
Risk of overanticoagulation during acute kidney injury in
patients treated with vitamin K antagonists
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A B S T R A C T

Background. Vitamin K antagonists (VKAs) are still in use for
oral anticoagulation, but not all indications allow their replace-
ment by direct oral anticoagulants. Although formal dose re-
duction is not required in patients with impaired kidney func-
tion, case reports indicate that acute kidney injury (AKI) might
be associated with derailment of VKA therapy.
Methods. The study retrospectively collected patients from a
tertiary nephrology care centre who experienced AKI while
being treated with VKA. In these individuals, the international
normalized ratio (INR) as a measure of anticoagulant effect
during renal failure was compared with a reference time point
with stable kidney function.
Results. A total of 100 patients with AKI and ongoing VKA
therapy met the inclusion criteria. The majority (76%) of
patients had AKI with CKD. Volume depletion (n¼ 43), septic
renal failure (n¼ 22), decompensated heart failure (n¼ 18) and
toxic renal damage (n¼ 11) were the most important causes of
AKI. The average INR values at the time of AKI were higher
than at the reference time point [median 3.17 (range 1.10–13.0)
versus 2.24 (1.07–5.17); P< 0.0001]. Fifty-four patients had
INR values above the recommended therapeutic range for their
indication at the time point of AKI. Bleeding complications oc-
curred in 24 patients during AKI and the VKA dose had to be
reduced in 55. Women, patients with low body mass index and
patients with diabetes were predisposed to overanticoagulation
during AKI.
Conclusions. The effect of AKI on anticoagulation by VKA has
not been systematically described. This risk should be consid-
ered in patients at high risk for AKI.
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I N T R O D U C T I O N

Until the introduction of direct thrombin inhibitors for oral
anticoagulation in 2008, vitamin K antagonists (VKAs) were

the mainstay of this treatment. Still today, quite a number of
patients remain on warfarin or phenprocoumon and there are
indications, such as prosthetic heart valves, for which there is
no oral therapeutic alternative.

Due to their narrow therapeutic index, treatment with VKA
should be monitored by periodic measurement of the interna-
tional normalized ratio (INR) to ensure proper efficacy while
avoiding excess risk of bleeding.

The commonly used VKAs, warfarin and phenprocoumon,
are mainly metabolized by the liver. Dosing recommendations
do not suggest adapting the dose to kidney function, however,
their use is not encouraged in patients with severe renal failure.
Limdi et al. [1] described an increased frequency of suprathera-
peutic INR levels in patients with chronic renal failure treated
with warfarin. Although their use is not recommended in dialy-
sis patients, VKAs are frequently prescribed in these patients as
well. However, end-stage renal disease is associated with re-
duced dosing requirements to achieve the target INR as well as
the need for more intense INR monitoring to avoid dangerous
overanticoagulation [2]. The clinical effect of VKAs is highly
dependent on liver function and interactions with drugs
influencing liver metabolism. Further, heart failure and several
food interactions are known to interfere with VKA activity.

Patients with chronic renal failure often have indications for
long-term oral anticoagulation, mostly due to the high inci-
dence of atrial fibrillation. Traditionally these patients were
treated with VKAs; direct oral anticoagulants (DOACs) were
introduced only reluctantly due to complex dose reduction
rules. Further, DOACs should be used with caution at a glomer-
ular filtration rate (GFR) <30 mL/min and should not be used
at a GFR <15 mL/min. Several risks of VKA other than hae-
morrhage have been identified in patients with severe chronic
renal failure and on dialysis [3], among them progressive vascu-
lar calcification or uremic calcifying arteriolopathy.

Until now, potential risks that incur with episodes of acute
kidney injury (AKI) in patients chronically treated with VKAs
have not been reported systematically. A case report from 2009
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[4] described a patient on stable warfarin treatment who
experienced overshooting INR levels during an episode of AKI.

This series of patients with AKI and pre-existing phenpro-
coumon therapy was compiled to determine if there is a system-
atic interaction between AKI and complications of VKA therapy.

M A T E R I A L S A N D M E T H O D S

Study design and patient selection

The intention of this retrospective case analysis was to iden-
tify patients under permanent anticoagulation therapy with
VKA who experienced an episode of AKI. To this end we in-
cluded all patients who were admitted between 1 January 2009
and 31 December 2016 to the Department of Internal Medicine
II (Nephrology) of the Martin Luther University Hospital,
Halle, Germany and received the primary or secondary
International Classification of Diseases, Tenth Revision diagno-
sis code N17.x (AKI) and the code Z92.1 (permanent anticoa-
gulation), T45.5 (intoxication with anticoagulants) or D68.22
(haemorrhagic complication of coumarins). We verified by in-
dividual file analysis if the patients had been on oral anticoagu-
lation with VKA before acute admission and if the creatinine-
based Kidney Disease: Improving Global Outcomes (KDIGO)
diagnostic criterion for AKI [5] was fulfilled. All patients re-
ceived phenprocoumon as a VKA, which is the common prepa-
ration used in Germany. The study was carried out in
accordance with the Code of Ethics of the Declaration of
Helsinki and approved by the Ethics Committee of the
University of Halle-Wittenberg (approval 2017-41).

Definitions

AKI creatinine was defined as the serum creatinine mea-
sured on the day of admission for AKI. The reference creatinine
in most cases was a creatinine value that had been measured
within a time window of 6 months prior to the admission. The
value was determined from the patient’s records from the hos-
pital, the outpatient clinic or the patient’s general physician.
Such reference values could be obtained in 59 patients. In 41
patients, no such value could be found. In these individuals we
used the best serum creatinine they achieved within 21 days of
recovery after AKI as a reference. Patients who were suspected
of having AKI and in whom we did not find a suitable reference
value were excluded from the study. Pre-existing chronic kid-
ney disease (CKD) was assumed if the reference creatinine value
translated into an estimated GFR (eGFR) <60 mL/min/1.73 m2

according to the Chronic Lidney Disease Epidemiology
Collaboration formula [6], following the KDIGO definition of
CKD [7].

The INR values were taken from the day of either AKI
creatinine or reference creatinine. If these values were unavail-
able, the next value within a maximum time window of 24 h
was used. All other demographic and laboratory data were
taken from the day of admission to the hospital. The recom-
mended therapeutic range for the INR values was individually
determined according to the indication for anticoagulation.
Therefore a range of INR of –2.5–3.5 was considered adequate
for patients with prosthetic heart valves [8] and an INR of 2–3
for all other indications [9].

Statistics

Categorical variables are presented as the percentage of
patients. Continuous data are expressed as median and range.
They were compared by the Wilcoxon matched pair test.
Frequencies were compared with Fisher’s exact test. The influ-
ence of demographic and clinical variables on the occurrence of
an INR increase during AKI was estimated by multivariable
logistic regression. Data were computed with SPSS version 24
(IBM, Armonk, NY, USA). The data underlying this article will
be shared upon reasonable request to the corresponding author.

R E S U L T S

From January 2009 to December 2016 there were 100 first
admissions with AKI of patients who had concurrent oral
anticoagulation and met the study criteria. The patient selec-
tion process is described in Figure 1. The demographic data
of the patients are listed in Table 1. The majority of patients
(76%) already had underlying chronic renal failure with an
eGFR<60 mL/min/1.73 m2 when the AKI episode occurred.
The severity of AKI was classified as Stage 1 in 49 patients,
Stage 2 in 18 patients and Stage 3 in 33 patients according to
the KDIGO definition [5].

The causes of AKI were pre-renal volume depletion
(n¼ 43), septic renal failure (n¼ 22), decompensated heart
failure (n¼ 18), toxic renal damage (n¼ 11), post-renal ob-
struction (n¼ 3) and primary renal disease (n¼ 3). Among the
patients with pre-renal volume depletion, 12 (28%) had diar-
rhoea immediately before or at admission. None of the patients

KEY LEARNING POINTS

What is already known about this subject?

• Formal dose reduction according to renal function is
not required when prescribing vitamin K antagonists
(VKAs).

• Excretion of warfarin, acenocoumarol and
phenprocoumon mainly depends on hepatic function.

What this study adds?

• Acute impairment of renal function is associated with
overanticoagulation in patients who are on long-term
VKA therapy.

• Women, patients with low body mass index and
diabetic patients are at particular risk for
overanticoagulation during AKI.

What impact this may have on practice or policy?

• Awareness of this particular risk may lead to
avoidance of VKA in patients with high risk for AKI
(if possible) and attention to coagulation parameters
in patients with VKA who happen to have AKI.
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from the other etiologic groups had diarrhoea or gastrointesti-
nal infection. Five patients received antibiotic treatment at the
time of AKI diagnosis and first INR measurement. All other
patients either did not receive antibiotics or their treatment was
initiated only after the relevant blood sample for diagnosing
AKI was obtained.

The average INR values measured at the time of AKI were
significantly higher than the INR values measured together
with the reference creatinine [median 3.17 (range 1.10–13.0)
versus 2.24 (1.07–5.17); P< 0.0001; Figure 2]. At the time of
reference creatinine, 49 patients had an INR value within the
boundaries of the therapeutic recommendation for their indica-
tion, in 37 patients the value was below and in 14 patients the
value was above that range. The number of patients with INR
levels above the recommended range for their indication in-
creased with AKI (Figure 3). Across all stages of AKI, 54% of
the patients had INR levels above the recommended range for
their indication. In 57 patients the INR at the time of AKI was
>1 standard deviation higher than the INR at the reference
time point.

Among the 100 individuals who were admitted with AKI,
oral anticoagulation was acutely modified in 55 patients while
this therapy remained unchanged in 45 patients. Among those
54 patients with INR above therapeutic range during AKI, the
VKA was paused in 28. Five patients received vitamin K and
one patient received prothrombin concentrate. In eight
patients, oral anticoagulation was permanently stopped because
the physicians concluded that the risk–benefit analysis was not
in favour of such therapy.

Any bleeding complication was noted in 24 patients and
nine of these episodes were classified as severe (requiring blood
transfusion). Severe bleeding was bleeding from the upper (n¼
5) or lower (n ¼ 2) gastrointestinal tract, severe bleeding from
an arterial cannulation and severe soft tissue haematoma.
Among the patients with bleeding, 12 (50%) had INR levels
above the target range and 9 had comedication with acetylsali-
cylic acid. Among these patients, three had both predisposing
conditions, INR above target range and acetylsalicylic
acid medication.

Overanticoagulation during AKI occurred more frequently
in female compared with male patients (Figure 4). Several con-
current conditions of the patients were tested if they enhanced
the risk of overanticoagulation associated with AKI (Table 2).
Diarrhoea at presentation or antibiotic treatment before the di-
agnosis of AKI did not influence the association between AKI
and overanticoagulation; however, the number of patients with
these conditions was very low. Multivariate analysis confirmed
that female gender, a low body mass index (BMI <25) and dia-
betes mellitus predisposed the patients for enhanced effects of
VKA during AKI. Other factors such as higher age, chronic
heart or liver disease or pre-existing CKD did not have an effect
on this risk.

D I S C U S S I O N

With this study we describe for the first time that acute deterio-
ration of kidney function in patients treated with VKA is associ-
ated with a high risk of overanticoagulation. This effect was
suspected in a case report [4] but had not yet been systemati-
cally analysed. Our data show that 73% of patients experience
an increase in the INR value during AKI when compared with a
reference time point with better renal function. Such overshoot-
ing anticoagulation is linked to a significant risk of haemor-
rhage [10]. Women, diabetic patients and those with a BMI

Patients with ICD10 codes N17.x
N=1.401

Patients with additional ICD10 codes
D68.33/Z92.1/T45.5

N=143

Patients studied
N=100

Patients excluded:
• Not on Vitamin K antagonists (N=33)
• AKI diagnosis not confirmed (N=9)
• Insufficient data (N=1)

FIGURE 1: Patient selection for the study.

Table 1. Demographic characteristics of the patients included in this study

Variables Values

Age (years), median (range) 75.4 (37.9–93.1)
Gender (male/female), n/n 56/44
BMI (kg/m2), median (range) 27.7 (17.1–48.4)
Diabetes mellitus (yes/no), n/n 57/43
Chronic heart failure New York Heart

Association IIþ (yes/no), n/n
56/44

Liver disease (yes/no),a n/n 32/68
Baseline serum creatinine (mmol/L),b median (range) 135 (61–468)
Baseline kidney function before AKIb, n

eGFR�60 mL/min/1.73 m2 14
CKD 3a 27
CKD 3b 33
CKD 4 22
CKD 5 4

Indication for oral anticoagulation, n
Atrial fibrillation 82
Deep vein thrombosis/pulmonary embolism 7
Valvular prosthesis 6
Cardiac support system 2
Left ventricular thrombus 1
Arteriovenous bypass 1
Stroke of undetermined source 1

aLiver disease was assumed if a chronic severe liver condition was mentioned in the
patient’s records or serum levels of aspartate aminotransferase, alanine aminotransferase
or gamma-glutamyl transferase were elevated >2 ULN.
bIn 41 patients, the creatinine before AKI could not be determined. In these patients, the
best creatinine that was achieved within 21 days of recovery of AKI was used instead
[median 122 (range 61–468) mmol/L].
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<25 are particularly at risk. In the majority (55%) of patients
on VKA, the dose of the anticoagulant had to be modified or
the substance discontinued when AKI occurred. Bleeding com-
plications were noted in 24% of patients.

All patients in this series from Germany were treated with
phenprocoumon. In other parts of the world, acenocoumarol
and particularly warfarin are used as VKAs. All these substan-
ces have high plasma protein binding (99%). They are metabo-
lized via the cytochrome P450 system in the liver. Hepatic
clearance is the main elimination pathway. Warfarin and

acenocoumarol are mostly metabolized via the 2C9 isoenzyme,
while both 2C9 and 3A4 isoenzymes are important for the me-
tabolism of phenprocoumon [11]. Although there is some renal
excretion of phenprocoumon, but not acenocoumarol or warfa-
rin, dosing recommendations do not consider renal function
except for severe renal failure.

How could AKI lead to a strong increase in the phenprocou-
mon effect if renal excretion is not very relevant for its excre-
tion? As mentioned, all VKAs are highly bound to plasma
proteins, while only the unbound fraction is actively inhibiting
hepatic synthesis of vitamin K–dependent coagulation factors.
Animal studies on experimental AKI suggest that warfarin can
be displaced from protein binding [12–14] by acidosis and
retained uremic toxins. This might lead to a higher active frac-
tion of the VKA. Such effects have been described for other
pharmaceuticals in renal failure as well (review in Dreisbach
and Lertora [15]).

Uremic toxicity may also influence the activity of the cyto-
chrome P450 system [16]. Dreisbach et al. [17] showed that
end-stage renal disease leads to reduced activity, particularly of
the CyP 2C9 isoenzyme. More importantly in the case of phen-
procoumon, Dowling et al. [18] also demonstrated a lower ac-
tivity of the 3A4 isoenzyme under uremic conditions.

Could other reasons rather than acutely diminished renal
function play a role in the effect we observed in our patients?
Therapy with VKA aims at a narrow therapeutic index and
overanticoagulation occurs frequently. Froom et al. [19]
pointed out that older age is an important risk factor for too
high INR values. Sixty-seven per cent of the patients from our
series were at least 70 years old. Thus age may have accelerated
the risk of VKA in this population, although we did not identify
this parameter as a risk factor in the multivariate analysis.

In an analysis of prescription and health insurance data,
Clark et al. [20] pointed out that comedication of warfarin with
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FIGURE 2: Distribution of INR values at the time point of AKI and
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FIGURE 3: Percentage of patients with INR values below, within or
above the respective recommended target range for their indication.
The number of patients with INR values above therapeutic range
was higher at the time of AKI (54%) than at the reference time point
[14%; odds ratio 7.21 (95% confidence interval 3.62–14.35)].
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FIGURE 4: Influence of gender on the percentage of patients with
INR values below, within or above target range. Overanticoagulation
during AKI was more frequent in female than in male patients [odds
ratio 4.12 (95% confidence interval 1.76–9.67)].
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antibiotics more than doubles the risk of overshooting anticoa-
gulation. Such interaction may be particularly pertinent with
cephalosporins [21]. Although there were several patients in
our series in whom infection contributed to the pathogenesis of
AKI, only five patients received antibiotic treatment before
blood sampling for the diagnosis of renal dysfunction and the
measurement of INR. Further, the effect described by van
Walraven et al. [22] that hospitalization itself is a risk factor for
derailment of VKA therapy due to altered comedication, nutri-
tion and care is not relevant to our patients since AKI was diag-
nosed before admission to the hospital.

VKA and AKI are often linked via the observation of
warfarin-induced nephropathy [23]. Intrarenal microbleeding
can lead to acute deterioration of kidney function that appears
clinically as AKI. In this case, overanticoagulation would be the
primary event, followed by AKI. In addition, a Spanish group
[24] recently described an association between VKA intake and
the prevalence of immunoglobulin A nephropathy. In our
patients, a distinct pathogenesis could be identified to explain
AKI. None of the cases was suggestive of VKA-induced AKI
and only very few patients were reported to have initiated VKA
recently before AKI or to have changed their VKA dose.
Nevertheless, we cannot completely rule out that VKA-related
nephropathy might have played a role in our patient group.

L I M I T A T I O N S

Our study has several limitations. As a retrospective series, we
cannot derive causality from the association between AKI and
overanticoagulation in VKA-treated patients. Further, although
being the largest report on this issue, the series is quite small. In
addition, due to the retrospective nature, we cannot provide
pharmacokinetic measurements to confirm the suggested
mechanisms. In spite of these limitations, our series may pro-
vide grounds for further research and highlight a relevant risk
in everyday therapy that is worth being considered when caring
for patients with AKI.

F U N D I N G

This work was financed by intramural resources of the Martin
Luther University.

A U T H O R S ’ C O N T R I B U T I O N S

L.S. discussed the protocol, performed data acquisition and
evaluation and drafted the manuscript. D.G. discussed the pro-
tocol and contributed to the manuscript. M.G. designed the
protocol, supervised data acquisition and statistical evaluation
and drafted the manuscript.

C O N F L I C T O F I N T E R E S T S T A T E M E N T

M.G. reports speakers compensation from Amgen, Bayer,
Daiichi Sankyo, Novartis, Roche and Sanofi unrelated to this
topic. Further, he receives a grant for a clinical study unrelated
to this work from Daiichi Sankyo. L.S. and D.G. have nothing
to disclose. The results presented in this article have not been
published previously in whole or part, except in abstract
format.

D A T A A V A I L A B I L I T Y S T A T E M E N T

Original data are available from the corresponding author upon
request.

R E F E R E N C E S

1. Limdi NA, Nolin TD, Booth SL et al. Influence of kidney function on risk of
supratherapeutic international normalized ratio-related hemorrhage in war-
farin users: a prospective cohort study. Am J Kidney Dis 2015; 65: 701–709

2. Chan KE, Lazarus JM, Thadhani R et al. Warfarin use associates with in-
creased risk for stroke in hemodialysis patients with atrial fibrillation. J Am
Soc Nephrol 2009; 20: 2223–2233

3. Dahal K, Kunwar S, Rijal J et al. Stroke, major bleeding, and mortality out-
comes in warfarin users with atrial fibrillation and chronic kidney disease: a
meta-analysis of observational studies. Chest 2016; 149: 951–959

4. Arnason B, Matthisson J, Madsen H. [Can acute renal insufficiency increase
the effect of warfarin?]. Ugeskr Laeger 2009; 171: 1012

5. Kidney Disease: Improving Global Outcomes Acute Kidney Injury Work
Group. KDIGO clinical practice guideline for acute kidney injury. Kidney
Int Suppl 2012; 2:8

6. Levey AS, Stevens LA,Schmid CH et al.A new equation to estimate glomeru-
lar filtration rate. Ann Intern Med 2009; 150: 604–612

7. Kidney Disease: Improving Global Outcomes CKD Work Group. KDIGO
clinical practice guideline for the evaluation and management of chronic
kidney disease. Kidney Int Suppl 2013; 3:1

8. Baumgartner H, Falk V, Bax JJ et al. 2017 ESC/EACTS guidelines for the
management of valvular heart disease. Eur Heart J 2017; 38: 2739–2791

9. Kirchhof P, Benussi S, Kotecha D et al. 2016 ESC guidelines for the manage-
ment of atrial fibrillation developed in collaboration with EACTS. Eur Heart
J 2016; 37: 2893–2962

10. Hylek EM, Chang YC, Skates SJ et al. Prospective study of the outcomes of
ambulatory patients with excessive warfarin anticoagulation. Arch Intern
Med 2000; 160: 1612–1617

11. Ufer M. Comparative pharmacokinetics of vitamin K antagonists: warfarin,
phenprocoumon and acenocoumarol. Clin Pharmacokinet 2005; 44:
1227–1246

12. Bowmer CJ, Lindup WE. Decreased binding of drugs and dyes to plasma
proteins from rats with acute renal failure: effects of ureter ligation and in-
tramuscular injection of glycerol. Br J Pharmacol 1979; 66: 275–281

13. Belpaire FM, Bogaert MG, Mussche MM. Influence of acute renal failure on
the protein binding of drugs in animals and in man. Eur J Clin Pharmacol
1977; 11: 27–32

Table 2. Influence of patient conditions on the increase of INR associated
with AKI

Variable Exp(B) 95% confidence
interval

P-value

Age (�70 years versus
younger)

1.245 0.402–3.852 0.704

Gender (female versus
male)

3.339 1.226–9.092 0.018

BMI (>25 versus �25) 0.315 0.100–0.994 0.049
Diabetes mellitus

(yes versus no)
3.614 1.308–9.986 0.013

Chronic heart failure
(yes versus no)

1.023 0.399–2.627 0.962

Liver disease
(yes versus no)

1.884 0.664–5.345 0.234

Pre-existing CKD
(eGFR <60 versus
�60 mL/min/1.73 m2)

0.482 0.126–1.841 0.286

The table gives the results of multivariate logistic regression analysis with an increase
in INR by at least 1 standard deviation (0.78 units) relative to the INR measured at the
reference time point.

AKI in patients on VKA 685



14. Bachmann K, Shapiro R, Mackiewicz J. Influence of renal dysfunction on
warfarin plasma protein binding. J Clin Pharmacol 1976; 16: 468–472

15. Dreisbach AW, Lertora JJL. The effect of chronic renal failure on drug me-
tabolism and transport. Expert Opin Drug Metab Toxicol 2008; 4: 1065–1074

16. Elston AC, Bayliss MK, Park GR. Effect of renal failure on drug metabolism
by the liver. Br J Anaesth 1993; 71: 282–290

17. Dreisbach A, Japa S, Gebrekal AB et al. Cytochrome P4502C9 activity in
end-stage renal disease. Clin Pharmacol Ther 2003; 73: 475–477

18. Dowling T, Briqlia AE, Fink JC et al. Characterization of hepatic cyto-
chrome P4503A activity in patients with end-stage renal disease. Clin
Pharmacol Ther 2003; 73: 427–434

19. Froom P, Miron E, Barak M. Oral anticoagulants in the elderly. Br J
Haematol 2003; 120: 526–528

20. Clark NP, Delate T, Riggs CS et al. Warfarin interactions with antibiotics in
the ambulatory care setting. JAMA Intern Med 2014; 174: 409–416

21. Holbrook AM, Pereira JA, Labiris R et al. Systematic overview of warfa-
rin and its drug and food interactions. Arch Intern Med 2005; 165:
1095–1106

22. van Walraven C, Forster AJ. Anticoagulation control in the peri-
hospitalization period. J Gen Intern Med 2007; 22: 727–735

23. Brodsky S, Eikelboom J, Hebert LA. Anticoagulant-related nephropathy. J
Am Soc Nephrol 2018; 29: 2787–2793

24. Sevillano AM, Diaz M, Caravaca-Fontán F et al. IgA nephropathy in elderly
patients. Clin J Am Soc Nephrol 2019; 14: 1183–1192

Received: 14.9.2020; Editorial decision: 3.1.2021
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