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ABSTRACT
Objectives: The thrombin inhibitor dabigatran is
mainly excreted by the kidneys. We investigated
whether the recommended method for estimation of
renal function used in the clinical trials, the Cockcroft-
Gault (CGold) equation and the estimated glomerular
filtration rate (eGFR) modification of diet in renal
disease equation 4 (MDRD4), differ in elderly
participants, resulting in erroneously higher dose
recommendations of dabigatran, which might explain
the serious, even fatal, bleeding reported. The renally
excreted drugs gabapentin and valaciclovir were also
included for comparison.
Design: A retrospective data simulation study.
Participants: Participants 65 years and older included
in six different studies.
Main outcome measure: Estimated renal function
by CG based on uncompensated (‘old Jaffe’ method)
creatinine (CGold) or by MDRD4 based on standardised
compensated P-creatinine traceable to isotope-dilution
mass spectrometry, and the resulting doses.
Results: 790 participants (432 females), mean age
(±SD) 77.6±5.7 years. Mean estimated creatinine
clearance (eCrCl) by the CGold equation was 44.2±
14.8 ml/min, versus eGFR 59.6±20.7 ml/min/1.73 m2

with MDRD4 (p<0.001), absolute median difference
13.5, 95% CI 12.9 to 14.2. MDRD4 gave a significantly
higher mean dose (valaciclovir +21%, dabigatran +25%
and gabapentin +37%) of all drugs (p<0.001). With
MDRD4 58% of the women would be recommended a
full dose of dabigatran compared with 18% if CGold is
used.
Conclusions: MDRD4 would result in higher
recommended doses of the three studied drugs to elderly
participants compared with CG, particularly in women,
and thus increased the risk of dose and concentration-
dependent adverse reactions. It is important to know
which method of estimation of renal function the
Summary of Products Characteristics was based on,
and use only that one when prescribing renally excreted
drugs with narrow safety window. Doses based on
recently developed methods for estimation of renal
function may be associated with considerable risk of
overtreatment in the elderly.

ARTICLE SUMMARY

Article focus
▪ The thrombin inhibitor dabigatran is eliminated

by renal excretion. Severe bleeding, even fatal,
was reported, mainly in elderly patients with
impaired renal function.

▪ Dosing should be adjusted according to renal
function, that is, by the Cockcroft-Gault equation.
However, in many countries the estimated glom-
erular filtration rate (eGFR) abbreviated modifica-
tion of diet in renal disease (MDRD4) equation
4 is used in clinical practice for estimation of
renal function.

▪ We studied whether use of MDRD4 would show
different estimates and thus different recom-
mended doses for dabigatran and for two other
renally excreted drugs, gabapentin and valaciclo-
vir, in a group of elderly patients.

Key messages
▪ A significantly larger group of elderly participants

would receive a higher dose of the three drugs if
MDRD4 was used for determination of dose.
This may be one explanation of the cases of
serious haemorrhage reported for dabigatran and
central nervous system side effects for gabapen-
tin and valaciclovir.

▪ A method to optimise ongoing therapy is to
determine plasma concentrations of the drug—
(TDM, therapeutic drug monitoring).

Strengths and limitations of this study
▪ The main strength of this study is the number of

elderly participants and the different settings
from where they were recruited, reflecting a
mean of the older Swedish population.

▪ Limitations are that this is a data simulation
study and no dabigatran, gabapentin, or valaci-
clovir dose has been given to the participants.

▪ In addition, we have not performed any gold-
standard methods, such as iohexol clearance, to
elucidate the true GFR in the studied
participants.
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INTRODUCTION
The oral thrombin inhibitor dabigatran etexilate
(Pradaxa) is marketed as an alternative to warfarin for
prevention of venous thromboembolism in atrial fibrilla-
tion. Dabigatran etexilate is a prodrug metabolised to
the active species dabigatran, which is eliminated pri-
marily by the kidneys. Renal function is therefore an
important factor for its clearance rate.1 2

Serious cases of haemorrhage, even fatal, have been
reported with the drug,3–5 mainly in elderly patients
with severe renal impairment.4 6 Haemorrhage is a dose-
dependent and concentration-dependent adverse reac-
tion, shown during the clinical trials with the drug, and
the risk for haemorrhage increases in patients with low
renal function.7 To prevent this serious risk, renal func-
tion should be evaluated by estimation of creatinine
clearance including age, sex, serum creatinine and
weight, based on the equation that was used during the
clinical trials, presented as absolute values (ml/min;
Cockcroft-Gault ie, CG).8 Later methods, such as the ori-
ginal modification of diet in renal disease (MDRD)
equation, the abbreviated MDRD equation 4 (MDRD4),
and the chronic kidney disease epidemiology initiative
(CKD-Epi) equation have been introduced providing
estimated glomerular filtration rate (eGFR) as a relative
value of ml/min/1.73 m2.9–11 In many countries,
MDRD4 is used in clinical practice. Recently, Food and
Drug Administration (FDA) issued draft guidance for
industry that suggested that both CG and MDRD can be
used for pharmacokinetic studies in patients with
impaired renal function.1 The latter equation uses stan-
dardised serum creatinine concentrations traceable to
isotope-dilution mass spectrometry (IDMS), resulting in
a lower serum creatinine concentration compared with
the old Jaffe method.12–15 The MDRD formula has
shown to provide significantly higher eGFR values in the
elderly, potentially resulting in higher dabigatran doses
and increased risk for adverse drug reactions (ADRs)16–19

For the purpose of the present study we also studied two

other drugs dependent on renal function; gabapentin,
that is excreted unchanged by the kidneys, and valaciclo-
vir, that forms a toxic metabolite accumulating in
patients with renal impairment.20

PARTICIPANTS AND METHODS
Data from participants 65 years and older were compiled
from six different studies on renal function among the
elderly. All participants were Caucasians. One study was
performed in a home care centre (N=88)21: four studies
were performed at an intermediary care unit of internal
medicine within the emergency department
(N=270),18 22–24 all in Stockholm; and finally, a study of
75-year-old participants was performed in the city of
Västerås (N=432).25 We simulated the doses of dabiga-
tran that these participants would be prescribed based
on their renal function, that is, 300 mg if creatinine
clearance is higher than 50 ml/min; 220 mg if creatinine
clearance is 30–50 ml/min and associated with high risk
of bleeding; and finally contraindicated if creatinine
clearance is less than 30 ml/min. The rationale behind
our stratification is that exposure to dabigatran increases
from threefold to sixfold in patients with moderate and
severe renal impairment.26 Patient characteristics, such
as weight, height, age and sex were recorded. Complete
data were retrieved for 790 participants, 432 women and
358 men (table 1). Ethical approval was obtained for
five studies; the sixth was a local quality assessment not
requiring ethical approval in Sweden. From the six
studies, only laboratory and demographic data of the
included participants were received by the investigators
and all other information was blinded.

Statistics
Statistical analysis was performed with Statistica (Statsoft,
Tulsa). Analysis of variance was used to compare the dif-
ference in renal clearance in relation to age. Continuous
variables are expressed as mean and SD.

Table 1 Demographic data (age, sex, weight, length, BSA and BMI) for 790 individuals aged 65 and older divided between

men and women in Sweden from six different studies of the elderly

All (N=790) Female (N=432) Male (N=358) p Value

Age (years) 77.6±5.7 78.0±6.0 77.1±5.2 0.022

Weight (kg) 70.2±13.9 66.0±14.0 75.2±12.1 <0.0001

Height (cm) (N=590) 167±8.6 161.3±5.5* 174.0±6.1† <0.0001

BSA (m2) (N=590) 1.8±0.18 1.7±0.17* 1.9±0.14† <0.0001

BMI (N=590) 25.5±4.2 25.7±4.6* 25.1±3.5† 0.073

Compensated P-creatinine (µmol/l) 102.2±42.1 95.6±35.0 110.1±48.3 <0.0001

Uncompensated P-creatinine (µmol/l) 120.2±38.8 114.0±32.2 127.3±44.4 <0.0001

CG uncompensated P-creatinine (ml/min) 44.2±14.8 39.8±13.2 49.5±15.0 <0.001

MDRD4 (ml/min/1.73 m2) 59.6±20.7 55.3±19.4 64.7±21.0 <0.001

Renal function estimates with different methods: CG and MDRD4. Divide by 88.4 to get creatinine concentration in mg/ml. Mean±SD, p<0.05
is regarded as significant.
*N=322.
†N=268.
BMI, body mass index; BSA, body surface area; CG, Cockcroft and Gault; MDRD4, modification of diet in renal disease equation 4
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Estimation of renal function and drug dosage
Plasma creatinine was analysed at the laboratory of Clinical
Chemistry at Karolinska University Hospital and at the
laboratory of Chemistry at Västerås hospital with a modi-
fied Jaffe method, traceable to IDMS27 and similar to an
enzymatic method, that is, ‘compensated’ creatinine.
These values have then been recalculated to ‘uncompen-
sated’ creatinine when used in the CGold equation
(uncompensated creatinine=compensated creatinine
×0.92+26) to resemble the CG results gained in the initial
studies of dabigatran.13 28 In addition, we investigated if
similar relation could be shown with two other older drugs
with renal excretion; gabapentin and valaciclovir.
Compensated creatinine has been incorporated in the
MDRD4 equation (box 1). We then simulated the dabiga-
tran, gabapentin, and valaciclovir doses, each participant
would receive based on the resulting renal clearance. The
eGFR is as usual given in relative value (ml/min/1.73 m2).

RESULTS
Renal function decreased significantly (p<0.001) in rela-
tion to increasing age for both estimations (figure 1).
CGold produced the lowest estimated renal function, 44.2
±14.8 ml/min, and MDRD4 the highest, 59.6±20.7 ml/
min/1.73 m2 (p<0.001), the absolute mean difference
being 13.5, 95% CI 12.9 to 14.2 (table 1). Data simulation
showed a significantly higher mean dose of dabigatran
with MDRD than with CGold: 260±76 mg compared with
208±103 mg (25% higher dose; p<0.001). The difference
was even more pronounced for women, 253±73 mg for
MDRD4 compared with 186±105 mg for CGold (+36%)
and less for men, 267±77 mg for MDRD4 compared with
234±94 mg for CGold (+14%), but still highly significant
(p<0.001). For women, the MDRD4 equation resulted in
an increased dose compared with the CGold in 221 parti-
cipants (51%), a lower dose in eight participants (2%)
and an unaltered dose in 203 participants (47%).
Dabigatran would be contraindicated (creatinine clear-
ance less than 30 ml/min) in 18% of all participants
using CGold and in 7% of those with the MDRD4 equa-
tion. In total, 33% of all participants would be recom-
mended a full dose of dabigatran if CGold is used,
whereas the corresponding number for MDRD4 is 67%
(figure 2A). The same pattern was shown for valaciclovir

and gabapentin; mean valaciclovir dose calculated with
CGold was 2156±699 mg compared with 2602±603 mg
with MDRD4 (21% higher dose; p<0.001). Gabapentin
mean dose was 663±266 mg when calculated with CGold

compared with 910±406 mg with the MDRD4 (+37%,
p<0.001; figure 2B,C).

DISCUSSION
Our study shows that the change from the CG equation
with uncompensated P-creatinine by the Jaffe analysis
method to the MDRD4 equation with a compensated
creatinine traceable to IDMS, results in significantly
higher renal function value in the elderly. Consequently,
the dose recommendation based on MDRD4 results in
higher doses of dabigatran, particularly in elderly female
participants. This may have contributed to the serious and
sometimes fatal ADRs reported around the world.4 6 29 30

We found similar results for two older renally excreted
drugs (also developed during a period when uncompen-
sated creatinine by the Jaffe creatinine method was used),
valaciclovir and gabapentin for comparison.

Box 1

Estimations of renal function used in a cohort of elderly participants by two different equations: the Cockcroft-Gault (CG) equation with
uncompensated P-creatinine (CGold) and the modification of diet in renal disease equation 4 (MDRD4) calculated with compensated creatin-
ine traceable to isotope-dilution mass spectrometry. No correction factor for Afro-Americans has been included as all participants were
Caucasians. P-creatinine concentration was calculated in µmol/l.

CGold ¼ 1:23� (140� age)� weight
(P� creatinine� 0:92þ 26)

(�0:85 female) ml=min (absolute)

MDRD4 ¼ 175� P� creatinine
88:4

� ��1:154

� age�0:203(�0:742 female) ml=min=1:73m2(relative)

Figure 1 Renal function estimated in 790 individuals aged 65

and older by the Cockcroft-Gault equation with uncompensated

P-creatinine (creatinine clearance absolute values in ml/min)

and modification of diet in renal disease equation 4 (MDRD4)

calculated according to the equations in box 1. MDRD4 is given

as a relative value (ml/min/1.73 m2; mean±SEM).

Uncompensated creatinine denotes

S/P-creatinine determined with the ‘old Jaffe’method.13
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The problem is similar to that which would be faced
when treating patients with other renally excreted drugs
(including metabolites), for example, antibiotics, prega-
balin, metformin and morphine. Other researchers too
have found similar results.15–17 31 There are reports sug-
gesting that MDRD can be used for drug dosing,32

whereas others have questioned it.33–35

In Europe, a ‘Dear Healthcare Professional Letter’ was
circulated in October 2011 to point out that renal func-
tion should be estimated in all patients before treatment
with dabigatran. This recommendation was released to
exclude those patients with creatinine clearance less
than 30 ml/min, where dabigatran is contraindicated
owing to increased risk of bleeding.36 Renal function
should be re-estimated in clinical situations where renal
function may decline and at least annually in patients
older than 75 years (corresponding to 29% of all dabiga-
tran users in Sweden). The current European dabigatran
summary of products characteristics (SPCs) points out
that in patients with advanced age and moderately
impaired renal function (creatinine clearance 30–50 ml/
min) dose reduction should be considered and the
patients should be closely observed regarding bleeding
or anaemia.37

Dose recommendations in relation to renal function
given in the SPCs are in general based on endogenous

creatinine clearance or estimated creatinine clearance
according to the CG equation (including P-creatinine,
age, sex and weight) in ml/min, an absolute value of
clearance.1 This is also the case for dabigatran.38

However, different equations have been used in the trials
such as the CG equation,39–41 the original MDRD equa-
tion,7 9 measured creatinine clearance and sinistrin clear-
ance.26 In one study only creatinine clearance was
mentioned, without stating the clearance estimation
method.41 Since then, worldwide standardisation of the
creatinine method has resulted in a lower reference
range for creatinine and thus higher clearance values in
patients with low P-creatinine, for example, elderly
patients. Other researchers have also pointed out the dif-
ferences among results from the various methods to esti-
mate renal function and the consequential differences in
doses.15 17 31 42

The ‘Dear Healthcare Professional Letter’ states that
dose recommendations should be based on equations
based on sex, age and weight.36 This statement excludes
the MDRD4 equation and the CKD-Epi equation as they
do not include weight in the calculation. With MDRD4
(we found similar results with the CKD-Epi formula—
data not shown) more patients will be recommended
higher doses of dabigatran than with CG and will be
exposed to greater risk of dose-concentration-dependent

Figure 2 (A–C) Data simulation

of recommended daily doses for

dabigatran (A), valaciclovir (B)

and gabapentin (C) in relation to

renal function by the

Cockcroft-Gault formula (green

staples) and the abbreviated

modification of diet in renal

disease (MDRD4) formula (red

staples) in 790 individuals aged

65 years and older in Sweden.

Dose recommendations by the

MDRD4 formula will result in

significantly higher doses,

particularly in women. As an

example, 19% (82) of the female

participants would receive an

ordinary dose (300 mg) of

dabigatran if the Cockcroft-Gault

equation with uncompensated

P-creatinine would be used when

estimating renal function,

compared to 59% (259) with the

MDRD4 formula (A).

Recommended daily dose for

gabapentin is in general in a

range 900–3600 mg if creatinine

clearance is higher than 80 ml/

min. We have chosen to show

half of the maximum

recommended dose in each

stratum.
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ADRs, for example, haemorrhage. There is no antidote
to give if the dose is too high, nor in trauma or during
acute operations. The only treatment available presently
is symptomatic or possibly dialysis.43

Another important factor is to use the patient’s abso-
lute renal function and not the relative clearance the
patient or participant would have had if his/her body
surface area (BSA) would have been 1.73 m2 since most
dose recommendations based on dose–effect studies use
the absolute clearance.34 ‘Absolute’ = without correction
for BSA (ml/min) and ‘relative’=with correction for BSA
(ml/min/1.73 m2). In most patients, the difference
between the two may be small but in certain patients,
for example, elderly women, in particular those with a
BSA smaller than (the standard) 1.73 m2, the difference
may be considerable. A case report from France
describes two elderly dabigatran-treated women 84 and
89 years old, respectively, one with a fatal and one with a
serious haemorrhage. Plasma concentrations of dabiga-
tran were reported to be high. Both patients had low
weight, low relative creatinine clearance of 29 and
32 ml/min/1.73 m2, respectively, and probably an abso-
lute creatinine clearance below 30 ml/min, which is a
contraindication for dabigatran treatment.4

For older remedies to prevent dangerously high doses
in the elderly a comparison factor between older and
newer methods to determine P-creatinine may be
needed, however impractical. We found that the method
used to estimate renal function has impact on recom-
mended dabigatran doses in the elderly. Subsequently,
one question remains to be answered: Can we rely on
the measurements of renal function made in the initial
dabigatran pharmacokinetic studies? This needs to be
elucidated urgently for the elderly.
Elderly patients with decreased renal function are at

particular risk for dose-dependent and concentration-
dependent ADRs. Their reduced renal function is not
always noticed.18 There is a great need of evidence-based
support when prescribing drugs for elderly patients.44

Before new methods to estimate renal function, for
example, MDRD4 and CKD-Epi, all being surrogate
markers for renal function, are used for drug dosing in
the elderly, the consequences must be well documented
including pharmacokinetic modelling and therapeutic
drug monitoring (TDM). In the most recent draft guide-
line from the US FDA, both CG and MDRD4 may be
used.1 The current ‘guidance on the evaluation of the
pharmacokinetics of medicinal products in patients with
impaired renal function’ from European Medicines
Agency 2004 (EMEA 2004) states that measuring GFR
should be based on accurate well established methods
(such as iohexol clearance).45 In contrast to the US
FDA, there is no practical recommendation from EMEA.
We support that recommended dabigatran dose-rate

should be adjusted linearly for decrease in creatinine
clearance and standard pharmacological principles.46

We also suggest that the therapy in the elderly is more
frequently guided by TDM, if available.

CONCLUSION
This data simulation study shows that the MDRD4 equa-
tion would result in higher doses of dabigatran, gabapen-
tin, and valaciclovir to elderly participants, particularly in
women, compared to the CG equation that was used
during the clinical trials, and thus increase the risk of
dose-dependent and concentration-dependent ADRs.
Although dose recommendations for dabigatran in the
SPCs refer to both renal function and age, creatinine
clearance according to CG is the basis for calculating
recommended doses for dabigatran as for many other
drugs with renal elimination. Doses based on other
methods may be associated with considerable risk.
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