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Pickering Syndrome: An Overlooked
Renovascular Cause of Recurrent Heart
Failure
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ABSTRACT: Recurring and rapidly developing (flash) pulmonary edema is the hallmark of Pickering syndrome, affecting patients
with hypertension and atherosclerotic renal artery stenosis (either bilateral or unilateral) in a solitary functioning kidney, and
impaired renal function. We herein report on a series of consecutive patients with recurrent hospital admissions for pulmo-
nary edema, impaired renal function (chronic kidney disease class 4-5), and atherosclerotic bilateral renal artery stenosis, in
whom Pickering syndrome had been long neglected. We also describe a streamlined diagnostic strategy entailing little or no
need for contrast medium, thus carrying no risks of further worsening of renal function. This allowed us to make the correct
diagnosis and opened the way to revascularization by percutaneous transluminal renal angioplasty with stent, which provided
swift recovery of kidney function with resolution of pulmonary congestion and long-term pulmonary edema- and dialysis-free
survival in all cases. In summary, these findings support the following key messages: (1) considering the diagnosis of Pickering
syndrome, followed by searching atherosclerotic renal artery stenosis, is an essential step toward a life-saving revasculariza-
tion that avoids dialysis and an otherwise poor outcome; and (2) a simplified strategy entailing little or no need for contrast
medium, carrying no associated risks of deteriorating renal function, permits the diagnosis of Pickering syndrome.
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of renal function, uncontrolled hypertension, and al-
tered lung vascular permeability.® In the presence of
left ventricular hypertrophy attributable to hypertensive

isodes of flash pulmonary edema and reduced kid-

In 1988, Pickering et al first described recurrent ep-
ney function in patients with arterial hypertension
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and bilateral renal artery stenosis or unilateral renal
artery stenosis in a solitary functioning kidney,' a con-
dition thereafter named Pickering syndrome.? The
term flash was used by Pickering to describe pulmo-
nary edemas that occurred rapidly and repeatedly in
these patients, like the flash of a camera. Activation
of the renin-angiotensin-aldosterone system (RAAS),
in the setting of an impaired glomerular filtration rate
caused by the renal artery stenosis and multi-infarct
cortical nephropathy, was suggested to set the stage
for sodium and water retention, progressive worsening

cardiomyopathy, which impairs diastolic left ventricular
filling, these alterations lead to lung congestion with re-
current pulmonary edema (Figure 1).

As atherosclerotic renal artery stenosis (ARAS)
accounts for the vast majority of Pickering syndrome
cases, this syndrome is encountered with increasing
frequency in an aging population with multisite ath-
erosclerotic disease. Nonetheless, these patients are
regularly overlooked and treated with RAAS blockers
following heart failure guidelines.* These agents, by
further decreasing renal perfusion pressure and the
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Nonstandard Abbreviations and Acronyms

ARAS atherosclerotic renal artery stenosis

PTRAS percutaneous transluminal renal
angioplasty with stent

RAAS renin-angiotensin-aldosterone system
RI intrarenal resistivity index

compensatory postglomerular arteriole constriction,
can acutely worsen renal function, especially in case
of hemodynamically relevant renal artery stenosis in-
volving both renal arteries or a single renal artery to a
solitary functioning kidney,>® thus making mandatory
the monitoring of serum creatinine in such patients re-
ceiving RAAS blockers.

Currently, most affected patients remain exposed to
an avoidable fatal course because Pickering syndrome
is undersuspected, underdetected, and, therefore,
undiagnosed.

The publication of exploratory randomized clinical
trials™ that reported no benefit of revascularization in
patients with ARAS, but recruited patients without he-
modynamically relevant ARAS, has contributed to further
worsen this ominous scenario by decreasing markedly
the yearly detection rate of ARAS in all major hospitals,
both in Europe and the United States.'® According to
a published survey of the nationwide Medicare Part B
fee-for-service databases, submitted services per year
for percutaneous renal artery arteriography decreased
by 70% from 2010 to 2018,'® as shown in Figure 2.
Therefore, as ARAS is rarely sought for, most patients
with Pickering syndrome are being treated like any other
patients with pulmonary congestion, renal failure of un-
certain origin, or both, and thus remain exposed to poor
outcomes, such as recurrent hospitalizations for heart
failure, progression to end-stage chronic kidney disease
(CKD), and, ultimately, progression to chronic dialysis,
with a death-free 5-year survival of <25%."72°

We hypothesized that these ominous events could
be effectively prevented by a timely renal artery revas-
cularization.?'=2® To investigate this hypothesis, we ex-
amined a consecutive series of patients with reduced
kidney function and recurrent hospitalizations for acute

Pickering Syndrome

pulmonary edema, uncontrolled hypertension, or both,
in whom the diagnosis of Pickering syndrome was ne-
glected for a long time. Once Pickering syndrome was
diagnosed, revascularization by means of percutane-
ous transluminal renal angioplasty with stent (PTRAS)
resolved the symptoms, avoided the need for long-term
dialysis, and provided long-term survival. We herein also
describe a simplified diagnostic workup that avoids the
risks associated with use of contrast medium in these
patients with impaired glomerular filtration rate.

CASE PRESENTATION

Table 1 summarizes the main clinical features and clini-
cal course of these patients.

Case 1
A 79-year-old White man presented to the emergency
department because of shortness of breath, dry
cough, and recurrent episodes of chest pain in the pre-
vious week. He had a long-standing history of cigarette
smoking and multidistrict vasculopathy that required
bilateral carotid thromboendarterectomy, aortofemoral
bypass, and 2-vessel coronary artery bypass grafting.
His ECG showed atrial fibrillation with a high ven-
tricular rate, but no signs of ischemia; blood test re-
sults showed an increase in serum creatinine levels.
Amiodarone and anticoagulants were started, and he
was discharged with minimal residual lung congestion.
Two months later, he was readmitted for recurrence
of shortness of breath, high-rate atrial fibrillation, and
amiodarone-induced hypothyroidism. Increasing the
dose of enalapril doubled his serum creatinine lev-
els (from 169 to 335umol/L); therefore, the drug was
stopped, with ensuing reduction of serum creatinine
(226 pumol/L). He was discharged after a success-
ful direct current cardioversion, and amiodarone was
stopped. A**TcDTPA (diethylene-triamine-pentaacetate)
renal scintigraphy showed a small hypofunctioning left
kidney. Two weeks later, he was readmitted for recur-
rence of overt pulmonary edema. A renal arteriography
performed with a minimal dose of contrast medium
(15 mL) showed total occlusion of the left renal artery
and a tight right renal artery stenosis, which was re-
solved with PTRAS. His New York Heart Association

Figure 1. Pickering syndrome.

In patients with arterial hypertension and bilateral renal artery stenosis or unilateral renal artery stenosis in a solitary functioning kidney,
the activation of the renin-angiotensin-aldosterone system (RAAS) and other hormonal axes, in the setting of an impaired glomerular
filtration rate caused by renal ischemia and multi-infarct cortical nephropathy, sets the stage for sodium and water retention, progressive
worsening of renal function, uncontrolled hypertension, worsening New York Heart Association (NYHA) functional class, and altered
lung vascular permeability. In the presence of left ventricular hypertrophy (LVH) attributable to hypertensive cardiomyopathy, with
ensuing diastolic dysfunction, these alterations predispose to lung congestion with recurrent flash pulmonary edema, a condition
named Pickering syndrome. BP indicates blood pressure; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular
filtration rate; ET-1, endothelin-1; IV, intravenous; LA, left atrial; LV, left ventricular; LVED, LV end diastolic; LVMI, LV mass index; AP,
differential pressure; PCW, pulmonary capillary wedge; and SNS, sympathetic nervous system.
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Bilateral renal artery stenosis
or unilateral renal artery stenosisin a
solitary functioning kidney
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Figure 2. Decline in the number of submitted services per
year for percutaneous renal artery arteriography.

The number of submitted services per year for percutaneous
renal artery arteriography decreased by 70% from 2010 to 2018
in a survey of the nationwide Medicare Part B databases (drawn
from the study by Lee et al'®).

functional class rapidly improved from IV to Il; moreover,
an angiotensin-converting enzyme inhibitor could be
reintroduced with no worsening of renal function.

The patient remained in New York Heart Association
class I/l with a stable renal function for the next 5years,
after which he developed angina abdominis that required
mesenteric artery bypass grafting. He died of metastatic
colon cancer 8years later, at the age of 87 years.

Case 2

A 71-year-old White man with a 50-year history of
heavy cigarette smoking (>2 packs/day for 50years)
presented to the emergency department with short-
ness of breath, lower limb edema, and uncontrolled
blood pressure (BP) (200/100mmHg), despite therapy
with canrenone, furosemide, carvedilol, and amlodi-
pine. Over the past 5years, we could track 4 accesses
to the emergency department for pulmonary edema.
Despite continuous furosemide infusion, he de-
veloped oliguria and increased serum creatinine lev-
els (262 umol/L), after which he became anuric and
was started on 3 hemodialysis sessions per week. A
direct abdominal computed tomography (CT) scan
showed a small right kidney and diffuse calcified
plagues in the abdominal aorta involving the ostial
portion of both renal arteries, causing a tight steno-
sis on the left side and total occlusion on the right
side. Plagues were noted in practically every arterial
district (Figure 3). Using a minimal amount of con-
trast medium (15 mL), the left ARAS was imaged
and treated with PTRAS. Immediately after the pro-
cedure, the patient recovered spontaneous diuresis
and showed a prominent increase of the renogram

J Am Heart Assoc. 2023;12:e030474. DOI: 10.1161/JAHA.123.030474

Pickering Syndrome

on angiography, so that hemodialysis was no lon-
ger necessary (see Video S1 before PTRAS and
Video S2 after PTRAS). At regular follow-up, the pa-
tient showed good BP values with 4 antihyperten-
sive drugs, cardioaspirin, and statin, with stable renal
function. He survived for the following 5years, after
which he died of lung carcinoma.

Case 3

A 75-year-old non-smoking White man with type 2
diabetes complicated by muiltidistrict vasculopathy
presented to the emergency department because of
pulmonary edema and uncontrolled BP. He had a his-
tory of hypertension, postinfarction dilatated cardiomy-
opathy, for which he received a bicameral implantable
cardioverter-defibrillator in primary prevention, and
aortic valve replacement with a bioprothesis. He had
experienced ischemic stroke Gyears before, and he
was treated with systemic thrombolysis and left carotid
thromboendarterectomy. He was hospitalized 7 times
in the previous 15years for heart failure.

He was initially treated with continuous positive
airway pressure, furosemide, and nitroglycerin intra-
venously with some benefit, and then referred to our
semi-intensive unit, where he was switched to am-
lodipine, spironolactone, sacubitril/valsartan, carve-
dilol, and furosemide. Treatment provided resolution
of congestion but worsening of estimated glomerular
filtration rate (€GFR), with serum creatinine increasing
from 150 to 224 umol/L. Because renal artery Doppler
ultrasonography examination was not feasible be-
cause of poor acoustic window, a direct CT scan was
performed, which showed bilaterally small kidneys and
diffuse calcified plagues in the aorta and in all the main
abdominal arteries. Angiography with minimal amount
of contrast medium (15 mL) confirmed a 70% ostial
ARAS of the left renal artery and patency of the right
renal artery. A PTRAS restored flow in the left renal
artery. In the following days, BP normalized and serum
creatinine rapidly decreased to 160umol/L (eGFR,
39mL/min per 1.73m?). He was discharged with clopi-
dogrel, rosuvastatin/ezetimibe, and antihypertensive
therapy, entailing amlodipine, spironolactone, carve-
dilol, and furosemide. At 6-month follow-up, eGFR
increased to 37 mL/min per 1.73m?, and BP was on
target with amlodipine, carvedilol, and furosemide. He
had no further hospitalizations for heart failure.

Case 4

A 78-year-old White man, who was a long-standing
smoker, with a 40-year history of stage 3 hypertension,
CKD class IV (eGFR, 28 mL/min per 1.73m?), right
carotid endarterectomy, severe aortic stenosis (aortic
valve area, 0.61 cm?/m?) with moderate aortic regurgi-
tation, mitral valve regurgitation, and obstructive sleep
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Table 1. Clinical Features of the 5 Cases Described

Feature Case 1 Case 2 Case 3 Case 4 Case 5

Age, y 79 4l 75 78 76

Sex Male Male Male Male Female

Hypercholesterolemia Yes Yes Yes Yes Yes

Smoker Yes Yes No Yes No

Multidistrict vasculopathy Yes Yes Yes Yes Yes

Ischemic cardiomyopathy Yes No Yes No No

Previous admittance for Yes Yes Yes No Yes

pulmonary edema

Renal arteries Doppler findings N/A N/A Not feasible for N/A Right RA t,=142 ms*

poor acoustic Left RAt,=168 ms

window. RIs could not be
measured on the left
side and were reduced
on the right side.

Renal scintigraphy findings Small N/A N/A N/A N/A
hypofunctioning
left kidney.

CT/angiography findings A tight right Shrunken right Small kidneys. Calcified plagues Small left kidney.
ARAS and a total kidney. Calcified plagques in aorta and Diffuse calcified plaques
left renal artery Calcified plaques in the ostial in the ostial in the aorta and in the
occlusion. in the ostial portion of the portion of the RA ostial portion of both

portion of both left renal artery bilaterally+left renal arteries.
renal arteries (stenosis of 70%) adrenal adenoma.

(stenosis at the and in the main

left side, and visceral arteries.

occlusion at the

right side)

PTRAS side Right Left Left Left Right

eGFR at admission, mL/min per 23 20 24 23 7

1.73m?

eGFR after PTRAS, mL/min per 40 30 39 29 42

1.73m?

No. of antihypertensive drugs at 4 4 4 5 4

admission

Antihypertensive drugs at Canrenone, Canrenone, Furosemide, Furosemide, Lercanidipine,

admission furosemide, furosemide, carvedilol, canrenoate, doxazosin, valsartan/
carvedilol, carvedilol, canrenone, amlodipine, hydrochlorothiazide
enalapril amlodipine amlodipine irbesartan,

clonidine

No. of antihypertensive drugs 3 4 3 5 4

after PTRAS

Antihypertensive drugs after Fosinopril, Canrenone, Furosemide, Furosemide, Perindopril/indapamide/

PTRAS furosemide, furosemide, carvedilol, canrenoate, amlodipine and
carvedilol carvedilol, amlodipine amlodipine, bisoprolol

amlodipine irbesartan,
clonidine
Dialytic treatment before PTRAS No Yes No No Yes
Dialytic treatment after PTRAS No No No No No

ARAS indicates atherosclerotic renal artery stenosis; CT, computed tomography; eGFR, estimated glomerular filtration rate; N/A, not available; PTRAS,
percutaneous transluminal renal angioplasty with stent; RA, renal artery; R, renal arterial resistivity index; and tA, acceleration time.

*tA normal values <70ms.

apnea syndrome regularly treated with continuous
positive airway pressure, was admitted to our semi-
intensive unit because of heart failure. Pickering syn-
drome was suspected and confirmed at a direct CT
scan that showed diffuse calcified plaques of abdominal
aorta, carrefour, and the ostial portion of both renal ar-
teries and furthermore a left adrenal adenoma. Plasma

aldosterone was markedly increased (47.7 ng/dL; nor-
mal values <12ng/dL on a 100-300 daily Na* intake)
while active renin was markedly elevated (597 mlIU/L;
normal values 10-40mIU/L on a 100-300 daily Na*
intake) likely because of treatment with an angiotensin
receptor blocker and a K* losing diuretic. After relief
of congestion with loop diuretics, a PTRAS of the left
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Figure 3. The unenhanced abdominal computed
tomography (CT) scan of a patient with Pickering syndrome.
The unenhanced abdominal CT scan of a patient with Pickering
syndrome (case 2) showed calcified plaques all along the
abdominal aorta involving the ostial portion of both renal arteries
(stenosis at the left side, and occlusion at the right side), a small
left kidney with small cortical defects, indicating cortical multi-
infarct nephropathy, and a shrunken right kidney. The left renal
artery stenosis was treated with percutaneous transluminal renal
angioplasty with stent.

renal artery with minimal amount of contrast medium
(15 mL) allowed the correction of the stenosis, with
resolution of lung congestion and symptoms, normali-
zation of BP, and no worsening of renal function (eGFR,
29 mL/min per 1.73m?). As adrenal venous sampling
showed a left lateralized hypersecretion of aldoster-
one (selectivity index, >2.0 bilaterally; left lateralization
index, 3.4), he was discharged on a 5-drug antihyper-
tensive therapy with the indication to undergo left ad-
renalectomy in case of resistance of high BP values
to treatment, because the anesthesiologist judged that
his general conditions would render elective video lap-
aroscopic adrenalectomy a high-risk procedure. After
8months of follow-up, his general health was good,
with BP values around 150 to 155/80mmHg. At 1year
follow-up, he had no further hospitalizations for heart
failure, but several hospital admissions for recurrent
episodes of severe gastrointestinal bleeding attribut-
able to intestinal angiodysplasia. Therefore, with a di-
agnosis of Heide syndrome, he has been scheduled
for transcatheter aortic valve implantation.

Case 5
A 76-year-old non-smoking White woman presented
to the emergency department because of shortness of

J Am Heart Assoc. 2023;12:e030474. DOI: 10.1161/JAHA.123.030474
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breath, worsened renal function (eGFR, 22 mL/min per
1.73m?), and uncontrolled BP (250/110 mmHg), while
on 4 antihypertensive agents. She was discharged,
but 4 days later, she presented again with shortness of
breath and high BP values (185/80 mmHg), and was re-
ferred to an internal medicine ward. Over the following
days, despite improved BP control with an intensified
antihypertensive treatment, she developed respiratory
wheezing, she became oliguric, and her renal func-
tion decreased to an eGFR of 7mL/min per 1.73m?.
Abdominal ultrasonography showed lung congestion
(B lines), a right pleural, abdominal effusion, and a 7.1-
cm small left kidney with irregularly decreased corti-
cal thickness. Pulmonary embolism was ruled out at
ventilation-perfusion lung scintigraphy, and microbio-
logical test results for pneumonia were negative. A 4-L./
min flow O, administration and a continuous infusion
of furosemide were started, but the clinical conditions
rapidly worsened. Two hemodialysis sessions were
performed, and she was put on continuous positive
airway pressure, methylprednisolone, metolazone, and
ceftriaxone with scant benefit.

She was transferred to our semi-intensive unit be-
cause of progression to end-stage renal disease.
Although no flow could be detected at the origins of the
renal arteries with Doppler ultrasonographic examination,
an increased intrarenal arterial acceleration time on both
the right (142ms) and left (168 ms) sides (normal value,
<70ms?) was observed. Renal arterial resistivity indexes
were reduced (0.64) on the right side and undetectable
on the left side. Because an angiographic CT scan was
believed to be risky because of the severely reduced
renal function, a direct unenhanced abdominal CT scan
was ordered. Besides the smaller left kidney, it demon-
strated diffuse calcified plaques in the aorta and the ostial
portion of both renal arteries (Figure 4A and 4B).

Using a minimal amount of contrast medium
(15 mL), a PTRAS (Blue-Palmaz, Cordis 7-15mm)
allowed correction of the tight right ARAS (Figure 4C
and 4D) and BP normalization with an increase of eGFR
to 39mL/min per 1.73m?. At 24-month follow-up, she
has had no further hospitalization, her renal function
is stable (€GFR, 42mL/min per 1.73m?), and her BP is
optimally controlled with perindopril/indapamide/am-
lodipine and bisoprolol.

DISCUSSION

The publication of several studies™* that reported little
or no benefit of revascularization in patients with ARAS
was followed by a marked decrease of the yearly num-
ber of renal arteriographies and, therefore, the detec-
tion rate of ARAS in all major hospitals, in both Europe
and the United States, as shown in Figure 2.'%' In line
with this, in our University Hospital, the largest hub of
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Figure 4. The unenhanced abdominal computed tomography (CT) scan identified renal artery stenosis in a patient with
Pickering syndrome, and opened the road to angiography and treatment with percutaneous transluminal renal angioplasty
with stent (PTRAS).

A and B, Unenhanced abdominal CT scan in case 3, showing severe calcified plaques at the origin of both renal arteries from the
abdominal aorta (arrows), almost occluding the lumen of both vessels. The left kidney (arrowhead) was smaller than the right kidney,
with parenchymal thinning, following chronic hypoperfusion. In contrast, the right kidney (asterisk) showed normal parenchymal size
and thickness, suggesting acute occlusion of the right adrenal artery. C and D, Angiography before and after PTRAS. C, Angiography
of the right renal artery in case 3 before the PTRAS procedure confirmed the severe stenosis of the lumen at origin of the vessel
(arrowhead), with normal arterial perfusion of the arteries downstream. D, At the control angiography after the PTRAS procedure, there
was a complete resolution of the stenosis (arrowhead).

northeastern Italy, the search of ARAS by angiographic
CT, digital subtraction angiography, or both has de-
creased by >50% from 2007 to 2017 and, with the ex-
ception of the few cases herein reported, was never
undertaken in patients with heart failure. Therefore,
these cases testify what happened in real-life practice
after the publication of the aforementioned studies:

J Am Heart Assoc. 2023;12:e030474. DOI: 10.1161/JAHA.123.030474

even when the clinical picture is highly suggestive of
Pickering syndrome, the diagnosis of ARAS is no
longer considered.

In contrast, the available data and several objective
considerations do not support, in our view, this change
in practice. The DRASTIC (Dutch Renal Artery Stenosis
Intervention Cooperative) study enrolled patients with
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normal or mildly impaired renal function, who had no
resistant hypertension and, in a relevant sample of pa-
tients, no hemodynamically significant ARAS”; more-
over, the active arm received revascularization with
PTRA without stenting, a procedure no longer accepted
for ARAS because of the high restenosis rate. In addi-
tion, the chances of detecting any advantages of revas-
cularization over medical therapy were minimized by the
44% crossover of the patients in the medical therapy
arm to PTRA.

Ten years later, the STAR (Benefit of Stent Placement
and Blood Pressure and Lipid-Lowering for the
Prevention of Progession of Renal Dysfunction Caused
by Atherosclerotic Ostial Stenosis of the Renal Artery)
study also recruited many patients with no hemody-
namically significant RAS, as the cutoff for inclusion
was an RAS >50%, even if stenoses are well known
to become hemodynamically significant when >70%.
Moreover, patients were required to have stable hy-
pertension and a normal or only mildly impaired renal
function, suggesting that many patients were unlikely
to gain benefit from PTRAS.!? Besides, ~30% of those
originally assigned to the interventional arm did not re-
ceive PTRAS because of an ARAS <50%.

The inclusion criteria of the ASTRAL were similar: it
recruited patients without hemodynamically relevant
ARAS.2 Moreover, 65% of the participating centers ran-
domized <1 patient/year, which likely accounts for a
PTRAS complication rate >4-fold higher than reported in
literature (9% versus 2%2%). Dr White commented, “The
ASTRAL (Angioplasty and Stent for Renal Artery Lesions)
criteria created an obvious selection bias toward enrolling
... patients unlikely to benefit from revascularization.”?®

The CORAL (Cardiovascular Outcomes in Renal
Atherosclerotic Lesions) study recruited patients with
mild CKD (defined as eGFR <60mL/min per 1.73m?)
but without hypertension, or with systolic BP >155 mm
Hg but without considering diastolic BP.° The mean
diastolic BP in CORAL patients was 79+13mmHg,
indicating that half of them had isolated systolic hy-
pertension, and only half had systolic-diastolic hy-
pertension.?” Although elderly patients with isolated
systolic hypertension can also have concurrent ARAS,
it is likely that most CORAL patients had no renovascu-
lar hypertension caused by hemodynamically relevant
ARAS. In fact, the latter are held to activate the RAAS
and, thereby, increase both preload and afterload with
ensuing systolic-diastolic hypertension.

A small sample size, with ensuing low statistical
power, and analogous limitations affected also the
EMMA (Blood Pressure Outcome of Angioplasty in Ath-
erosclerotic Renal Artery Stenosis: A Randomized
Trial. Essai Multicentrigue Medicaments vs Angioplastie
Study),"" SNRASCG (Scottish) (Randomised Compari-
son of Percutaneous Angioplasty vs Continued Medical
Therapy for Hypertensive Patients With Atheromatous
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Renal Artery Stenosis),”” RADAR (A Randomised, Multi-
Centre, Prospective Study Comparing Best Medical
Treatment Versus Best Medical Treatment Plus Renal
Artery Stenting in Patients With Haemodynamically
Relevant Atherosclerotic Renal Artery Stenosis,”® and
NITER (The Nephropathy Ischemic Therapy) studies.™

On the whole, it is altogether evident that none of
the exploratory randomized clinical trials on renal re-
vascularization recruited patients with recurrent flash
pulmonary edema and, therefore, their results are
not relevant for patients with Pickering syndrome, for
whom all the American Heart Association guidelines
and statements unambiguously stated that the indica-
tion for revascularization is class of recommendation |
a, level of evidence B since 2006.'5:28:29

Strikingly, in contrast with these recommendations,
the present series, entailing consecutive patients with
Pickering syndrome, testifies that this diagnosis is no
longer considered and, therefore, regularly missed, re-
sulting in lack of appropriate treatment for a long time.

An additional factor contributing to overlooking
Pickering syndrome could be concern on use of a con-
trast medium for imaging the renal arteries, which can
worsen CKD in patients, who already have an impaired
eGFR attributable to the ARAS, cortical multi-infarctual
nephropathy, or nephroangiosclerosis.

In this regard, our results showed that the suspicion of
Pickering syndrome can be confirmed with the following
streamlined strategy comprising renal ultrasonographic
measurement of kidney size, Doppler assessment of renal
artery flow velocity and intrarenal resistivity indexes (Rls),
anddirect (unenhanced) CT scan (Figure 5). In patients with
recurrent pulmonary edema and increased serum creat-
inine, the finding of ostial calcifications of the renal ar-
tery on direct CT indicates atherosclerotic involvement.
Moreover, the detection at renal ultrasonography of a
unilateral small (<6—7 cm in longitudinal diameter) kidney
usually indicates total renal artery occlusion. In this sit-
uation, the intrarenal Rls are not measurable, as in our
case 5. If the renal artery is not totally occluded, the
side affected with a hemodynamically relevant stenosis
shows RIls generally <0.55. The side with a severe ste-
nosis can usually be identified by the lower Rl when the
difference from the mean RI of the contralateral kidney
is >0.05. When there are multiple renal arteries, which
can be differently stenosed, a difference of >0.05 among
the upper, mid, or lower third of the kidney usually de-
notes a severe stenosis.®%3" This simplified diagnostic
strategy can strongly support the suspicion of Pickering
syndrome and, thus, reinforce the indication to proceed
with revascularization using a contrast medium amount
as tiny as possible.

More important, in all cases of ours, who were
on 4 or more antihypertensive agents and thus met
the AHA criteria for resistant hypertension,®> PTRAS
was life saving, resolved signs and symptoms of lung
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Pickering Syndrome

Recurrent pulmonary edema and impaired renal function |

l

Direct CT of aorta
and renal artery

Renal artery
ostial calcifications

[\

4-{ Renal ultrasound and Doppler examination ‘

l

l

| Longitudinal kidney diameter ‘

VAN

‘ <6-7 cm || >7cm |

l l

No measurableRIs Rls <0.55 or
‘ absent | ‘ present | heterogeneity
l l T between
otal renal artery kidneys
Pickering Pickering occlusion
syndrome syndrome l
unlikely likely Hemodynamically
l relevant stenosis

Perform arteriography with minimal
amount (~ 15 ml) of contrast medium
and revascularization by PTRAS

Figure 5. Diagnostic algorithm for patients with recurrent pulmonary edema

and impaired renal function.
CT indicates computed tomography;

PTRAS, percutaneous transluminal renal

angioplasty with stent; and R, intrarenal resistivity index.

congestion, preserved patients from long-term dialysis,
allowed us to achieve control of high BP values even
when resistant to treatment,3® and ultimately provided
long-term event-free survival. Thus, although anec-
dotal, this case series provides compelling evidences
that a high degree of suspicion followed by a simplified
diagnostic approach can change the disease course
and the ominous outcomes of these patients.

We would like to underline that these achievements
were made possible by multidisciplinary team work that
involved a tight cooperation between clinicians and
skilled interventional radiologists. This collaboration

involved a careful clinical assessment of the patient’s
general conditions, comorbidities, renal function, ARAS
characteristics, and death risk stratification. After a
renal Doppler ultrasound and a direct unenhanced CT
scan supported the diagnosis, a successful percuta-
neous revascularization was safely performed using a
minimal dose of iodine contrast medium. Severe CKD,
or allergy to contrast medium, could lead us to consider
CO,-enhanced angiography,*3® which, in the present
series, was not used because the interventional ra-
diologists believed that the lower quality of the images
would have rendered more difficult undertaking the

Table 2. Recommendations to Revascularization With PTRAS in Patients With Hemodynamically Relevant ARAS

Adult patients with hemodynamically relevant* ARAS in whom medical management fails, experiencing at least 1 of the following

COR LOE

Recommendations

| B

Treatment-refractory heart failure

Recurrent heart failure

Flash pulmonary edema (Pickering syndrome)
Treatment-refractory unstable angina

Ila B e Worsening renal function in bilateral ARAS or unilateral ARAS to a solitary
functioning kidney

e Swift renal function decline after exposure to an RAAS blocker

e Predialytic/dialytic CKD

e Stage lI-lll hypertension, resistant hypertension, hypertension with unexplained
unilateral small kidney

* Intolerance or contraindications to medical treatment

b C e Asymptomatic bilateral ARAS, asymptomatic unilateral ARAS to a solitary
functioning kidney, or unilateral ARAS with CKD

ARAS indicates atherosclerotic renal artery stenosis; CKD, chronic kidney disease; COR, class of recommendation; LOE, level of evidence; PTRAS,
percutaneous transluminal renal angioplasty with stent; and RAAS, renin-angiotensin-aldosterone system.
*Hemodynamically relevant ARAS is defined as ARAS >70% or <70% with poststenotic dilatation.

J Am Heart Assoc. 2023;12:e030474. DOI: 10.1161/JAHA.123.030474 9
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revascularization. Nonetheless, it is worth emphasizing
that eGFR did not decrease in our patients, despite the
use of the contrast medium, but impressively improved.

As guidelines state with a class of recommendation
I to Il a, level of evidence B,®28:3336 rgvascularization is
the treatment of choice (PTRA + stent placement) for
adult patients with ARAS in whom medical management
fails to control hypertension, improve worsening renal
function, or resolve heart failure. Pulmonary edema oc-
curring swiftly and repeatedly (flash pulmonary edema),
the key presentation of the Pickering syndrome, should
be explicitly added to this list, as mentioned in the last
Canadian Hypertension Guidelines,® along with predi-
alytic/dialytic CKD, especially if renal function decline
has occurred in a short time after exposing the patients
to an RAAS blocker (Table 2).

The anecdotal nature of our cases might be per-
ceived as a limitation of this study. However, this is
compensated by the amazing results obtained, which
speak for themselves: revascularization saved our pa-
tients from hemodialysis and from an otherwise certain
poor outcome in the short-term; in some, it provided
a long event-free survival, which was even more im-
pressive considering their age and clinical condition at
presentation.

CONCLUSIONS

In summary, our results highlight the need to keep
on high guard regarding the potential diagnosis of
Pickering syndrome in patients with recurrent pulmo-
nary edema and impaired renal function, particularly
if they have signs/history of atherosclerosis. The di-
agnosis is feasible even when administration of iodine
contrast medium quantity would seem to be contrain-
dicated because of severely reduced renal function.
Revascularization with PTRAS with little use of contrast
medium can help these patients avoid dialysis and re-
current episodes of life-threatening pulmonary edema.
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