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Abstract

Occasionally, over-anticoagulation with warfarin induces acute kidney injury (AKI) characterized by glomerular hemorrhage
with tubular obstruction by red blood cell casts, which is widely acknowledged as warfarin-related nephropathy. Owing to
extensive use of direct oral anticoagulants, similar AKI cases have been reported among patients treated with dabigatran.
Dabigatran is primarily excreted by the kidneys; thus, renal impairment is one of the risk factors for dabigatran-induced
bleeding complications. Nevertheless, risk factors for dabigatran-induced anticoagulant-related nephropathy (ARN) remain
partially clarified. Here, we report a histologically established case of dabigatran-induced ARN with undiagnosed IgA
nephropathy in a patient with normal baseline renal function. In addition, we summarize previously published cases of biopsy-
proven, dabigatran-related ARN. A 67-year-old female with normal preexisting renal function developed macrohematuria
and AKI. She had been treated with dabigatran for deep vein thrombosis. A renal biopsy diagnosed ARN with inactive IgA
nephropathy. After dabigatran withdrawal, her macrohematuria and renal function improved. This report demonstrates that
ARN could occur in patients with normal baseline renal function. Our case and prior reports suggest that [gA nephropathy
could be a risk factor for dabigatran-induced ARN.
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Introduction

Anticoagulant therapy is essential to evade thromboem-
bolic events in patients with atrial fibrillation or deep vein
thrombosis. Currently, direct oral anticoagulants (DOACs)
are being rapidly used owing to their safety, efficacy, and
convenience [1, 2]. Nevertheless, the risk of kidney injury
caused by DOACs remains unclear. Here, we report a his-
tologically established case of dabigatran-induced antico-
agulant-related nephropathy (ARN) with newly diagnosed
IgA nephropathy.

< Masaki Ikeda
ghiblist@hotmail.com

Department of Nephrology and Dialysis, Hyogo

Prefectural Amagasaki General Medical Center, 2-17-77
Higashinaniwa-cho, Hyogo, Amagasaki 660-8550, Japan

@ Springer

Case report

A 67-year-old female was referred to our hospital with per-
sistent macrohematuria and acute kidney injury (AKI). At
the age of 62, she started dabigatran (150 mg twice daily) for
deep vein thrombosis. She had no history of easy or severe
bleeding indicative of an underlying bleeding disorder
before the administration of dabigatran. Her other routine
medications comprised amlodipine, imidapril, metformin,
and teneligliptin. A medical checkup two years ago detected
microhematuria with no proteinuria. She presented with
macrohematuria two months before admission; however, no
urological abnormalities were detected by ultrasonography
and computed tomography. She had no signs and symptoms
of recent infections including tonsillitis before developing
the macrohematuria. Her creatinine level increased from 0.5
to 2.16 mg/dL over 10 days, and she was admitted for the
assessment of AKI.
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Upon admission, her blood pressure was 144/86 mmHg,
and the pulse rate was 67 bpm. We noted no tonsillar hyper-
trophy, peripheral edema, purpura, and petechiae. Urinaly-
sis revealed a urine protein level of 2+ (2.09 g/gCr) and a
urine blood level of 3+ with red blood cell (RBC) casts and
granular casts. In addition, laboratory tests revealed a hemo-
globin level at 9.6 g/dL with normal leukocyte and platelet
counts. The prothrombin time was 29.9 s, and prothrombin
time international normalized ratio (PT-INR) was 2.47. In
addition, activated partial thromboplastin time (APTT) was
markedly prolonged at 96.7 s. The serum creatinine level
was 3.67 mg/dL, and the estimated glomerular filtration rate
was 10 mL/min/1.73 m?. Moreover, liver function test results
were normal with aspartate aminotransferase and alanine
aminotransferase levels of 32 IU/L and 16 IU/L, respec-
tively. The total protein and the albumin levels were 7.3 g/
dL and 3.5 g/dL, respectively. The HbAlc level was 5.2%.
Autoimmune disease screening was negative, and serum

Fig. 1 a Macroscopic hemor-
rhagic lesions in renal biopsy
specimens (arrows). b Glo-
merulus with normal mesangial
matrix and cellularity (periodic
acid-Schiff stain, magnifica-
tion X 400). ¢ Red blood cells
casts and acute tubular injury
(hematoxylin—eosin stain, mag-
nification X 200). d Interstitial
hemorrhage (hematoxylin—eosin
stain, magnification X 400).

e Glomerular mesangial IgA
deposits (magnification X 200).
f Electron-dense deposits in
mesangial area (arrow) (magni-
fication x 4,000)

complement levels in the normal range. Furthermore, ultra-
sonography revealed normal kidneys and no abnormalities
of other organs.

After stopping dabigatran, a percutaneous renal biopsy
was performed. Hemorrhagic lesions were evident macro-
scopically in the renal biopsy specimens (Fig. 1a). In addi-
tion, light microscopy revealed that three of 25 glomeruli
were globally sclerosed. Other glomeruli were unremark-
able with normal mesangial matrix and cellularity (Fig. 1b).
Moreover, some tubules were obstructed by RBC casts, and
we observed diffuse acute tubular injury and interstitial
hemorrhage (Fig. 1c,1d). Besides, immunofluorescence
studies revealed granular staining for IgA in the mesangial
area (Fig. le). No glomerular staining was noted for IgG,
IgM, and C3. Furthermore, electron microscopy revealed a
few scattered small deposits in the mesangial area (Fig. 1f).
Based on these findings, ARN with IgA nephropathy was
diagnosed.
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After discontinuing dabigatran, PT-INR and APTT were
normalized in a week, and the patient’s renal function nor-
malized within four months. Furthermore, urinary protein
excretion declined to 0.3 g/gCr, although mild microhema-
turia persisted.

Discussion

Brodsky et al. first reported that nine patients with chronic
kidney disease (CKD) developed inexplicable AKI during
warfarin therapy [3]. All patients presented with hematuria
and had excessive anticoagulation (PT-INR range 2.0—8.0);
renal biopsies were performed in all patients [3]. All speci-
mens exhibited glomerular hemorrhage and severe tubular
occlusion by RBC casts, but no active proliferative glomeru-
lar lesions were observed; thus, the authors anticipated that
excessive anticoagulation with warfarin (PT-INR > 3.0)
could cause AKI and named this syndrome warfarin-related
nephropathy (WRN) [4]. Perhaps, the primary mechanism
for WRN was that the disruption of glomerular filtration
barrier could induce glomerular hemorrhage and subsequent
tubular RBC casts, causing acute tubular injury because of
tubular obstruction and ischemia [3]. In addition, hemo-
globin, heme, or iron released from RBC casts, perhaps,
contributed to acute tubular injury by increasing oxidative
stress [5, 6]. The degree of proteinuria in patients with WRN
varied from 0.61 to 5.7 g/day [7]. In general, the proteinuria
occurring in tubular diseases is usually less than 2 g/day [8],
and the reason for the occurrence of large amount of pro-
teinuria in some patients with WRN remains unclear. Risk
factors for WRN comprised CKD, elderly, diabetes mellitus,
hypertension, and cardiovascular disease [9]. Reportedly,
other oral anticoagulants, including dabigatran, apixaban,
and rivaroxaban, could cause similar AKI, and the term
“ARN” is now extensively used [7, 10—15].

Our case developed AKI with macrohematuria during
anticoagulation therapy with dabigatran. She was over-
anticoagulated at the AKI onset, and her renal function
enhanced after discontinuing dabigatran. A renal biopsy
revealed acute tubular injury with occlusive RBC casts and
interstitial hemorrhage, which corroborated the findings
of ARN. Glomerular hemorrhage, one of the hallmarks of
ARN, was not observed in the specimens, suggesting the
recovery phase of ARN because a renal biopsy was per-
formed after her serum creatinine level began decreasing.
IgA nephropathy was determined incidentally, but no active
glomerular lesions were observed. Overall, she was diag-
nosed with dabigatran-induced ARN and coexisting nonac-
tive IgA nephropathy.

Dabigatran is a direct thrombin inhibitor and approved for
clinical use without needing consistent coagulation monitor-
ing [16]. Nearly 80% of dabigatran is excreted unchanged by
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the kidneys, and its half-life is 14—17 h in adults with nor-
mal renal function [17]. In patients with renal impairment,
the half-life of dabigatran is prolonged, and the plasma dabi-
gatran concentration elevates, resulting in the exacerbated
risk of serious bleeding adverse events. Thus, dabigatran
is contraindicated in patients with severe renal impairment
(creatinine clearance < 30 mL/min) in Japan. Excessive anti-
coagulation with dabigatran can be determined by prolonged
APTT [18, 19], and PT-INR can also be elevated when dabi-
gatran concentrations are extremely higher than therapeutic
levels [17]. Our case developed dabigatran-induced ARN,
although her baseline renal function was normal; although
its cause remained unknown, in certain conditions that might
cause a rapid decline in the renal function such as dehydra-
tion, repeat prescriptions of dabigatran could result in drug
accumulation and subsequent ARN.

To the best of our knowledge, three case reports of his-
tologically established dabigatran-induced ARN have been
published (Table 1) [12-14]. All patients, including the one
in the present study, were aged greater than 65 years, and
none had a severe renal impairment at the baseline. Three of
four patients had hypertension, and the period between initi-
ating dabigatran and the AKI onset varied from a few weeks
to several years. All patients, except for one, presented with
macrohematuria. The amount of proteinuria was 2.09 g/
gCr in our patient and less than 1 g/day in the other two
patients. At the onset of ARN, APTT was prolonged in three
patients and PT-INR was prolonged in all patients. APTT
and PT-INR returned to normal rapidly in three and two
patients after discontinuing dabigatran, respectively. While
one patient needed temporary hemodialysis, all patients had
nearly complete recovery to their baseline renal function by
discontinuing dabigatran.

Remarkably, all patients of histologically established dab-
igatran-induced ARN had underlying mild IgA nephropathy.
Based on the AKI resolution after discontinuing dabigatran
and the absence of active glomerular proliferative lesions,
AKI with hematuria in these patients seemingly correlated
with not acute worsening of proliferative forms of IgA
nephropathy but other mechanisms. In IgA nephropathy,
macrohematuria typically occurs after a mucosal (usually
upper respiratory) infection [20]. The hematuria usually
resolves within a few days; however, in rare cases, AKI
occurs during an episode of macrohematuria. The most com-
mon pathological findings in AKI due to IgA nephropathy in
the presence of macrohematuria are acute tubular necrosis
and intratubular RBC casts, which are similar to those of
ARN [21]. Excessive anticoagulation with dabigatran may
accelerate macrohematuria due to IgA nephropathy and
aggravate the tubular injury associated with macrohematu-
ria. In some previous case reports, WRN was also reported
in patients with underlying IgA nephropathy [3, 7, 22],
and Goblin et al. anticipated that glomerular permeability
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Table 1 Case reports of histologically confirmed, anticoagulant-related, dabigatran-induced nephropathy

Patient 1 [our case] 2 [12] 3[13] 4 [14]

Age/Sex 67/F 78/F 69/F 67/M

Dose of dabigatran 150 mg twice daily 110 mg twice daily 110 mg twice daily 150 mg twice daily

Duration of taking dabigatran 2 years 1 year 2 weeks 1 week

Risk factors Older age, DM, HTN  Older age, HTN Older age, HTN Older age, CVD

Basal S-Cr (mg/dL)/eGFR (mL/ 0.53/86 1.0-1.1/48-54 1.5/35 1.0/78

min/1.73 m?)

Peak S-Cr (mg/dL) 3.67 6.8 8 5.5

Hematuria Macrohematuria Macrohematuria RBC> 100/HPF Macrohematuria

Proteinuria 2.09 g/gCr 0.6-0.9 g/gCr 100 mg/dL, oliguria N/A

APTT (s) 96.7 150 68 N/A

PT-INR 247 1.9 23 1.6

Biopsy findings Occlusive RBC casts ~ Occlusive RBC casts Occlusive RBC casts Occlusive RBC casts
Diffuse ATI Glomerular hemorrhage Extensive tubular necrosis Diffuse ATI
Interstitial hemorrhage Mild IgA nephropathy  Interstitial hemorrhage Mild IgA nephropathy
Mild IgA nephropathy Mild IgA nephropathy

Treatment Stopping dabigatran Stopping dabigatran Stopping dabigatran Stopping dabigatran

APTT (s) after treatment Return to normal
PT-INR after treatment

S-Cr at the last follow-up (mg/dL)

Return to normal

0.68 (after one year)

Return to normal
Return to normal

1.1 (after one year)

Temporary hemodialysis

N/A

N/A

1.8 (after three months)

Return to normal
N/A
1.9 (after two weeks)

DM diabetes mellitus; HTN hypertension; CVD cardiovascular disease; S-Cr serum creatinine; RBC red blood cells; HPF high-power field; PT-
INR prothrombin time international normalized ratio; APTT activated partial thromboplastin time; N/A not available; ATI acute tubular injury

alterations because of IgA nephropathy might easily initiate
glomerular hemorrhage in combination with over-anticoag-
ulation, resulting in ARN [7]. Nevertheless, further studies
are warranted to determine whether IgA nephropathy could
be a risk factor for ARN.

In conclusion, this report presents the case of dabigatran-
induced ARN with underlying IgA nephropathy in a patient
with normal renal function. Our case and literature review
indicate that underlying IgA nephropathy could be a risk
factor for ARN. The most crucial approach to the treatment
of ARN is early detection and discontinuing anticoagulant
medications. As dabigatran is becoming extensively used in
clinical practice, physicians need to determine this clinical
entity and closely monitor renal function, urinary findings,
and coagulation status, especially in patients with urinalysis
abnormalities indicative of chronic glomerulonephritis.
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