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Background: Renal artery stenosis (RAS) can lead to hypertension and renal failure. Nevertheless, its
treatment by percutaneous transluminal renal angioplasty (PTRA) remains controversial. It is unknown,
whether patients with global kidney ischemia (GKI), that means patients with bilateral RAS or RAS with a
single functioning kidney, may benefit from PTRA or not.
Methods: We retrospectively analyzed 93 patients with RAS (25 bilateral or single functioning kidney)
undergoing PTRA. Patients had refractory hypertension (�3 medications). Blood pressure, antihyperten-
sive drugs and serum-creatinine were compared pre-/post-intervention and at 1 year’s follow-up.
Results: At 1 year after PTRA of patients with GKI, systolic and diastolic blood pressure were significantly
reduced compared to patients with unilateral PTRA (systolic: �19.1 ± 10.5 [bilateral] vs. �11.4 ± 12.1
mmHg [unilateral], P < 0.01; diastolic: �10.1 ± 6.8 mmHg vs. �6.3 ± 6.6 mmHg, P < 0.05). The number
of antihypertensive drugs was reduced by �0.8 ± 3.0 at 1 year in patients with GKI, while it increased
by +0.1 ± 3.5 in the unilateral RAS group (P < 0.001). Furthermore, post-interventional serum-
creatinine decreased by �34.6 ± 31.4 lmol/I after of patients with GKI (P < 0.001 vs. baseline). In patients
with unilateral PTRA, a non-significant increase in serum-creatinine was observed (+8.3 ± 2 lmol/l).
Conclusion: PTRA in patients with GKI led to improved blood pressure and renal function. A large, well-
designed, randomized clinical trial targeting this population is still needed. The benefit of PTRA should be
measured with the risks in each patient individually.

� 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction results of percutaneous renal artery angioplasty (PTRA) in recent
InWestern populations, incidence and prevalence of atheroscle-
rosis and thus the most common pathogenetic cause of renal artery
stenosis (RAS) are decreasing since the more widespread use of
statins [1]. Prevalence of RAS is approximately 0.5% in North Amer-
ica [2]. Atherosclerotic RAS is much more common in up to 50% of
elderly people and in patients with hypertension, diabetes, renal
disease and also nicotine abuse, as well as in patients with
atherosclerosis in other vascular systems [1,3].

Means to identify and treat RAS are endorsed in guidelines for
diagnosis and treatment of arterial hypertension [4,5]. PTRA can
be performed with excellent technical success rate, a low rate of
complications and good morphological 1-year results [6]. Whether
PTRA translates into clinical benefit with regard to an improve-
ment in morbidity and mortality is still controversial [7]. Neutral
large randomized, controlled trials (‘‘Angioplasty and Stenting for
Renal Artery Lesions” [ASTRAL] and the ‘‘Cardiovascular Outcomes
in Renal Atherosclerotic Lesions” [CORAL]) have led to more reluc-
tant indication for PTRA [8–11], but not every clinical scenario was
covered in those trials. There are potential areas for improvement
focusing mainly on procedural details and patient selection with
respect to PTRA of RAS. Particularly, subgroups of patients with
GKI were unrepresented in these trials and accordingly the poten-
tial benefit of PTRA in this subgroup cannot be addressed.

The present analysis was performed to determine if such
patients may be a representable population to benefit from PTRA.
2. Methods

2.1. Study design

We retrospectively studied all subsequent patients with RAS
undergoing PTRA between 2000 and 2016 at St. Josefs-Hospital
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in Wiesbaden, Germany. The study was approved by the ethical
committee of the State Chamber of Medicine in Hessen (Nr.
FF86/2017).

2.2. Data collection

Data was collected 1 year pre-, immediately pre-, immediately
post and 1 year post-PTRA. Baseline was defined as 3–6 months
pre-interventionally. Demographic characteristics (age, gender),
comorbidities (e.g., diabetes, hypertension, heart failure, and coro-
nary artery disease), and a complete list of antihypertensive drugs,
systolic and diastolic blood pressure from ambulatory 24-hour
blood pressure measurements, office blood pressure and also
serum creatinine were obtained from St. Josefs-Hospital’s patient
data and electronic patient charts from NierenzentrumWiesbaden.

2.3. Diagnosis of RAS

All patients were repeatedly evaluated by a nephrologist and
referred for treatment after repeated clinical evaluation and mea-
surement of renal resistive index (RI). An RI > 0.5 was considered
relevant and served as indicator for presence of a hemodynami-
cally relevant unilateral RAS. The Doppler-derived renal resistive
index (RI) is a well-established parameter and has been used for
years to detect renal artery stenosis and estimate its hemodynamic
relevance. The pulse wave reflects the resistance to blood flow
caused by microvascular bed distal to the site of measurement.
The RI calculation is calculated automatically by the duplex sonog-
raphy device using the following formula: (peak systolic velocity –
end diastolic velocity)/peak systolic velocity [12–14].

As suggested by others RIs were measured in three areas within
the renal cortex. A side difference of RI > 0.5 between kidneys indi-
cates a hemodynamic relevant stenosis in the preceding renal
artery stenosis (reduced RI on the stenotic side). In case of bilateral
stenosis a comparison between both sides cannot be applied. The
RIs can be compared to age-matched values of a hypertensive con-
trol population In addition direct duplex-measurements within the
renal artery need to be applied. A Vmax of >2 m/s indicates a rel-
evant stenosis [12–14].

2.4. Criteria of patients selection, or indication of this treatment

Patients were selected for angioplasty when the following crite-
ria were fulfilled:

Hemodynamic relevant renal artery stenosis (one side or both
sides) diagnosed by renal duplex sonography and either rapid
decline in renal function, difficult to control hypertension or hospi-
talization due to flash pulmonary edema / cardial decompensation.

2.5. PTRA procedure

Under sterile conditions a femoral sheath (1.78 mm, 6 French)
was inserted with local anesthesia and mild sedation with midazo-
lam. Angiography was performed to verify presence of RAS and
determine morphology. Stenting was performed after passage of
a guide wire and predilation of RAS (In 92% of the cases) unless
predilation yielded a ‘‘stent-like” result in seven cases. A RX Her-
culink Elite Renal Stent (Abbott Vascular International BVBA) was
used in all cases. The diameter was chosen according the non-
stenosed vessel diameter. An oversizing of plus 1 mm was pre-
ferred. All stents covered the stenotic areal and protruded approx-
imately 2 mm in the abdominal aorta. After angioplasty a control
angiogram with contrast media was performed to document a suc-
cessful procedure.
Antiplatelet therapy given before the intervention was acetyl
salicylic acid (ASA) 100 mg/day and clopidogrel 300 mg/day start-
ing the day prior to the intervention. Alternatively, a bolus dose of
500 mg of ASA and clopidogrel 600 mg had to be administered on
the day of the procedure. Prior to the intervention, a bolus dose of
2500–10,000 IU of heparin was given. Dual antiplatelet therapy
had to be administered for at least 4 weeks and ASA infinitely.

2.6. Statistical analysis

Analyses were performed using Statistical Package for the Social
Sciences (SPSS) statistical software package, version 20 (Apache
Software Foundation, USA). As most of the parameters had non-
Gaussian distributions, nonparametric tests were used throughout
the analysis (T-test). All tests were performed two-tailed. P < 0.05
was considered to indicate statistical significance.

3. Results

3.1. Patient characteristics

A total of 115 RAS were treated and 127 stents were implanted
in 93 patients (48 male, mean age: 68.9 ± 9.8 years). Unilateral RAS
was present in 68 patients, while 25 patients had bilateral RAS or
RAS of a single functioning kidney.

Groups differed with regard to prevalence of coronary artery
disease and heart failure. Among patients with unilateral RAS
19% had coronary artery disease compared to 59% from the bilat-
eral RAS group (P < 0.01). Heart failure with reduced ejection frac-
tion (<35%) was more prevalent in the group with bilateral RAS
(40% vs. 12%, P < 0.001). Arterial hypertension, peripheral artery
disease and diabetes mellitus were distributed equally in both
groups (Table 1).

3.2. Procedure

Stenting was performed in 92% of cases. Predilation yielded a
stent-like result in seven cases. In those cases plain balloon angio-
plasty without stenting was performed if no dissection was docu-
mented and patients had severe bleeding complications in their
past medical history. Interventions were technically successful
and without any complications in all cases. Table 1 illustrates pro-
cedural data.

3.3. Change in blood pressure

Post-interventionally, at 1 year there was a statistically signifi-
cant reduction in systolic and diastolic blood pressure in both
groups compared to baseline values (Fig. 1A, C). However, this
decrease was much more prominent among patients with PTRA
of bilateral RAS in comparison to patients with PTRA of unilateral
RAS (Fig. 1B, D). On average the reduction in systolic blood pres-
sure was 19.1 ± 10.5 mmHg in patients undergoing bilateral PTRA,
while patients with unilateral RAS experienced a reduction by 11.
4 ± 12.1 mmHg (P < 0.01, Fig. 1B). Similarly, reduction in diastolic
blood pressure was more profound for patients with PTRA of bilat-
eral RAS compared to unilateral RAS (10.1 ± 6.8 mmHg vs. 6.3 ± 6.
6 mmHg, P < 0.05, Fig. 1D).

3.4. Changes in serum creatinine levels and number of
antihypertensive drugs

Patients with PTRA of bilateral RAS had higher baseline crea-
tinine at the time of PTRA compared with patients with unilateral



Table 1
Baseline characteristics of the study population with Procedural data.*

unilateral RAS
N = 68

bilateral RAS
N = 25

P
value

Age (years) 67.1 ± 10.2 73.7 ± 7.1 <0.001
Male (n) 48 (70.6%) 15 (60%) n.s.
Systolic blood pressure

(mmHg)
156.3 ± 10.9 157.9 ± 13.2 n.s.

Diastolic blood pressure
(mmHg)

93.3 ± 6.4 94.6 ± 7.2 n.s.

Serum-creatinine (mmol/l) 111.5 ± 41.5 192.4 ± 75.8 <0.001
Medical history and risk

factors (n%)
Arterial Hypertension 66 (97%) 24 (96%) n.s.
Diabetes mellitus 36 (52%) 14 (56%) n.s.
LVEF < 45% 8 (11%) 10 (40%) <0.001
Previous stroke 5 (7%) 2 (8%) n.s.
Nicotine abuse 42 (61%) 19 (76%) n.s.
Coronary artery disease 12 (17%) 13 (52%) <0.01
Peripheral artery
disease

17 (25%) 7 (28%) n.s.

Sudden pulmonary
edema

0 5 (20%) <0.001

Number of stents 74 53
Stent-size (diameter

mm � length mm)
6.0 ± 0.5 � 18 ± 1 6.0 ± 0.5 � 16 ± 1 n.s.

Contrast agent (ml) 62 ± 2.4 94 ± 4.5 n.s.

* Data are given as mean ± SD or number.
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stenosis (192.4 ± 75.8 lmol/I vs. 111.5 ± 41.5 lmol/I, P < 0.001).
The bilateral group experienced significant improvement in renal
function post-interventionally (Fig. 2A, B). Serum creatinine levels
decreased by 34.6 ± 6.4 lmol/I (P < 0.001 vs. baseline), whereas in
patients with PTRA of unilateral RAS there was a mild increase over
the period of follow-up + 8.3 ± 3.1 lmol/l, (P = n.s., Fig. 2A, B).
Fig. 1. Panels A and B illustrate changes in systolic and diastolic (C, D) blood pressure p
There was a significant absolute reduction in systolic and diastolic blood pressure in b
systolic and diastolic blood pressure in patients having undergone bilateral PTRA (P < 0
3.5. Changes in number of antihypertensive drugs

The number of antihypertensive drugs was reduced by
�0.8 ± 3.0 post-interventionally in patients with bilateral RAS,
while the number of drugs slightly increased by +0.1 ± 3.5 in the
unilateral RAS group (P < 0.001, Fig. 2C, D).
3.6. 1-year changes

Development of blood pressure elevations during the year prior
to intervention was qualitatively similar between patients with
bilateral vs. unilateral RAS (Fig. 3A, B). Worsening of renal function
prior to PTRA was more evident in patients with bilateral RAS
(Fig. 3C) and serum creatinine significantly decreased after inter-
vention in the unilateral group only. The mean number of antihy-
pertensive drugs in the bilateral group decreased below the level of
drugs in the unilateral group (Fig. 3D).

The long term outcome in terms of renal function (serum crea-
tinine) was 114.9 ± 45.8 lmol/I (n = 25) after 1 year in the unilat-
eral group. In the in the bilateral group long term outcome was
123.9 ± 47.9 lmol/I (n = 68) after 1 year, accordingly. The systolic
blood pressure was 136.8 ± 3.6 mmHg (n = 68) after 1 year in the
unilateral group and 143.1 ± 2.4 mmHg (n = 25) after 1 year in the
in the bilateral group, accordingly. The diastolic blood pressure
was 84.1 ± 1.3 mmHg (n = 68) after 1 year in the unilateral group
and 85.7 ± 0.9 mmHg (n = 25) after 1 year in the in the bilateral
group, accordingly. The number of antihypertensive drugs was
2.5 ± 0.2 (n = 68) after 1 year in the unilateral group and
3.0 ± 0.1 (n = 25) after 1 year in the in the bilateral group,
accordingly.

During the follow up there were no deaths of any cause
observed and no stent thrombosis or restenosis were detected in
rior to and post PTRA compared into groups of patients with uni- vs. bilateral RAS.
oth groups (P < 0.001). (B, D). However, the effect was more pronounced for both,
.05). Data are mean ± SD.



Fig. 2. This figure illustrates changes in serum creatinine (panels A, B) and number of antihypertensive drugs (C, D) compared into patients with uni- vs. bilateral RAS. There
was a significant reduction in serum creatinine and antihypertensive drugs in the bilateral RAS group (P < 0.05). On the other hand, there was a numerical increase in serum
creatinine as well as number of antihypertensive drugs in patients with unilateral PTRA (P = n.s. and P = n.s., respectively, panels B, D). The relative difference between the two
groups was highly significant (P < 0.001). Data are mean ± SD.

Fig. 3. This figure illustrates the 1-year courses of systolic panel A) and diastolic (B) blood pressure, serum creatinine (C) and numbers of antihypertensive drugs (D) in both
groups. Data are mean ± SD.
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the duplex sonographic assessments. Also no patient had a target
lesion revascularization (TLR) during the follow up.
4. Discussion

4.1. Main findings

The key finding of our study was that in comparison to patients
with unilateral RAS patients with GKI benefitted to a significant
extent in terms of blood pressure reduction and improvement of
renal function.

The key for the management of RAS lies in establishing the
functional significance of the stenosis, that is, when the RAS is
actually responsible for activation of the renin angiotensin system
or induces renal tissue ischemia that is still amenable for reversal
by reperfusion techniques. The ongoing uncertainty regarding the
benefit of revascularization reinforces that this is not an easy task
needing individual assessment.

The results of the ASTRAL and CORAL trials have answered part
of the question of when to intervene in the case of RAS. These trials
have shown, that in patients with stable kidney function and ade-
quate blood pressure control, the mere presence of RAS does not
justify PTRA [9,10]; confirmed by recent meta-analyses [15]. On
the other hand, clinical evidence for the benefit or lack of benefit
in patients with GKI with uncontrolled blood pressure or chronic
kidney disease progression is in small studies documented
[16,17]. A previous work in 33 patients had already demonstrated
a favorable outcome of kidney function in patients with GKI [16].

A previous, non-randomized, prospective study showed that in
patients with chronic renal insufficiency and RAS, PTRA improved
or stabilized renal function and preserved kidney size [16]. The
CORAL study included patients with 67 ± 11% diameter RAS and
aimed to include patients with difficulty to control blood pressure
or renal insufficiency [10]. However, due to recruitment problems,
blood pressure criteria were relaxed, ultimately resulting in a
mean number of antihypertensive drugs of 2.1 ± 1.6 in the drug
group - which does not meet the definition of ‘‘difficult to treat
high blood pressure” [18]. The second inclusion criterion was
impaired renal function with glomerular filtration rate (GFR)
<60 ml/min. The estimated GFR of patients enrolled in the study
was 58 ml/min, which is the expected value in the predominantly
male patient group with a mean age of 70 years according to the
chronic kidney disease epidemiology collaboration (CKD-EPI) for-
mula. On average there was no clinically relevant impairment of
kidney function. The overall CORAL population was therefore on
average a cohort of patients without specific renal problems [10].
A mild increase in serum creatinine was documented in the overall
population during the period of the trial, resembling the mild
increase in the group of unilateral RAS in our study.

In contrast to CORAL, a key inclusion criterion of the ASTRAL
study (in addition to presence of atherosclerotic RAS) was the
uncertainty of the treating physician whether the patient would
benefit from PTRA. The study accordingly showed no benefit of
PTRA over optimal medical therapy in such selected patients.
Furthermore, contrasting to our study, a low but relevant num-
ber in serious complications in PTRA treated patients occurred
in ASTRAL. It can be concluded from this study that if there is
uncertainty about the benefits of PTRA, such should not be
performed.

The study group that contributed the largest number of patients
to the ASTRAL trial (n = 72 patients) analyzed patients that had
been screened for but had not been included in the ASTRAL study
[19]. These were 467 patients with �50% diameter RAS. Of these,
51% had significant clinical conditions (including 37 patients with
pulmonary edema, 116 with refractory hypertension, 46 with
rapidly worsening kidney function and 31 both with hypertension
and kidney disease). Approximately, two-thirds of patients with
sudden pulmonary edema and one-third of patients with other
clinical characteristics received PTRA while the remainder was
treated by medication. Over a mean follow-up of 3.8 years the haz-
ard ratio (HR) for death in patients with sudden pulmonary edema
was 0.4 (95% confidence interval [CI] 0.2–0.9) if receiving PTRA
compared to not receiving PTRA. If only one characteristic of
treatment-refractory hypertension or rapid deterioration of renal
function alone was present, PTRA conferred no benefit. However,
if both refractory hypertension and rapidly deteriorating renal
function were present, HR was 0.15 (95%CI: 0.02–09) in the PTRA
group and 0.23 (95% CI: 0.1–0.6) for cardiovascular events. In sum-
mary, PTRA in the patients without such relevant clinical condi-
tions did not lead to reduction of events.

Vassallo et al. demonstrated results of 131 ‘‘high-risk” patients
with at least 70% diameter RAS [20]. These ‘‘high-risk” patients had
previous sudden pulmonary edema, difficult-to-control hyperten-
sion despite triple antihypertensive therapy or had rapid renal
impairment. Authors compared these patients with a control group
of 144 patients with comparable angiographic degree of stenosis
but no clinical problems.

In the control group, PTRA was performed in 30% of cases while
patients in the ‘‘high-risk” group received PTRA in 42% of cases. The
control group did not experience any improvement in mortality or
progression to dialysis. Among ‘‘high-risk” patients, PTRA reduced
the event rate per 100 patient-years significantly by 36% (mortal-
ity) and 36% (progression to dialysis). Patients with bilateral RAS
(n = 40) experienced reductions by 70% (mortality) and 69% (pro-
gression to dialysis) confirming that a clinical benefit of PTRA is
present with appropriate patient selection – consistent with our
results [20].

The high drop of blood pressure in our study might somehow be
explained be the selection bias of this retrospective analysis and
some data collection from office blood pressure. Only patients with
refractory hypertension were chosen for analysis in, Diagnosis of
RAS and indication for PTRA”. The rather sudden increase in blood
pressure values prior intervention (as seen in Fig. 1,3) might over-
estimate the blood pressure reducing effect of the intervention.
However, significant blood pressure reductions were seen in
another retrospective study recently published [21]. The study by
Courand and coworkers demonstrated a similarly strong reduction
in ambulatory blood pressure measurements [21].

In summary, the currently available clinical trials have some
limitations in their abilities to screen and adequately help identify
patients with significant RAS in order to decide for PTRA. Addition-
ally, these trials have excluded patients with the highest likely-
hood of having clinically significant disease. This highly restricts
their applicability to low-risk cohorts with stable or slowly pro-
gressive renal failure and amenable to control of hypertension.
Our analysis emphazises that the subgroup of patients with GKI-
may indeed benefit from PTRA. This is accordingly stated in a
recent update of the German guidelines for PTRA [22].
4.2. Study limitation

The primary limitation of this study lies in its retrospective
character with a modest sample size. The other main study limita-
tion besides the small study cohort is the limited follow-up period
of 1 year. The effect of PTRA of patients with GKI should be inves-
tigated in a larger randomized multicenter clinical trial – although
this might be almost impossible to conduct due to slow
recruitment.
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4.3. Conclusion

PTRA of patients with GKI led to improved blood pressure and
renal function. A large, well-designed, randomized clinical trial tar-
geting this population is still needed. The benefit of PTRA should be
measured with the risks in each patient individually.
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