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Summary

QUESTIONS UNDER STUDY: INR self-testing devices
allow patients on vitamin K antagonists (VKA) to determ-
ine their INR and then have their VKA dose adapted by
a physician (INR self-testing, ST) or adapt it themselves
according to pre-established guidelines (INR self-manage-
ment, SM). The safety, efficacy and advantages of ST and
SM have been demonstrated, but their use remains limited.
In an effort to improve the availability of ST and SM, we
tested the hypothesis that implementing a teaching pro-
gramme for ST and SM in a small structure in common am-
bulatory private practice is feasible, safe and can lead to
high patient satisfaction.
METHODS: Patients on long-term anticoagulation were
assigned to a specific training programme. Patients used
the CoaguChek (S then XS) INR testing system. Technical
problems, adverse events and INR values were then recor-
ded during the first year of follow-up and analysed. Patient
satisfaction data were obtained via a specific questionnaire.
RESULTS: 169 patients were referred and 90 included in
the teaching programme. 80 performed SM and 10 per-
formed ST. 54 patients (60%) returned the 1-year question-
naire with complete INR data available for 35 patients. The
percentage of INR in the target range (target ± 0.5) was
60.6%. The rate of major adverse clinical events (MACE)
was 3.7 per 100 patient-years. The main reported advant-
ages were a reduction in visits to the INR testing facility
and increased autonomy. There was better venous to capil-
lary INR correlation with the CoaguChek XS than with the
S (p <0.025).

CONCLUSIONS: The development in a small structure in
common ambulatory practice of a specific teaching pro-
gramme made ST and SM available to a new patient pop-
ulation. It led to high patient satisfaction, significantly re-
ducing the burden of VKA monitoring. These results were
obtained while preserving the safety and efficacy standards
of VKA treatment and favour greater expansion of ST and
SM programmes.

Key words: oral anticoagulation; vitamin K antagonists;
self-management; INR; education

Background

Chronic oral anticoagulation is prescribed worldwide to re-
duce thromboembolic complications in a variety of clin-
ical conditions. The prevalence of oral anticoagulation is
thought to be between 0.6 and 0.8% in the general popula-
tion, and is reported to be increasing [1–3]. Oral anticoagu-
lation with vitamin K antagonists (VKA) is the gold stand-
ard in long term anticoagulation [4–5]. VKA have a narrow
therapeutic range with loss of efficacy when the dose is too
low and a risk of life-threatening bleeding when it is too
high. The response to VKA treatment is characterised by
wide individual variability due to genetic and environment-
al components. As a result, regular monitoring of coagu-
lation times, i.e. the international normalised ratio (INR),
is mandatory. Conventional management of VKA therapy
therefore involves repeated determination of the INR, re-
quiring venous puncture, and subsequent adjustment of the
VKA dose by a health professional.
INR self-testing devices have become available and enable
patients to determine the INR themselves on a capillary
blood sample obtained from their finger. These devices
have proven to be reliable in determining the INR in clinic-
al conditions with a high level of safety, precision and ac-
curacy [6–9]. The patient can then either ask a physician
or a specialised nurse to determine the dose of VKA on
the basis of the capillary INR (INR self-testing, ST), or de-
termine the dose himself with the help of materials such as
dose adaptation tables (INR self-management, SM). Both
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ST and SM require specific patient training, with additional
teaching in the case of SM. ST and SM were further val-
idated in trials showing that these methods could achieve
results at least equivalent to conventional INR manage-
ment, with improved patient satisfaction and quality of life
[10–13]. A meta-analysis also pointed to a significant re-
duction in thromboembolic events with SM and ST and a
reduction in bleeding episodes with ST, whereas SM was
equivalent to conventional management in this regard [14].
Despite these good results, the development of ST and SM
remains very limited in many countries. Experience with
ST and SM is greatest in Germany. In Switzerland exper-
ience of ST and SM is highly favourable, but its develop-
ment is mainly restricted to the eastern, German-speaking
part of the country [15]. Our practice being based in the
western, French-speaking part of Switzerland, we intended
to provide our patients with the opportunity to benefit from
ST and SM, and therefore designed a teaching programme
for ST and SM in common private ambulatory practice in
Switzerland, with monitoring of clinical outcomes and pa-
tient satisfaction. We report here the first four years of our
experience with the teaching programme.

Methods

We designed a teaching programme for SM and ST. The
teaching facility is a small structure run by a single car-
diologist with his paramedical staff. The programme was
based on current evidence and our experience of clinical
practice. The programme includes 4 sessions. The contents
of each session are further described in table 1. The total
duration of the programme is 5 hours, with the first 4 hours
grouped in the same day to further minimize impact on
time off work and to decrease travelling to reach the teach-
ing facility.

Patients were referred by general practitioners and cardi-
ologists in private practice in the community or from the
Haemostasis Unit of Geneva University Hospital. Patient
information was obtained by means of a specific ques-
tionnaire completed by the referring physician. An initial
20-minute evaluation of each patient was made prior to the
day of teaching to verify that they met all inclusion and
no exclusion criteria for the teaching programme. Inclusion
criteria were the need for long term anticoagulation and
an interest in improving autonomy. Exclusion criteria were
inability to understand the principles of oral anticoagula-
tion or technical inability to perform the test, such as poor
visual acuity, severe tremor and poor coordination. Anoth-
er exclusion criterion was inability to pay for the device,
which is not covered by standard health insurance plans in
Switzerland.

Anticoagulation-related knowledge was evaluated with the
same questionnaire before and after teaching. A sample of
the questionnaire forms Annex 1. At the end of the teach-
ing programme the cardiologist in charge decided for each
patient whether he/she was able to perform SM or not. This
decision was taken on the basis of the patient’s perform-
ance during the interactive teaching programme and re-
quired feedback from the different speakers involved. For
patients judged capable of both SM and ST, their personal
preference was respected. If the patient was unable to per-
form SM it was determined whether he was capable of per-
forming ST. Patients unable to perform ST were excluded.
Patients able to begin with ST or SM were provided with
a prescription for the device and a reference booklet. The
referring doctor was given a report and instructions.
The VKA used was acenocoumarol. We used the Co-
aguChek S portable coagulometer (Roche Diagnostics,
Basel, Switzerland), and its most recent version, the Co-
aguChek XS, as it became available. The CoaguChek XS
presents improvements over the previous version, such as
the use of a thromboplastin with a lower ISI, a test strip
that includes an internal quality control and can be stored
at room temperature, and reduced device size.
In the SM group patients followed an algorithm to determ-
ine dose changes and testing frequency. For this purpose
we used the algorithm developed by Menendez-Jandula et
al. for SM in patients on acenocoumarol [11]. The refer-
ring doctor and the teaching centre remained available for
questions and troubleshooting. In addition, a 24/7 hotline
was made available to the patients with the on call phys-
ician for haemostasis at Geneva University Hospital. Pa-
tient information was forwarded to the hotline service after
teaching to allow for proper management of calls. The first
dose was determined by the referring physician using pre-
vious experience of the patient with VKA when available.
Patients in the self-testing group first called their referring
physician for instructions on dosing and testing frequency
according to the physician’s judgment. They initially called
after each INR test, and later only if the INR was out of
the target range. Three months after the teaching session
a fourth session was held with an open discussion to an-
swer possible questions. The INR obtained with the Co-
aguChek was correlated to a venous INR performed in an
accredited laboratory when starting the experiment, at 3
months and every 6 months thereafter. A venous INR was
also obtained in the event of unexpected results with the
CoaguChek. The venous INRs were determined using a
Sysmex CA-1500 automated system (Sysmex Europe Gm-
bH, Hamburg, Germany) and an Innovin thromboplastin
(Siemens Healthcare Diagnostics, Deerfield, IL). At one
year patients were asked to complete a questionnaire on
their experience with CoaguChek and send a copy of their
anticoagulation booklet. The booklet contains information

Table 1: Teaching programme.

Session Duration Speaker Content
1 90 min Specialised nurse Initial anticoagulation-related knowledge evaluation. Anticoagulation principles. Reference booklet.

2 60 min Medical assistant Practical use of the CoaguChek. Simultaneous laboratory and capillary INR.

3 90 min Medical doctor
(cardiologist)

Anticoagulation principles, common complications, dose adjustment. Pitfalls, frequently asked questions. Final
anticoagulation-related knowledge evaluation.

4
(at 3 months)

60 min Specialised nurse /
medical doctor

Review of the initial experience, questions.
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on daily VKA doses, INR results and venous INR results,
interruptions of treatment for procedures or adverse events,
adverse events and calls to a physician for patients in the
self management group. Further data on adverse events
were obtained from the referring physicians. The inform-
ation was reviewed and analysed. The INRs derived from
the CoaguChek S and XS were then compared to laboratory
INRs by linear regression analysis (Passing-Bablock) and
determination of a correlation coefficient.

Results

The first four years of our experience with the teaching
programme were analysed. During this period, 169 patients
were referred for teaching. After an initial evaluation, 90
patients were included in the teaching programme (53%).
The selection was conducted according to inclusion and
exclusion criteria. After completion of the teaching pro-
gramme 80 patients (89%) were assigned to self-manage-
ment and 10 (11%) to self-testing. No patient had to be ex-
cluded after teaching. The first 49 patients were equipped
with a CoaguChek S, and the remaining 41 patients were
with the latest version of the device, CoaguChek XS, as it
became available.
The 1 year questionnaire was returned by 54 patients
(60%). The data on adverse events, satisfaction with the
teaching programme and satisfaction with self-manage-
ment or self-testing are therefore based on these 54 pa-
tients. A full report of INR values at 1 year could be ob-
tained in 35 of the patients who returned the questionnaire
(65%), totalling 35 patient-years of follow-up. The analys-
is of INR percentage in the target range was conducted on
these data. The patient demographics and other character-
istics are summarised in table 2.
Table 3 summarises testing frequency and the proportion
of INRs in the target range (target ± 0.5). The proportion
of INRs in the ‘extended’ target range (target ± 0.7) is also
given. The INR testing interval is reported separately for
the first month and for the overall programme, since INR
testing frequency was substantially higher during the first
month and stabilised at a lower level thereafter.
The adverse events analysis was performed on a follow-up
of 54 patient-years. There were 9 adverse events, 2 throm-
botic and 7 haemorrhagic. 7 of these adverse events could
be treated in the ambulatory setting (6 minor bleedings,

Figure 1

Scatter plot with Passing-Bablock fit.

1 deep venous thrombosis), whereas 2 required hospital-
isation and were considered major adverse clinical events
(MACE). The first hospitalisation occurred for a cerebro-
vascular accident, the second for a haemorrhage that re-
quired transfusion. Both MACE occurred despite a venous
INR in the target range. The rate of MACE was 3.7 per 100
patient-years. There was no death from any cause.
In the self-management group, 50% of the patients called
their physician for help with INR management at least once
during the 12-month follow-up. 16% of the patients exper-
ienced a technical problem with the device. All problems
could be solved. Most cases were user-related and solved
by repeating the step-by-step instructions for use. Some pa-
tients experienced problems when trying to use the device
at an external temperature outside the recommended range.
In one case the device failed and had to be replaced. The
24/7 hotline was never called.
The average performance on the knowledge test was 9.1
points out of a maximum of 14 before teaching and 12.8
points after teaching. On a scale of 1 to 4, 4 being the
highest, the mean satisfaction with the teaching programme
was 3.6. 91% of the patients rated the number of sessions as
appropriate. Patient satisfaction with SM and ST was high,
with most patients reporting decreased stress when trav-
elling, less stress associated with venous puncture, great-
er autonomy and an on the whole time-saving experience.
Patient satisfaction with the teaching programme was also
high. These results are further detailed in table 4.
The correlation analysis was based on 141 paired INRs,
78 for the CoaguChek S and 63 for the CoaguChek XS.
The overall R-squared correlation coefficient was 0.871. A
Passing-Bablock regression analysis is presented in figure
1. Accuracy was higher with the CoaguChek XS than with
the CoaguChek S (R-squared correlation coefficient 0.897
versus 0.871, p <0.025).

Discussion

INR self-testing (ST) and INR self-management (SM) have
been expanding as an alternative to the conventional man-
agement of anticoagulation. Initial investment is necessary
with both ST and SM. First, the patient needs to be
provided with a testing device. In our experience the cost
of the device and testing strips had to be borne by the pa-
tient, because standard health insurance plans in Switzer-
land do not cover these costs. This accounts for most of the
impressive 47% dropout rate between referral and inclu-
sion. The coverage varies between countries, from no cov-
erage to partial coverage, age-group specific coverage (i.e.,
paediatric patients in France) or full coverage (Germany).
The trend is clearly towards better coverage, making ST
and SM a choice available to more patients.
Another initial investment is the teaching that ST and SM
require. Our goal was to design a teaching programme that
could provide good patient satisfaction and reproduce the
good results that were reported in major ST and SM tri-
als [10–13]. Our programme is consistent with available re-
commendations for SM teaching [16–17]. Patient selection
is of crucial importance. We used the selection criteria de-
scribed earlier and experience of the teaching programme
helped us to better predict what patients would benefit most
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from SM. The patients that turned out to be unable to per-
form SM after teaching but able to perform ST were all
early patients. We also became more selective with overtly
anxious patients, since they can be destabilised by the in-
creased autonomy and responsibility associated with SM
and tend to repeat testing inappropriately in a desire for re-
assurance. This initial selection appears to be effective in
minimising that problem, the overall testing frequency in
our experience being slightly lower than the recommended
testing frequency.
The high patient satisfaction with the teaching programme
possibly reflects the special attention paid to providing
time for discussion and individual questions. The 4th ses-
sion at 3 months involves a second visit to the testing fa-
cility but was found to be useful by patients and trainers as
an opportunity to review the many questions that arise only
after an initial period of practical experience. The know-
ledge test results improved after teaching, but the teaching
programme is best evaluated by efficacy and safety criteria,
in this case the percentage of INRs in the therapeutic range

and the rate of adverse events. The overall percentage of
INR in the therapeutic range, derived from a meta-analysis
of SM and ST studies, was 61.6% for SM and 55.1% with
conventional management of the INR in anticoagulation
clinics [14]. In the more recent THINRS study, time within
the target INR range was 62.4% in the conventional man-
agement group and 66.2% in the ST group [13]. The over-
all percentage of INRs in the therapeutic range of 60.6% in
our experience is therefore within the expected range on the
basis of available evidence. The observed rate of MACE of
3.7 per 100 patient-years is also within the expected range
on oral anticoagulation [14]. The rate of MACE on oral an-
ticoagulation reported in the ACOA study ranged from 2.2
per 100 patient-years in the SM group to 7.3 in the conven-
tional management group. [11]
As expected, patient satisfaction with SM and ST was high,
with most patients reporting a time-saving, stress-reducing
experience providing them with more autonomy. The in-
dividual comments allowed us to gain more insight into
the patient experience. Many, for instance, appreciate being

Table 2: Patient demographics (n = 54).

SM ST Total
N 48 6 54

Sex (M:F) 29:19 3:3 32:22

Age (mean ± SD) 57.6 ± 13 64.6 ± 12 58.6 ± 13

Indication for VKA

Rhythmic (AF / flutter) 16 2 18 (33%)

Mechanical valve 17 1 18 (33%)

Years 1–3
Year 4

6
11

1
0

7 (20%)
11 (58%)

Recurrent DVT / PE, CVA 15 3 18 (33%)

Duration of prior VKA therapy mean
(median) (days)

1643 (682) 390 (180) 1515 (600)

AF: atrial fibrillation; DVT: deep venous thrombosis; PE: pulmonary embolism; CVA: cerebro-vascular accident

Table 3: INR testing frequency and results.

SM ST Total
N (patients) 30 5 35

INR testing interval (days)
Median (IQR)

Month 1 6 (3.8–7.5) 7.5 (6.4–8.1) 6 (3.8–7.5)

Global (month 1–12) 7.5 (7.2–14.4) 7.5 (5.6–12.7) 7.5 (7.2–14.4)

INRs in the therapeutic range (%)

Strict: INR 2.0–3.0 or 2.5–3.5 (n = 9)

Mean (SD)

Median (IQR)

60.0 (10.4)
59.8 (50.1–68.6)

64.4 (12.7)
70.5 (60.7–72)

60.6 (10.7)
61.5 (50.3–70.4)

Extended (strict ± 0.2)

Mean (SD)

Median (IQR)

74.2 (10.8)
74.4 (69.2–81.1)

80.94 (15.7)
88 (78.6–90)

75.2 (11.6)
75.9 (69.2–83.7)

SD: standard deviation; IQR: interquartile range

Table 4: Patient satisfaction.

SM ST Total
N (patients) 48 6 54

Overall satisfaction with the teaching programme
(scale of 4)

3.6 3.4 3.6

“The number of sessions is appropriate” 91.6% 83.3% 91%

“After the teaching, I feel reassured regarding
adverse events”

98% 100% 98.2%

“The CoaguChek device is easy to use” 95.9% 100% 96%

“The stress associated with venous puncture is
reduced”

71.4% 83.3% 72.7%

“The frequency of medical visits is reduced” 95.9% 66.7% 92.7%

“I feel reassured when travelling” 87.8 100% 89.1%
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able to determine the INR easily when they have a doubt
or need to be reassured. This may happen in the case of a
minor bleed after inadvertently modifying the dose or after
eating a meal they suspect to be unusually rich in vitamin
K. These settings are not strict medical indications for ex-
tra monitoring of the INR, but for many patients the imme-
diate availability of the test may improve the relationship
they have to their disease and its treatment.
Though the 24/7 hotline seemed important to us when
starting the programme as an additional safeguard, the ab-
sence of calls in four years prompted us not to maintain it.
This may facilitate implementation of other similar teach-
ing programmes, as the obligation to ensure 24/7 support
may be viewed as a heavy burden on health practitioners.
The correlation between laboratory and CoaguChek INRs
in our experience was close to that reported in validation
studies for the device [8], with significantly higher labor-
atory to CoaguChek correlation with the newer version of
the device, the CoaguChek XS. These results are consistent
with available data [18]. The CoaguChek XS is therefore
progressively replacing the CoaguChek S in our practice.
There are limitations to this study. First, the lack of a con-
trol group obliges us to refer to benchmark trials to put the
results in perspective. It must be borne in mind that our
objective was not to validate ST and SM against conven-
tional management, as there are now strong data address-
ing this question [10–12, 14, 19], but to evaluate the im-
plementation of a new ST and SM programme. Further, the
INR analysis is performed as a percentage of INRs in the
therapeutic range, which is imperfectly correlated with the
actual time spent in the therapeutic range. The return rate
of the questionnaire was 60%, which is not unusual for a
questionnaire but implies that 40% of the patients were not
included in the analysis, possibly significantly modifying
the results. More reliable patients may have been selected
by the questionnaire. Similarly, a complete record of INR
values was available only for a subset of patients. MACE
are not concerned, as additional information was obtained
from primary care physicians. Finally, the study was lim-
ited to the first year of ST and SM, and does not assess the
sustainability of the results after the first year. Additional
training or spotcheck supervision may be required for some
patients in order to maintain the same level of performance
over time. This would need to be investigated in a future
study.
The future of long term oral anticoagulation is bright, with
new molecules such as dabigatran and rivaroxaban being
now close to market approval in some of the classical in-
dications for VKA treatment [20–22]. These new oral an-
ticoagulants offer the substantial advantage of requiring no
routine monitoring of coagulation tests or plasma concen-
trations. It is therefore legitimate to anticipate that they
may progressively supplant VKA in most of their major
indications, reducing the need for INR ST and SM. This
will certainly take time, however, as this step by step ap-
proach in broadening indications has not reached some of
the high-risk patient groups, such as mechanical valve pa-
tients. These patients tend to be good candidates for SM as
mechanical valves are typically implanted in younger pa-
tients more likely to match the inclusion criteria for SM.
The increase in the proportion of mechanical valve patients

in our experience from 20% in the first 3 years to 58% in
the fourth year may be explained by steadily growing con-
fidence in the programme and by optimised patient selec-
tion. We remain confident that there is a future for ST and
SM, and welcome every opportunity to improve clinical
outcomes and quality of life in patients on chronic oral an-
ticoagulation.
In conclusion, the INR self-testing and self-management
programme described could be implemented and led to a
high level of patient satisfaction. Based on the data collec-
ted during the experience, these good results could be ob-
tained without a price in terms of safety and clinical effic-
acy, and militate in favour of greater expansion for ST and
SM.
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Annex 1

Sample questions from the questionnaire on
anticoagulation-related knowledge.

1) When the INR goes up, the blood gets
a) Thicker
b) Thinner

2) True or false – When travelling, the prothrombin ratio
is a better test than the INR to check how thin the blood is.

a) True
b) False

3) True or false – When starting a new treatment with
acenocoumarol, the maximal effect is reached in less than
2 hours.

a) True
b) False

4) True or false – When changing the dose of
acenocoumarol, the maximal effect of the dose change is
reached after less than one day.

a) True

b) False
5) The antidote to acenocoumarol is:

a) Heparin
b) Vitamin K
c) Aspirin

6) What factors may affect the effect of acenocoumarol
on the blood?

a) Aspirin
b) Alcohol
c) Paracetamol (acetaminophen)
d) The diet

7) What is the usual targeted INR value range when
taking acenocoumarol?

a) INR 1.0–2.0
b) INR 2.0–3.0
c) INR 3.0–6.0
d) INR 5.0–7.0
e) INR >7.0

8) As compared to an INR of 2.0–3.0, the risk of
developing blood clots at an INR <2.0 is:

a) Lower
b) Higher

9) If the INR is too high, there is an increased risk of:
(check all true answers)

a) Muscle ache
b) Blood in stools or urine
c) Nosebleed or bleeding gums
d) Lung infection
e) Bruises

10) As a general rule, how often should the INR be
checked at home?

a) Every month
b) Every three months
c) Every week

11) While on acenocoumarol, your INR is 2.5 while it was
2.7 a week ago. Your target INR range is 2.0–3.0. What
should you do?

a) Increase the dose of acenocoumarol
b) Repeat the test two days later
c) Keep the same dose and repeat the test a week later

12) What should be written in the anticoagulation booklet?
(check all true answers)

a) The result of the INR test
b) The target INR range
c) The daily dose of acenocoumarol

13) A patient on acenocoumarol has a headache. What
would be the most appropriate pain killer?

a) Aspirin
b) An anti-inflammatory drug
c) Paracetamol (acetaminophen)

Original article Swiss Med Wkly. 2011;141:w13199
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