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Summary

QUESTION UNDER STUDY: Prospective validation of
two algorithms for the initiation of phenprocoumon treat-
ment.
METHODS: Inpatients with new-onset anticoagulation
were randomised to one of two computer assisted dosing
algorithms, or to a control arm. The primary outcome
measure was the time to achieve therapeutic anticoagula-
tion without overshooting (INR >4.0 within 10 days). Sec-
ondary outcomes included overshooting INR values, death,
or bleeding within 30 days. In addition, predictors of the
dosing algorithms for the loading dose and the maintenance
dose including genetic parameters were reassessed.
RESULTS: 105 patients were randomised to arm A, 103 to
arm B and 93 to the control arm. Arms A and B needed a
median of 7 days to reach a therapeutic INR, arm C 6 days
(p = 0.5). Overshooting INR was observed in 3.8%, 1.9%
and 4.3% respectively (p = 0.6). Bleeding was found in 0%,
1.9%, and 5.4% (p = 0.06) and 30-day mortality was 0%,
1%, and 2.2% respectively (p = 0.2). VKORC1:c.-1639
G>A was associated with lower loading doses whereas
VKORC1:c.-1453 G>A needed higher doses.
VKORC1:c.-1639 G>A was also associated with lower
maintenance doses.
CONCLUSION: Both algorithms allow safe initial dosing
of phenprocoumon but they are not superior to anticoagula-
tion by trained physicians. Dosing aids for coumarins with
readily available clinical parameters may nevertheless be
helpful for use in polymorbid hospitalised patients. Clinic-
al data and the INR-response to treatment provides power-
ful information and delaying initiation of anticoagulation
while awaiting genetic tests is not expected to increase drug
safety.

Key words: randomised controlled trial; phenprocoumon;
oral anticoagulation; coumarin; initiation of treatment;
dosing; drug safety; hospital; pharmacogenetics; VKOR;
loading dose; maintenance dose

Introduction

Coumarin derivatives are still the drugs of choice for long-
term treatment and prevention of thromboembolic events,
because they are cheap and highly effective for the treat-
ment and prevention of deep venous thrombosis, pulmon-
ary embolism, and embolic stroke [1–3]. In many European
countries phenprocoumon is the predominantly used anti-
coagulant. The management of anticoagulation with phen-
procoumon is challenging because of its narrow therapeutic
range and wide interindividual variation in dose demands.
In addition, the onset of action is typically delayed due to
the long half-life of the intact coagulation factors in the cir-
culation. Unless an initial loading dose is given, the on-
set of action is further delayed due to the prolonged time
to reach therapeutic drug levels owing to the drug’s long
half-life (110–130 h) [4–6]. The following main causes
contribute to interindividual variability in dose demands:
differences in the volume of phenprocoumon distribution,
differences in drug metabolism and differences in the con-
centrations of reduced (active) vitamin K.
More than 99% of phenprocoumon is bound to serum albu-
min and only unbound coumarins contribute to the antico-
agulant effect. One main determinant of the loading dose is
therefore total body albumin content, which has to be sat-
urated during the loading phase.
In comparison, drug elimination by metabolising enzymes
is the main determinant of the maintenance dose, because
during steady state conditions the maintenance dose has to
equal drug elimination. Drug elimination depends on the
activity of the metabolising enzymes, which may vary with
age, drug interactions or genetic factors such as the CYP
450 genotype [7–11].
However, variable drug requirements can also be caused by
differences in drug susceptibility at the site of action. One
central pharmacodynamic factor for coumarins is the avail-
ability of reduced vitamin K, which depends on diet but
also on the activity of vitamin K epoxide reductase com-
plex 1 (VKORC1) [12]. Single-nucleotide polymorphisms
(SNPs) of this gene have been shown to reduce the activ-
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ity of this enzyme [13–16]. Several other allelic variants of
genes have been proposed as associated with either altered
drug elimination or drug susceptibility [7, 13,16–23].
Given the complexity of these issues, inexperienced phys-
icians often have difficulties in safely initiating treatment
with phenprocoumon. A model for prediction of the load-
ing dose with phenprocoumon is therefore desirable. Once
a steady-state has been reached, future doses will be more
easily predicted on basis of the response to past doses. In
a retrospective study of 300 medical and orthopaedic inpa-
tients we previously developed two dosing algorithms for
initiation of anticoagulation with phenprocoumon based on
clinical predictors such as age, body weight, and readily
available laboratory values [24]. The aim of this prospect-
ive, randomised interventional study was to validate the ef-
ficacy and safety of the two dosing algorithms compared to
“conventional dosing” by staff physicians in medical and
orthopaedic inpatients. Further aims were to improve these
algorithms and to assess the additional predictive value of
genetic markers.

Patients and methods

This was a single-centre, randomised, controlled study of
two algorithms for initiation of phenprocoumon. All med-
ical inpatients irrespective of the indication for anticoagu-
lation and patients undergoing hip- or knee-replacement
surgery of the orthopaedic department of the St. Gallen
Cantonal hospital, a 9,700-bed tertiary care hospital in east-
ern Switzerland with new-onset oral anticoagulation were
eligible for participation in the study. Recruitment took
place between January 2007 and December 2009. Patients
were excluded if they had been under oral anticoagulation
less than 6 weeks prior to the index hospitalisation or if
they received vitamin K supplements within one week be-
fore anticoagulation was started. Patients were also ex-
cluded if they were aged below 18, pregnant, unwilling or
unable to give informed consent, had liver cirrhosis other
than Child grade A, contraindications to anticoagulation or
insufficient communication skills in German, French, Itali-
an, or English. The study was approved by the institutional
review board.
Patients were automatically randomised to one of three
arms without stratification using a computer-based system
integrated into the clinical information system Phoenix (R)
(Parametrix, Lachen Switzerland). In arm A phenprocou-
mon was dosed using the algorithm based on albumin and
clinical data, in arm B using the algorithm based on clinical
data only, and into arm C dosing was at the physicians’
discretion. The algorithms have been described elsewhere
[24]. In brief the dose-finding process used the same vari-

Figure 1

Revised dosing algorithm for day 1.

ables (except for amiodarone) as outlined in figure 1 of the
present article for arm B. The algorithm for arm A was
identical to arm B except for the categorical use of albu-
min instead of age in the left-hand table and an addition-
al dose-reduction for age >60 in the ‘comorbidity’-list. For
arms A and B the computer program provided doses for
three days on day one, and when the INR of day 4 was
entered the system provided doses for the next two days.
The review board requested that all participating physi-
cians be trained in best practice of anticoagulation. Fur-
thermore patients with concomitant anti-platelet treatment
(mainly aspirin and/or clopidogrel) and patients within one
week after orthopaedic operations were only allowed to re-
ceive a cumulative maximum dose of 3 pills (3 mg per
pill) during the first 3 days, due to safety concerns. Clin-
ical, drug and laboratory data were extracted by chart re-
view. After 30 days patients were contacted and asked to
provide a copy of the anticoagulation booklets (doses and
INR). If the booklets were not available from patients their
physicians were contacted and asked to provide informa-
tion on clinical course and INR values. Family physicians
were also asked to obtain blood for genetic analyses. Un-
fortunately this blood was only provided for some half of
patients. Genetic analyses were performed as previously
described [16, 25]. For the duration of the patients’ hospit-
alisation INR was measured from citrate plasma using the
thromboplastin reagent Recombiplastin 1 (Axon Lab AG,
Baden, Switzerland) on the automated coagulation analyz-
er ACLTOP 700 LAS (Axon Lab AG, Baden, Switzerland).
After discharge INR-measurements were usually per-
formed by family physicians.

Outcome parameters
Outcome parameters were assessed by chart review. The
primary outcome measure of the prospective study was the
time to achieve therapeutic anticoagulation (loading phase)
without consecutive overshooting of INR. Secondary out-
comes included overshooting INR-values, death, or bleed-
ing within 30 days. The duration of the loading phase was
defined as the number of days to reach the first INR >1.9.
Bleeding during anticoagulation was the main adverse out-
come variable. Major bleeding was defined as death due
to bleeding, intracranial haemorrhage, need for (re-)oper-
ation, fall in haemoglobin by >20 g/l and/or the need for
blood transfusions. All other bleeding episodes were con-
sidered to be minor. Overshooting of INR attributed to the
loading dose was defined as an INR >4.0 within 3 days
after the loading phase.
In addition, predictors of the dosing algorithms for the
loading dose and the maintenance dose including genetic
parameters were reassessed. Since we intended both a safe
and a rapid loading phase the goal was to achieve thera-
peutic INR values within about one week without over-
shooting. We therefore had to estimate the ideal individual
loading dose, which would result in a therapeutic INR if
it was given within 6 days in the same patient in a similar
situation. If a therapeutic INR was reached by this time the
observed cumulative dose directly equalled the individu-
al loading dose. If the loading phase was prolonged or if
overshooting of INR was observed the observed cumulat-
ive dose had to be corrected for drug metabolisation dur-
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ing this prolonged period, or overdosing as previously de-
scribed [24].
The individual maintenance dose was defined as the aver-
age daily dose in a stable phase of therapeutic anticoagula-
tion after the loading phase.

Statistics
In our retrospective study 58% of patients reached thera-
peutic INR levels without overshooting or complications
within one week. In order to detect a 15% change in this
endpoint with a power of 80% a sample size of 155 patients
for each study arm was determined. Categorical variables
are expressed as absolute numbers, rates or percentages and
compared using Fisher’s exact tests. Continuous variables
with approximately normal distributions are expressed as
means and standard deviation, and compared using Stu-
dent’s t-tests or ANOVA (if more than two groups were
compared). If normality was questionable they are presen-
ted as medians and interquartile range and compared using
Wilcoxon’s rank-sum tests or Kruskal-Wallis tests respect-
ively. Missing information for genetics and doses were
considered to be missing at random. This assumption was
corroborated by a comparison of loading doses and main-
tenance doses between patients with and without genetic
variables which yielded no statistical differences. The mod-
els from our derivation algorithms were repeated by linear
regression and assessed for their explanatory power using
the adjusted R2. New parsimonious models both for the in-
dividual loading dose and the individual maintenance dose
were derived separately with and without genetic informa-
tion using a backward selection method. Additional mod-
els using the predicted dose for the first three days and
the most recent available INR were further built for days
4 and 6 in order to define the residual dose demands at
these time points. INR measurements and phenprocoumon
doses were used as time-dependent variables. All other
variables (age, gender, height, weight, active alcohol ab-
use, current smoking, diabetes, congestive heart failure,
COPD, cholestasis, active cancer, malabsorption, vomiting,
diarrhoea, and liver cirrhosis, albumin, creatinine, genetic
information and comedication [antibiotics, platelet inhib-
itors, corticosteroids, amiodarone, as well as inducers and
inhibitors of the cytochrome P450 3A4 and/or 2C9 within
two weeks before the onset of anticoagulation]) were con-
sidered to be time-constant. Statistical calculations were
performed using SAS 9.2 (SAS Institute, Cary, NC, USA).
All significance-tests were two-sided with a p-value <0.05
indicating statistical significance.

Derivation of the revised dosing algorithm
To avoid overdosing a conservative algorithm was chosen.
Therefore the dose for the first three days aimed at the
10th percentile of the loading doses for each group, and
subsequent dosing steps aimed at the 25th percentile of
the residual dose-distribution at the respective time point.
This approach was chosen because on day one the predict-
ive power of the model was still low and thus the unex-
plained variation of loading doses was still broad. At each
subsequent dosing step the biological response of the INR
to phenprocoumon could be incorporated into the models

which substantially improved the prediction and reduced
the residual variability of the remaining dose-demands.

Results

Inclusion was attempted in 348 patients and 301 patients
were randomised to one of the management arms. An over-
view of the study protocol is presented in figure 2.
Due to slow recruitment, especially in orthopaedic patients
(N = 110), more medical patients (N = 191) were included

Figure 2

Overview of study protocol.

Figure 3

Prediction of residual loading dose on days 4 and 6.
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and enrolment was stopped prematurely. The baseline char-
acteristics were evenly distributed in all arms, as outlined
in table 1.

Performance of the algorithms
The median (interquartile range) time to reach a therapeutic
INR was 7 (5/11) days in arm A, 7 (5/12) days in arm B
and 6 (3/12) days in the control arm (p = 0.5). Overshooting
INR due to an excessive loading dose (i.e. INR >4.0 within
10 days after the start of treatment) was observed in 3.8%
in arm A, 1.9% in arm B and 4.3% of patients in the control
arm (p = 0.6). No episode of these overshooting INRs was
associated with complications. 30-day bleeding rate (minor
and major) was 0%, 1.9% and 5.4% respectively (p = 0.06),

Figure 4

Prediction of maintenance dose on days 4 and 6.

Figure 5

Revised dosing algorithm for days 4 and 6.

and 30-day mortality was 0% in arm A, 1% in arm B and
2.2% in the control arm (p = 0.2). The reasons for death
were congestive heart failure in a 91-year-old male in arm
B, and in group C paraneoplastic pulmonary embolism in a
63-year-old male and retroperitoneal bleeding in a 72-year-
old female. This retroperitoneal bleeding occurred with an
INR of only 2.2 and without previous overshooting, and
was the only episode of major bleeding in the entire study
within 30 days.
The detailed analysis of the episodes with overshooting
INR showed that in only one patient (with a max. INR of
4.1) the initial dose for day 1–3 provided by the algorithm
was responsible for overshooting. This patient was later
shown to be homozygous for the VKORC1:c.-1639 G>A
variant. In contrast overshooting could be attributed to the
correction dose for days 4 and 5 provided by the algorithm
in 5 episodes. All these episodes occurred in patients who
had had a low-dose prediction (2 to 4 pills) for days 1 to
3. In addition 5 patients with overshooting INR were ex-
posed to amiodarone. In multivariate models amiodarone
was consistently but not statistically significantly associ-
ated with a lower loading dose (–0.35 pills; to convert pills
to mg multiply by 3).

Clinical predictors of the loading dose and the
maintenance dose
The mean (±SD) loading dose was 8.2 (±3.8) pills in med-
ical patients and 7.1 (±3.4) pills in orthopaedic patients (p
= 0.04). In univariate analysis higher age, lower weight, fe-
male gender, a recent operation, low albumin, higher initial
INR, and impaired kidney function were significant pre-
dictors of lower loading doses. The predictors of the main-
tenance dose were almost identical to the predictors of the
loading dose with the exception of albumin, which did not
reach statistical significance. On the other hand alcohol ab-
use was associated with a significantly higher maintenance
dose whereas only a trend towards a higher loading dose
could be observed (table 2).

Genetic predictors of the loading dose and the
maintenance dose
The influence of genetic predictors on dose demands could
be evaluated only in a subset of 143 patients.
VKORC1:c.-1639 G>A was associated with significantly
lower dose demands both for the loading dose and the
maintenance dose. Heterozygous patients showed about
50% of the effect of homozygous persons. A polymorph-
ism of the factor VII-gene F7:c.1238 G>A was associated
with a similar absolute reduction of the loading dose in ho-
mozygous persons as the above mentioned VKORC1 poly-
morphism but was only present in the homozygous form
in 4 patients, which may explain the marginal statistic-
al significance (p = 0.05). In contrast the polymorphism
VCORC1:c.-1453 G>A was associated with significantly
higher loading dose demands (table 3).

Multivariate models
In multivariate analysis including clinical parameters only,
age, weight, first INR and recent operations proved to be
strong independent predictors of the loading dose. In con-
trast neither serum albumin nor the remaining predictors
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included in the algorithms (diarrhoea, female gender, kid-
ney function) significantly improved the model. With the
exception of gender the effect size of these factors was
comparable to the derivation cohort, which suggests that
the power may have been insufficient to corroborate a true
effect. When genetic tests were added, both the
VKORC1:c.-1639 G>A (associated with lower loading
doses) and the VKORC1:c.-1453 G>A variants (associated
with higher loading doses) proved to be additional signific-
ant predictors of the loading dose. The explanatory power
of the model (adjusted R2) increased from 19% to 37%
after the addition of genetic tests (tables 4 and 5).
Higher age and lower weight were also independent pre-
dictors of a lower maintenance dose. The strongest pre-
dictor was however the number of pills needed to reach
the first therapeutic INR. Among the genetic tests only the
VKORC1:c.-1639 G>A polymorphism proved to be an ad-
ditional significant predictor of lower maintenance doses.
Yet the explanatory power of the model only increased
from 55% to 57% when this genetic test was added (tables
6 and 7).

Dose estimation as a dynamic process
Dose estimation is a multistep dynamic process in clinical
practice. Static models to predict dose-demands can there-
fore be helpful in cautiously starting anticoagulation, but
with each INR measurement the biological response to the
administered doses provides strong additional information
on future responses. Phenprocoumon is typically started
with a prescription for the first three days followed by INR
measurement and re-prescription every two to three days
until the individual maintenance dose is found and con-
trolling intervals can be prolonged. We therefore computed
models for the remaining loading dose and the maintenance
dose for days 4 and 6. Age and weight, the cumulative ap-
plied dose and the INR at each respective time point al-
lowed gradually more precise dose estimations. Given that

all these factors already contributed to defining the starting
dose (i.e. the “row” in the table of the algorithms), we used
this starting dose in subsequent models to simplify the cor-
rection algorithms. On day 4 both the starting dose and the
INR were strong individual predictors of the residual load-
ing dose demand. On day 6 only the INR remained a sig-
nificant predictor of the residual loading dose in the sub-
set of patients who had not yet reached a therapeutic INR
(fig. 3). In contrast, both the starting dose and the INR were
significant predictors of the maintenance dose at both time
points (fig. 4).

Revised algorithm

Based on these findings three changes were made to the
previous algorithm: (1.) amiodarone was added to the
dose-reduction scheme for days 1–3, (2.) the correction
dose according to the INR on day 4 was slightly modified
for the lower dose groups and (3.) since the predicted
residual doses and the maintenance doses on days 4 and 6
were very similar, the dosing table for day 4 was extended
to be valid on day 6. As outlined in the methods section,
these algorithms do not attempt to predict the most likely
average dose but aim at a slightly lower dose and a
stepwise approach to the individual dose without
overshooting (figs. 1 and and 5).

Discussion

The main goal of this study was to test the effectiveness
of two different dosing algorithms for the loading phase
of phenprocoumon. Indeed both algorithms allowed pa-
tients to be classified into groups with low, intermediate or
high phenprocoumon demand on the basis of readily avail-
able parameters such as age, weight, a recent operation,
or the last INR measurement. Both algorithms were safe
and no major complication could be attributed to the pro-

Table 1: Baseline characteristics.

Arm A Arm B Control arm
N 105 103 93

Age (years) 64.8 +/-15.7 68.1 +/-14.3 65.9 +/- 16.7

Female gender 54 (51.4%) 57 (55.3%) 48 (51.6%)

Weight (kg) 77.6 +/- 16.7 80.2 +/- 21.9 78.5 +/- 17.9

Orthopaedics 39 (37.1%) 43 (41.7%) 28 (30.1%)

Internal medicine 66 (62.9%) 60 (58.3%) 65 (69.9%)

Operation within 7 days 39 (37.1%) 45 (43.7%) 29 (31.2%)

Alcohol >20 g/day 9 (8.6%) 7 (6.8%) 11 (11.8%)

eGFR (ml/min) 82.6 +/- 34.4 82.1 +/- 42.4 80.1 +/- 38.8

Diarrhoea 9 (8.9%) 6 (5.8%) 7 (7.5%)

INR before start 1.0 +/- 0.10 1.0 +/- 0.09 1.0 +/- 0.08

Albumin (g/l) 34.8 +/- 6.5 33.4 +/- 5.8 33.8 +/- 6.0

Tc-aggregation inhibitors 29 (27.6%) 32 (31.1%) 28 (30.1%)

Amiodarone 6 (5.7%) 3 (2.9%) 4 (4.3%)

CYP450-2C9 inhibitors 28 (26.7%) 22 (21.45) 29 (31.2%)

CYP450 2C9 inducers 1 (0.95%) 3 (2.9%) 5 (5.4%)

CYP450-3A4 inhibitors 23 (21.9%) 17 (16.5%) 21 (22.6%)

CYP450-3A4 inducers 30 (28.6%) 31 (30.1%) 23 (24.7%)

Data are presented as numbers of cases and percent (%) within each arm or mean and standard deviation.
N = number of cases; INR = international normalized ratio; eGFR = estimated glomerular filtration rate; CYP450 = cytochrome P450; arm A = arm using clinical predictors
and albumin; arm B = arm with clinical predictors only.
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posed dosing regimens. A few patients showed moderate
overshooting of INR-values owing to a too high correction
dose for days 4 and 5 in the groups in which low ini-
tial dosing requirement was predicted. Importantly, patients
who showed early overshooting of the INR were often ex-
posed to amiodarone. In multivariate models amiodarone
was associated with lower loading doses; however, this was
not statistically significant, presumably due to the insuffi-
cient power of this small subgroup. Amiodarone is associ-
ated with lower coumarin demands due to its inhibition of
CYP450 3A4 and 2C9. Accordingly, it is also included in
dosing algorithms for warfarin [26–32]. In consequence we
propose including amiodarone in the revised algorithm and
slightly modifying the correction dose on day four.
Nevertheless, the control arm, in which dosing was at the
discretion of the hospital residents, performed similarly to
the two algorithmic arms. 30-day mortality was 2.2% in
the control arm (as opposed to 0% and 1% in arms A and
B respectively) and the 30-day bleeding rate was 5.4% in
the control arm (as opposed to 0% and 1.9% in arms A
and B). Yet these differences did not quite reach statistic-
al significance, possibly due to the insufficient power of
the study. It could therefore be assumed that dosing al-
gorithms for phenprocoumon are unnecessary or even use-
less. However, it must be borne in mind that the study
physicians were specially trained in optimal dosing and
management of phenprocoumon at the request of the in-
stitutional review board. The control arm may therefore
have performed worse without training. Indeed, in our ret-
rospective study [24] in the same hospital and with an
equivalent patient population we found substantially higher
rates of overshooting INRs and complications, especially in
orthopaedic patients. With the advent of newer anticoagu-
lants experience with phenprocoumon will decrease despite
a subgroup of patients who may still need the drug. We
therefore conclude that both algorithms are safe and effect-
ive in a broad spectrum of hospitalised patients, including

patients in the postoperative setting, and since the proposed
algorithms performed at least as well as specially trained
physicians they may be of particular value for less experi-
enced physicians.
Algorithm A contains serum albumin as a major predictor,
which is not always available when the first dosing de-
cision must be taken. In contrast, algorithm B, which per-
formed as well as algorithm A, contains mainly clinical
data and in the multivariate analysis albumin was no longer
an independent predictor of both the loading and the main-
tenance dose. Therefore algorithm B seems to be preferable
due to its ease of use.
Polymorphisms of genes involved in vitamin K metabolism
further improve prediction of the loading dose in our mod-
els. In multivariable models VKORC1:-c.1639 G>A was a
potent predictor of lower loading doses, which is in line
with previous studies [13, 16, 33, 34]. In contrast
VKORC1:c.-1453 G>A predicted higher loading doses.
This is the first study to demonstrate a significant effect
of this relatively rare polymorphism. Both polymorphisms
are located in the promotor region of the VKORC1 gene,
which suggests that these effects are mediated by altered
gene expression. The explanatory power (adjusted R2) of
the baseline model for the loading dose substantially in-
creased from 19% to 37% after addition of the two genetic
tests. Therefore, if genetic tests are available on the first
day they could accelerate the dose-finding process. Yet ge-
netic information is rarely available before the start of treat-
ment, and we could demonstrate that treatment can nev-
ertheless safely be started using our algorithm. Therefore
delaying treatment while awaiting the result of a genetic
test is not warranted. However, genetic information is more
likely to be available on day four, when the second dose
decision is usually made. Yet, on day 4, the clinical model
(including a recent INR) could already explain 55% of the
variance and the addition of genetic tests only improved the
model prediction to 57%. In other words the biological re-

Table 2: Univariate clinical predictors of loading dose and maintenance dose.

Factor N Effect on
loading dose
(pills)

95% CI p Effect on
maintenance
dose (pills/
day)

95% CI p

Age (per 10 years older) – –0.45 –0.8 to –0.1 0.01 –0.07 –0.1 to –0.04 <0.0001

Weight (per 10 kg higher) – 0.29 0.04 to 0.5 <0.0001 0.06 0.04 to 0.08 <0.0001

Female gender 159 (53%) –1.53 –2.6 to –0.5 0.003 –0.14 –0.2 to –0.1 0.0002

Recent operation 112 (37%) –1.26 –2.3 to –0.2 0.02 0.08 0.0 to 0.2 0.06

Alcohol (per 10 g more/day) – 0.29 –0.02 to 0.6 0.08 0.03 0.0 to 0.05 0.04

Diarrhoea 22 (7%) –0.92 –2.7 to 0.8 0.3 –0.13 –0.3 to 0.0 0.5

Vomiting 18 (6%) –0.99 –3.1 to 1.1 0.3 –0.12 –0.3 to 0.04 0.4

COPD 14 (5%) 0.63 –1.7 to 3.0 0.6 –0.05 –0.2 to 0.1 0.6

Diabetes 39 (13%) 0.55 –0.9 to 2.0 0.5 0.02 –0.1 to 0.1 0.7

Cholestasis 29 (10%) –0.72 –2.4 to 0.9 0.3 –0.09 –0.2 to 0.03 0.2

Active tumor 28 (9%) –0.62 –2.3 to 1.1 0.5 –0.08 –0.2 to 0.05 0.2

Smoking 25 (8%) 0.82 –1.5 to 3.2 0.5 0.1 –0.1 to 0.3 0.3

Albumin (per 10 g/l higher) – 1.39 0.6 to 2.2 0.0015 0.04 –0.03 to 1.0 0.2

eGFR (per 10 ml/min higher) – 0.28 0.1 to 0.4 0.0002 0.04 0.03 to 0.05 <0.0001

Initial INR (per 0.1 higher) – –0.69 –1.3 to –0.1 0.02 –0.05 –0.9 to –0.01 0.03

Amiodarone 13 (4%) –0.47 –2.9 to 2.0 0.7 –0.15 –0.33 to 0.03 0.1

Corticosteroids 35 (12%) –0.07 –1.6 to 1.5 1.0 –0.03 –0.1 to 0.1 0.6

Tc-aggregation inhibitors 96 (32%) –0.42 –1.5 to 0.7 0.4 –0.05 –0.2 to 0.1 0.2

1 pill corresponds to 3 mg phenprocoumon; eGFR = estimated glomerular filtration rate.

Original article Swiss Med Wkly. 2013;143:w13709

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 6 of 14



sponse of the INR to the first three doses comprises power-
ful dynamic information on individual dose demands, and
the additional static information provided by genetic tests
is almost negligible once treatment has been started. Hence
instead of adding costs and complexity by additional tests,
the management of anticoagulation can be improved to a
greater extent if the information included in the INR re-
sponse to treatment at each time-point and in each sub-

group of patients is integrated into an evidence-based dos-
ing decision.

Conclusions

We are able to demonstrate that both algorithms are asso-
ciated with safe and effective anticoagulation in a broad
spectrum of hospitalised patients including postoperative
states. The two algorithms were equally effective but the

Table 3: Univariate genetic predictors of loading dose and maintenance dose.

Gene – locus Geno-type N Effect on
loading dose
(pills)

95% CI p Effect on
maintenance
dose (pills/
day)

95% CI p

GG 53 Ref. – – Ref. – –

GA 62 –1.75 –3.0 to –0.5 0.006 –0.15 -0.3 to -0.05 0.004

VKORC1:c.-1639 G>A

AA 28 -4.86 –6.4 to –3.3 <0.0001 –0.33 -0.5 to -0.2 <0.0001

GG 136 Ref. – – Ref. – –

GA 7 5.31 2.6 to 8.0 0.0002 0.2 –0.02 to 0.4 0.08

VKORC1:c.-1453 G>A

AA 0 – – – – – –

CC 107 Ref. – – Ref. – –

CT 35 –0.25 –1.7 to + 1.2 0.7 –0.11 –0.7 to 0.5 0.7

CYP2C9:c.430 C>T

TT 1 6.2 –1.2 to 13.5 0.1 –0.11 –0.7 to 0.5 0.3

AA 127 Ref. – – Ref. – –

AC 16 –0.4 –2.4 to 1.6 0.7 –0.06 –0.2 to 0.1 0.4

CYP2C9:c.1075 A>C

CC 0 – – – – – –

GG 59 Ref. – – Ref. – –

GA 55 –0.46 –1.8 to 0.9 0.5 –0.06 –0.2 to 0.04 0.2

GGCX:c.214+597 G>A

AA 26 –1.25 –2.9 to 0.5 0.2 –0.07 –0.2 to 0.06 0.3

GG 66 Ref. – – Ref. – –

GA 57 0.86 –0.5 to 2.2 0.2 0.03 –0.07 to 0.1 0.5

CYP4F2:c.1297 G>A

AA 20 0.93 –0.9 to 2.8 0.3 0.04 –0.1 to 0.2 0.6

AA 47 Ref. – – Ref. – –

AG 65 0.20 –1.2 to 1.6 0.8 -0.01 –0.1 to 0.1 0.9

CALU:c.*4 A>G

GG 31 –0.58 –2.3 to 1.1 0.5 0.05 –0.1 to 0.2 0.5

TT 65 Ref. – – Ref. – –

TC 68 –0.64 –1.9 to 0.6 0.3 –0.09 –0.3 to 0.1 0.4

EPHX1:c.337 T>C

CC 10 –1.10 –3.6 to 1.4 0.4 –0.03 –0.1 to 0.1 0.6

CC 53 Ref. – – Ref. – –

CT 72 –0.13 –1.5 to 1.2 0.8 –0.04 –0.2 to 0.1 0.4

PROC:c.-228 C>T

TT 18 –0.84 –2.9 to 1.2 0.4 –0.06 –0.2 to 0.1 0.4

GG 23 Ref. – – Ref. – –

GA 74 –0.55 –2.4 to 1.2 0.5 –0.04 –0.2 to 0.1 0.6

PROC:c.-215 G>A

AA 46 –0.35 –2.2 to 1.5 0.7 –0.02 –0.2 to 0.1 0.8

GG 87 Ref. – – Ref. – –

GA 53 1.15 –0.1 to 2.4 0.08 0.03 –0.1 to 0.1 0.5

F7:c.-402 G>A

AA 3 –0.77 –5.1 to 3.5 0.7 –0.08 –0.4 to 0.3 0.6

GG 103 Ref. – – Ref. – –

GT 36 –0.52 –2.0 to 0.9 0.5 –0.01 –0.1 to 0.1 0.8

F7:c.-401 G>T

TT 4 –2.00 –5.8 to 1.8 0.3 –0.07 –0.4 to 0.2 0.7

GG 109 Ref. – – Ref. – –

GA 30 –0.58 –2.1 to 0.9 0.5 –0.05 –0.2 to 0.1 0.4

F7:c.1238 G>A

AA 4 –3.69 –7.4 to 0.03 0.05 –0.26 –0.6 to 0.04 0.09

1 pill corresponds to 3 mg phenprocoumon; eGFR = estimated glomerular filtration rate.

Table 4: Multivariate predictors of loading dose (clinical predictors only).

Factor Effect on loading dose (pills) 95% CI p

Intercept 12.60

Age (per 10 years older) –0.38 –0.73 to –0.05 0.03

Weight (per 10 kg higher) 0.72 0.45 to 0.98 <0.0001

INR before start (per 0.1 higher) –0.69 –1.19 to –0.19 0.008

Recent operation –1.93 –2.93 to –0.92 0.0002
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algorithm without serum albumin is easier to apply. Al-
though the proposed algorithms did not perform better than
specially trained physicians, they may be of particular
value for less experienced physicians. We propose to in-
clude amiodarone in the dose estimation for days 1–3 and
to slightly modify the correction algorithm for days 4 and
6.

Limitations

The present study included only hospitalised patients of
predominantly Caucasian origin, which limits the general-
isability to outpatients and other racial groups. However,
due to the higher prevalence of disease in inpatients it is
unlikely that the algorithms would result in overdosing in
outpatients. We propose to use the revised correction al-
gorithm for day 4 also on day 6, although it has not yet
been prospectively validated. However, dose-demands for
the same INR were consistently slightly higher on day 6
than on day 4, which makes overdosing very unlikely. A
larger study sample could have improved the power to de-
tect group differences. This holds especially true for genet-
ic predictors which were only available in about half of the
patients.
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Figures (large format)

Figure 1

Box Plot showing the absolute error in estimating GFR (inulin clearence as the gold standard). CYSA, BTPA, CKCA, MDRDA, ALMA = absolute
error in estimating the GFR using algorithms based respectively on Cystatin C; Beta-trace protein, creatinine and anthropometric values
(Cockcroft); creatinine and anthropometric values (MDRD), creatinine, anthropometric values and appendicular lean mass (approximating
muscle mass) measured by bioimpedance.

Figure 2

Overview of study protocol.
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Figure 3

Prediction of residual loading dose on days 4 and 6.
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Figure 3

Prediction of residual loading dose on days 4 and 6.
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Figure 4

Prediction of maintenance dose on days 4 and 6
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Figure 4

Prediction of maintenance dose on days 4 and 6

Figure 5

Revised dosing algorithm for days 4 and 6.
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