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Abstract Anticoagulant-related nephropathy, a recently

recognized entity, manifests as unexplained acute kidney

injury in the setting of excessive anticoagulation with oral

agents. Histologic findings in warfarin-related nephropathy

include glomerular hemorrhage and renal tubular obstruc-

tion by red blood cells. Affected patients are at increased

risk of mortality as well as irreversible kidney injury. Pa-

tients with chronic kidney disease are particularly vul-

nerable to this complication. Similar case reports of

anticoagulant-related nephropathy have been linked to the

more novel oral anticoagulant, dabigatran. Anticoagulant-

related nephropathy has been successfully reproduced in

rat models. These animal models shed light on the patho-

genesis of the disease including the potential role of direct

thrombin and protease-activated receptor-1 inhibition.

Warfarin and dabigatran also cause an increase in systolic

blood pressure in rats, a risk factor for developing

nephropathy. This article reviews the current evidence for

anticoagulant-related nephropathy and provides data for

the suggested possible mechanisms underlying this adverse

effect.

Key Points

Anticoagulant-related nephropathy has been

associated with warfarin and dabigatran use.

Glomerular hemorrhage is the most consistent

histologic finding described.

Chronic kidney disease is a major risk factor for

over-anticoagulation and the subsequent

development of anticoagulant-related nephropathy,

potentially leading to irreversible kidney injury.

Presumptive warfarin-related nephropathy is

associated with increased mortality risk.

In animal models, warfarin and dabigatran cause a

dose-dependent increase in blood pressure.

1 Introduction

Anticoagulants are a class of drugs that prevent blood

clotting. Ever since its introduction, warfarin has been the

only available oral anticoagulant for more than half a

century. It is estimated that more than 30 million warfarin

prescriptions are filled annually in the USA [1]. Warfarin

produces its anticoagulant effects by interfering with the

synthesis of vitamin K-dependent clotting factors through

inhibition of the C1 subunit of the vitamin K epoxide re-

ductase enzyme complex [2]. It is primarily metabolized

through the cytochrome P450 pathway [3] and has a par-

ticularly narrow therapeutic range requiring close

monitoring. Maintaining therapeutic concentrations is a

challenge because of genetic influences affecting the drug
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metabolism [4], the interaction of warfarin with dietary

factors [5], and commonly used medications such as an-

tibiotics [6, 7]. This results in frequent complications, the

most common of which is hemorrhage [2]. A meta-analysis

showed that 44 % of bleeding complications with warfarin

were associated with supratherapeutic international nor-

malized ratios (INRs) [8]. Shortcomings attributed to fre-

quent monitoring of INRs, difficulties in attaining optimal

anticoagulation with warfarin owing to its slow onset of

action, variable pharmacologic effects, and numerous food

and drug interactions led to the development of new oral

anticoagulants that target key coagulation factors, such as

factors Xa and thrombin. Clinicians now have a broader

choice of agents with newer oral anticoagulants such as

dabigatran, rivaroxaban, and apixaban that have been ap-

proved by the US Food and Drug Administration (FDA) as

well as the European Medicines Agency (EMA) [9]. While

edoxaban has been approved for clinical use by the FDA, it

is still under evaluation for human use by the EMA. The

major advantage of these newer anticoagulants is that they

can be administered in fixed doses without coagulation

monitoring because of their predictable anticoagulant ef-

fect and that they have an overall favorable effect with

respect to the risk of stroke and systemic embolism, major

bleeding, total and cardiovascular mortality, and intracra-

nial bleeding when compared with warfarin [10, 11].

Apixaban can be used in advanced chronic kidney disease

(CKD) and even in end-stage renal disease [12], but the use

of dabigatran, rivaroxaban, and edoxaban is not recom-

mended in patients with advanced CKD [13–15].

The major potential renal complication associated with

oral anticoagulants in the setting of over-anticoagulation is

a type of acute kidney injury that has been termed anti-

coagulant-related nephropathy (ARN). When ARN occurs

with warfarin use it is called warfarin-related nephropathy

(WRN). Since the recent introduction of the other novel

anticoagulants, there have been case reports of ARN oc-

curring with dabigatran use [16, 17]. Animal studies [17–

20] supplemented by observations from retrospective

studies [1, 21, 22], prospective studies [23], and case re-

ports [7, 16, 24, 25] have enriched our understanding of the

pathogenesis of ARN. This article is a comprehensive re-

view of such data to help us understand the epidemiology

and potential mechanisms involved in the development of

ARN.

For the purpose of this review, we conducted a pub-

lished literature search through PubMed using different

permutations of term combinations including warfarin, oral

anticoagulants, dabigatran, rivaroxaban, apixaban, edox-

aban, renal, kidney, acute renal failure, acute kidney injury

(AKI), nephropathy, anticoagulant related nephropathy,

and warfarin related nephropathy. The only restriction we

applied to our search was the English language. No date

restrictions were applied. Article types searched included

case reports, clinical trials, journal articles, observational

studies, randomized control trials, and review articles. We

also searched the FDA Adverse Event Reporting System

(FAERS) for spontaneous reports of ARN associated with

newer anticoagulants using the search terms acute renal

failure, acute kidney injury, renal impairment, and antico-

agulant related nephropathy from October 2010 to Febru-

ary 2015. DailyMed, the official provider website of FDA

drug label information, was used to review oral antico-

agulant-related labeling information.

2 Wafarin-Related Nephropathy

WRN due to over-anticoagulation has been recently iden-

tified as a significant complication of warfarin therapy. The

occurrence of AKI resulting from glomerular hemorrhage

in the setting of an INR between 3 and 9 was reported as

early as 2000 [26, 27]. However, WRN was first defini-

tively described in 2009 by Brodsky et al. [25] who re-

viewed renal biopsies in nine CKD patients with

unexplained AKI [mean serum creatinine (SCr) level

4.3 ± 0.8 mg/dL] in the setting of excessive warfarin co-

agulopathy (INR[3.0) [25]. The biopsies in these patients

demonstrated evidence of glomerular bleeding, occlusive

red blood cell (RBC) casts, and tubular injury [25]. The

presence of these specific histologic lesions in the backdrop

of unexplained AKI and excessive anticoagulation led to

the introduction of a new subcategory of AKI called WRN

[1].

Further investigation by Brodsky et al. involved the

retrospective study of a cohort of 15,258 patients who

initiated warfarin therapy during a 5-year period at the

Ohio State University Medical Center. This study showed

that WRN potentially occurred in 20.5 % of the entire

cohort, 33.0 % of the CKD cohort, and 16.5 % of the no-

CKD cohort [1]. Another study among Korean patients

taking warfarin noted that WRN developed in 24.0 % of

patients with CKD and in 17.4 % of patients without CKD

[21]. Both these studies based the diagnosis of WRN on the

clinical findings of AKI (increase in SCr by more than

0.3 mg/dL) within 1 week of an INR exceeding 3.0 [1, 21].

The risk of WRN is significantly increased in older

patients and in those with diabetes mellitus, diabetic

nephropathy, hypertension, and heart failure (Table 1).

Medications that increase glomerular hydrostatic pressure

(e.g., calcium channel blockers) and those that lower

glomerular hydrostatic pressure (e.g., angiotensin con-

verting enzyme inhibitors) have been associated with a

statistically significant increased risk of developing WRN.

Concomitant aspirin use, owing to its contribution to co-

agulopathy, has also been shown to increase the risk [1], as
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well as the presence of genetic polymorphisms that reduce

warfarin metabolism predisposing to excessive antico-

agulation [4].

CKD patients with excessive anticoagulation are most

susceptible [28]. The interaction between CKD and over-

anticoagulation with warfarin is interesting because CKD

is an independent risk factor for supratherapeutic INR [29]

and supratherapeutic INR itself is a risk factor for WRN [1,

21]. Furthermore, because of a decreased rate of carboxy-

lation of clotting factors in CKD patients [30], the reversal

of a supratherapeutic INR may be slower in CKD patients,

exposing them to heightened risk from the deleterious ef-

fects of over-anticoagulation [30]. Data suggest that WRN

also has prognostic implications as it accelerates progres-

sion of CKD and also increases mortality [22]. One-year

mortality was significantly higher in WRN patients com-

pared with those without WRN (31.1 vs. 18.9 %) repre-

senting a 65 % increased risk [1]. Similar increase in

mortality rates were reported by An et al. [21] among

Korean patients with WRN compared with those without

WRN (42.8 vs. 26.3 %).

WRN has been reproduced in 5/6 nephrectomized (NE)

rat models with morphologic changes identical to those

described in humans [28]. Warfarin treatment in 5/6 NE

rats leads to a dose-dependent increase in SCr and the

animals with more advanced stages of CKD are more

susceptible to WRN than those with earlier stages. Fur-

thermore, treatment with vitamin K prevents a warfarin-

associated increase in SCr in 5/6 NE rats [18].

The mechanisms causing WRN are multifactorial and

likely involve a combination of events that occur simul-

taneously (Fig. 1). Glomerular hemorrhage caused by ex-

cessive anticoagulation from warfarin is an important

factor [17]. Kidney biopsies from affected patients and in

animal models have demonstrated glomerular hemorrhage

[18, 25]. Structurally abnormal glomerular basement

membranes as seen in thin and thick basement membrane

disease have been described to be particularly vulnerable to

glomerular hemorrhage [26–28]. The cellular and bio-

chemical mechanisms that cause glomerular hemorrhage

are still not clear [18]. Glomerular hemorrhage results in

the obstruction of renal tubules by RBC casts. This ob-

struction leads to tubular epithelial cell injury. The RBCs

within the renal tubules also cause heme toxicity and iron-

associated cellular damage [31–33]. Such oxidative stress-

induced damage to the renal tubules by RBCs may play a

very important role in WRN [34].

Warfarin can also potentially cause direct glomerular

damage by inhibiting the activation of vitamin K-depen-

dent proteins, matrix Gla protein, and growth arrest specific

gene 6 (GAS-6). These proteins and GAS-6 inhibit vas-

cular calcification and affect vascular smooth muscle cell

migration and apoptosis [35]. Their inhibition can induce

vascular calcification, interfere with vascular smooth

muscle cell migration, and alter glomerular hemodynamics

leading to injury [19]. Warfarin also inhibits mesangial cell

proliferation by interfering with the activation process of

GAS-6 [36]. In rat models, excessive anticoagulation has

resulted in an increased number of apoptotic cells in the

kidney of endothelial and non-endothelial origin [19].

Besides WRN, warfarin has been reported to cause other

rare renal side effects that include leukocytoclastic vas-

culitis and allergic interstitial nephritis [37–39], sponta-

neous atheromatous embolism [40], acute renal failure due

to bilateral renal pelvis, and ureteral hematomas [41].

3 Dabigatran-Related Nephropathy

While warfarin remains the most common oral antico-

agulant used to date, newer oral anticoagulants have been

introduced on the market. They consist of direct thrombin

inhibitors (dabigatran) and factor Xa inhibitors (apixaban,

edoxaban, and rivaroxaban). These newer oral antico-

agulants are being prescribed increasingly as they do not

require routine coagulation monitoring and have improved

clinical outcomes overall including decreased risk of major

bleeding, making them particularly attractive alternatives

to warfarin [10, 11]. All of the newer oral anticoagulants

are renally excreted to varying degrees [15] and to date

little is known about their effects on kidney function;

however, two recent case reports showed that dabigatran

can cause AKI [16, 42]. Dabigatran is approved for the

treatment of deep venous thrombosis and pulmonary em-

bolus as well as reducing the risk of recurrence of deep

venous thrombosis and pulmonary embolus in patients

previously treated. It is also approved for the prevention of

stroke and systemic embolism in patients with non-valvular

Table 1 Risk factors for developing warfarin-related nephropathy

Coagulopathy (INR[3) [1, 21, 22]

Chronic kidney disease [21, 25]

Cardiovascular disease and heart failure [1, 21]

Diabetes mellitus [1]

Simultaneous use of medications such as aspirin, angiotensin

converting enzyme inhibitors, and calcium channel blockers [1]

Thin and thick basement membrane disease [26, 27]

Age [1]

Hypertension [1, 22]

Low serum basal albumin level [21]

High serum AST level at post INR elevation [21]

Gene polymorphisms affecting warfarin metabolism (e.g.,

CYP2C9*3 polymorphism) [4]

AST aspartate aminotrasferase, CYP cytochrome P450, INR interna-

tional normalized ratio
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atrial fibrillation [43]. It is worth mentioning that there

have been by far more case reports of AKI leading to

dabigatran toxicity manifesting as major hemorrhage [44–

47]. A FAERS database search did not yield any adverse

reports specific to dabigatran-related nephropathy.

Morphologically, the same histologic lesions are seen

with dabigatran nephropathy as WRN, namely the presence

of glomerular hemorrhage and RBC casts. Studies by Ryan

et al. [17] on rat models showed that dabigatran promotes

AKI in a dose-dependent manner in 5/6 NE rats. Unlike

warfarin, dabigatran causes dose-dependent SCr increases

in 5/6 NE rats and control rats with normal kidney func-

tion. Based on these observations, the authors have sug-

gested that not just CKD patients, but other patients as

well, can be at high risk of developing AKI if the

therapeutic range of anticoagulation with dabigatran is

exceeded [17]. This observation is clinically relevant be-

cause detecting excessive anticoagulation with dabigatran

use is difficult as coagulation parameters are neither rou-

tinely monitored nor are the tests that reflect anticoagula-

tion with dabigatran widely available. Thus, renal function

needs to be constantly monitored and this may outweigh

the benefits of not monitoring coagulation parameters with

newer anticoagulants [48].

Because the end result of kidney injury from warfarin

and dabigatran is histologically similar despite different

mechanisms of action for these two drugs, the attention

shifted to downstream effects of these anticoagulants.

Protease-activated receptor 1 (PAR-1) is a G protein-cou-

pled thrombin receptor expressed on endothelial cells that

participates in the regulation of the endothelial functions,

vascular permeability, leukocyte migration, and adhesion

[49, 50]. In vitro studies have shown that PAR-1 activation

changes endothelial monolayer integrity [51]. Warfarin and

dabigatran though causing anticoagulation by different

mechanisms ultimately result in diminished thrombin ac-

tivity (Fig. 1). Thrombin activates protein C and modulates

the anticoagulation cascade by acting on thrombomodulin

that is expressed on endothelial cells. Ryan et al. [17]

proposed that thrombin plays an important role in the

glomerular filtration barrier function, and its decreased

activity owing to anticoagulation results in glomerular fil-

tration barrier abnormalities. They also described that an-

tagonizing PAR-1 using a selective inhibitor (SCH79797)

in rat models resulted in increased SCr, hematuria, and

tubular RBC casts, findings similar to those described in

animals with warfarin- or dabigatran-related nephropathy.

The authors hypothesized that there is a common pathway

Fig. 1 Potential mechanisms of anticoagulant-related nephropathy. Fe2? free iron, GAS-6 growth arrest specific gene 6, PAR-1 protease-

activated receptor 1, ; decreased
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involving thrombin in the pathogenesis of ARN and that

this pathway did not include vitamin K-dependent proteins.

The authors concluded that the novel thrombin inhibitor

dabigatran causes AKI when dosed sufficiently to cause a

coagulopathy and suggested that kidney function be closely

monitored while on dabigatran therapy.

In rat models, warfarin and dabigatran have been

shown to increase systolic blood pressure (SBP) in a dose-

dependent manner. Such increases in blood pressure can

indirectly cause long-term kidney injury. Similar to the

mechanism involving thrombin and PAR-1 detailed above,

the authors proposed that thrombin plays an important role

in the regulation of vascular tone by endothelial cells, and

decreased thrombin activity, secondary to anticoagulant

use, results in SBP changes [20]. This effect of warfarin

on blood pressure has been observed in humans where

certain subsets at higher baseline cardiovascular risk have

shown significant increases in SBP or pulse pressure or

both after 12 months of warfarin therapy [52]. Hyperten-

sion is an independent risk factor for WRN and progres-

sion of CKD.

4 Other Factor Xa Inhibitors

Our literature search did not yield any reports of ARN

occurring with other factor Xa inhibitors besides dabiga-

tran. Review of quarterly safety reports posted by the

FAERS database on their website since approval of the

newer anticoagulants did not yield any safety alerts for

acute kidney injury related to newer anticoagulants use.

Further, referencing of FDA label information for newer

anticoagulants using the FDA’s official provider website

DailyMed did not show acute kidney injury as a listed

adverse effect based on data from clinical trial experience

and postmarketing experience. Despite these observations

it is still plausible that the other factor Xa inhibitors could

cause ARN [53] based on the potential proposed role of

thrombin inhibition in the pathogenesis of renal toxicity as

described above. The jury is therefore still out given that

these drugs are relatively new.

5 Discussion and Conclusions

In conclusion, the occurrence of ARN in the setting of

over-anticoagulation is probably real but there are many

questions related to the incidence, prevalence, and patho-

genesis that remain unanswered. Most human studies

available to date have been retrospective in nature where

the cases were identified based on presumptive diagnosis

defined by an elevation in creatinine that was temporally

related to an abnormally elevated INR. Such a presumptive

approach may not be very accurate as the diagnosis is not

confirmed by kidney biopsy. Data collection by using chart

reviews and diagnostic codes to identify cases may not

have rigorously excluded other causes of AKI. This could

lead to the overestimation of incident and prevalent cases.

It is also difficult to determine the incidence of WRN as

patients who have coagulopathy often do not get biopsied

because of concerns of increased bleeding risk [1]. The

prevalence estimates of WRN may be dampened by the

increased mortality among those with WRN and CKD. In

one study, approximately 30 % of such patients died within

a year after the onset of WRN [1]. With specific reference

to the mechanisms of WRN, it is still unclear if the toxicity

of warfarin is related to consequences of blood in the

glomerulus and renal tubules and heme release from RBCs

or the effects of direct warfarin toxicity on the glomerular

cells and renal microvasculature. The animal models used

have their shortcomings. Ryan et al. [17] pointed out that

ablative nephropathy in 5/6 NE rats can itself make the

kidneys more sensitive to changes in coagulation distur-

bances owing to alterations in PAR-1. Thus, exclusive at-

tribution of ARN changes to oral anticoagulants in treated

rats would be simplistic [17]. To clearly establish

mechanisms and risk factors for WRN and its conse-

quences will require well-defined prospective studies and

randomized control studies. Until then, what is absolutely

clear is the fact that anticoagulation should be closely

monitored, specifically in older patients who have multiple

co-morbidities that put them at risk of renal injury and in

those with CKD who are at increased risk of ARN, with

every effort made to prevent over-anticoagulation events.

Prevention is the best way to avoid ARN.
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