagulation:ll (EAA), who recommends 5 samples at each
time-setting (56, 169). The samples can be delivered by the ECAT
(External quality Control of diagnostic Assays and Tests) Founda-
tion.

The participation in external quality control cost money and is
voluntary, and this contains obvious problems in terms of selec-
tion and uniformity. Obviously, the quality control has to be inde-
pendent of the manufacturers of the coagulometers. The direct
effect in terms of safety and increased quality and hence a re-
duced incidence of complications has not been documented. The
recommendations are primarily based on general assumptions
from different groups (e.g. EAA). Despite the lack of documenta-
tion, external quality control is mandatory (134, 161, 170) (VI).
The method proposed by the EAA is superior, since it takes impre-
cision and inaccuracy into account (170, 171), and the result is
instantly available for the patient, so no time delay is present. Yet,
it has the drawback of demanding considerable resources. How-
ever, both the UK NEQAS and the EAA methods are applicable.
Further trials will hopefully compare methods, optimally by using
clinical endpoints.

% United Kingdom National External Quality Assessment Scheme
for Blood Coagulation.

1 Formerly named European Concerted Action of Anticoagulation
(ECAA).

In summary, quality control is mandatory. Internal quality control
is not adequate, so external quality control is needed. At present
the EAA method seems to be the best method available.

Calibration

Regarding calibration of the coagulometers, it is merely the Co-
aguChek® that has been investigated, hitherto only this coagu-
lometer is discussed. However, the general terms can be extrapo-
lated to other types of coagulometers.

The manufacturer of the CoaguChek® coagulometer calibrates
each lot (batch) of test strips and the corresponding code chip.
The code chips carry the lot-specific information of the calibra-
tion. It is the ISI value, which can be calibrated. It has been advo-
cated, that subsequent calibration of the coagulometers should
and could be performed by the users/authorities (31, 172-174) in
order to provide accurate INR measurements (134). It is possible
to calibrate the CoaguChek® coagulometer using whole blood,
fresh, citrated plasma (128, 172, 173) and even lyophilized plasma
(175). Though possible, it is does not seem feasible. It requires an
ISI calibration for parallel conventional manual PT testing with the
local PT test system (instrument/thromboplastin combination)
and an International Reference Preparation on plasma from the
same whole blood samples used in tests on the coagulometer in
order to comply with WHO guidelines (56). A calibration of each
individual apparatus is therefore not a feasible option (134). Poller
et al (175) has accordingly recommended calibration using lyophi-
lized plasma for the manufacturers of the coagulometers and for
centres involved in regulatory controls or clinical trials. Leichsen-
ring et al (176) performed an ISl calibration on a master lot. This is
an “overall” calibration of the thromboplastin generally used in
the CoaguChek® XS coagulometers and not of the individual co-
agulometers. Others have argued that the CoaguChek® coagu-
lometer with its test strips and code-chips is a local PT-system,
and therefore, calibration can safely be done by the manufac-
turer, and no calibration should take place afterwards (158).
Christensen et al (VI) found it not possible to perform calibration
of the coagulometers using the laboratory as reference, since the
95 % confidence intervals were wide and included zero. An exter-
nal, independent, and thorough calibration is lacking and calibra-
tion is at present solely entrusted to the manufacturer. Since
calibration is not feasible, the use of external quality control
seems even more demanding (see above) and it should optimally
be done as suggested by the EAA.

Type of management

In this section a brief overview of the different models of man-
agement will be provided with the emphasis on the published
randomised controlled trials. There are numerous non-
randomised trials and reviews, and only a brief overview of the
main findings regarding these will be given.

In general, OAT management can be delivered by using one of the
below mentioned methods:

e Routine care (provided by the general practitioner)

e  (Care provided by hospital outpatient clinics (provided by
physicians working at a hospital, but not specialised in
OAT)

e  (Care provided by highly specialised anticoagulation clinics
(provided by a dedicated, specialised clinic where physi-
cians, nurses and pharmacists are trained in the specialty
of OAT)



e  Shared care (a collaboration of conducting the OAT be-
tween the general practitioner and a hospital outpatient
clinic (combining primary and secondary care))

e Use of computer assisted dosing (the dosage of coumarins
is performed using a computer soft ware system)

e  PST (the patient takes the blood-sample using a coagu-
lometer, but the dosage of coumarins is done by a health
care provider)

e  PSM (the patient takes the blood-sample using a coagu-
lometer and perform the dosage of coumarins themselves)
(will be discussed in subsequent sections).

Routine care and care provided by hospital outpatient clinics are
often referred to as conventional management.

However, this is a simplification of a more complex issue; e.g.
computer assisted dosing can be utilised both in routine care, care
by hospital outpatient clinics and PST. Highly specialised antico-
agulation clinics can also be provided in both primary and secon-
dary care, and this makes firm definitions and conclusions regard-
ing the type of management difficult.

Some have advocated that more specialised treatment should be
superior compared to routine care (177-180), while others have
questioned it (181). This statement regarding superiority of spe-
cialised treatment has not been documented in a randomised
controlled trial. However there are numerous non-randomised
trials and they possess inevitable selection bias, so only random-
ised controlled trials will provide solid knowledge. Overall, an
increased knowledge of OAT seems to increase the quality of
treatment (182).

Only a few randomised controlled trials exist regarding manage-
ment; PST was found to be superior compared to routine care
(183-185) and to highly specialised anticoagulation clinic (186).
Holm et al (187) found shared care superior compared to routine
care. Poller et al (188, 189) tested different software systems12 by
comparing them to highly specialised anticoagulation clin-
ics/conventional management in a randomised controlled trial.
They found an overall non significant reduction in clinical events,
but a significant improvement in time within therapeutic INR
target ranges. Wilson et al (190) compared highly specialised
anticoagulation clinics to routine care finding a significant im-
provement in time within therapeutic INR target ranges and pa-
tient satisfaction with OAT in the former group, but no differences
regarding complications.

Claes et al (191) randomised patients into different settings, find-
ing a better quality of treatment mainly as a result of an education
and support programme, and this result is confirmed by Khan et al
(192). Overall, the diversion in opinion is probably due to the
extended use of non-randomised studies, a difference between
countries in the precise definition and function of the type of
management, performance bias in terms of differences in educa-
tion of patients/doctors, and the extended use of surrogate end-
points. However, based on the available data from randomised
controlled trials, the conclusion is that an increased knowledge of
OAT (valid for both patients and health care providers) increases
treatment quality. Furthermore, when comparing PSM to other
types of management, it is important to be explicit on what pre-
cise type of model it is being compared against.

2 pARMA 5 and DAWN AC.

Patients

The studies included in this section are both non-randomised
studies and randomised controlled trials.

PSM should only be offered to patients on long-term OAT (more
than one year), since it requires training (see below) (162).

So far only a highly selected group of patients have been sub-
jected to PSM. The patients have to be compliant and possess
adequate mental and physical abilities to perform a finger stick in
order to obtain a blood sample, operate the coagulometer, per-
form coumarin dosage based on the displayed INR, perform dif-
ferent quality control checks and know when to contact a health
care provider for help or advice.

In a randomised controlled trial or cohort study, the control group
has to be comparable with the PSM group, also with respect of
being qualified for PSM. The number of patients excluded due to
not fulfilling these criteria’s should be documented, and the pa-
tients dropping out of the training should be accounted for by
using an intention-to-treat analysis (61). Since PSM patients rep-
resent a highly selected group it is not possible to extrapolate the
results to OAT patients in general. It is essential to be attentive
regarding the external validity of the studies.

Heneghan et al (193) found that the drop-out was significantly
higher in the PSM group compared with controls. This increases
attrition bias, and thereby limits the external validity of trials.
Most of the studies have included patients with various indica-
tions of OAT, which makes it difficult to extrapolate the results to
a specific patient population (V).

The fraction of patients, who are both physically and mentally
capable of PSM, is difficult to assess. The criteria’s for assessing
eligibility are seldom defined. An objective, uniform and validated
method for assessing eligibility is needed, taking both physical and
mental capabilities, expected compliance and interest in the OAT
into account. In the ESCAT I-study (4) approximately 80 % of heart
valve operated patients were considered eligible, while others
(194-196) have estimated the fraction to vary between 20 — 60 %.
Murray et al (197) found that approximately 16 % of patients
having their OAT controlled by general practitioners were willing
and able to perform PSM with 1 year of follow-up. Fitzmaurice et
al (198) found that only 25 % of available patients could be in-
cluded and thereby randomised, and only approximately 60 % of
these patients completed the follow-up. Gardiner et al (199)
found that 23 % of all patients referred for OAT could actually
perform PSM. In a Cochrane review, it was found that PST or PSM
was not feasible in almost 50 % of all patients (200).

Christensen et al (Ill) found 13 % unqualified for PSM and addi-
tionally 5 % dropped out during training for patients referred to
PSM. The criteria’s for assessing eligibility were clear and repro-
ducible. Studies looking at individual patient characteristics are
needed, and will hopefully clarify some of these aspects regarding
selection of patients (201).

In conclusion, patients subjected to PSM are a highly selected
group of patients. Based on the available data, at most 50 % of
patients prescribed OAT are interested in and qualified for PSM.

Risk factors for complications

For patients prescribed OAT, the major risk factors of throm-
boembolism are: age > 70 year, peripheral/cerebral arterial dis-
ease and INR measurements < 1.5 (202-204). The major risk fac-
tors for bleeding are: age > 65 year, other diseases (heart, kidney,
liver), other medication, poor compliance, alcohol abuse, long
duration of OAT, a high therapeutic INR target range, INR meas-



urements > 4.5, a large variability of INR measurements and for-
mer bleeding events (183, 203-210).

The indication for OAT and the quality of the treatment is related:
patients with mechanical heart valves have relatively few clinical
complications compared to that of patients with atrial fibrillation
and prophylaxis for deep vein thrombosis (211, 212). The risk of
complications is highest during the first 3 months after commenc-
ing OAT (4, 6, 13, 213), probably due to the increased variability of
the INR measurements after commencement of treatment.

In general, higher median INR measurements are desirable, since
the curve of a safe INR interval is skewed, with a higher risk of
complications when the INR is low (214). Christensen et al (IV)
found a higher median INR value and a higher dose of warfarin in
patients performing PSM compared with conventionally managed
patients. No difference was found in patients prescribed phenpro-
coumon. The long half-life of phenprocoumon leads to less fre-
quent dose changes than in the case of warfarin and thereby
requires a longer observation period than that applied in this
study. An explanation for the higher median INR found among
patients in the PSM group could be due to e.g. the inaccuracy of
the coagulometer (used by patients to determine dose adjust-
ments), an increased frequency of testing or an increased patient
knowledge regarding the safe INR interval. Study limitations in-
clude the relatively small number of patients and the short obser-
vation period.

The coumarins are metabolized primarily by the enzyme CYP2C9*
(1), which has a different activity in each patient. The enzyme
exists in different polymorphisms, namely CYP2C9*1, CYP2C9*2
and CYP2C9*3. Patients with CYP2C9*2 and CYP2C9*3 have a
slower metabolism of the coumarins compared to that of
CYP2C9*1 (215, 216). This increases the risk for INR measure-
ments outside therapeutic INR target range, an increased variabil-
ity of INR measurements and an increased risk of bleeding compli-
cations (217-222). A test for this genetic risk factor has been
proposed (223) and to use it for estimation of the warfarin dose
(224). No studies exist regarding PSM and the genetic impact. The
results found in conventional management can probably not be
directly extrapolated to PSM, since the increased frequency of
testing, selection of patients and increased knowledge of OAT
could diminish the genetic impact on the variability of INR meas-
urements. Numerous other factors also influence the dose of
coumarins, such as VKORC1' genotype, diet, age, body mass
index and medication (224-228).

In the last 20 years, six studies have compared the different types
of coumarins. The ones with the longest half-life were superior, in
terms of a more stable therapy, compared to the other; phenpro-
coumon vs. acenocoumarol (212, 229, 230), warfarin vs. phenpro-
coumon (231) and warfarin vs. acenocoumarol (232), and one
study finding no difference in warfarin vs. acenocoumarol (233).
All studies are biased by being non-randomised trials and the use
of primarily surrogate endpoints. Only two studies (229, 231)
included patients performing PSM. Jensen et al (231) found that
despite phenprocoumon patients having a higher time within
therapeutic INR target range and a smaller variability of INR, a
tendency of fewer complications in the warfarin group was pre-
sent, however not significant.

In conclusion, patients on OAT exhibit different risk of complica-
tions. An increased risk is found in patients with an indication for
OAT in terms of thrombophilia and atrial fibrillation, a high co-

Ba subgroup of the cytochrome P-450 system.
1 Vitamin K epoxide reductase subunit 1.

morbidity, old age, specific sets of genotype and potentially the
use of coumains with a short half-life.

Type of training for PSM

In conventional management, training seems beneficial; trained
patients on routine care perform better in terms of an increased
time within therapeutic INR target range compared to untrained
patients (192, 234, 235).

In PSM major differences exist regarding the duration and extent
of the training. One study (236) reported that selected patients on
long-term OAT did not need any specific training (apart from the
function of the coagulometer) to be able to adjust their coumarins
equally as well as done by a highly specialised anticoagulation
clinic. However, the majority of centres have group sessions in-
cluding 4 - 10 patients and consisting of 2 - 3 lectures, each lasting
approximately 2 hours (60, 103, 104, 165, 197, 234). The teaching
lessons deal with the function of the coagulometer and blood
sampling, basic knowledge of the coagulation system and hence
dosage of coumarins. In some centres, the patients commence
PSM no later than 14 days after start of training (60, 103, 104,
165, 234). A training period of three teaching lessons, each two
hours, with just one patient spread out on 27 weeks has also been
used (102, 121, 122) (I-ll1). In this setting, the function of the
coagulometer and blood sampling are trained initially, and the
patient then gradually takes over the management of the OAT.
This provides the basis for appropriate follow-up, and a thorough
and individualised training. A drawback is that many resources
from the centre are being allocated to training, is time-consuming
and it maintains the patient in conventional management for a
long time (27 weeks). No studies have compared group sessions
versus individualised training in PSM.

A complete standardisation of a training program is not advisable,
since older patients need significantly more training time in theo-
retical advising than younger patients (115). The education level
of patients per se does not seem to influence the ability to learn
PSM. However, there is a tendency that patients with a high edu-
cation perform better in terms of an increased time within thera-
peutic INR target range compared to those with a lower education
(237). Considering the increasing population of elderly patients
with atrial fibrillation and the widespread use of OAT, a more
flexible and individualised training program is reasonable.

Many centres supply the patients with a coumarin dosage algo-
rithm (90, 104, 130, 238), since the use of algorithms as guidelines
reflect experience/knowledge collected from many patients.
Others have not used algorithms (60, 121, 122) (I-Ill), since the
dosage adjustment differs from patient to patient. In diabetic
patients a fixed algorithm for insulin dosage adjustment has been
shown to have no or even harmful effect (239). The use of algo-
rithms in OAT has not been tested and documented in the context
of PSM. There is thus a substantial need for investigations looking
at the impact of individualised training taking age, education level
and the use of algorithms into considerations.

The drop-out rate during training varies between 2 - 40 % (60,
165, 197-199), but this figure is highly dependent of the eligibility
criteria’s. In some studies the patients have to pass an
exam/evaluation before they are labelled as qualified to perform
PSM (103, 121, 122, 240) (I-1l1). Intuitively, this seems reasonable,
but the benefit of using such evaluations has not been docu-
mented.

A nationally approved, formalised training program named “The
Association of Self Management of Anticoagulation” (ASA) has
been established in Germany. They also provide training for train-



ers (health care professionals) and they offer a peer review pro-
cedure where centres can be certified (85).

In Britain, guidelines have been published in order to standardise
eligibility of patients, training etc. (162, 241). It is uncertain
whether these models can be transferred to other countries, but
some kind of international standardisation is advisable in order to
increase overall quality (86). Wofford et al (242) performed a
systematic review regarding the best strategies for patient educa-
tion (including both PSM and conventional management), and
concluded that patient education vary greatly in strategy, content
and patient testing. The authors called for more standardisation.
In conclusion, training for PSM is necessary, since the manage-
ment form requires both practical skills and theoretical knowl-
edge. Different training programs can be used. Yet, international
standards could potentially increase overall performance.

Quality assessment of oral anticoagulation therapy in trials

General considerations

The purpose of this section is to describe the different effect
parameters used in trials regarding PSM and their potential ad-
vantages and disadvantages. Hereby, interpretations of the clini-
cal consequences can be done in respect of these issues. The
specific results of PSM trials will not be discussed in this section.

Complications

The incidence of major clinical complications; namely death,
major thromboembolism and bleeding events are generally con-
sidered the best method for quality assessment, and it is used in
large trials as clinical endpoints (4, 198, 202, 206, 243-245).
However, since the incidence of these complications is relatively
rare, more than 1000 patients must often be included in order to
get a statistically valid result. Thus, such studies are obviously
time and resource demanding. Moreover, the definition of major
complications is inconsistent (205, 243, 246-248) and the registra-
tion of all complications in a study population is often insufficient
(249). It can therefore be difficult to perform comparisons be-
tween studies. Finally, patients included in a randomised con-
trolled trial or a cohort study constitutes a highly selected group,
treated and observed under ideal conditions. The quality of the
treatment is therefore often overestimated compared to the
“true” (daily life) picture regarding the incidence of complications
in the target- and sample population (6, 178, 250), displaying the
difference in efficacy versus effectiveness. The use of regis-
ters/databases to investigate the incidence in the whole target
population, and not just in a selected group, is important when
interpretation of the results of a randomised controlled trial or a
cohort study is done.

Minor complications are from a methodological point of view
even more complex to assess than major complications, and they
will not be further discussed.

Variability of INR

The deviation/variability of the INR measurements correlates with
the number of thromboembolism and bleedings events (6, 202,
206, 251, 252), and it has therefore been used as an indicator of
the quality of OAT (60, 104). A high OAT variability (large fluctua-
tions of INR values) significantly increases the risk of bleeding and
thromboembolism (7, 203, 253). Like time within therapeutic INR
target range (see below) it is merely a surrogate endpoint.
Comparison of the deviation using two different methods (coagu-
lometer and laboratory) is an inappropriate effect measure (61)

(V). The comparison of the deviation using two different methods
is biased. Therefore, uniform control (external) INR samples
should be applied. These INR samples should be taken on a regu-
lar basis; every 7" - 14" day seems optimal, although this has not
been documented. Control INR samples in a trial should be send
from various sites to a reference Iaboratoryls, which optimally
should use the original WHO standard regarding INR analysis.

Time within therapeutic INR target range

Studies have demonstrated that the number of complications
increases in parallel with the time patients spend outside thera-
peutic INR target range (247, 249, 252, 254). Although, time
within therapeutic INR target range is a surrogate endpoint, it is
often used for assessing the quality of the OAT (60, 202, 234,
255), since the required number of patients is low, and data is
relatively easy to assess (249).

Time within therapeutic INR target range can be estimated with
various methods giving different results (19, 247, 256-258). Five
different methods have primarily been used, namely cumulative,
cross-section, weeks within range, equidivision and linear interpo-
lation (247, 256, 258). Today, the preferred method is linear in-
terpolationla, the so-called “Rosendaal-method” (257, 258). It is
the most precise method and the most conservative, since it
tends to underestimate time within therapeutic INR target range
compared with the other methods (257). The use of different
methods will make comparison between studies difficult.

The result of time within therapeutic INR target range is highly
dependent on the therapeutic INR target range. All things being
equal, a therapeutic INR target range of 2.0 - 4.0 will provide a
higher time within therapeutic INR target range compared to a
therapeutic INR target range of 2.0 - 3.0. This makes comparison
between studies difficult, since different therapeutic INR target
range are used for similar indications for OAT, both within- and
between countries (4, 122, 255, 259). Time within therapeutic INR
target range is also highly dependent on the frequency of testing
(260). It is higher when the sampling rate is increased; up to two
times per week has been shown to be the optimal sampling rate
in order to increase time within therapeutic INR target range
(260). Oake et al (25) found that nearly 50 % of all major compli-
cations occurred even when the INR was within therapeutic INR
target range, and that time within therapeutic INR target range
correlated with the incidence of thromboembolic events but not
with that of bleeding events.

Wan et al (261) found a significant correlation between time
within therapeutic INR target range and major complication in
non-randomised trials, but a non significant correlation in ran-
domised controlled trials. Wan et al (261) advocated for the use of
time within therapeutic INR target range as an indicator of antico-
agulation control. However, these findings merely confirm the
potential bias using data from non-randomised trials.

Patient satisfaction/quality of life

The quality of treatment can also be measured in terms of patient
satisfaction (quality of life), but it can merely be considered as a
subjective statement and not as a clinical endpoint. If used in
order to get a reliable and reproducible result, it has to be meas-
ured using standardised and validated methods (60, 103) such as

> The same laboratory should analyse all the blood samples, so
that the “between laboratories” variability is eliminated.
'® Divide the time between two measurements in days, and use
small steps of 0.1 INR over the range of the time interval.



the SF-36" (262). A standardised scheme for assessing satisfac-
tion/quality of life needs also to be adapted to the special condi-
tions of PSM patients (263).

Children

Ten trials have tested PST and/or PSM in children (120, 121, 264-
270) ().

OAT in children entails many aspects, which are coincident with
adults, but also aspects, which are uniquely related to this sub-
group of patients. Despite the number of children on OAT being
small they contribute with many ‘treatment years’, since the
condition is often permanent and OAT is started early in life. The
quality of OAT and patient compliance are major determinant
factors for morbidity and mortality (271, 272). Fluctuating INR
measurements entails the need for frequent blood specimens: up
to 4 times a month, with adjustment of the dosage, if needed,
once or twice a month (273). Hence, only 10 - 20 % of the children
can be safely monitored using monthly samples (274). Other
problems exist: concomitant medication, practical problems such
as difficulties in performing venepuncture, interruption of atten-
dance at school, interruption of parental professional engage-
ments, problems when going abroad, and compliance (especially
in puberty) (273, 275). OAT can be optimised in several ways:
using paediatric OAT clinics, social support to the parents, deter-
minations of the optimal therapeutic INR target range and a co-
agulometer for analysing INR at home (PST) (274-276). The quality
of OAT in children has increased during the last decades, and the
incidence of major complications is now comparable to those of
adults (273). However, these estimations are based on a limited
number of patients.

Estimation of time within therapeutic INR target range has been
done in a limited number of studies; Spevak et al (277) found that
only 64 % of the treated children maintained a PT within the
desired range on at least 50 % of the measurements. Streif et al
(278) found, in a paediatric OAT clinic including a total of 319
children, that the percentage of INR measurements within target
range depends on age and therapeutic INR target range; under
the age of 1 year time within therapeutic INR target range was 37
% +/- 16 (mean +/- 1 standard deviation) rising up to 53 % +/- 19
for patients between 13 and 18 years. When looking at the time
within therapeutic INR target range, the figures were 49 % +/- 21,
47 % +/- 18 and 61 % +/- 20 for therapeutic INR target range being
1.4 -1.8,2.0- 3.0 and 2.5 - 3.5, respectively. These findings show
that time within therapeutic INR target range is inversely related
to the age of the child and the therapeutic INR target range.
Twenty-eight of the children performed PST and here 68 % (mean)
of the INR measurements were within therapeutic INR target
range (278).

Seven studies (121, 265-267, 269, 270) (ll) have assessed the
feasibility of PSM in children. In one study (265), only 30 % (six
patients) of the children performed PSM, and no results were
reported for this subgroup. Christensen et al (121) used a case-
series design and it was found that the median time within thera-
peutic INR target range was 65.5 % (range: 17.6 - 90.4 %). The
study has limitations; no control group, lack of information re-
garding basic-, target- and sample population, no information
about medication, number of patients not found suitable for PSM,
drop-out rate during training, a small number of patients (14 in
total) and a relative short follow-up time (547 days, range: 214 -

7 Short Form 36 Health Survey Questionnaire. A validated

method of estimating quality of life.

953 days). The mean age was 9.7 years (range: 2.2 - 15.6 years)
and the therapeutic INR target range was 2.0 - 3.0 and 2.5 - 3.5.
Taking into consideration the age of the patients and the thera-
peutic INR target range, a time within therapeutic INR target
range of 65.5 % is not significantly superior compared to other
types of management (278). Christensen et al (Il) made a long-
term follow-up (mean: 3.6 years) including more patients (N = 22)
than in the previously study (121), finding an improvement in time
within therapeutic INR target range to a median of 73.1 % (range:
30.3 - 91.0 %). This improvement could be due to a time-effect,
but the result is promising in terms of persistence of treatment
quality over time. Furthermore, Christensen et al (121) (ll) pub-
lished some of the first studies testing the feasibility of PSM in
children, and hereby leading the way for making PSM a treatment
option in this group of patients.

The paper by Mahonen et al (267) was also a case-series study
(including 19 patients) with a mean follow-up of 28 months and
the median time within therapeutic INR target range was 69 %. A
major part of the patients found that PSM had major practical
advantages compared with conventional management.

Bauman et al (270) published in 2010 a small randomised con-
trolled trial, where 28 children with congenital heart diseases
performing PST were randomised to either continue with PST or
to commence PSM. Follow-up time was 1 year. No difference was
found regarding time within therapeutic INR target range (83.9
and 83.0 % in the two groups, respectively). However, a higher
quality of life was found in the PSM group. The authors called in
their conclusion for clinical studies with a larger sample size. It is
merely a small study with a highly selected group of children
already performing PST, and the results cannot be extrapolated to
vast majority of children on conventional managed OAT. However,
it can be concluded that PSM is at least as good a treatment op-
tion as PST in selected children. Bauman et al (279) also con-
ducted an observational study with the use of a standardised child
focused educational intervention in order to provide the child and
caregivers an understanding of the use of the coagulometer and
of OAT in general. They found it feasible, providing an increased
knowledge and an increase in time within therapeutic INR target
range. It was concluded, that it could potentially lead to an opti-
mised care and outcome in children on OAT. As in adults, it can be
concluded that an increased knowledge of OAT increases treat-
ment quality.

The different models of the CoaguChek® coagulometers have
been used in paediatric settings (120, 121, 150, 156, 266, 280,
281). It was shown to function well and provide acceptable accu-
rate results compared with the laboratory, and the small differ-
ence between the laboratory and CoaguChek® coagulometers had
no clinical consequences. Yet, Nowatzke et al (266) concluded
that the CoaguChek® coagulometer offered acceptable accurate
and precise measurements, but the performance of the apparatus
should be monitored with regular standard laboratory measure-
ments. Furthermore, high and low INR measurements obtained by
the coagulometer should be controlled by the laboratory, since
agreement between the coagulometer and laboratory decreases
with INR measurements outside the therapeutic INR target range
(266). The new model of CoaguChek® coagulometer (CoaguChek®
XS) was found to be more accurate than the predecessor Coagu-
Chek® S (156, 280). Greenway et al (281) found that the Coagu-
Chek® XS was more accurate compared to the original WHO
method used in the laboratory than when compared to standard
INR analysis in the laboratory. This finding underlines the impor-
tance of using the WHO method as comparison method.



PST has been investigated in four studies (120, 264, 268, 270), and
it has been demonstrated that this is a feasible treatment option
with good results.

These different objections make it difficult to compare the results
of these studies directly with other studies regarding OAT in chil-
dren. It can therefore merely be concluded that PSM is feasible in
a highly selected group of paediatric patients, and the results
seem very promising. Larger studies, preferably randomised con-
trolled trials using clinical endpoints, are obviously needed in
order to elucidate whether these new regimens of treatment are
superior to conventional management of OAT.

Economics

The direct expenses related to PSM are purchase of the coagu-
lometer, finger puncture device, test strips, resources for training
of the patient, staff and equipment of a PSM centre and external
quality control of the coagulometer.

The direct savings regarding PSM are no or a reduced number of
laboratory INR controls and no consultation regarding dosage of
coumarins is performed by the general practitioner/hospital out-
patient clinic/highly specialised anticoagulation clinic. The ex-
penses for PSM depend on the number of patients affiliated to
the centre. The direct expenses related to PSM and other types of
treatment modality have been studied, but controversies remain
(103, 154, 240).

The indirect costs or savings are difficult to assess. It has been
argued that PSM reduces complications and the overall cost
would therefore be reduced (4, 282). This conclusion is based on
many assumptions, estimates, and subjectivity in matters such as
the definition of complications, clinical course of various compli-
cations, finding the patients with complications and costs of
treatment (61).

Cost-effectiveness analyses including the estimated incidence of
complications in the two groups found that PSM is cost-effective
compared to general practitioner/hospital outpatient clinics/
highly specialised anticoagulation clinic (282-284). It is, as men-
tioned above, based on many theoretical assumptions, and only
tested in one randomised controlled trial (285), finding PSM not
to be cost-effective. It has not been investigated in a meta-
analysis due to the inaccuracy and inconsistency of the available
data (61) (V).

Furthermore, the result of this type of analyses can hardly be
transferred from one country to another due to differences in
terms of organisation of the health care system, rehabilitation of
patients with complications, estimation of costs etc. Each country
will have to perform a cost—effectiveness analysis, potentially
done as a Health Technology Assessment, which only has been
done in a few countries, England18 and Denmark™. Both of these
assessments did not find PSM cost-effective.

gy Connock, C Stevens, A Fry-Smith, S Jowett, D Fitzmaurice, D
Moore and F Song. Clinical effectiveness and cost-effectiveness of
different models of managing long-term oral anticoagulation
therapy: a systematic review and economic modeling. Health
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Societal costs are one thing; the individual costs for the patient is
another issue. In some countries (e.g. Germany and Denmark) the
patients have all expenses reimbursed (apparatus, test strips etc.).
In other countries (e.g. Britain, Sweden and USA), patients will
often have to pay for the instrument themselves, while the test
strips are covered by the health care system. The patient saves
money by avoiding transportation and work leave for blood sam-
pling.

In summary, there exists no evidence regarding cost-effectiveness
of PSM compared with conventional management.

Trials

General considerations

In this section, the results of the observational studies on PSM will
be displayed and discussed. Regarding the randomised controlled
trials, the baseline characteristics of these studies will be pre-
sented and the methodological problems regarding the studies
will be discussed. Merely the results regarding INR variability and
quality of life will be discussed, since the remaining of the effect
parameters are incorporated in the section regarding systematic
reviews and meta-analysis.

Observational studies

To date, 14 observational studies (non-randomised trials) have
been published (90, 92, 102, 104, 122, 130, 194, 199, 236, 238,
286-288) (1).

The case-series studies (92, 194, 238, 286-288) (l) have generally
been small size studies (ranging from 8 - 1375 patients (mean: 263
patients, median: 16 patients)) with a short follow-up time (range:
3 - 39 months, mean: 17 months, median: 11 months), primarily
using surrogate endpoints (time within therapeutic INR target
range). There are generally no obvious description concerning the
basic-, target-, sample population and how the sampling of pa-
tients was done. It is a highly selected group, and due to the de-
sign no control group is included. This limits the conclusions that
can be drawn from these studies, and interpretation must be
done with caution. However, it can be concluded that highly
selected patients performing PSM seem to have at least the same
time within therapeutic INR target range (range: 69.3 - 76.5 %) as
that reported in the literature for the wide span of patients man-
aged by general practitioner/hospital outpatient clinics and highly
specialised anticoagulation clinics. Furthermore, it was demon-
strated that PSM is feasible for various indications and in a wide
range of age in selected patients.

Six studies used a cohort design, three being prospective (104,
130, 199) and three retrospective (90, 102, 122) Again, the basic-,
target-, and sample population and the sampling of patients has
not been accounted for. Furthermore, the selection of control
groups was problematic in terms of matching criteria’s. All six
studies were small in size (mean: 36 patients, range: 17 - 84 pa-
tients (in each group)), and with a relatively short follow-up time
(mean: 23 months, range: 8 - 42.5 months) using only surrogate
endpoints. All studies found that PSM patients had a higher time
within therapeutic INR target range than hospital outpatient
clinics treatment, although only three provided a statistically
significant result. In a nested case-control study no difference was
found when PSM was compared with a highly specialised antico-
agulation clinic (236). However, many studies have used a differ-
ent frequency of testing (e.g. weekly versus monthly) between the
different types of management tested. Moreover, different meth-



ods (coagulometer and laboratory) for estimating INR are used
with inherent bias as a consequence (see above).

Minor complications have only been estimated in a few studies,
and the difficulty of estimating these complications makes further
discussion redundant.

The variability of INR has only been tested in two studies (103,
236), and it will therefore not be further discussed.

The estimation of patient satisfaction/quality of life has been
done by the use of stray/random questions using non-validated
and not well-described methods (90, 102, 154) and/or using a
case-series design, e.g. (105, 145, 289). These studies provide
therefore no solid scientific information regarding patient satis-
faction.

In conclusion, due to these specific problems and the general
methodological problems regarding observational studies, conclu-
sion should be drawn with caution. However, the feasibility of
PSM was demonstrated in a wide span of patient categories, and
the quality of treatment is acceptable.

Randomised controlled trials

Randomised controlled trials have many advantages and is con-
sidered as “state of the art”, only exceeded by meta-analysis
regarding the level of evidence.

Sixteen randomised controlled trials (4, 60, 103, 165, 196, 198,
234, 240, 245, 259, 290-294) (lll, IV) has been published. There are
some double publications (other aspects/focus of the paper, but
based on the same patients), and these studies (2, 237, 295, 296)
(IV) have been excluded. However, two studies by Kortke et al (4,
292) are both displayed, due to the divergence in endpoints and
follow-up time. Horstkotte et al (259) merely published an ab-
stract with inadequate presentation of data.

It is obviously not possible to conduct a double-blind study, since
the patient is bound to know what treatment she/he is receiving.
However, it is possible to blind the doctors taking care of the
group randomised to conventional management. Only one study
(234) has used partial blinding, and the risk of performance bias is
therefore potential in the vast majority of studies.

Henaghan et al (193) estimated the drop-out rate in randomised
controlled trials, finding a higher drop-out rate in the PSM group
compared with controls, which inevitable leads to attrition bias.
Further studies are needed to find characteristics of patients not
able to conduct PSM.

In the included trials, the target- and sample population is often
not well-described and there is a variation between the trials
regarding in- and exclusion criteria. Furthermore, the informa-
tion/knowledge of OAT given to the patients shows variation,
both between trials and between randomised groups. A major
problem in many studies is that only the PSM group is being
trained (61).

A total of 3329 patients have been included in a randomised
controlled trial . The studies are small in size (mean: 222 patients,
median: 124 patients, range: 49 - 757 patients (in both groups))
and with a relatively short follow-up time (mean: 12 months,
median: 12 months, range: 6 — 24 months). They are statistically
powered predominantly to surrogate endpoints, except partly for
(4, 198, 245, 292). All the studies reported a good follow-up and
adherence to randomisation. In the calculation above regarding
the number of patients and follow-up time, the study by Kortke et
al (292) has not been included, since it is merely an extension of a
former study (4).

The CONSORT?? statement is used for assessing and improving the
reporting of randomised controlled trials based on the conduction
and design of the study (297), and only a small number of the
trials have complied with these requirements.

Six trials have used the variability of the INR as an effect parame-
ter; two not using external blood samples (245, 294) and four
using it (60, 103) (lll, V). Sawicki et al only took three blood sam-
ples, and no difference was found between the groups (103). The
studies by Christensen et al (llI, IV) found a smaller variability with
PSM compared to conventional management, which was in ac-
cordance with the findings from Cromheecke et al (60). Christen-
sen et al (I, 1V) used one reference laboratory for analysis of INR.
All results were blinded for the investigators during the observa-
tion period, and the effect parameter used was validated in a
subsequent study (VII). The internal and external validity of the
study is therefore high, and the results seem well-founded. When
applied and used optimally (blood-samples taken on a regular
basis and INR estimated at an external laboratory), the variability
of INR can be used as an indicator of treatment quality (Ill, IV).
However, the method is predominantly applicable in trials, and
not in the daily clinical setting.

Quality of life has been investigated in six studies (60, 103, 196,
240, 285, 298). Patients performing PSM seem to have a higher
satisfaction/quality of life than those undergoing conventional
management (60, 103), highly specialised management (196) and
PST (298). Two studies could not demonstrate any difference
(240, 285). The studies have predominantly used non-comparable
parameters, so comparison between studies is difficult (V). Based
on the available data, it can merely be concluded that the patient
satisfaction regarding PSM is equally as good as or perhaps better
than conventional management.

In general, the randomised controlled trials entail various meth-
odological problems, which have to be considered when conclu-
sions are drawn. In general, the internal validity is not optimal,
and the external validity is compromised due to the different
inclusion criteria’s, concept of training, therapeutic INR target
range and management of the control group. It is important to
emphasize that just by participating in a trial the quality of treat-
ment is increased (178) making the application of results to the
standard population of patients difficult (250).

Christensen et al (lll) included 100 patients in a randomised con-
trolled trial, which was not powered for detection of difference in
clinical complications. However, by using a composite score, the
incidence of complications had a significant impact on the surro-
gate endpoints used. The results seem therefore more well-
founded than if solely surrogate endpoints were used. It was
concluded that the quality of PSM was at least as good as that
provided by conventional management.

Based on the results of the low quality studies, no firm conclusion
can be done. However, based on the high quality studies, it can be
concluded that PSM is at least as good as that provided by con-
ventional management.

Reviews, guidelines, systematic reviews and meta-analysis

Reviews and guidelines

Numerous reviews have been published (61, 85, 163, 299-306)
focusing on PSM and/or the use and quality of the coagulometer.
Most of these reviews have been in favour of PSM, but seldom
very objective or sceptical, since no objective and uniform criteria

% consolidated Standards of Reporting Trials.



for inclusion and assessment of trials have been given. This limits
their use as a “scientific tool” compared with systematic reviews.
This also include guidelines (86, 241), which can only serve as a
practical “cookbook” when implementing PSM in a local setting.

Systematic reviews and meta-analysis

The findings from randomised controlled trials that have evalu-
ated the efficacy of PSM compared with conventional manage-
ment have been inconsistent and the scientific basis for imple-
menting PSM can therefore be questioned (61). However,
systematic reviews and meta-analysis are ideal references when
evidence based treatments are to be implemented (307).

Five systematic reviews have been published (200, 308-310) (V).
Siebenhofer et al concluded that PSM is safe, improves treatment
related quality of life and the quality of OAT (309). However, this
review included only four studies of which one was not a random-
ised controlled trial. A similar conclusion was found in a meta-
analysis performed by Odegaard (310). These two meta-analyses
do not bring any new knowledge due to the mixing of observa-
tional studies and randomised controlled trials as well as the lack
of assessment of the methodological quality of included studies
(V).

The remaining three systematic reviews (200, 308) (V) adhered to
the requirement by QUAROM* (311).

Heneghan et al (308) concluded that: ‘Self-management improves
the quality of oral anticoagulation. Patients capable of self-
monitoringzz and self-adjustingzg therapy have fewer thromboem-
bolic events and lower mortality than those who self-monitor
alone. However, self-monitoring is not feasible for all patients, and
requires identification and education of suitable candidates’. This
first part of their conclusion can be questioned, since the quality
assessment of the included trials does not seem optimal (V) and
the distinction between PST and PSM was partly incorrect.

The Cochrane review by Garcia-Alamino et al (200) was done by
the same research group that published the study by Heneghan et
al (308), and it was an updated continuation with the addition of
more trials. They concluded, that: ‘Compared to standard moni-
toring, patients who self-monitor or self-manage can improve the
quality of their oral anticoagulation therapy. The number of
thromboembolic events and mortality were decreased without
increases in harms. However, self-monitoring or self-management
were not feasible for up to half of the patients requiring antico-
agulant therapy. Reasons included patient refusal, exclusion by
their general practitioner, and inability to complete training’.
Christensen et al (V) concluded that: ‘A majority of the existing
trials have various methodological problems. However, self-
management of oral anticoagulant therapy appeared at least as
good and possible better than conventional management in highly
selected patients’. This is a more reluctant conclusion compared
to that of Heneghan et al (308). It elucidates the diversity and the
difficulty in interpreting the results from the randomised con-
trolled trials, when performing a meta-analysis. Christensen et al
(V) made no division regarding thromboembolism and bleeding
complication, which could have been desirable. However, by
pooling these two types of major events a more precise estimate
of risk is found.

The events of death and major complications are relatively high in
the study by M-Jandula et al (245) compared to that of Fitzmau-
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rice et al (198). This could be due to differences in detecting
events or differences of patients and care in the two studies. The
methodological flaws in the included low-quality trials have to be
taken into consideration when interpretations of these are done
(V). The low quality studies found a more pronounced effect of
PSM compared to those of high quality. This is in agreement with
the fact, that high quality trials provide the most realistic estimate
regarding the effect of a new treatment (297).

Including all 14 published studies till now and performing an
updated meta-analysis using the methodology as done by Chris-
tensen et al (V), the overall conclusion does not change. The
results are the same, except that the total number of minor com-
plications becomes significantly lower in the PSM group and the
risk of death becomes non-significant. Overall, the estimate be-
comes more valid as more studies are included. Bradburn et al
(312) have advocated for using the Peto method in a meta-
analysis when pooling rare events (< 1 %). However, using this
method does not change the results. Major complications can be
divided in to thromboembolism and bleeding events. PSM signifi-
cantly reduces the incidence of thromboembolism, but no differ-
ence exists regarding bleeding events. This is in accordance with
the findings in the Cochrane review (200). This is also supported
by the results found by Christensen et al (IV), where PSM was
associated with a higher median INR, and a higher dose of war-
farin compared to conventional management, thereby potentially
reducing the risk of thromboembolism. The incidence of minor
complications exhibited significant heterogeneity in different
trials (198, 245) and asymmetry when analysed in a funnel plot
(V). It may be due to the difficulties in finding and reporting these
complications and variation between the included studies in a
precise definition of these complications (V).

No division is performed regarding minor complications, since
these constitute of merely bleeding events, except for one trial
(165).

The high heterogeneity and the asymmetry in the funnel plot
found in a meta-analysis (V), when analysing time within thera-
peutic INR target range is most likely due to time within therapeu-
tic INR target range being an inappropriate effect measure. Gen-
erally, assessing the quality of treatment using time within
therapeutic INR target range has various limitations (see above).
The conclusion by Christensen et al (V) seems scientifically well-
based, also in an updated edition; the quality assessment of stud-
ies and the analysis is performed conservatively, so that the effect
of the intervention (PSM) is not overestimated.

Therefore, in conclusion; a majority of the existing trials have
various methodological problems. However, PSM appeared at
least as good as and possibly better than conventional manage-
ment in highly selected patients.

CONCLUSION

The clotting activity of coagulation factors Il, VII, IX, and X and CAT
exhibited no variability over a 6-week period. The activity of the
coagulation factors and CAT was significantly associated with the
INR, so these two tests can be used concomitantly and/or inter-
changeably with the INR. Approximately 50 % of the total variabil-
ity of the coagulation factor activities and CAT was reflected by
the INR, whereas the remaining variability was within the subject
(patient). Coagulation factor activities and CAT can therefore
potentially be used to provide further information to the risk of
bleeding and thromboembolism, since almost 50 % of the variabil-
ity within the subject is not displayed in the INR value. Yet it re-
mains uncertain if these methods can predict complications in



individual patients on OAT. Larger clinical trials with a long follow-
up period, preferably using clinical endpoints, are needed in order
to draw any firm conclusions regarding the clinical consequences.
However, measurement of coagulation factor activities and CAT
may improve measurement of coagulation activity in patients
prescribed OAT beyond the parameters currently clinical avail-
able.

The CoaguChek® S and XS coagulometers used for PSM were
found to have an adequate precision. Regarding the accuracy, the
INR measurements tended to be lower on the coagulometers,
compared with the laboratory. A large proportion of the meas-
urements on the coagulometers deviated more than 15 % from
the laboratory measurements. However, only one laboratory was
used for comparison and the original WHO method (gold stan-
dard) for estimating INR was not used. Furthermore, the inherent
limitations of the INR have to be taken into consideration, and the
results have to be viewed in this context. The accuracy of the
coagulometers seems in this respect acceptable and they can be
used in a clinical setting. However, external quality control is
essential.

In the observational studies, it was found that PSM was feasible
and provides satisfactory treatment quality for various indications
and in a wide range of patient age. In a randomised controlled
trial, using a documented blinded composite endpoint, PSM was
found to provide a treatment quality that was at least as good as
that provided by conventional management. Additionally it was
found, that training and implementation of PSM lead to a smaller
variance in INR measurements, a higher median INR and a higher
dose of coumarins compared to that obtained for conventionally
managed patients.

Further evidence was provided in a systematic review and meta-
analysis, where it was documented, that PSM appears at least as
good as and possibly better than conventional management in
highly selected patients.

FUTURE PERSPECTIVES

The future of OAT will probably change in the coming years with
more specialised OAT centres managing/controlling many patients
on OAT, providing a variety of methods of managing OAT within
the centre (e.g. computer-based dosing program, PST and PSM),
which can be offered on an individualised basis (8). The use of
information technology will also increase in the coming years
(313-315), such as interactive anticoagulant home pages, e-
learning, interactive voice response systems, home patient testing
performed by district nurses and dosage provided on-line (188,
289, 315-317).

PSM in these settings seems natural, but the degree of success
depends on many factors, e.g. economy, tradition, trends and
patient demands. However, PSM is rapidly developing and is likely
to grow over the coming years (303). The introduction and distri-
bution of PSM should be based on solid scientific evaluations, and
the studies included in this thesis have enhanced the potential for
making implementation of PSM evidence based.

New anticoagulant drugs will be developed, and an example of
these is direct thrombin inhibitors, that can be administrated
orally and subcutaneously (318-321). Laboratory monitoring of
this treatment is probably not required. However, the initially
most promising oral drug Ximelegatran (Exanta®) was withdrawn
from the marked due to many side effects (322), and a subcuta-
neously administrated drug have in clinical trials been found
inferior compared to coumarins (323). In 2009 the RE-LY study
was published (324), where the oral direct thrombin inhibitor

Dabigatran in different dosages was compared to coumarins in
patients with atrial fibrillation. A reduced incidence of complica-
tions was found, but the results have been debated, e.g. (325).

At present, no universal substitute for coumarins is available. Yet,
it is likely that new drugs will be approved for sale in the coming
years (303, 326). Initially they will predominantly be indicated for
patients with a relative low risk of thromboembolism, e.g. atrial
fibrillation (324), but not for patients with a high risk, e.g. me-
chanical heart valves. Furthermore, many patients already per-
forming PSM will probably continue with this, if they experience
no complications and are satisfied with PSM. Therefore, cou-
marins and PSM as a management option will still be relevant for
many years.

In order to replace the coumarins, the new drugs will have to be
at least as effective and safe in terms of complications, such as
the incidence of thromboembolism and bleedings events (327).
The consideration for the patient is the most important factor:
what is the best-known available treatment. The recommenda-
tions should be based on evidence.

SUMMARY

This doctoral thesis has been materialised under my employment
at the Department of Cardiothoracic and Vascular Surgery &
Institute of Clinical Medicine, Aarhus University Hospital, Skejby,
Aarhus, Denmark.

The thesis is based on eight original articles, all published in inter-
national peer-reviewed journals.

Oral anticoagulation therapy (OAT) with coumarins (e.g. warfarin
(Marevan®) and phenprocoumon (Marcoumar®)) is prescribed
for both prophylactic and therapeutic use to patients at increased
risk of thromboembolism. OAT has a narrow therapeutic index,
and monitoring is based on the International Normalized Ratio
(INR) conventionally determined on citrated plasma obtained by
venepuncture. Based on the INR measurements, health care
providers determine the appropriate dose of coumarins. Hence,
the INR is used as guidance for the coumarin dose.

Optimised management of OAT improves the quality of treat-
ment. A new method is patient self-management (PSM), which
implies that the patient analyses a drop of blood using a portable
coagulometer (INR-monitor). The coagulometer displays the INR,
which the patient uses for dosage of coumarins. A precondition
for this treatment is a thorough investigation of the coagulometer
used.

INR has proven adequate for adjusting dosages. However, it is
doubtful that the level of INR reflects the overall haemostatic
capacity or thrombotic potential of individual patients. Further-
more, the predictive value of the INR in estimating individual
patients’ risk of complications is questionable. Nearly 50 % of all
major complications occur even when the INR is within therapeu-
tic INR target range. Accordingly, it is important to obtain knowl-
edge of parameters that can bring additional information in order
to predict complications. Measurement of continuous calibrated
automated thrombin generation (CAT) may serve as a more sensi-
tive and global haemostatic parameter and potentially with better
performance in predicting risk of complications in patients on
OAT. In addition, coumarins main effect is by depression of the
coagulation factors II, VII, IX, and X. It may be speculated, that
determination of the clotting activity of these coagulation factors
could provide supplementary predictive information regarding
risk of complications. However, in order to be able to predict
complications in the individual patient, it is important to further
characterise these tests; to estimate the variability of these tests



over time, to see if the results are associated with the INR, their
practical and clinical application and whether or not these new
methods will bring additional information regarding the overall
coagulation activity.

The aims of this thesis were to:

e  Estimate the variability of coagulation factors II, VII, IX
and X and continuous calibrated automated thrombin
generation in patients on stable oral anticoagulation
therapy.

e  Compare and evaluate coagulation factor activities (lI,
VII, IX and X) and continuous calibrated automated
thrombin generation with the International Normalized
Ratio (INR) in patients on stable oral anticoagulation
therapy.

e  To assess the variability of INR, coagulation factor activi-
ties, (Il, VII, IX and X) and continuous calibrated auto-
mated thrombin generation during 24 hours of storage
of blood samples at ambient temperature.

e  Estimate the precision and accuracy of the coagulome-
ters used for patient self-management of oral antico-
agulation therapy.

e Determine the feasibility and quality of patient self-
management of oral anticoagulation therapy prescribed
to different patient categories such as mechanical heart
valve patients and children.

e  Compare patient self-management of oral anticoagula-
tion therapy with conventional management in a ran-
domised controlled trial.

e Evaluate the efficacy and safety of patient self-
management of oral anticoagulation therapy in a sys-
tematic review and meta-analysis.

Study | was a case-series study where mechanical heart valve
patients (N = 94) were trained in home blood analysis of INR using
a coagulometer and coumarin dosage adjustment. After training,
the patients were followed by weekly INR measurements. The
mean observation time was 2.1 years (range: 0.04 - 6.2 years), and
the total number of patient-years was 197. The patients were
within therapeutic INR target range for a median of 76.0 % (range:
32.1 - 100.0 %) of the time. There were two major thromboem-
bolic events and five major bleedings events. All the events re-
quired short hospitalisation, and after treatment all the patients
were discharged from the hospital without any sequelae or other
complications. It was concluded, that PSM provided a good treat-
ment quality for mechanical heart valve patients. PSM was consid-
ered an equally as good or potentially better treatment option
than conventional management for selected patients.

Study Il was a case-series study including children (N = 22) with
congenital heart disease. The mean observation time was 3.6
years (range: 0.9 - 5.8 years). The patients were within therapeu-
tic INR target range for a median of 73.1 % (range: 30.3 - 91.0 %)
of the time. None of the patients experienced thromboembolic or
bleeding complications requiring doctoral intervention. It was
concluded that PSM is safe and provides a good quality of treat-
ment in selected children with congenital heart disease.

Study Ill was a randomised controlled trial where 100 patients
were randomised to either PSM (including a teaching program of
self-management followed by 6 months of self-management) or 6
months of conventional management. The primary endpoint was
an intention-to-treat analysis of a composite score combining the
variance of the INR measurements (using a blinded control sample

analysed monthly by a reference laboratory), death, major com-
plications, or discontinuation from the study. Secondary end-
points — assessed in a per-protocol analysis — were the variance of
the INR measurements (using the blinded control sample), and
time within therapeutic INR target range using the INR measure-
ments from the coagulometer and laboratory measurement.
There was no significant difference in the primary endpoint be-
tween PSM and conventional management (composite score 0.16
vs. 0.24, respectively, p = 0.09). PSM was significantly better (0.16
vs. 0.24, p = 0.003) regarding the variance in a per-protocol analy-
sis. The difference in time within therapeutic INR target range was
not significantly better (78.7 vs. 68.9 %, p = 0.14) using PSM. In
conclusion, the quality of PSM was at least as good as that pro-
vided by conventional management.

Study IV used data collected from study Ill. The endpoints were
the variance (median square of the standard deviation) of the INR
measurements, the median INR measurements (using a blinded
control sample analysed monthly by a reference laboratory), and
the dose of coumarins. PSM was associated with a statistically
significant smaller variance of INR measurements, a higher me-
dian INR and a higher dose of warfarin compared to conventional
management. Training and implementation of PSM lead to a
smaller variance in INR measurements, a higher median INR and a
higher dose of coumarins compared to results obtained for con-
ventionally managed patients.

Study V was a systematic review and meta-analysis including
randomised controlled trials with highly selected patients compar-
ing PSM with conventional treatment. Data were extracted in
terms of study characteristics, quality of trials, and outcome
(death, minor and major complications (thromboembolic and
bleeding events) and time within therapeutic INR target range).
Ten trials with a total of 2724 patients were included. Two of the
trials could be classified as high quality trials. Considering all trials,
PSM was associated with a reduced risk of death (Relative Risk
(RR) = 0.48 (95 % Confidence Interval (Cl), 0.29 — 0.79; p = 0.004)),
major complications (RR = 0.58 (95 % Cl, 0.42 — 0.81; p = 0.001)),
and with increasing time within therapeutic INR target range
(weighted mean difference = 6.53 (95 % Cl, 2.24 — 10.82; p =
0.003)). No clear effect was found regarding minor complications
(RR =0.98 (95 % Cl, 0.49 — 1.99; p = 0.96)). It was concluded, that
a majority of the existing trials had various methodological prob-
lems. However, PSM appeared at least as good and possible bet-
ter than conventional management in highly selected patients.
Study VI evaluated the precision and accuracy of the used coagu-
lometers (CoaguChek® S and XS). It was found that the precision
of the coagulometers was adequate, but only the CoaguChek® XS
had a precision within the predefined limit of 3 %. Regarding
analytical accuracy, the INR measurements tended to be lower on
the coagulometers, compared to the laboratory. A large propor-
tion of measurement of the coagulometers deviated more than 15
% from the laboratory measurements. However, only one labora-
tory was used as comparison and the original WHO method (gold
standard) for estimating the INR was not used. Furthermore, the
inherent limitations of the INR have to be taken into considera-
tion, and the results have to be viewed in this context. The coagu-
lometers accuracy seems in this respect acceptable and they can
be used in a clinical setting. However, external quality control is
essential.

In study VIl the aims were to assess the variability of INR, coagula-
tion factor activities, and CAT, during 24 hours of storage of blood
samples at ambient temperature. It was found that patients indi-
vidual INR, coagulation factor activities, and CAT are not signifi-



cantly influenced by 24 hours storage of blood samples. However,
the CAT analyses displayed a trend toward time dependency.

In study VIII the CAT and clotting activity of coagulation factors II,
VII, 1X, and X displayed no variability over a 6-week period. The
activity of the coagulation factors and CAT was significantly asso-
ciated with the INR, so the results of these two tests can be used
concomitantly and/or interchangeably with the INR. Approxi-
mately 50 % of the total variability of the coagulation factor activi-
ties and CAT was reflected by the INR, whereas the remaining
variability was within the subject (patient). Coagulation factor
activities and CAT can therefore potentially be used to provide
further information to the risk of bleeding and thromboembolism,
since almost 50 % of the variability within the subject is not dis-
played in the INR value. This residual variability could therefore
encompass additional information regarding the clotting activity
within the individual patient. Yet it remains uncertain if these
methods can predict complications in individual patients on OAT.
Larger clinical trials with a longer follow-up period, preferably
using clinical endpoints, are needed in order to draw any firm
conclusions regarding the clinical consequences. However, meas-
urement of coagulation factor activities and CAT may improve
measurement of coagulation activity in patients prescribed OAT
beyond the parameters currently clinical available.

ABSTRACT

Oral anticoagulation therapy (OAT) with coumarins (vitamin K-
antagonists) is prescribed for both prophylactic and therapeutic
use to patients at increased risk of thromboembolism. OAT has a
narrow therapeutic index, and monitoring is based on the Interna-
tional Normalized Ratio (INR) conventionally determined on cit-
rated plasma obtained by venepuncture. Based on the INR meas-
urements, health care providers determine the appropriate dose
of coumarins (e.g. warfarin (Marevan®). Optimised management
of OAT improves the quality of treatment. Patient self-
management (PSM) is a new concept where the patient takes an
active part in his or her own treatment. PSM in OAT implies that
the patient analyses a drop of blood using a portable coagulome-
ter (INR-monitor). The coagulometer displays the INR, which the
patient uses for coumarins dosage. It is still not clarified which
subset of patients (in terms of indication for OAT, age, co-
morbidity etc.) that potentially will benefit from PSM, and how
large this potential effect is.

A precondition for a correct dosage of coumarins is a correct
estimation of the INR, and the method and apparatus used for
providing the INR measurements is in this context essential. The
coagulometers used for PSM have not been investigated ade-
quately in terms of precision and agreement, so this is warranted.
INR has proven adequate for adjusting dosages. It is doubtful that
the level of INR reflects the overall haemostatic capacity or
thrombotic potential of individual patients.

Measurement of continuous calibrated automated thrombin
generation (CAT) and coagulation factors activities may serve as a
more sensitive and global haemostatic parameter and potentially
with better performance in predicting risk of complications in
patients on OAT.

We found that the clotting activity of coagulation factors II, VII, IX,
and X and CAT exhibited no variability over a 6-week period. The
activity of the coagulation factors and CAT was significantly asso-
ciated with the INR, so these two tests can be used concomitantly
and/or interchangeably with the INR. Approximately 50 % of the
total variability of the coagulation factor activities and CAT was
reflected by the INR, whereas the remaining variability was within

the subject (patient). Coagulation factor activities and CAT can
therefore potentially be used to provide further information to
the risk of bleeding and thromboembolism, since almost 50 % of
the variability within the subject is not displayed in the INR value.
Yet it remains uncertain if this method can predict complications
in individual patients on OAT. Larger clinical trials with a longer
follow-up period, preferably using clinical endpoints, are needed
in order to draw any firm conclusions regarding the clinical conse-
guences. However, measurement of coagulation factor activities
and CAT may improve measurement of coagulation activity in
patients prescribed OAT beyond the parameters currently clinical
available.

The CoaguChek® S and XS coagulometers used for PSM were
found to have an adequate precision. Regarding the accuracy, the
INR measurements tended to be lower on the coagulometers,
compared with the laboratory. A large proportion of the meas-
urements on the coagulometers deviated more than 15 % from
the laboratory measurements. However, only one laboratory was
used for comparison and the original WHO method (gold stan-
dard) for estimating INR was not used. Furthermore, the inherent
limitations of the INR have to be taken into consideration, and the
results have to be viewed in this context. The accuracy of the
coagulometers seems in this respect acceptable and they can be
used in a clinical setting. However, external quality control is
essential.

In the observational studies, it was found that PSM was feasible
and provides satisfactory treatment quality for various indications
and in a wide range of patient age. In a randomised controlled
trial, using a documented blinded composite endpoint, PSM was
found to provide a treatment quality that was at least as good as
that provided by conventional management. Additionally it was
found, that training and implementation of PSM lead to a smaller
variance in INR measurements, a higher median INR and a higher
dose of coumarins compared to that obtained for conventionally
managed patients.

Further evidence was provided in a systematic review and meta-
analysis, where it was documented, that PSM appears at least as
good as and possibly better than conventional management in
highly selected patients.
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