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Abstract
We report a case of acute ischemic nephropathy in a patient with severe renal artery stenosis and bradycardia due to sick 
sinus syndrome. An 83-year-old Japanese woman with a history of hypertension was diagnosed with sick sinus syndrome 
and scheduled for pacemaker implantation. Four days prior to admission for the procedure, she experienced sudden-onset 
severe right flank pain that persisted for 1 day. On the day of admission, her serum creatinine level increased from 1.35 mg/
dL, measured 2 weeks earlier, to 7.04 mg/dL. Laboratory examinations showed elevated C-reactive protein and lactate 
dehydrogenase levels. A computed tomography scan showed a severely atrophied left kidney, suggesting that it was non-
functioning. Doppler ultrasonography of the right renal artery showed an extended acceleration time, suggesting proximal 
stenosis. Magnetic resonance imaging showed no enhancement in the proximal portions of the right renal artery, consistent 
with severe stenosis or occlusion. The patient developed severe bradycardia with lightheadedness; as a result, pacemaker 
implantation was performed on post-admission day 7. On day 10, digital subtraction angiography revealed diffuse severe 
stenosis of the right renal artery; intravascular ultrasonography suggested plaque rupture. Percutaneous transluminal renal 
angioplasty (PTRA) was performed and a drug-eluting stent was placed. On day 11, hemodialysis was performed owing 
to deteriorating renal function. The patient’s renal function dramatically improved shortly thereafter. This case highlights 
the importance of PTRA for select patients, as it can potentially save some patients from chronic dialysis, and outlines the 
possible implications of bradycardia in the pathogenesis of ischemic nephropathy.
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Introduction

Between 5 and 22% of elderly patients with chronic kidney 
disease (CKD) have renal artery stenosis (RAS), which can 
cause refractory hypertension and renal impairment [1–3]. 
Approximately 90% of RAS cases are attributed to athero-
sclerosis; RAS is also caused by fibromuscular dysplasia, 
which is often observed in young women [4]. Treatment for 
RAS includes pharmacological therapy and percutaneous 
transluminal renal artery angioplasty (PTRA) [5]. Pharma-
cological treatment consists of antihypertensives for blood 
pressure control, statins for dyslipidemia, and aspirin or 

clopidogrel as antiplatelet therapy. PTRA involves balloon 
angioplasty with or without stent placement. Complications 
associated with PTRA include arterial perforation, hema-
toma at the puncture site, re-stenosis, and atheroembolic 
disease [6, 7].

The efficacy of PTRA has been controversial as previous 
large-scale randomized controlled trials found that patients 
who underwent PTRA and medical treatment had a compa-
rable prognosis to that of patients treated with medication 
alone [7–9]. However, many patients enrolled in these tri-
als had a relatively mild degree of stenosis and stable renal 
function [7–9]. The potential benefit of PTRA in patients 
with more severe stenosis and progressive renal dysfunction 
is yet to be evaluated in controlled trials, in part because of 
the difficulty of recruiting a large number of patients with 
such severe conditions. Nonetheless, clinical guidelines and 
prior studies suggest that PTRA may be indicated in patients 
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with hemodynamically significant bilateral RAS, RAS in 
a solitary kidney, or rapidly progressive renal dysfunction 
[10–12].

Here, we report a case of acute ischemic nephropathy in 
a patient with severe renal artery stenosis and bradycardia 
due to sick sinus syndrome. The patient required temporary 
dialysis; however, dramatic renal functional recovery was 
observed after PTRA.

Case report

An 83-year-old woman with a history of hypertension was 
referred to the cardiology department of our hospital for the 
evaluation of sick sinus syndrome. Five years prior to refer-
ral, her serum creatinine level was 0.67 mg/dL. Five months 
prior to referral, the patient experienced lightheadedness 
and saw her primary care doctor who diagnosed sick sinus 
syndrome based on the results of a 12-lead electrocardio-
gram. On the day of referral, her serum creatinine level was 
1.35 mg/dL. She had been taking an angiotensin II receptor 
blocker (ARB) for at least 5 months. Permanent pacemaker 
implantation was scheduled for 2 weeks later. Four days 
prior to hospital admission for the procedure, the patient 
experienced sudden-onset right flank pain, which resolved 
the next day. On the day of admission, her creatinine level 
was markedly elevated to 7.04 mg/dL; thus, the patient was 
referred to our nephrology department for the evaluation of 
acute kidney injury. She was normotensive at 133/84 mmHg, 
and her pulse rate was 93 beats per minute. Her weight was 
59.9 kg, which was greater than her usual weight of 56 kg. 
Mild bilateral lower extremity edema was noted on physical 
examination. Her medications included 40 mg telmisartan, 
12.5 mg hydrochlorothiazide, 10 mg nifedipine for hyperten-
sion, difenidol, laroxifen for osteoporosis, vonoprazan fuma-
rate, and herbal medicines for dizziness. Blood tests showed 
elevated C-reactive protein (CRP; 7.96 mg/dL), lactate dehy-
drogenase (LDH; 603 U/L), and brain natriuretic peptide 
(BNP; 341.3 pg/dL) levels (Table 1), and her sodium levels 
were abnormal (132 mEq/L). She also had mild anemia and 
metabolic acidosis. Urinalysis revealed mild proteinuria and 
elevated renal tubular markers. Chest radiography showed 
cardiomegaly and mild pleural effusion. A 12-lead electro-
cardiogram showed sinus rhythm with a first-degree atrio-
ventricular block and complete right bundle branch block.

We first stopped telmisartan and hydrochlorothiazide to 
rule out the possibility of medication-induced acute kidney 
injury. Ultrasonography did not show a distended or col-
lapsed inferior vena cava, suggesting that renal congestion 
or dehydration was unlikely. The fractional excretion of 
sodium and the fractional excretion of urea nitrogen were 
not reduced (3.4% and 58.0%, respectively). Furthermore, 

Table 1   Laboratory findings on admission

Blood counts
 White blood cell 7,000/µL
 Red blood cell 371X 104/µL
 Hemoglobin 12.2 g/dL
 Platelet 14.1 X 104/µL

Coagulation
 PT-INR 1.05
 APTT 32.7 s
 Fibrinogen 507 mg/dL
 D-dimer 1.4 μg/mL

Blood chemistry
 Sodium 132 mEq/L
 Potassium 4.8 mEq/L
 Chloride 97 mEq/L
 Calcium 8.6 mg/dL
 Phosphorus 4.8 mg/dL
 Magnesium 2.2 mg/dL
 Urea nitrogen 74 mg/dL
 Creatinine 7.04 mg/dL
 Total protein 6.4 g/dL
 Albumin 3.1 g/dL
 LDH 603 U/L
 AST 21 U/L
 ALT 30 U/L
 ALP 128 U/L
 Total bilirubin 1.2 mg/dL
 Glucose 105 mgdL
 C-reactive protein 7.96 mg/dL
 Brain natriuretic peptide 341.3 pg/mL
 IgG 1297.9 mg/dL
 IgA 251.9 mg/dL
 IgM 56 mg/dL
 Rheumatoid factor 5.4 U/mL
 Anti-nuclear antibody 20 fold
 Anti-ds-DNA IgG antibody  < 0.5 U/mL
 CH50  ≥ 60.0/mL
 ASO 12 U/mL
 PR3-ANCA  < 1.0 U/mL
 MPO-ANCA  < 1.0 U/mL
 Anti-GBM antibody  < 2.0 U/mL
 Serum electrophoresis All negative
 Urine electrophoresis All negative

Venous blood gas
 pH 7.324
 pCO2 41.7 torr
 HCO3

− 21.1 mmol/L
Urine test
 Urine protein 1+ 
 Urine blood 1+ 
 Urine white blood cell 1+ 
 Specific gravity 1.007
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echocardiography did not show reduced left ventricular ejec-
tion fraction, suggesting normal cardiac output.

We suspected renal artery occlusion as the cause of her 
acute kidney injury, based on the patient’s elevated LDH 
and CRP levels and the sudden onset of right flank pain. 
Although echocardiography did not show apparent cardiac 
emboli, D-dimer level was mildly elevated at 1.40 µg/mL on 
day 3, making it difficult to completely exclude the possibil-
ity of cardiac emboli. An abdominal computed tomography 
(CT) scan revealed that the left kidney was significantly 
smaller than the right kidney, suggesting that the left kidney 
was non-functional. There was no evidence of hydronephro-
sis. Doppler ultrasonography of the renal arteries showed an 
extended acceleration time for the right renal artery, suggest-
ing severe stenosis in the proximal portion of the right renal 
artery. Abdominal magnetic resonance (MR) imaging and 
MR angiography did not detect flow signals in either renal 
artery, suggesting severe RAS or occlusion (Fig. 1).

While investigations were being performed, the patient 
developed severe bradycardia with a heart rate of 20–30 
beats per minute, accompanied by lightheadedness. Given 
that the patient was symptomatic, a temporary pacemaker 
was inserted on day 6 post-admission, and a permanent 
pacemaker was implanted on day 7 to reduce the risk of 
catheter-associated infection.

On day 7 post-admission, we performed a contrast-
enhanced CT scan (Fig. 2), which showed no enhancement 
in the proximal portion of the right renal artery; however, the 
upper portion of the right kidney and a narrow branch of the 
right renal artery showed enhancement. The lower portion of 
the right kidney also showed a slight contrast enhancement 

in the delayed phase, suggesting that the right renal artery 
was not completely occluded. Digital subtraction angiogra-
phy was performed on day 10, revealing diffuse severe ste-
nosis of the right renal artery. The intravascular ultrasonog-
raphy (IVUS) findings were suggestive of plaque rupture. 
PTRA was performed and a drug-eluting stent was placed, 
resulting in significantly improved renal perfusion (Fig. 3). 
Abdominal aortography showed very slight enhancement at 
the origin of the left renal artery and no enhancement in the 
peripheral parts. Considering the atrophy of the left kidney 
on CT images, severe stenosis of the left renal artery was 
likely.

Despite the improvement in renal perfusion, the patient’s 
renal function deteriorated with declining urine volume. Due 
to increasing weight and edema, we started furosemide and 

Table 1   (continued)

 Urine urobilinogen  ± 
 Urine bilirubin Negative

Urine sediment
 Red blood cell 1-4/HPF
 White blood cell 1-4/HPF

Urine chemistry
 Urine UN 325 mg/dL
 Urine Cr 53.3 mg/dL
 Urine Na 34.2 mEq/L
 Urine K 9.1 mEq/L
 Urine Cl 19.1 mEq/L
 Urine β2-microglobulin 10,902 µg/L
 Urine NAG 8.9 U/L

PT-INR prothrombin international normalized ratio, APTT activated 
partial thromboplastin time, LDH lactate dehydrogenase, AST aspar-
tate aminotransferase, ALT alanine aminotransferase, ALP alkaline 
phosphatase, Anti-ds-DNA anti-double-stranded DNA, ASO antist-
reptolysin O, GBM glomerular basement membrane, HPF high power 
field, NAG N-acetyl-beta-D-glucosaminidase

Fig. 1   Abdominal MRI and MRA. Flow signals were not detected in 
both renal arteries, suggesting severe renal artery stenosis or occlu-
sion

Fig. 2   An enhanced abdominal CT scan. The left kidney was much 
smaller than the right kidney
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increased the dosage to 80 mg on day 8. We also started tolvap-
tan from day 5. On day 11, her serum creatinine level increased 
to 10.53 mg/dL and she underwent a session of hemodialysis 
because the risk of congestive heart failure from volume over-
load was imminent. Her body weight decreased from 63.9 to 
62.4 kg during the hemodialysis session. Shortly thereafter, on 
the same day, her urine volume began to increase significantly, 
and her serum creatinine level began to decrease. We stopped 
tolvaptan on day 12 and decreased the dosage of furosemide 
from 80 to 40 mg on day 13. We stopped furosemide on day 
14 because her body weight sharply decreased to 56.5 kg on 
that day without additional hemodialysis sessions. Because 
the patient’s blood pressure decreased from 130 to 160 mmHg 
before PTRA to 100 to 120 mmHg after PTRA, we stopped 
nifedipine. Her serum creatinine level continued to decline 
to 2.34 mg/dL on day 21 and she was discharged on day 22. 
At 2 months after discharge, her serum creatinine level had 
further decreased to 1.72 mg/dL. The patient’s systolic blood 
pressure was elevated to 140–170 mmHg; thus, we restarted 
nifedipine (10 mg). At 4 months after discharge, her systolic 
blood pressure at home was still elevated at 160–170 mmHg. 
Plasma renin activity and aldosterone levels were elevated 
at 5.1 ng/mL/h and 220.0 pg/mL, respectively, while serum 
potassium level was low (2.9 mEq/L). Kidney function was 
preserved (serum creatinine; 1.38 mg/dL). These laboratory 
findings raised the possibility of restenosis of the right renal 
artery as well as renovascular hypertension due to left RAS. 
We decided to continue supportive therapy by adjusting the 
dosage of nifedipine and monitor the patient’s clinical course.

Discussion

We report a case of rapidly progressive renal dysfunction 
in a patient with severe RAS. Uniquely, the patient had 
concurrent severe bradycardia due to sick sinus syndrome. 
Although the patient temporarily required hemodialysis, her 

renal function dramatically improved after PTRA, which 
restored blood flow to the right kidney and allowed the ces-
sation of renal replacement therapy.

Regarding the etiology of the patient’s renal impairment, 
ischemic nephropathy due to severe stenosis of the right 
renal artery was probably the primary cause, based on the 
angiography findings and the recovery of renal function after 
PTRA. Prior to the development of severe right RAS, the 
patient probably had non-functioning left kidney because the 
left kidney was severely atrophied. As for the urinary find-
ings on admission, although the fractional excretion of urea 
nitrogen (FEUN) was expected to decrease owing to reduced 
renal perfusion caused by severe RAS, the FEUN was not 
low, probably because acute tubular necrosis occurred due 
to ischemic damage.

As for the elevation of blood pressure after discharge, 
we considered the possibility of restenosis of the right renal 
artery as well as renovascular hypertension due to left RAS. 
A previous report showed that the kidney could still cause 
renovascular hypertension in the presence of a small amount 
of blood flow, even if the kidney was severely atrophic and 
non-functional [13]. As enhanced CT images suggested the 
presence of some blood flow in the left renal artery, reno-
vascular hypertension owing to left RAS could be present. 
However, due to lack of data on the onset of hypertension, 
previous renin and aldosterone levels, and blood pressure 
changes before and after ARB was started, the presence 
of renovascular hypertension due to left RAS remained 
speculative.

Regarding the pathogenesis of right RAS in our patient, 
based on the IVUS findings, we believe that the plaque in the 
atherosclerotic renal artery ruptured. However, the possibil-
ity of renal infarction due to thrombosis could not be fully 
ruled out given the presence of severe bradycardia, an epi-
sode of acute flank pain, and elevated LDH and CRP levels. 
Previous reports on acute renal failure following episodes of 
lower back or flank pain were cases of renal artery occlusion 

Fig. 3   The right renal artery 
before PTRA and drug-eluting 
stent placement (the left picture) 
and after the procedures (the 
right picture). Right renal artery 
flow was significantly improved 
after the procedures
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[14, 15]. Thus, the episode of acute right flank pain in our 
case raises the possibility that partial occlusion of the right 
renal artery may have occurred.

Bradycardia alone was unlikely to have induced decreased 
renal perfusion because stroke volume increases to compen-
sate for bradycardia-induced hypoperfusion [16]. However, 
bradycardia in the presence of left ventricular dysfunction 
can lead to hemodynamic instability and compromised renal 
perfusion, leading to renal injury [17]. In this case, the pre-
served ejection fraction of the left ventricle shown on car-
diac ultrasound and normal-to-elevated blood pressure sug-
gest that bradycardia alone did not reduce renal perfusion. 
Additionally, active vasculitis was determined to be unlikely 
based on the absence of systemic symptoms, including fever 
and malaise.

To investigate the cause of renal dysfunction, we per-
formed a contrast CT test despite severe renal impairment 
for the following three reasons. First, magnetic resonance 
angiography (MRA), even when using contrast media, was 
shown to have high sensitivity but low specificity [18]; 
thus, some patients who do not have RAS may be falsely 
diagnosed by MRA. Therefore, we needed to confirm the 
presence of RAS by contrast CT to ensure that the patient 
was not misdiagnosed. Second, if enhanced CT findings 
had not shown the presence of RAS, we could have avoided 
unnecessary renal angiography and procedure-associated 
complications, including cholesterol crystal embolization 
and puncture hematoma. Third, we wished to identify the 
characteristics of the occluded renal artery and predict the 
difficulty and success rate of PTRA by confirming the num-
ber of renal arteries, branching point of aorta, and lengths of 
occluded parts of the renal artery on enhanced CT images. 
Thus, the enhanced CT findings were necessary to determine 
whether the patient was indicated for PTRA.

The indications for PTRA have been widely debated. 
Although large-scale randomized controlled trials failed 
to demonstrate the benefit of PTRA compared to pharma-
cological treatment [7–9], these trials have been criticized 
for biased patient selection [19]. One editorial argued that 
these trials were conducted in patients with relatively mild 
RAS or stable renal function; these patients are the least 
likely to benefit from revascularization procedures [19]. In 
the ASTRAL trial, approximately 40% of study subjects had 
moderate stenosis (50–70%), and 25% of subjects had an 
eGFR above 50 mL/min [8]. In the CORAL trial, 55% of 
subjects had moderate stenosis (< 70%) and approximately 
50% had an eGFR greater than 60 mL/min/1.73 m2 [9, 20]. 
Moreover, patients with resistant hypertension, who are 
more likely to have RAS and may benefit from PTRA, were 
excluded from one of the randomized trials [7, 21]. Thus, 
the results of these trials cannot be extrapolated to patients 
with severe stenosis or progressive renal dysfunction. A ret-
rospective cohort study of 263 patients with ≥ 70% stenosis 

in the renal artery showed that patients with rapidly declin-
ing renal function, defined as > 3 mL/min/1.73 m2 decline 
in eGFR per year, who received PTRA had a lower risk 
of cardiovascular events and incident end-stage renal dis-
ease compared to the group that did not receive PTRA [22]. 
Furthermore, previous case reports on patients with rapidly 
declining renal function, flash pulmonary edema, or resist-
ant hypertension also demonstrated the benefit of PTRA in 
restoring renal function as well as ameliorating pulmonary 
edema and hypertension [12]. Our patient exhibited rapidly 
declining renal function in the presence of severe right RAS 
with the left kidney being most likely non-functional. The 
episode of acute flank pain and elevated LDH and CRP lev-
els suggested a recent ischemic event and supported the use 
of PTRA. We believe that a rapid diagnostic workup should 
be performed when severe RAS or renal infarction is sus-
pected so that PTRA can be performed in a timely manner 
to increase the chance of functional renal recovery.

Our patient’s renal function dramatically improved after 
PTRA, which was performed 12 days after the episode of 
sudden flank pain. The window for kidney viability during 
renal transplantation is considered to be approximately 24 h 
[23], while that for severe RAS is likely longer if the artery 
is not completely occluded [15, 24]. A previous report on a 
patient who required dialysis showed renal function recovery 
after 6 weeks of iatrogenic RAS [24]. Another report also 
demonstrated renal function recovery more than 24 h after 
oligo-anuria [15]. An MR imaging study on stenotic and 
contralateral kidneys demonstrated that cortical and medul-
lary oxygenation in stenotic kidneys was maintained despite 
significantly reduced blood flow and kidney volume [25]. An 
increase in the glomerular filtration rate is associated with 
increased tubular sodium reabsorption, which is responsible 
for most renal oxygen consumption, thereby contributing to 
tissue hypoxia [26]. Thus, in the context of limited perfu-
sion, the kidney may attempt to ensure oxygenation at the 
expense of glomerular filtration to remain viable. There is 
also evidence that indicates arterial-to-venous oxygen shunt-
ing also decreases with decreased renal blood flow, resulting 
in the preservation of renal tissue oxygenation [26]. Further 
mechanistic studies on renal tissue oxygenation and renal 
blood flow are needed to elucidate the window for kidney 
tissue damage in the context of severe RAS.

In summary, we encountered a case of severe ischemic 
nephropathy in a patient with RAS and bradycardia due to 
sick sinus syndrome. The patient temporarily required hemo-
dialysis; however, her renal function improved dramatically 
after PTRA. This case highlights the importance of appro-
priate patient selection for PTRA, which has the potential 
to prevent some patients from undergoing chronic dialysis. 
Further investigation into the regenerative capacity of kid-
neys following severe reduction in renal blood flow would 
help elucidate the window for kidney damage in severe RAS 
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and help clinicians identify which patients would benefit 
most from revascularization treatment.
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