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Renal artery stenting reversing ischemic nephropathy
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Background: Atherosclerotic renal artery stenosis (RAS) is a significant cause of renal failure, especially in patients
with a solitary functioning kidney. Timely revascularization can potentially reverse ischemic nephropathy and prevent
further complications like pulmonary edema and uncontrolled hypertension.

Case Presentation: A 71-year-old male with a solitary functioning kidney presented with worsening renal function,
chronic hyponatremia, and recurrent flash pulmonary edema. The patient presented with a 95% ostial stenosis of the
right renal artery. Percutaneous renal artery stenting was performed successfully, resulting in improved clinical status
and renal function. Serum creatinine decreased from 3.07 mg/dL to 2.1 mg/dL post-procedure. The patient remained
stable at a two-month follow-up.

Conclusion: Renal artery stenting in patients with ischemic nephropathy secondary to RAS can significantly improve
renal function and overall clinical outcomes. Early intervention should be considered in similar cases to prevent
irreversible renal damage.
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Introduction

Atherosclerotic renal artery stenosis is the most common cause of renal artery stenosis (RAS) in patients more than 45
years of age and is associated with ischemic nephropathy, renal failure, and secondary hypertension. Patients with
solitary functioning kidney developing hemodynamically significant renal artery stenosis can result in rapidly declining
renal failure and flash pulmonary edema (Garovic & Textor, 2005; Zeller et al., 2003). Indications for renal artery
revascularization include symptomatic RAS with cardiac destabilization syndromes, renal function decline, malignant
hypertension, asymptomatic cases with bilateral RAS or unilateral RAS in solitary kidney in an attempt to preserve
renal mass.

In recent years, advancements in the techniques and technologies used for renal artery stenting have shown promising
results in improving both procedural success and clinical outcomes. Studies have highlighted the use of drug-eluting
stents (DES) and intravascular ultrasound (IVUS) for more accurate stent deployment, which has been associated with
reduced restenosis rates and better long-term patency. For instance, Zahringer et al. demonstrated that the use of DES in
renal artery stenting significantly decreased the rate of restenosis compared to bare metal stents (BMS) (Zahringer et al.,
2007). Additionally, IVUS has been shown to improve stent placement precision, leading to improved renal function
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outcomes post-procedure (Takumi et al., 2011). These developments have allowed for more personalized patient care,
especially in complex cases such as those involving solitary kidneys and significant stenosis.

Case presentation

A 71-year-old gentleman with a single functioning kidney presented with acute on chronic renal failure, deterioration of
previously medically controlled hypertension, chronic hyponatremia, and a recent history of flash pulmonary edema. He
had a history of coronary artery bypass grafting surgery done for triple vessel disease five years back. His blood
pressure was 190/100 mmHg on four antihypertensive drugs. Initial lab investigations showed hemoglobin 9.6 g/dl,
creatinine 3.07 mg/dl, sodium 122 mEg/L, and potassium 5 mEql/L. Other labs were unremarkable. His renal function
had deteriorated in the last 3 weeks from a baseline creatinine of 1.9 mg/dl. The electrocardiogram showed sinus rhythm
and left ventricular hypertrophy with strain. The echocardiogram showed normal biventricular function, concentric left
ventricular hypertrophy, no regional wall motion abnormality, and no significant valvular lesions. MR Renal Angiogram
showed a completely occluded left renal artery, a small-sized left kidney with multiple cortical cysts, and a focal high-
grade stenosis of the ostial right renal artery with post-stenotic dilatation, with normal right kidney size. A renal
angiogram revealed a 95% stenosis at the ostium of the right renal artery (Figure 1).

Based on the recent deterioration in renal function, uncontrolled hypertension, and history of flash pulmonary edema,
we decided to proceed with the percutaneous intervention of the culprit lesion. The right renal artery was engaged with a
renal double curve (RDC) 7F guide catheter, and the lesion crossed with a sion blue (ASAHI INTECC, Japan)
workhorse wire. After crossing, the lesion was sequentially dilated with semicompliant balloon MINI TREK 2x12 mm
@ 12 ATM (Abbott Vascular, USA) and non-compliant balloon NC TREK 3.5 x 12 mm @ 16 ATM (Abbott Vascular,
USA). The RX Herculink Elite (Abbott Vascular, USA) bare metal stent 5 x 18 mm was deployed at 11 ATM, and the
proximal stent edge was flared in the aorta (Figure 2). Post-stent angiogram showed good stent expansion and flow with
no complications (Figure 3). He showed dramatic improvement in clinical status and renal function parameters, with a
decline in serum creatinine to 2.1 mg/dl two days after the procedure. He was discharged on dual antiplatelets (aspirin
and clopidogrel), statins, antihypertensives, and low-dose diuretics and remained stable on a two-month follow-up.
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clinical deterioration

Figure 1. This figure illustrates th
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Figure 2. This figure shows the successful deployment of a bare metal stent, restoring adequate blood flow
through the stenosed right renal artery
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Figure 3. This post-stent angiogram shows restored flow, correlating with the patient’s improved renal function

Discussion

Renal hypoperfusion is a strong stimulus for renal neurohormonal activation, resulting in renal and angiotensin 1l
release (Agarwal et al., 1999). La Batide-Alanore et al. showed that bilateral renal artery disease or comparable
conditions like unilateral renal artery stenosis with a single functioning kidney, differed from unilateral stenosis with
bilateral functioning kidneys in the mechanism by which fluid overload precipitates (La Batide-Alanore et al., 2001).
Bilateral RAS causes pulmonary edema secondary to volume overload. Unilateral RAS seems to offset the renal
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angiotensin-I1l1 pathway somehow. Following RAS, renin is released from the juxtaglomerular apparatus, causing
intravascular expansion via sodium and water retention. The ensuing volume overload causes increased left atrial
pressure, releasing natriuretic peptides, leading to effective natriuresis via the normal kidney. However, in bilateral RAS
or unilateral RAS with a single functioning kidney, volume overload causes increased left atrial pressure and pulmonary
edema as the protective mechanisms are impaired. In ischemic nephropathy, several deleterious metabolic pathways in
the post-stenotic kidney have been implicated in the progression of this disease including microvascular damage,
oxidative stress, inflammation, and development of fibrosis (Eirin & Lerman, 2013). The extent and severity of the
damage to the post-stenotic kidney may play an important role in renal recovery and outcomes of renal angioplasty. The
reversibility of these processes has not yet been fully established (Saad et al., 2013).

In patients suspected of having RAS, duplex Doppler ultrasonography and CT/MRI angiography may be used for initial
evaluation (Liang et al., 2017). A peak systolic velocity (PSV) >180 cm/s has a 95% sensitivity and 90% specificity for
significant RAS. When the ratio of the PSV of the stenosed renal artery to the PSV in the aorta is >3.5, DUS predicts
>60% RAS with a 92% sensitivity (Chi et al., 2009). CT/MRI angiography allows localization, enumeration of the renal
arteries, and characterization of the stenosis. Compared with invasive angiography, it has a sensitivity of 97% and
specificity of 93% for detection of RAS (Kawashima et al., 2000; Tan et al., 2002). However, conventional angiography
remains the gold standard for diagnosis. Renal artery stenosis of >80% is considered severe, 50-80% as moderate
stenosis. Patients with moderate stenosis may need further assessment using a captopril renal scan, pressure gradient, or
renal artery FFR (fractional flow reserve) assessment to determine functional significance. An expert panel of
the American Heart Association recommended that a peak systolic gradient of at least 20 mmHg or a mean pressure
gradient of 10 mmHg be used to identify candidate lesions for revascularization in symptomatic patients with RAS
(Rundback et al., 2002). Renal FFR >/=0.80 is considered normal, and <0.80 is abnormal (Mitchell et al., 2007).

Renal artery stenting may be done from the radial, brachial, or femoral approach. The ACCESS study showed access
site-related bleeding complications of 2.3% for the brachial group, 2.3% for the femoral group, and 0% for the radial
group (Kiemeneij et al., 1997). To avoid ostial manipulation by the guiding catheter, catheter in catheter technique
(Safian & Madder, 2009) or no touch technique (Feldman et al., 1999) may be used. Despite excellent angiographic
outcomes achieved with renal stenting, there is a mismatch between angiographic (>97%) and clinical (~70%) success.
The plaque composition of RAS has been postulated to be responsible for some of the observed variability in clinical
response in renal function after intervention. Virtual histology intravascular ultrasound (VH-IVUS) allows
characterization of the percentage of necrotic core in atherosclerotic plaque, which has been correlated with worsening
renal function post-intervention, likely due to microembolization of necrotic debris (Takumi et al., 2011). A study by
Cooper et al. showed that the combined use of an embolic protection device (EPD) and abciximab might protect from
post-procedure eGFR decline in renal artery stenting (Cooper et al., 2008). The GREAT study evaluated restenosis after
stent angioplasty of atherosclerotic RAS with bare metal stent (BMS) vs drug-eluting stents (DES). It showed at 1 year
follow-up clinical patency was 88.5% in the BMS and 98.1% in the DES group (Zahringer et al., 2007). Another study
of renal artery stenting showed that vessels with a diameter smaller than 4.5 mm had a restenosis rate of 36%, compared
with a 6.5% restenosis rate in vessels with diameters greater than 6 mm (Lederman et al., 2001). Using physiologic
confirmation of RAS severity before intervention, intravascular ultrasound to maximize safe deployment diameters, and
imaging modalities to identify adequate renal parenchymal reserve are some of the strategies that may improve the
response rate from the 70 to >90% for patients undergoing renal stenting.

Conclusion

Renal artery stenting has demonstrated its efficacy in significantly improving renal function and clinical outcomes in
patients with ischemic nephropathy secondary to renal artery stenosis, particularly in those with a solitary functioning
kidney. This case underscores the critical importance of early intervention to prevent irreversible renal damage, with
notable improvements in renal function, hypertension control, and prevention of recurrent pulmonary edema.
Furthermore, integrating renal artery stenting into broader clinical practice offers a valuable option for mitigating the
progression of chronic kidney disease and reducing cardiovascular events related to renal ischemia. Future clinical
management should emphasize timely diagnosis and revascularization, which can improve patient outcomes,
particularly in high-risk populations with advanced atherosclerotic disease.
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