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Background: Current trial data may not be directly applicable to patients with the highest risk presentations

of atherosclerotic renovascular disease, including flash pulmonary edema, rapidly declining kidney function,

and refractory hypertension. We consider the prognostic implications of these presentations and response to

percutaneous revascularization.

Study Design: Single-center prospective cohort study; retrospectively analyzed.

Setting & Participants: 467 patients with renal artery stenosis $50%, managed according to clinical

presentation and physician/patient preference.

Predictors: Presentation with flash pulmonary edema (n537 [7.8%]), refractory hypertension (n5116

[24.3%]), or rapidly declining kidney function (n5 46 [9.7%]) compared to low-risk presentation with none of these

phenotypes (n5 230 [49%]).Percutaneous revascularization (performed in32%offlashpulmonaryedema,28%of

rapidly declining kidney function, and 28%of refractory hypertension patients) compared tomedical management.

Outcomes: Death, cardiovascular (CV) event, end-stage kidney disease.

Results: During a median follow-up of 3.8 (IQR, 1.8-5.8) years, 55% died, 33% had a CV event, and 18%

reached end-stage kidney disease. In medically treated patients, flash pulmonary edema was associated with

increased risk of death (HR, 2.2; 95% CI, 1.4-3.5; P , 0.001) and CV event (HR, 3.1; 95% CI, 1.7-5.5;

P , 0.001), but not end-stage kidney disease, compared to the low-risk phenotype. No increased risk for

any end point was observed in patients presenting with rapidly declining kidney function or refractory

hypertension. Compared to medical treatment, revascularization was associated with reduced risk for death

(HR, 0.4; 95% CI, 0.2-0.9; P5 0.01), but not CV event or end-stage kidney disease, in patients presenting

with flash pulmonary edema. Revascularization was not associated significantly with reduced risk for any

end point in rapidly declining kidney function or refractory hypertension. When these presentations were

present in combination (n531), revascularization was associated with reduced risk for death (HR, 0.15;

95% CI, 0.02-0.9; P5 0.04) and CV event (HR, 0.23; 95% CI, 0.1-0.6; P5 0.02).

Limitations: Observational study; retrospective analysis; potential treatment bias.

Conclusions: This analysis supports guidelines citing flash pulmonary edema as an indication for renal

artery revascularization in atherosclerotic renovascular disease. Patients presenting with a combination of

rapidly declining kidney function and refractory hypertension also may benefit from revascularization and may

represent a subgroup worthy of further investigation in more robust trials.
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therosclerotic renovascular disease (ARVD) af-
A fects significant numbers of patients and is
associated with increased morbidity and mortality.1

Until publication of the ASTRAL (Angioplasty
and Stent for Renal Artery Lesions) trial results
in 2009,2 a total of 16% of incident patients with
ARVD in the United States underwent renal artery
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revascularization3 despite a lack of clear evidence
for benefit and with some risk of complications.4

The ASTRAL trial demonstrated that for patients with
ARVD and largely stable chronic kidney disease
(CKD), revascularization did not offer overall benefits
versus medical therapy, a finding mirrored in clinical
practice.5 There has been a subsequent decrease in the
number of renal revascularization procedures, with
United Kingdom hospital episode statistics showing
a 70% reduction between 2006 and 2010.6
Address correspondence to Philip A. Kalra, MD, Department of
Renal Medicine, Salford Royal Hospital, Stott Lane, Salford, M6
8HD, United Kingdom. E-mail: philip.kalra@srft.nhs.uk

� 2014 by the National Kidney Foundation, Inc. Published by
Elsevier Inc. All rights reserved.

0272-6386/$36.00
http://dx.doi.org/10.1053/j.ajkd.2013.07.020

Am J Kidney Dis. 2014;63(2):186-197

mailto:philip.kalra@srft.nhs.uk
http://dx.doi.org/10.1053/j.ajkd.2013.07.020


High-Risk Clinical Presentations in ARVD
A limitation that reduced the generalizability of the
ASTRAL trial’s findings is that it included a higher
proportion of stable and lower risk patients than might
be typical of those referred for revascularization in
clinical practice. Despite limited evidence supporting
the practice, patients historically have undergone
revascularization to treat flash pulmonary edema, re-
fractory hypertension, and rapidly declining kidney
function, with published guidelines endorsing this
approach.7 Clinical consensus and physician prefer-
ence resulted in many of these patients undergoing
revascularization outside of the ASTRAL trial and
thus excluded from analysis. For example, at the
highest recruiting center for the ASTRAL trial, there
were 283 patients eligible for randomization during
the period of the trial, and of these, 71 (25%) un-
derwent randomization, with 24 (8.5%) undergoing
revascularization outside of the study. It is likely that
these were patients considered to have a definite
clinical indication for intervention. As ASTRAL and
other smaller randomized controlled trials have
effectively ended the practice of revascularization for
renal artery stenosis in clinically stable patients, it
reasonably can be assumed that most revasculariza-
tion procedures performed outside a trial setting are
now for one of the aforementioned indications.
However, although for each presentation there are
case reports describing improved clinical status
following revascularization,8-11 none of these clinical
subgroups has been studied robustly in a controlled
trial, and no study has included a medically treated
control group or assessed major clinical end points
such as death. Until such data are available, interro-
gation of high-quality nonrandomized cohort data can
provide important guidance.
Figure 1. Patient selection and
distribution. Abbreviations: FPE,
flash pulmonary edema; PTRAS,
percutaneous transluminal renal an-
gioplasty with (bare metal) stenting;
RDF, rapidly declining kidney func-
tion; RH, refractory hypertension.
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This study aims to consider the following: (1)
whether presentation with flash pulmonary edema,
refractory hypertension, or rapidly declining kidney
function is associated with an increased risk of death,
cardiovascular (CV) event, or progression to end-
stage kidney disease compared to presentation
without these phenotypes; (2) the effect of revascu-
larization compared to medical treatment for each
high-risk presentation; and (3) whether the effect of
revascularization compared to medical treatment dif-
fers in patients with 2 or more high-risk presentations.

METHODS

Description of Cohort and Inclusion Criteria

Since 1995, information about all patients referred to our ter-
tiary renal center (catchment population, 1.55 million) diagnosed
with ARVD (either by intra-arterial digital subtraction angiog-
raphy or computed tomography/magnetic resonance angiography)
has been entered into a prospectively populated database. Each
patient record is updated annually by nephrology residents and
contains details of imaging results, clinical presentation, comorbid
conditions, CV events, prescribed medications, blood pressure,
and laboratory measurements (estimated glomerular filtration rate
[eGFR] calculated using the CKD-EPI [CKD Epidemiology
Collaboration] creatinine equation12). Baseline details are defined
at the time of diagnostic imaging.
Inclusion criteria for this analysis were complete baseline data

and a minimum 50% unilateral renal artery stenosis on biplane
measurement. Patients with a unilateral occlusion and insignificant
contralateral stenosis were excluded, as this pattern of disease was
thought unlikely to benefit from percutaneous revascularization.
Approval was granted by the regional ethics committee.

Management

All patients were managed in accordance with published
guidelines for vascular protective therapies and UK Renal Asso-
ciation blood pressure targets.13 Patients underwent revasculari-
zation either due to prevailing beliefs of managing clinicians or
ligibility (n=819) 
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Table 1. Baseline Patient Characteristics (continued on following page)

All Patients
(N5 467)

Low-Risk
Patients (n5 237)

Flash Pulmonary
Edema (n5 37)

Medical
(n5 340)

PTRAS
(n5 127) P

Medical
(n5179)

PTRAS
(n5 58) P

Medical
(n5 25)

PTRAS
(n5 12) P

Age (y) 716 9 67.96 8.9 ,0.001 70.36 9.7 67.36 8.6 0.04 72.46 4.2 62.76 6.7 ,0.001

eGFR

(mL/min/1.73 m2)

356 20 36.66 20.5 0.5 35.7621.5 40.16 22.3 0.2 29.66 21.2 34.3616.5 0.5

24-h urinary

protein (g/24 h)

0.86 1.1 0.86 0.8 0.8 0.961.4 16 0.9 0.7 0.96 0.8 0.760.5 0.4

Systolic BP (mm Hg) 154.56 29.6 162.56 29.8 0.01 1516 32.3 155.56 32.3 0.4 149.76 30 1726 21.4 0.03

Diastolic BP (mm Hg) 79.26 16.6 83.26 16.3 0.03 79.8617.5 82.36 17.7 0.4 75.86 19.2 83.2612.4 0.3

No. of

antihypertensive

agents

2.56 1.3 2.86 1.4 0.1 261 2.16 0.9 0.3 2.76 1.3 2.761.7 0.9

Total cholesterol

(mg/dL)

1746 46 1826 46 0.2 1746 46 1746 39 0.8 1586 35 1976 66 0.09

Left stenosis (%) 53.16 32.3 61.56 30.6 0.01 53.1631.9 60.36 29.6 0.1 57.26 33.6 58.8633.3 0.9

Right stenosis (%) 51.36 31.8 606 34 0.01 53.8631.1 57.36 37.1 0.5 54.46 36.3 57.9638.2 0.8

Patency score 95.6644 78.56 44.9 ,0.001 93.1645.2 82.36 48.1 0.1 88.46 49.3 83.3649.6 0.8

Angina 114 (33.6%) 50 (39.4%) 0.3 58 (32.6%) 20 (34.5%) 0.8 12 (48%) 5 (41.7%) 0.7

Myocardial

infarction

101 (29.7%) 49 (38.6%) 0.07 57 (31.8%) 24 (41.4%) 0.2 8 (32%) 4 (33.3%) 0.9

Stoke/TIA 128 (37.6%) 54 (42.5%) 0.3 61 (34.1%) 22 (37.9%) 0.6 12 (48%) 6 (50%) 0.9

PVD 129 (37.9%) 55 (43.3%) 0.3 72 (40.2%) 30 (51.7%) 0.1 8 (32%) 3 (25%) 0.6

Diabetes 112 (32.9%) 39 (30.7%) 0.7 58 (32.4%) 14 (24.1%) 0.2 6 (24%) 4 (33.3%) 0.6

Current smoking 60 (17.6%) 23 (18.1%) 0.9 29 (16.2%) 9 (15.5%) 0.9 7 (28%) 4 (33.3%) 0.7

Angiotensin blockade 162 (47.6%) 66 (52%) 0.4 70 (39.1%) 30 (51.7%) 0.09 11 (44%) 2 (16.7%) 0.1

Aspirin 178 (53.1%) 77 (61.1%) 0.1 89 (50.9%) 33 (57.9%) 0.4 16 (66.7%) 5 (41.7%) 0.2

Statin 189 (56.4%) 69 (54.8%) 0.8 81 (46.3%) 29 (50.9%) 0.6 12 (50%) 4 (33.3%) 0.3

Note: Values for categorical variables are given as number (percentage); values for continuous variables, as mean6 standard

deviation. Patient groups for individual presentations are mutually exclusive. Patients with rapid loss of kidney function and refractory

HTN have a single disease presentation and do not feature in any other group. The flash pulmonary edema group contains patients

with flash pulmonary edema as a lone presentation and patients with flash pulmonary edema in combination with either refractory HTN

or rapid loss of kidney function; none of these patients are represented in other groups. Patients in the low-risk group are those without

flash pulmonary edema, refractory HTN, or rapid loss of kidney function and represent a single category of patients. Conversion factor

for cholesterol in mg/dL to mmol/L, 30.02586. (continued on following page)
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after entry into a randomized trial (ASTRAL, n5 35; CORAL
[Cardiovascular Outcomes in Renal Atherosclerotic Lesions],
n5 2) rather than because of a definitive departmental protocol.
All renal revascularization procedures were performed in accor-
dance with standard protocols for angioplasty coupled with bare-
metal stent placement and standard antiplatelet therapy. Embolic
protection devices were not deployed; no surgical bypass pro-
cedures were performed.

Definition of Exposures

High-risk presentations were identified by retrospective review
of the database and medical notes by 2 independent observers.
When disparity of opinion existed, cases were discussed to reach
consensus.
Flash pulmonary edema was defined clinically. All patients with

at least one episode of rapid-onset acute decompensated heart
failure14 were considered and medical records and echocardio-
graphic data were reviewed. When there was evidence of an
alternative cause (eg, acute myocardial infarction or arrhythmia) or
documented chronic congestive cardiac failure/left ventricular
188
ejection fraction ,40%, patients were not defined as having flash
pulmonary edema.
Refractory hypertension was defined in accordance with Euro-

pean Society of Hypertension (ESH)/European Society of Cardi-
ology (ESC) guidelines as blood pressure above target (.140mm
Hg systolic and/or .90mm Hg diastolic) despite use of 3 or more
different classes of antihypertensive agents (including a
diuretic).15

Rapidly declining kidney function was defined, as in ASTRAL,
as serum creatinine level at angiography more than 1.2-fold or
1.14mg/dL (100 mmol/L) greater than a baseline reading within
the previous 6 months.
Patients with none of the mentioned presentations were classi-

fied as low risk.

Follow-up, Definition, and Ascertainment of Outcomes

Time zero was defined as the date of diagnostic angiography.
Censoring occurred at the earliest of July 31, 2011; death; or last
patient encounter. Predefined study end points were as follows: (1)
death, including date and, when available, cause of death; (2) first
Am J Kidney Dis. 2014;63(2):186-197



Table 1 (Cont’d). Baseline Patient Characteristics

Rapidly Declining
Kidney Function

(n5 46)
Refractory

HTN (n5 116)

Rapidly Declining
Kidney Function &

Refractory HTN (n5 31)

Medical
(n5 33)

PTRAS
(n5 13) P

Medical
(n5 83)

PTRAS
(n5 33) P

Medical
(n5 20)

PTRAS
(n511) P

74.26 6.1 72.46 3.6 0.3 70.56 9.7 686 10.8 0.2 72.16 7.8 7167 0.7

29.46 13.4 29.36 15.2 0.9 38.46 19.4 34.7619.8 0.4 30.86 12 34.86 21.6 0.5

0.76 0.6 0.56 0.5 0.4 0.86 0.9 0.760.6 0.8 0.860.8 0.76 0.5 0.7

146.56 27.4 141.26 23.5 0.5 164.96 24 174.96 24.8 0.06 160.6617 176.5621.2 0.03

76.66 16.1 74.76 8.8 0.7 79.16 14.3 876 17.5 0.01 82.6616.1 85.96 13.5 0.6

2.26 1.4 2.46 0.7 0.7 3.66 1.1 3.561.5 0.9 3.66 1 4.26 1.1 0.1

1706 42 1596 35 0.3 1746 46 2016 43 0.01 1746 46 166650 0.7

49.46 32.2 59.66 32.2 0.3 53.46 32.6 656 31.6 0.08 52.8635.7 62.36 33 0.5

47.96 28.8 52.36 23.1 0.6 43.6634 65.1632.6 ,0.001 62.3621.4 706 28 0.4

102.76 37.1 88.16 32.4 0.2 103641.9 69.9641.3 ,0.001 856 42.6 67.76 46.8 0.3

14 (42.4%) 8 (61.5%) 0.2 24 (28.9%) 13 (39.4%) 0.3 6 (30%) 4 (36.4%) 0.7

12 (36.4%) 7 (53.8%) 0.3 20 (24.1%) 11 (33.3%) 0.3 4 (20%) 3 (27.3%) 0.6

12 (36.4%) 5 (38.5%) 0.9 29 (34.9%) 18 (54.5%) 0.05 14 (70%) 3 (27.3%) 0.02

8 (24.2%) 6 (46.2%) 0.2 36 (43.4%) 13 (39.4%) 0.7 5 (25%) 3 (27.3%) 0.9

14 (42.4%) 6 (46.2%) 0.8 28 (33.7%) 8 (24.2%) 0.3 6 (30%) 7 (63.6%) 0.07

5 (15.2%) 2 (15.4%) 0.9 17 (20.5%) 6 (18.2%) 0.8 2 (10%) 2 (18.2%) 0.5

17 (51.5%) 6 (46.2%) 0.7 51 (61.4%) 19 (57.6%) 0.7 13 (65%) 9 (81.8%) 0.3

9 (27.3%) 11 (84.6%) ,0.001 54 (65.1%) 21 (63.6%) 0.9 10 (50%) 7 (63.6%) 0.5

22 (66.7%) 11 (84.6%) 0.2 58 (69.9%) 14 (42.4%) 0.01 16 (80%) 11 (100%) 0.1

Abbreviations and definitions: BP, blood pressure; eGFR, estimated glomerular filtration rate calculated by Chronic Kidney Disease

Epidemiology Collaboration creatinine equation; HTN, hypertension; Medical, medically treated; PTRAS, percutaneous transluminal

renal angioplasty with (bare metal) stenting; PVD, peripheral vascular disease; TIA, transient ischemic attack.

High-Risk Clinical Presentations in ARVD
documented CV event, defined as myocardial infarction/acute
coronary syndrome; hospitalization for pulmonary edema or
arrhythmia; stroke, or transient ischemic attack; or new onset of
symptomatic angina or deterioration of existing angina requiring
interventional procedure; the date of index event or diagnostic
procedure was recorded; and (3) end-stage kidney disease, defined
as the earliest documented occurrence of long-term dialysis ther-
apy initiation, kidney transplantation, or eGFR, 10mL/min/
1.73m2 (the level below which dialysis therapy typically is initi-
ated in the United Kingdom).

Statistical Analysis

Normally distributed values are presented as mean6 standard
deviation, whereas non–normally distributed data are presented as
median (interquartile range [IQR]). Baseline continuous variables
were compared using analysis of variance methods appropriate
to distribution of data, with categorical variables compared using
c2 test.
Survival analysis was performed using Cox proportional haz-

ards weighted by inverse probability of treatment assignment.16

Probability of treatment was calculated by logistic regression us-
ing clinically relevant variables with a, 0.1 in univariate analysis.
Age, eGFR, proteinuria, blood pressure, and burden of stenosis
Am J Kidney Dis. 2014;63(2):186-197
were entered into the model (Table S1, available as online sup-
plementary material). Because most patients had a degree of
bilateral disease, a patency score was calculated, with a score of
200 representing 0% bilateral stenosis and a score of 0 represent-
ing 100% bilateral stenosis.17 Cox models were adjusted for the
presence of diabetes mellitus and baseline use of angiotensin
blockade when appropriate. Individual models were constructed
for each disease presentation. Unadjusted event rates were calcu-
lated manually, with relative rates calculated using Poisson
regression adjusted for the mentioned covariates. Predicted time to
death for different values of continuous baseline variables were
assessed graphically by negative binomial regression.
Time-averaged rate of change in kidney function was calcu-

lated using an unconditional linear growth model (unstructured
covariance matrix) to allow for variation in eGFR within sub-
jects. Differences in annual blood pressure records were
compared between groups using repeated-measures analysis of
variance. Statistical significance was defined as a, 0.05.
Analyses were performed to compare the effect of putative high-

risk presentations on outcome (using low-risk patients as reference
group), and the effect of revascularization versus medical therapy
within each high-risk group. Hence, the first comparisons were
between patients with an individual high-risk presentation and
low-risk patients (eg, patients with refractory hypertension as an
189



Table 2. Summary of Events Divided by Clinical Presentation (continued on following page)

All Patients Low Risk Flash Pulmonary Edema

All (N5 467)
Medical
(n 5 340)

PTRAS
(n 5 127)

All
(n 5 237)

Medical
(n 5 179)

PTRAS
(n 5 58)

All
(n 5 37)

Medical
(n 5 12)

PTRAS
(n 5 25)

Death 255 (55%) 189 (56%) 66 (52%) 135 (57%) 104 (58%) 31 (53%) 26 (50%) 19 (76%) 7 (58%)

CV eventa 155 (33%) 110 (32%) 45 (35%) 71 (30%) 54 (30%) 17 (29%) 17 (46%) 12 (48%) 5 (41%)

ESKDb 83 (18%) 60 (18%) 23 (18%) 43 (18%) 32 (18%) 11 (19%) 9 (24%) 6 (24%) 3 (25%)

Note: Values are given as number (percentage).

Abbreviations: CV, cardiovascular; ESKD, end-stage kidney disease; HTN, hypertension; Medical, medically treated; PTRAS,

percutaneous transluminal renal angioplasty with (bare metal) stenting. (continued on following page)
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isolated presentation vs patients with no high-risk presentation).
The second comparison was between treatments within each pre-
sentation (eg, patients who underwent revascularization with re-
fractory hypertension vs medically treated patients with refractory
hypertension). Refractory hypertension and rapid loss of kidney
function were considered in isolation. Due to limited patient
numbers, all patients with flash pulmonary edema were considered
(ie, including those with flash pulmonary edema and another high-
risk presentation).
All analyses were performed using SAS, version 9.2 (SAS

Institute Inc), licensed to the University of Manchester.

RESULTS

A total of 819 patient records were reviewed, with
109 excluded due to incomplete baseline data,
144 excluded due to renal artery stenosis ,50%, and
99 excluded due to unilateral occlusion with
stenosis ,50% on the contralateral side. Data from
467 patients were analyzed, with a median follow-up
of 3.8 (IQR, 1.8-5.8) years. Baseline demographics of
excluded patients are presented in Table S2.
One or more high-risk presentation was exhibited by

237 (51%) patients, 58 (24%) of whom underwent
revascularization; 230 (49%) patientswere classified as
low risk, with 69 (30%) of these undergoing revascu-
larization. Overall, 37 patients had flash pulmonary
edema (12 [32%] underwent revascularization), 83 had
Table 3. Associations Between High-Risk Presentations a

Flash Pulmonary
Edema

HR (95% CI) P HR

Death 2.19 (1.39-3.47) ,0.001 0.69

CV eventa 3.07 (1.71-5.51) ,0.001 0.77

ESKDb 1.89 (0.81-4.43) 0.1 0.72

Abbreviations: CI, confidence interval; CV, cardiovascular; ESKD,
aCV event defined as myocardial infarction/acute coronary syndrom

transient ischemic attack, new onset of symptomatic angina, or dete
bESKD defined as initiation of long-term renal replacement the

rate , 10mL/min/1.73m2.

190
rapidly declining kidney function (27 [33%] underwent
revascularization), and 158 had refractory hypertension
(47 [30%] underwent revascularization). The patients
presenting in only one high-risk group were as follows:
flash pulmonary edema, 23 (7 [30%] underwent
revascularization); rapidly declining kidney function,
46 (13 [28%] underwent revascularization); and re-
fractory hypertension, 116 (33 [28%] underwent
revascularization). Multiple high-risk presentations
were identified in 45 patients (42 having 2 pre-
sentations, 3 having all 3). Of these patients, 16 (36%)
underwent revascularization. Patient selection and
distribution are described in Fig 1.
Across the entire cohort, patients who underwent

revascularization were significantly younger than
medically treated patients (68 vs 71 years), with lower
patency scores (79 vs 96) and higher blood pressures
(163/83 vs 155/79 mmHg). Comorbid conditions
were evenly matched, with the exception of a higher
rate of previous myocardial infarction in the revas-
cularization group (39% vs 30%). For each individual
high-risk presentation, patient characteristics were
evenly matched, although patients who underwent
revascularization were younger in the flash pulmo-
nary edema group and had lower patency scores in the
nd Risk for End Point in Medically Managed Patients

Rapidly Declining
Kidney Function

Refractory
HTN

(95% CI) P HR (95% CI) P

(0.42-1.12) 0.1 0.82 (0.59-1.14) 0.2

(0.41-1.48) 0.4 1.10 (0.67-1.62) 0.9

(0.381-1.69) 0.5 0.82 (0.45-1.51) 0.5

end-stage kidney disease; HR, hazard ratio; HTN, hypertension.

e, hospitalization for pulmonary edema or arrhythmia, stroke or

rioration of existing angina requiring interventional procedure.

rapy, kidney transplantation, or estimated glomerular filtration

Am J Kidney Dis. 2014;63(2):186-197



Rapidly Declining Kidney Function Refractory HTN
Rapidly Declining Kidney
Function & Refractory HTN

All
(n 5 46)

Medical
(n 5 33)

PTRAS
(n 5 13)

All
(n 5 116)

Medical
(n 5 83)

PTRAS
(n 5 33)

All
(n 5 31)

Medical
(n 5 20)

PTRAS
(n 5 11)

21 (46%) 15 (45%) 6 (46%) 59 (51%) 38 (46%) 21 (63%) 14 (45%) 13 (65%) 1 (9%)

14 (30%) 9 (28%) 5 (38%) 38 (33%) 23 (28%) 15 (45%) 15 (48%) 12 (60%) 3 (27%)

7 (15%) 5 (15%) 2 (15%) 17 (15%) 11 (13%) 6 (18%) 7 (23%) 6 (30%) 1 (9%)

aCV event defined as myocardial infarction/acute coronary syndrome, hospitalization for pulmonary edema or arrhythmia, stroke or

transient ischemic attack, new onset of symptomatic angina, or deterioration of existing angina requiring interventional procedure.
bESKD defined as initiation of long-term renal replacement therapy, kidney transplantation, or estimated glomerular filtration

rate ,10mL/min/1.73m2.

Table 2 (Cont’d). Summary of Events Divided by Clinical Presentation

High-Risk Clinical Presentations in ARVD
refractory hypertension group. Complete baseline
data are presented in Table 1, with summary outcome
data presented in Table 2.
Medically treated patients with flash pulmonary

edema had an increased hazard ratio (HR) for death
and CV events compared with low-risk medically
treated patients (HRs of 2.2 [95% confidence interval
(CI), 1.4-3.5] and 3.1 [95% CI, 1.7-5.5], respectively;
P, 0.001 for both), but not for end-stage kidney
disease (HR, 1.9 [95% CI, 0.8-4.4]; P5 0.1). No
significantly increased risk for any end point was
observed in patients with rapidly declining kidney
function or refractory hypertension (Table 3).
In the entire cohort, 127 (27%) patients underwent

revascularization with a 93% documented technical
success rate and 4.8% major complication rate. Me-
dian time from diagnosis to revascularization was 5.1
(IQR, 2.7-10.4) months. The effects of revasculari-
zation were analyzed on an intention-to-treat basis.
Figure 2. Kaplan-Meier survival
plot for patients presenting with flash
pulmonary edema. Horizontal axis,
time in months from diagnostic angi-
ography; vertical axis, event-free sur-
vival; solid line, medically treated
patients; dashed line, patients treated
with percutaneous renal angioplasty
with bare-metal stenting.

Am J Kidney Dis. 2014;63(2):186-197
When low-risk patients were considered alone,
revascularization was not associated with a significant
change in HRs for any major end point (HRs of 0.8
[95% CI, 0.7-1.2], 1.0 [95% CI, 0.8-1.2], and 1.0
[95% CI, 0.7-1.4] for death, CV events, and end-stage
kidney disease, respectively).
In patients with flash pulmonary edema, revas-

cularization was associated with a significant
reduction in risk for death (HR, 0.43; 95% CI, 0.2-
0.9; P5 0.01; Fig 2) with a corresponding reduc-
tion in event rate (deaths/100 patient-years: revas-
cularization, 14; medical treatment, 37; P5 0.02).
This survival benefit was observed across all levels
of baseline eGFR (Fig S1). No reduction in HR for
CV event or end-stage kidney disease was observed
in patients who underwent revascularization with
flash pulmonary edema (HRs of 1.1 [95% CI, 0.4-
3.0] and 1.4 [95% CI, 0.4-5.2], respectively; P .
0.7 for both); non–statistically significantly lower
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Table 4. Effect of Revascularization on Risk for and Rate of End Points Divided by Clinical Presentation (continued on following page)

Flash Pulmonary Edema Rapidly Declining Kidney Function

HR
(95% CI) P

Event Ratea

(95% CI)
Relative Rate

(95% CI) P HR (95% CI) P
Event Ratea

(95% CI)
Relative Rate

(95% CI) P

Death 0.43

(0.20-0.91)

0.01 37 (23-57) vs

14 (7-29)

0.36 (0.16-0.80) 0.02 0.80 (0.43-1.43) 0.5 11 (7-18) vs

10 (4-20)

0.91 (0.37-2.3) 0.9

CV

event

1.13

(0.41-3.01)

0.8 31 (18-52) vs

14 (6-32)

0.44 (0.16-1.26) 0.2 1.76 (0.84-3.81) 0.2 9 (5-15) vs

12 (5-28)

1.54 (0.52-4.30) 0.4

ESKD 1.36

(0.35-5.2)

0.7 12 (5-27) vs

7 (2-22)

0.60 (0.15-2.41) 0.5 0.76 (0.36-2.17) 0.6 4 (2-10) vs

3 (1-14)

0.84 (0.18-4.1) 0.8

Note: Poisson model adjusted for age, kidney function, proteinuria, blood pressure, overall renal artery patency, sex, presence of

diabetes, and use of angiotensin blockade. Results are presented as relative rate (95% CI). Cox model adjusted for presence of

diabetes and use of angiotensin blockade when appropriate with weighting for inverse probability of treatment calculated from age,

kidney function, blood pressure, proteinuria, and overall real artery patency score. Results are presented as hazard ratio (95% CI).

(continued on following page)
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CV event rates were seen in patients who under-
went revascularization (revascularization, 14/100
patient-years; medical treatment, 32/100 patient-
years; P5 0.2).
No difference in risk for death or end-stage kidney

disease was observed in patients who underwent
revascularization who presented with rapidly declining
kidney function or refractory hypertension. However,
non–statistically significant increases in risk for CV
events were seen in patients who underwent revascu-
larization in both these groups (HRs of 1.8 [95% CI,
0.8-3.8; P5 0.2] and 1.3 [95% CI, 0.8-1.9; P5 0.3]
for rapidly declining kidney function and refractory
hypertension, respectively). The same trend was
observed when event rates were considered for these
presentations (medical treatment vs revascularization):
event rates of 9 versus 12/100 patient-years (P5 0.4)
for rapidly declining kidney function and 9 versus 12/
100 patient-years (P5 0.3) for refractory hypertension.
Complete data are presented in Table 4.
Limited patient numbers precluded meaningful

assessment of combined flash pulmonary edema and
rapidly declining kidney function (8 patients, 3 un-
derwent revascularization), or flash pulmonary edema
and refractory hypertension (8 patients, 2 underwent
revascularization). However, sufficient patients pre-
sented with refractory hypertension and rapid loss
of kidney function (31 patients, 11 underwent revas-
cularization) for analysis. In this patient group, med-
ical treatment was associated with increased risks for
CV events and end-stage kidney disease (HRs of 2.1
[95% CI, 1.2-3.8] and 2.4 [95% CI, 1.3-3.9],
respectively; P, 0.02 for both), but not death (HR,
1.2 [95% CI, 0.8-2.0]; P5 0.4). Revascularization
was associated with significant reductions in both risk
for death (HR, 0.12 [95% CI, 0.02-0.77]; P5 0.03;
Fig 3) and CV event (HR, 0.28 [95% CI, 0.10-0.60];
P, 0.001). There were insufficient end points
192
(medical treatment group, 8; revascularization group,
1) to meaningfully comment on risk for progression to
end-stage kidney disease (Table 4).
Within the entire cohort, the median rate of loss of

kidney function was 2 mL/min/1.73 m2 per year,
with no significant difference between medically
treated patients and those who underwent revasculari-
zation. No difference in rate of eGFR losswas observed
between medically treated patients and those who
underwent revascularization in any high-risk sub-
group. Systolic and diastolic blood pressures decreased
in both medically treated patients and those who
underwent revascularization within each group. No
significant differences in blood pressure reductions
between the medically treated and revascularized
groups were observed for any high-risk presentation,
with the exception of a greater reduction in diastolic
blood pressure in patients who underwent revascular-
ization with refractory hypertension at baseline
(Table 5).

DISCUSSION

To our knowledge, this cohort of 467 patients with
an overall revascularization rate of 27%, comparable
to that seen in Medicare claims data,3 includes the
largest series of patients with flash pulmonary edema,
and the only series of patients with flash pulmonary
edema to include a medically treated comparator
group. These data, representing more than 15 years of
clinical practice, reflect the findings of the ASTRAL
trial and other randomized trials in a real-life setting:
for an unselected population of patients with ARVD,
revascularization does not alter any hard clinical
outcome. This top-line finding is because low-risk
patients do not benefit. With the most recent trials
describing the potential for serious complications of
revascularization,2,18 acceptance of this is vital to
prevent exposure of patients to unnecessary risks.
Am J Kidney Dis. 2014;63(2):186-197



Refractory HTN Rapidly Declining Kidney Function & Refractory HTN

HR (95% CI) P
Event Ratea

(95% CI)
Relative Rate

(95% CI) P HR (95% CI) P
Event Ratea

(95% CI)
Relative Rate

(95% CI) P

1.09 (0.77-1.55) 0.6 12 (8-19) vs

12 (8-16)

1.05 (0.62-1.80) 0.8 0.15 (0.02-0.94) 0.04 18 (11-30) vs

2 (0.3-16)

0.14 (0.01-0.99) 0.01

1.30 (0.79-1.9) 0.3 9 (6-13) vs

12 (8-21)

1.43 (0.75-2.8) 0.3 0.28 (0.1-0.79) 0.02 19 (10-32) vs

8 (2-24)

0.4 (0.11-1.4) 0.1

1.25 (0.71-2.26) 0.3 4 (3-7) vs

4 (2-9)

1.10 (0.41-2.97) 0.8 Insufficient

end-points

Abbreviations: CI, confidence interval; CV, cardiovascular; ESKD, end-stage kidney disease; HR, hazard ratio; HTN, hyperten-

sion; PTRAS, percutaneous transluminal renal angioplasty with (bare metal) stenting.
aEvent rate of medically treated versus PTRAS-treated patients, expressed per 100 patient-years.

Table 4 (Cont’d). Effect of Revascularization on Risk for and Rate of End Points Divided by Clinical Presentation

High-Risk Clinical Presentations in ARVD
However, this study emphasizes that a significant
proportion of patients with ARVD (51% in this
cohort) present in a manner that could be considered
higher risk based on current guidance.
We have demonstrated that of these 3 putative

high-risk presentations (flash pulmonary edema,
rapidly declining kidney function, and refractory hy-
pertension), only flash pulmonary edema can be
considered to be an adverse prognostic marker, with
significantly increased risks for death and CV events
associated with this presentation in medically treated
patients. As importantly, we have shown an associa-
tion between revascularization and a reduced risk for
death for this presentation. While Cox analysis did
not demonstrate a reduction in risk for CV events in
patients with flash pulmonary edema who underwent
revascularization, a result in contrast to existing data,8

there was a trend toward reduced event rates. We
therefore would suggest that the apparent lack of
Figure 3. Kaplan-Meier survival
plot for patients presenting with
rapidly declining kidney function and
refractory hypertension. Horizontal
axis, time in months from diagnostic
angiography; vertical axis, event-
free survival; solid line, medically
treated patients; dashed line, patients
treated with percutaneous renal an-
gioplasty with bare-metal stenting.
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benefit from revascularization in terms of CV
events could be a function of improved survival in a
high-risk patient group. Our findings provide support
for current guidelines7 citing flash pulmonary edema
as an indication for revascularization. This is impor-
tant because the guidelines are based largely on
consensus opinion, because underpinning data have
been derived predominantly from case series.8,19,20

Previous reports have demonstrated that revasculari-
zation for flash pulmonary edema can significantly
reduce the rate of hospitalization with decompensated
heart failure.8 Potentially, revascularization also may
improve the structural cardiac changes seen in ARVD
as described in case reports.21,22 It remains to be seen
whether cardiac imaging substudies of the ASTRAL
trial will provide further pathophysiologic insights.23

No association with increased risk for any end
point or any reduction in risk associated with revas-
cularization was observed in patients presenting with
193



Table 5. Annual Differences in BP and Kidney Function Between Treatment Groups

Treatment Year 0 Year 1 Year 2 Year 3 P Within Group P Between Groups

Flash Pulmonary Edema

No. of patients with available data Medical 25 16 12 9 — —

PTRAS 12 10 6 3 — —

Systolic BP (mm Hg) Medical 152631 1376 28 1386 34 1326 19 0.2 0.1

PTRAS 171621 1556 17 1426 25 1446 21 0.05

Diastolic BP (mm Hg) Medical 78617 736 13 736 17 716 8 0.4 0.2

PTRAS 83612 816 11 756 8 866 8 0.5

Median annual eGFR change

(mL/min/1.73m2)

Medical 0.0 [23.9 to 10.01] — 0.3

PTRAS 0.1 [24.8 to 10.7] —

Rapidly Declining Kidney Function

No. of patients with available data Medical 33 29 25 18 — —

PTRAS 13 13 12 9 — —

Systolic BP (mm Hg) Medical 151628 1446 24 1426 25 1476 34 0.3 0.1

PTRAS 139622 1416 33 1316 16 1396 23 0.8

Diastolic BP (mm Hg) Medical 79616 766 15 756 14 756 15 0.4 0.02

PTRAS 7469 696 14 666 11 636 13 0.07

Median annual eGFR change

(mL/min/1.73m2)

Medical 20.38 [23.1 to 0.0] — 0.3

PTRAS 22.2 [23.7 to 0.0] —

Refractory Hypertension

No. of patients with available data Medical 83 72 53 43 — —

PTRAS 33 29 24 20 — —

Systolic BP (mm Hg) Medical 166623 1586 25 1526 23 1476 24 ,0.001 0.5

PTRAS 175624 1566 29 1486 27 1556 21 ,0.001

Diastolic BP (mm Hg) Medical 80614 786 13 776 13 736 14 ,0.001 0.3

PTRAS 87617 806 13 766 12 796 14 0.001

Median annual eGFR change

(mL/min/1.73m2)

Medical 22.6 [25.8 to 0.1] — 0.5

PTRAS 21.2 [24.9 to 0.0] —

Rapidly Declining Kidney Function & Refractory Hypertension

No. of patients with available data Medical 20 18 16 13 — —

PTRAS 11 10 9 6 — —

Systolic BP (mm Hg) Medical 157619 1576 27 1476 24 1576 29 0.3 0.6

PTRAS 177621 1506 17 1466 17 1326 27 0.001

Diastolic BP (mm Hg) Medical 81616 746 12 736 11 766 9 0.03 0.8

PTRAS 86613 706 14 746 13 706 19 0.03

Median annual eGFR change

(mL/min/1.73m2)

Medical 23.2 [211 to 0.5] — 0.3

PTRAS 22.2 [26.7 to 1.0] —

Note: Unless otherwise indicated, values are presented as mean6 standard deviation or median [interquartile range].

Abbreviations: BP, blood pressure; eGFR, estimated glomerular filtration rate; Medical, medically treated; PTRAS, percutaneous

transluminal renal angioplasty with (bare metal) stenting.
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rapidly declining kidney function or refractory hy-
pertension. However, there was a suggestion that
these phenotypes may be important when presenting
in combination. Although patient numbers were
small, significant reductions in risk for death and
CV events were associated with revascularization in
patients with both these phenotypes at baseline. This
combination conceivably could be a clinical mani-
festation of a specific anatomical pattern amenable to
revascularization (eg, high-grade anatomical stenosis
with preserved renal parenchymal volume).24 How-
ever, due to the range of diagnostic imaging methods
194
and time frames during which data were acquired,
estimation of renal volume could not be performed.
Further study is required, but our findings would
suggest that when the clinician is faced with a patient
with ARVD with this combination, revascularization
could be considered.
An important question raised by these results is

whether either rapid loss of kidney function or re-
fractory hypertension truly represents a high-risk
clinical presentation of ARVD. We suggest that
refractory hypertension by the definition used here
does not. This may relate in part to the blunt nature
Am J Kidney Dis. 2014;63(2):186-197



High-Risk Clinical Presentations in ARVD
of clinic blood pressure as a marker of CV health
with, for example, decreased left ventricular func-
tion, confounding by “masking” hypertension. Alter-
natively, this may reflect the fact that significantly
elevated blood pressure is found in even low-risk
patients with ARVD, or that successful treatment of
hypertension can be achieved by pharmacologic
methods in this patient group. Given the established
effects of uncontrolled blood pressure in CKD,25 it
would be patently false to claim that no risk is asso-
ciated with extreme values of blood pressure in pa-
tients with ARVD. However, our analysis suggests
that there may be value in reconsidering where the
threshold for increased risk lies in this patient group.
The assessment of rapid loss of kidney function again
is uncertain. Our data conflict with those from the
subgroup analysis of patients with rapidly declining
kidney function within the ASTRAL trial, in which
patients who underwent revascularization showed a
trend to reduced loss of kidney function at 12 months.
In another study that compared medically treated pa-
tients from the United Kingdom with patients who un-
derwent revascularization managed at a German center,
a benefit in kidney function at 1 year was seen in patients
with CKD stages 4-5 who underwent revasculariza-
tion.26 The disparity in outcomes may be explained by
the longer follow-up in our study (ie, a nonsustained
improvement in eGFR) or a difference in practice be-
tween countries in the twin-center study,26 withw50%
of patients who underwent revascularization with
rapidly declining kidney function in our cohort classified
as CKD stage 3 at baseline. Patient-level analysis of
existing randomized trials, examining different defini-
tions of rapidly declining kidney function and refractory
hypertension, may be of value.
Although the findings were nonsignificant, the

trends toward increased CV risk in patients who un-
derwent revascularization with rapid loss of kidney
function and (to a lesser extent) refractory hyperten-
sion merit consideration. This may reflect unmeasured
differences between treatment groups, which,
although well matched for overall CV history at
baseline, may have had important differences (eg, in
burden of coronary atheroma).
In this study, the average rate of loss of kidney

function across all groups was 2 mL/min/1.73 m2 per
year, only double that which might be accepted with
aging,27 a fact of importance for the design of future
trials. This suggests limited utility in future studies
considering progression to end-stage kidney disease as
an end point. With an overall baseline eGFR of 33 mL/
min/1.73 m2 in this study (and similar values in pub-
lished trials), prolonged follow-up would be required
to observe difference in kidney function outcomes.
These analyses have been performed in a patient

cohort in which detailed clinical and laboratory data
Am J Kidney Dis. 2014;63(2):186-197
have been prospectively and studiously collected
over 15 years. Although the single-center patient
management, rigor of data collection, and real-life
setting are strengths of the work, there are still
important limitations of what is a retrospective
analysis: primarily a lack of patient randomization
and the likelihood of selection bias. Although ana-
lyses were weighted for probability of receiving
treatment, statistical techniques cannot account for
unmeasured or intangible clinical factors, and un-
controlled confounding must be considered a possi-
bility. Patient and event numbers limiting our ability
to adjust within Cox models may have compounded
this. Furthermore, it is inappropriate to claim that
weighting by a selection of clinical measurements
can completely reflect the complexity of making a
treatment decision. That only 25% of potentially
high-risk patients underwent revascularization may
imply an unspecified selection bias (eg, with only the
most unwell patients undergoing intervention), but
this also may reflect the difficulty of the decision-
making process based on currently available data
and known risks of intervention. Although interven-
tion at time of diagnostic angiography is performed
by many centers, this has not been a standard practice
at our center. Because our data set records only in-
terventions that were undertaken as opposed to
planned, it is possible that a small number of patients
referred for revascularization may have died prior to
receiving treatment. Because patients were analyzed
by treatment received, this should be considered as a
possible confounding issue. However, review of the
notes of medically treated patients with flash pul-
monary edema identified only one such patient who
died waiting for revascularization. Interventional
procedures for flash pulmonary edema also occurred
over a shorter time frame (median time to revascu-
larization, 1.6 [IQR, 0.3-5.9] months). Other relevant
limitations of our study also should be highlighted.
Stenosis grade was assessed in biplane measurement
only (without measurement of renal resistive index or
pressure gradient), and no information regarding
rationale for investigation of ARVD was available
(with variation in approach to diagnostic testing
potentially influencing results). In addition, 32% of
cases were diagnosed using magnetic resonance
angiography, which may overestimate the degree of
stenosis.28 Medication type, but not dosage, is
recorded, and the models used do not account for
longitudinal changes in therapy or blood pressure. In
addition clinical presentation was defined at the time
of diagnostic angiography. Although local practice
is to review the indication for intervention imme-
diately prior to revascularization, we cannot account
for any change in status between diagnosis and
intervention. Finally, although our revascularization
195
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rate is comparable to that in Medicare data, the rate
of intervention for flash pulmonary edema is lower
than might be anticipated, suggesting either treat-
ment bias or a limitation of our definition. With 40%
of patients with flash pulmonary edema in this series
having bilateral stenosis $50%, we believe we
successfully identified patients with a significant
burden of renal arterial disease. As such, the lower
than anticipated intervention rates may reflect the
period over which these data have been recorded
and the variation in access to revascularization
services.
In summary, although this study has limitations,

we believe that it provides strong data confirming
flash pulmonary edema as a risk factor for adverse
outcomes in ARVD and supporting revasculari-
zation for this presentation. The data regarding
management of refractory hypertension and rapidly
declining kidney function are less clear, in part due
to imprecision of definition of the conditions and in
part due to other confounders (eg, changes in med-
ications), which were not available for analysis.
Although medically treated patients with sole rapidly
declining kidney function or refractory hypertension
did not have increased risk for end points, the
observed benefits from revascularization in the sub-
group in which refractory hypertension and rapidly
declining kidney function coexisted warrant further
study to confirm the results and elucidate potential
mechanisms.
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