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Abstract

Like many solid organs, the kidneys are susceptible to a wide variety of systemic vascular diseases. Comprising a signifi-
cant subset of these diseases are the vasculitides, broadly encompassing numerous inflammatory conditions of the blood
vessels. However, many of these conditions are non-vasculitic and non-inflammatory, and differentiation of these entities
is crucial to guide the initiation of proper therapy. These non-vasculitic diseases include coagulopathic conditions leading
to vascular complications, hemolysis, and hematogenous processes that can affect multiple organ systems. These systemic
diseases can result in both macrovascular and microvascular pathology, involving the arteries, veins, and smaller vessels,
and management of these conditions can differ significantly depending upon the underlying pathophysiology. Because the
clinical manifestations of these disease processes can be heterogeneous, ranging from renal dysfunction to life-threatening
hemorrhage, proper recognition of these entities is essential to help guide clinicians to the correct diagnosis and prevent
potentially disastrous complications. Many of these systemic vascular processes can be detected by non-invasive imaging,
including computed tomography (CT) and magnetic resonance imaging (MRI), and identification of their characteristic renal
manifestations by radiologists is a critical component of patient care. This review covers a variety of these diseases and their
imaging manifestations, to aid in their recognition and better equip radiologists to provide vital diagnostic information that
can optimize patient care.
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Introduction

A wide variety of systemic vascular diseases may present
with renal involvement. Among these diseases are various
subtypes of vasculitides, a broad term describing inflam-
mation of blood vessels, which can have a heterogeneous
pattern of involvement, clinical and radiological manifes-
tations. However, renal involvement of systemic vascular
disease is not limited to inflammatory conditions, and a vari-
ety of non-vasculitic processes may involve the renal vas-
culature. Systemic vascular diseases may involve the renal
arterial system, venous system, or both, and may manifest
on a macrovascular or microvascular level. Progression of
these conditions can result in significant renal dysfunction,
as well as potentially life-threatening complications such as
retroperitoneal hemorrhage.

With advances in both computed tomography (CT) and
magnetic resonance imaging (MRI), including improvement
in angiographic imaging with these modalities, non-invasive
radiologic examinations have become a critical element of
diagnosing vascular disease. Many systemic vascular dis-
eases can be detected by non-invasive imaging and display
characteristic patterns of involvement, which can provide
invaluable information to clinicians that can guide diagnosis
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and treatment. Therefore, recognition of these diseases on
imaging is essential to the practicing radiologist to ensure
that clinicians may identify these entities and initiate treat-
ment as early as possible to prevent complications.

Vasculitides

The vasculitides are a broad category of diseases charac-
terized by inflammation of the blood vessels. Although the
underlying etiology of these diseases is not always well
understood, inflammatory changes and necrosis of the vessel
walls can result in a variety of complications including aneu-
rysm and pseudoaneurysm formation, vessel rupture with
the potential for life-threatening hemorrhage, and compro-
mise in the vascular lumen resulting in altered hemodynam-
ics [1, 2]. CT and MR angiography have become important
imaging tools due to their non-invasive nature and excellent
visualization of the vessel wall and lumen [2]. Recognition
of characteristic patterns of vascular involvement can help
guide the diagnosis of the underlying vasculitis and ulti-
mately lead to the initiation of appropriate treatment to help
reduce the risk of significant complications.
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Systemic lupus erythematosus and drug-induced
lupus

Systemic lupus erythematosus (SLE) is a multi-systemic
inflammatory process that results in damage to a variety of
tissues secondary to antibodies and immune-complex medi-
ated pathways, which can in turn lead to organ dysfunction
involving different systems [3]. As with a range of inflam-
matory conditions, renal involvement is relatively common
with SLE. The presence of vasculitis is well described in
patients with SLE. While vasculitis in these patients often
affects the gastrointestinal tract, it may also involve a variety
of other organs [3]. Within the abdominal vasculature, lupus
vasculitis may result in the formation of aneurysms which
can lead to visceral arterial rupture [3]. These aneurysms
may also affect the renal vasculature, and rupture of involved
renal vessels leading to perinephric hematoma in the setting
of lupus vasculitis is known as Wunderlich syndrome [4].
Lupus may be an idiopathic condition, although in several
cases drug-induced lupus has been described. With certain
medications, such as hydralazine, a continuum between
drug-induced vasculitis and lupus has been proposed [5].
Therefore, recognition of lupus-related complications on
imaging is important to help guide clinicians to the correct
diagnosis so appropriate treatment can be initiated (Figs. 1
and 2).

Polyarteritis nodosa

Polyarteritis nodosa (PAN) is a necrotizing vasculitis that
involves small to medium vessels in a variety of organ sys-
tems [6]. Involvement of the renal vasculature has been
reported in the majority of patients with PAN (ranging from
80-100%) [7]. Because of fibrinoid medial necrosis involv-
ing the media within the arcuate arteries, renal infarcts are
often reported with PAN, as well as additional findings of
aneurysm formation with or without rupture leading to ret-
roperitoneal hemorrhage [8]. While multidetector CT angi-
ography can often demonstrate findings of PAN, conven-
tional angiography is superior at revealing microaneurysms
that may be present in the disease process. PAN is typically
responsive to therapy with corticosteroids and cyclophos-
phamide, with remission or cure reported in up to 90% of
patients receiving these treatments [8] (Figs. 3 and 4).

Granulomatosis with polyangiitis

Granulomatosis with polyangiitis (GPA, formerly known
as Wegener’s granulomatosis) is a systemic necrotizing
granulomatous vasculitis, often characterized by pulmo-
nary symptoms in conjunction with renal dysfunction due
to involvement of both systems [9]. Renal involvement is
extremely common in the disease process, occurring in

Fig.1 49-year-old male with multiple medical problems found to
have laboratory evidence of drug-induced lupus. Axial (a) and cor-
onal maximum-intensity projection (MIP) contrast-enhanced CT

images (b) demonstrate innumerable aneurysms of varying sizes
involving several renal artery branches bilaterally. This patient
expired 9 days after this CT scan

Fig.2 35-year-old male who
presented with abdominal pain,
found to have lupus nephritis
on renal-biopsy. Axial wide (a)
and narrow (b) field-of-view
images of a contrast-enhanced
CT demonstrate a filling defect
within an expanded left renal
vein (white arrow), consistent
with acute renal vein thrombo-
sis. The normal right renal vein
is shown for comparison
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greater than 80% of reported cases of GPA [9]. Reported
imaging features of GPA are variable, including renal scar-
ring as well as solitary or even multiple renal masses [9,

Fig.3 58-year-old female with
a history of PAN and report

of incidentally noted visceral
aneurysms on outside imaging.
Axial (a) and coronal MIP (b)
contrast-enhanced CT images
demonstrate aneurysmal dila-
tion of a branch of the right
renal artery

10]. Like many vasculitides, GPA is highly responsive to
steroids and cyclophosphamide [9] (Fig. 5).

Fig.4 Adult male patient with a
history of PAN. Invasive angio-
graphic images of the right (a)
and left (b) kidneys demonstrate
classic “micro-aneurysms”
(white arrows) of the renal
artery branches characteristic

of PAN

Fig.5 Coronal T2 (a) and T1-VIBE post-gadolinium (b) images
demonstrate numerous small, hypointense bilateral renal cortical
defects in a patient with renal-biopsy-proven GPA. Axial post-con-
trast CT( ¢) in another patient demonstrates a heterogeneous mass
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in the left kidney with central areas of low attenuation (white arrow)
suggestive of necrosis. Biopsy confirmed the presence of non-caseat-
ing granulomas consistent with GPA
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Leukocytoclastic vasculitis

Leukocytoclastic vasculitis (LCV) is an inflammatory dis-
order involving post-capillary venules, generally thought
to be the result of a hypersensitivity reaction [11, 12]. The
disease can have manifestations in a wide variety of organ
systems including the skin, mucous membranes, lungs,
gastrointestinal tract and kidneys [11, 12]. Because cutane-
ous involvement is common, often presenting as palpable
purpura, formal histopathologic diagnosis of LCV is often
obtained via skin biopsy [12]. Renal involvement is common
in LCV, with reported rates of necrotizing glomerulonephri-
tis in up to 90% of cases [11]. Because the process involves
small vessels, angiographic imaging may not directly dem-
onstrate vascular complications such as aneurysms or pseu-
doaneurysms [11]. However, inflammatory changes within
the involved organ system may be appreciated [11]. As with
many vasculitides, LCV is commonly treated with steroids
and immunosuppressant medications [12] (Fig. 6).

Takayasu arteritis

Takayasu arteritis is a chronic inflammatory vasculitis that
involves large arteries, often the aorta and its major branch
vessels [13]. The disease is most commonly seen in young
women in the second and third decade of life, and is classi-
fied into six subtypes, depending upon the sites of involve-
ment, with types III — V involving the abdominal aorta and
its branches with varying degrees of involvement of the
thoracic aorta [13]. Renovascular involvement in Takayasu
arteritis is a commonly reported feature, with CT findings
often showing concentric mural thickening as well as lumi-
nal irregularity and narrowing which can contribute to sig-
nificant stenosis [13]. Collateral vessels may also be seen as
a result of hemodynamically significant stenosis [13]. Rec-
ognition of typical imaging features of Takayasu arteritis is
essential, as appropriate treatment (such as corticosteroid
administration) can help to prevent potentially catastrophic
complications of the disease process, such as aneurysmal

rupture and critical end-organ ischemia. In addition to man-
agement with corticosteroids, interventional management
(such as percutaneous transluminal balloon angioplasty)
and surgical bypass may be indicated in certain cases where
hemodynamically significant stenosis is present [13] (Figs. 7
and 8).

Immunoglobulin G4 vasculitis

Immunoglobulin G4 (IgG4)-related disease is a multisys-
temic disease process related to infiltration of tissues by
plasma cells and lymphocytes positive for I[gG4, which can
result in a variety of clinical manifestations [14]. The most
well-known and classic association with IgG4-related dis-
ease is autoimmune pancreatitis, although additional sites
of involvement (including renal involvement) are becom-
ing more well recognized [14]. Renal involvement has been
described in up to 35% of patients with autoimmune pan-
creatitis, and can have several different imaging manifes-
tations, the most common being peripheral wedge-shaped
cortical-based lesions, and less commonly a rim of tissue
surrounding the kidney(s), diffuse patchy involvement, renal
sinus nodules, and wall thickening of the renal pelvis [14].
Direct arterial involvement can also be seen with 1gG4-
related vasculitis with renal involvement. IgG4 disease is
typically highly responsive to treatment with corticosteroids
[14] (Figs. 9 and 10).

Behcget’s disease

Behget’s disease is a multisystem inflammatory vasculitis.
While classically reported symptoms include oral and geni-
tal ulcers and uveitis, involvement is not confined to these
areas, and multiple organ systems can be involved, includ-
ing the venous and arterial systems, with the venous system
being more commonly involved (accounting for approxi-
mately 85% of vascular involvement) [15]. Venous compli-
cations most commonly include thrombophlebitis, and less
frequently venous occlusion and aneurysm formation [15].

Fig.6 50-year-old male with biopsy-proven cutaneous LCV. Coro-
nal (a) and axial (b) post-contrast CT images demonstrate multifocal
peripheral wedge-shaped areas of renal cortical hypoattenuation and

parenchymal loss bilaterally (white arrows) consistent with scarring.
This patient had normal-appearing kidneys on a PET-CT 7 months
prior

@ Springer



3536 Abdominal Radiology (2022) 47:3531-3545

Fig.7 42-year-old female with known Takayasu arteritis. Axial arrowhead) is also present. Sagittal post-contrast subtracted MIP
(a) and coronal (b) post-contrast MR angiogram MIP images dem- (¢) demonstrates diffuse irregularity of the descending thoracic and
onstrate focal severe stenosis (white arrows) of the proximal right abdominal aorta (white arrows)

renal artery. Mild irregularity of the proximal left renal artery (white

Fig.8 Graphic depicting the six
subtypes of Takayasu arteritis.
The red shading indicates areas
of involvement. Note that the
paired vessels at the inferior
aspect of the illustrated aorta
represent the renal arteries
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Fig.9 33-year-old male patient
with confirmed IgG4 vasculi-
tis. Coronal post-contrast CT
images (a) and (b) demonstrate
ill-defined, hypoenhancing soft
tissue surrounding the right
renal artery (white arrows)
consistent with inflamma-

tion. Coronal post-contrast CT
nephrogram (c) demonstrates

a large, wedge-shaped cortical
defect in the right kidney con-
sistent with infarct. Coronal CT
angiogram (d) shows resolution
of the inflammation following
steroid therapy

Fig. 10 72-year-old male

with acute kidney injury on a
background of chronic kidney
disease, with biopsy demon-
strating IgG4 vasculitis. Axial
T2 with fat saturation (a) and
post-contrast GRE (b) demon-
strate multifocal areas of renal
cortical irregularity and scarring
bilaterally

Arterial vascular manifestations of Behcet’s disease include
arterial aneurysms and pseudoaneurysms, thought to be the
result of vasa vasorum inflammation resulting in elastic fiber
destruction leading to vascular dilation [15, 16]. Additional
arterial manifestations include stenosis and occlusion [16].
When encountered in the renal arterial system, areas of ste-
nosis and occlusion can result in renal infarction. As with
those of many of the vasculitides, manifestations of Behget’s
disease are often responsive to steroid therapy [16] (Fig. 11).

Coagulopathic disorders

Many coagulopathic disorders can result in both arterial
and venous thromboembolism, an important condition to
recognize due to the potential for either inflow obstruc-
tion leading to arterial ischemia and infarction, or venous

outflow obstruction leading to venous ischemia and organ
dysfunction. While involvement of the renal vasculature
may not necessarily reflect a specific entity, recognition of
renal arterial or venous thrombosis could initiate a clinical
coagulopathic workup which could ultimately guide therapy
in these patients.

Coronavirus disease 2019 (COVID-19)

Infection with the SARS-CoV-2 Coronavirus, first identified
in China in 2019, leads to the clinical syndrome of COVID-
19, a complex infectious and inflammatory process that can
be devastating to a variety of organ systems [17]. In addition
to causing severe acute respiratory distress, patients with
COVID-19 are at risk for multisystem organ dysfunction,
including renal failure. In some instances, this may be attrib-
utable to thrombotic events, as patients with COVID-19 are
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Fig. 11 Coronal post-contrast MRI (a) in a patient with Behget’s
disease demonstrates narrowing of a branch of the main renal artery
(arrow) with associated cortical defect consistent with infarct. Axial
contrast-enhanced CT (b) demonstrates an area of diminished right

at high risk for both arterial and venous thromboembolism
[18]. These patients may present with abnormal renal func-
tion tests, oliguria or anuria, and elevated serum lactate
dehydrogenase (LDH) levels during an episode of acute
COVID-19 [18]. Contrast-enhanced CT may demonstrate
wedge-shaped perfusion defects involving the renal cortex
typical of renal infarction. Due to the highly pro-thrombotic
nature of COVID-19 infection, patients are often placed on
therapeutic anticoagulation to reduce the risk and severity
of thrombotic complications [18] (Fig. 12).

Nephrotic syndrome

Venous thromboembolism due to underlying hypercoagula-
bility is a recognized phenomenon in nephrotic syndrome,
possibly due to alterations in plasma coagulation protein lev-
els, as well as increased platelet aggregation and treatment
with steroids and diuretics [19]. Studies have demonstrated
an incidence of symptomatic venous thromboembolism
approaching 10% in patients with nephrotic syndrome within
the first 6 months [19]. Most commonly, venous thrombo-
embolic events in these patients are manifest by pulmonary
emboli and/or deep vein thrombosis [19]. However, the inci-
dence of renal vein thrombosis in patients with nephrotic

Fig. 12 66-year-old male with COVID-19 infection and multiorgan
failure requiring renal replacement therapy. Axial (a) and coronal
(b) post-contrast CT images demonstrate multiple peripheral wedge-
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renal perfusion (arrow) consistent with infarct. Axial contrast-
enhanced CT 1 month later (¢) demonstrates evolving infarct (arrow)
in the right kidney

syndrome has been found to be approximately 22%, indicat-
ing that the renal vasculature is susceptible to involvement
in cases of nephrotic syndrome [19] (Fig. 13).

Hemolytic diseases

Advances in MRI leading to excellent tissue contrast have
allowed for localization of iron deposition in a variety of
hematologic conditions, including primary and secondary
hemochromatosis, systemic iron overload and hemolytic
disease [20]. While iron deposition within the reticuloen-
dothelial system (to include the liver, spleen and bone mar-
row) can indicate systemic iron overload, iron deposition
within the renal cortex via the renal vasculature may provide
additional details to elucidate the underlying etiology [20].
Therefore, characterization of intra-abdominal iron deposi-
tion patterns on MRI is key to understanding the underlying
pathology.

Mechanical intravascular hemolysis

The presence of a mechanical prosthetic heart valve may
lead to pure intravascular hemolysis. In these instances,

shaped cortical perfusion defects (white arrows) consistent with renal
infarcts. Axial post-contrast CT in lung windows (¢) demonstrates
typical pulmonary findings of COVID-19 pneumonia



Abdominal Radiology (2022) 47:3531-3545

3539

Fig. 13 28-year-old male with nephrotic syndrome. Axial non-con-
trast CT of the abdomen (a) demonstrates expansion and hyperat-
tenuation of the left renal vein (white arrow), as well as asymmetric

deposition of iron in the renal cortex is often seen, best
demonstrated on MRI. Due to the presence of hemosiderin
within the proximal renal tubules, the renal cortex will dem-
onstrate decreased signal intensity compared to the medulla
on T1 weighted images, and significantly decreased cortical
signal intensity will be observed on T2 weighted images
[20]. Because hemolysis is purely intravascular in the setting
of mechanical heart valves, abnormal signal intensity will
not be present in the liver or spleen unless another underly-
ing iron deposition pathology is present. In cases of mild
hemolytic anemia related to mechanical cardiac valves, con-
servative therapy with beta blockers and iron supplementa-
tion can be considered, although severe cases may neces-
sitate blood transfusion and even re-operation [21] (Fig. 14).

Sickle cell disease

Sickle cell disease results from production of an abnormal
hemoglobin molecule (HbS) that results in abnormally

enlargement of the left kidney. Axial contrast-enhanced CT (b) dem-
onstrates a filling defect in the left renal vein consistent with renal
vein thrombosis

shaped red blood cells resembling a “sickle”, which can
result in hemolysis and vascular occlusion leading to
ischemic and infarcted tissue in multiple organ systems [22].
Felt to be the result of intravascular hemolysis, renal corti-
cal iron deposition has been found in patients with sickle
cell disease, a feature that is well appreciated on MRI due
to signal changes related to tissue iron content [23]. Using
T2* weighted gradient echo sequences, the reciprocal T2*
value (known as R2*) can be used to quantify iron content.
Because sickle cell disease results in both intravascular and
extravascular hemolysis, the liver and spleen are also charac-
teristically low in T2 signal on MRI due to iron deposition, a
feature not seen with pure intravascular hemolysis [23]. The
spleen may be absent in cases of sickle cell disease, another
important feature to identify when renal cortical siderosis
is present. Management of sickle cell disease is complex
but often relies on medications such as hydroxyurea to limit
hemolysis and associated vaso-occlusive complications [24]
(Fig. 15).

Fig. 14 Axial T2 (a), GRE (b) and post-contrast T1-VIBE (¢) MR
images demonstrate diffusely decreased signal of the renal cortex
bilaterally consistent with siderosis. Axial T2 (d) and GRE (e) dem-
onstrate normal signal intensity of the liver and spleen. The prosthetic

mitral valve (white arrow) resulting in hemolysis can be seen on axial
contrast-enhanced CT (f), the source of renal cortical siderosis in this
case
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Fig. 15 Axial GRE (a) and T2 (b) MR images in a patient with sickle
cell disease demonstrate diffusely low renal cortical signal bilateral
consistent with siderosis. The liver also demonstrates diffusely low

Hematogenous spread

As in other organ systems, hematogenous processes may
involve the renal vasculature and result in a variety of pathol-
ogy. While hematologic spread of malignancy is outside the
scope of this paper, additional processes including throm-
boembolism of both bland and infected embolic material
can result in significant findings detectable by both CT and
MRI. Some of these entities call for urgent interventional or
surgical management, and therefore prompt recognition and
conveyance to the clinician is necessary to optimize therapy.

Thromboembolic disease

Acute occlusion of the renal artery is most commonly due to
thromboembolism from an upstream site, usually the heart,
with cardiac thrombus estimated to be the etiology of sys-
temic renal artery embolism in approximately 94% of cases
[25]. Renal artery occlusion may have a heterogeneous clini-
cal presentation, depending upon the acuity of the occlu-
sion and the degree of renal infarction, although common
symptoms may include acute onset flank pain, hematuria,

Fig. 16 Axial post-contrast

CT images (a-b) demonstrate
multiple peripheral areas of low
attenuation in the right kidney
consistent with infarcts (white
arrows). Axial post-contrast CT
(c¢) demonstrates an additional
infarct in the spleen (white
arrow). A filling defect in the
proximal descending thoracic
aorta (black arrow) confirms
mural aortic thrombus as the
embolic source in this patient
with atrial fibrillation
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T2 signal. Coronal post-contrast T1 image (c¢) demonstrates a small,
largely infarcted spleen (white arrow)

fever and leukocytosis, as well as elevated lactate dehydro-
genase levels (LDH) in the setting of renal infarction [25].
Contrast-enhanced CT may demonstrate enlargement of the
affected kidney as well as decreased enhancement due to
diminished vascular perfusion. A filling defect in the renal
artery on arterial-phase imaging may help to solidify the
diagnosis and guide the clinicians towards the appropriate
workup and therapy. Therapy for bland renal artery thrombo-
embolism includes anticoagulation, as well as percutaneous
thrombolysis or mechanical thrombectomy in some cases
[26] (Fig. 16).

Mycotic aneurysms

Mycotic aneurysms are the result of infectious breakdown of
a vessel wall leading to saccular collections arising from the
arterial lumen [27]. These are most often found in intrave-
nous drug users, immunosuppressed patients and following
endovascular interventions, and are commonly caused by
Streptococcus and Staphylococcus in the West [27]. The sac-
cular collections are at high risk for rupture which can lead
to massive hemorrhage and death, and therefore recognition
of these entities is critical to prevent severe patient morbidity
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and mortality. The most common site of involvement is the
aorta, although cerebral, peripheral and visceral arteries can
be involved. Of the visceral arteries, the superior mesenteric
artery (SMA) is most frequently involved, but involvement
of arteries supplying other organs including the kidneys and
spleen have been described [27]. CT angiography allows for
excellent visualization of these saccular aneurysms and can
serve as a valuable diagnostic and pre-surgical tool. Therapy
for mycotic aneurysms involving the renal arteries includes
antibiotics with either endovascular or open surgical repair
of the aneurysm sac [28] (Fig. 17).

Septic emboli

While the majority of renal abscesses result from the coa-
lescence of smaller areas of suppuration into a larger collec-
tion, renal abscess may also develop in the setting of septic
embolism to the kidney [29]. In patients with bacterial endo-
carditis, emboli to the kidneys may result in renal infarc-
tion or mycotic aneurysm formation [7, 27]. The presence
of a thick-walled, complex intra-renal collection on CT in a

Fig. 17 48-year-old male with

a history of intravenous drug
abuse who presented with flank
pain and hematuria 3 weeks
following coronary angiography
and stenting. Axial post-contrast
CT (a-b) demonstrates bilateral
renal artery aneurysms (white
arrows) consistent with intra-
parenchymal mycotic aneu-
rysms. These were treated with
embolization

patient with underlying bacteremia and endocarditis should
raise concern for septic embolism. Correlation with clini-
cal findings of endocarditis is therefore critical when renal
abscess is identified, as it may help to clarify the underlying
etiology and guide therapy. As with septic emboli within
other organ systems, therapy consists of antibiotics and the
addition of source control when technically feasible [30]
(Fig. 18)

Septic thrombophlebitis

Septic thrombophlebitis describes the formation of vascular
thrombus as a result of adjacent bacterial infection. While
the exact mechanism of thrombus formation is not entirely
understood, invasion of adjacent pathogens into the vein
with resultant thrombus formation has been suggested, with
possible implication of certain bacterial endotoxins result-
ing in disruption of normal vascular endothelial function
[31, 32]. Septic thrombophlebitis may occur in superficial
veins, dural venous sinuses, portal and pelvic veins [31].
Involvement of the renal veins and inferior vena cava have

Fig. 18 Axial T2 (a) and coronal post-contrast TI-LAVA (b) MRI
demonstrates a T2 hyperintense, bilobed and thick-walled collection
within the left kidney (white arrows). Increased signal on axial diffu-
sion-weighted image (DWI) and corresponding decreased signal on

absolute diffusion coefficient (ADC) map (¢ and d) consistent with
diffusion restriction confirm the presence of a left renal abscess. This
patient had known endocarditis suggesting septic embolism as the
source
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also been described in the setting of pyelonephritis [32]. The
presence of a renal vein filling defect in the setting of sepsis
or bacteremia should prompt consideration of septic throm-
bophlebitis. Antibiotics and anticoagulation are the primary
therapy for visceral septic thrombophlebitis [31] (Fig. 19).

Miscellaneous conditions

Several entities, including fibromuscular dysplasia and
hereditary hemorrhagic telangiectasia, constitute non-vas-
culitic systemic disease processes that may involve the renal
vasculature. These entities often demonstrate characteristic
features that are detectable on CT and MRI, and therefore
recognition of these typical disease patterns can lead to the
correct diagnosis and allow for the initiation of appropriate
therapy. Because these diseases are non-inflammatory in
nature, distinguishing them from the vasculitides is crucial,
as therapy may differ significantly.

Fibromuscular dysplasia

Fibromuscular dysplasia (FMD) is an idiopathic, non-
inflammatory process involving small and medium-sized
arteries, of which the etiology is not well understood [33].
Multiple histopathologic subtypes exist, depending upon
the location of fibrous proliferation and elastic deposi-
tion (intimal, medial, perimedial/subadventitial), with the
medial type being the most common [33]. Prevalence of
FMD involving the renal vasculature is estimated between
4 and 6%, although this may be underestimated when
accounting for asymptomatic cases [33]. The multifocal

“string of beads” lesion is most common, occurring in up
to 84% of patients with symptomatic renal FMD, although
additional imaging features including arterial dissection
and aneurysm have been reported [33]. Bilateral involve-
ment of the renal arteries is also common, occurring in
up to 54% of symptomatic patients [33]. Because renal
involvement in FMD frequently leads to renovascular
hypertension, therapy consists of medical anti-hyperten-
sive therapy and percutaneous transluminal balloon angio-
plasty, with surgical management reserved for severe or
refractory cases [34] (Figs. 20 and 21).

Hereditary hemorrhagic telangiectasia

Hereditary hemorrhagic telangiectasia (HHT), also known
as Osler-Weber-Rendu disease, is an autosomal dominant
hereditary vascular disease typically manifest by the pres-
ence of multiple arteriovenous communications through-
out the body [35]. Classically, affected systems include
the lungs, resulting in pulmonary arteriovenous malforma-
tions (AVMs), as well as the skin and mucous membranes.
However, telangiectasis, arteriovenous malformations and
shunts may be found in multiple additional organs such as
the liver, pancreas and large intestine [35]. Renal arterio-
venous malformations have also been found in patients
with HHT [36]. Because of arteriovenous shunting, these
patients may be at risk for high-output cardiac failure and
other complications (including right-to-left embolic com-
plications), and therefore recognition of these shunts is
important to help guide endovascular and other therapies
[35] (Fig. 22)

Fig. 19 80-year-old male with a remote history of pulmonary squa-
mous cell carcinoma status-post recent resection of benign pulmonary
nodule who presented with fever, found to have methicillin-sensitive
Staphylococcus aureus bacteremia. Coronal post-contrast CT (a)
demonstrates a filling defect (white arrow) within a tributary of the
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right renal vein, with adjacent fat stranding, consistent with septic
thrombophlebitis. Coronal post-contrast CT (b) demonstrates the
extent of the right renal vein thrombosis. Note the normal-appearing
left renal vein (white arrowhead) for comparison



Abdominal Radiology (2022) 47:3531-3545

3543

Fig.20 52-year-old male with oliguria and abnormal renal function.
Coronal contrast-enhanced CT (a and b) demonstrate beading and
irregularity of the right main renal artery (arrows). Coronal post-con-

trast MRI (c) also demonstrates beading and irregularity of the right
renal artery (arrow) consistent with FMD

Fig.21 20-year-old male with
uncontrolled hypertension since
age 16, found to have FMD.
Pre-intervention angiography
(a) demonstrates irregularity

of the left renal artery with a
focal area of high-grade stenosis
(arrow). Post-angioplasty
angiogram (b) demonstrates
marked improvement of the
focal stenosis

Fig. 22 42-year-old female with right lower quadrant abdominal pain.
Coronal contrast-enhanced CT (a) demonstrates a wedge-shaped cor-
tical defect in the right inferior renal pole (white arrow) consistent
with renal infarct. Coronal contrast-enhanced CT pulmonary angio-
gram (b and c¢) demonstrates an enlarged, tortuous pulmonary artery

with pulmonary venous communication consistent with pulmonary
AVM. A filling defect (white arrow) can be seen within a pulmonary
artery supplying the AVM consistent with pulmonary embolism, with
probable embolic fragments passing through the AVM due to right-
to-left shunting, leading to embolic renal infarction
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Conclusions

A wide range of systemic vascular disease processes may
involve the renal vasculature, resulting in a variety of imag-
ing appearances, which can be characteristic in the correct
clinical setting. Both vasculitic and non-vasculitic renovas-
cular diseases may result in potentially significant or even
life-threatening complications, and therefore recognition of
the imaging findings related to these processes is essential.
Advances in CT and MR imaging techniques have allowed
for excellent visualization of renal vasculature and paren-
chyma, which can provide clues for the formation of a diag-
nosis that ultimately helps guide therapy for these entities.
Therefore, recognition of renovascular involvement of sys-
temic vascular conditions at non-invasive imaging remains
a fundamental component of caring for patients with these
diseases.

Declarations

Conflict of interest Dr. Andrei Purysko is a consultant for Koelis and
receives research support from Blue Earth Diagnostics. All other au-
thors certify that they have no affiliations with or involvement in any
organization or entity with any financial interest or non-financial inter-
est in the subject matter or materials discussed in this manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. [1] Watts RA, Lane S and Scott DGI. (2005) What is known about
the epidemiology of the vascultides? Best Pract Res Clin Rheu-
matol. 19(2): 191-207. doi:https://doi.org/10.1016/j.berh.2004.11.
006.

2. [2] Hur JH, Chun EJ, Kwag HJ, Yoo JY, Kim HY, Kim JJ, Lee
KW. (2017) CT Features of Vasculitides Based on the 2012 Inter-
national Chapel Hill Consensus Conference Revised Classifica-
tion. Korean J Radiol. 18(5):786-798. doi: https://doi.org/10.3348/
kjr.2017.18.5.786.

3. [3] Kirby JM, Jhaveri KS, Maizlin ZV, Midia M, Haider E, Khalili
K. (2009) Abdominal manifestations of systemic lupus erythe-
matosus: spectrum of imaging findings. Can Assoc Radiol J.
60(3):121-132. doi:https://doi.org/10.1016/j.carj.2009.06.001

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

[4] Chao CT, Wang W], Ting JT. (2013) Wiinderlich syndrome
from lupus-associated vasculitis. Am J Kidney Dis. 61(1):167-
170. doi:https://doi.org/10.1053/j.ajkd.2012.06.027

[5] Kumar B, Strouse J, Swee M, Lenert P, Suneja M. (2018)
Hydralazine-associated vasculitis: Overlapping features of drug-
induced lupus and vasculitis. Semin Arthritis Rheum. 48(2):283-
287. doi:https://doi.org/10.1016/j.semarthrit.2018.01.005

[6] Stanson AW, Friese JL, Johnson CM, et al. (2001) Polyarte-
ritis nodosa: spectrum of angiographic findings. Radiographics.
21(1):151-159. doi:https://doi.org/10.1148/radiographics.21.1.
g01jal6l51

[7] Kawashima A, Sandler CM, Ernst RD, Tamm EP, Goldman
SM, Fishman EK. (2000) CT evaluation of renovascular disease.
Radiographics. 20(5):1321-1340. doi:https://doi.org/10.1148/
radiographics.20.5.g00se141321

[8]Jee KN, Ha HK, Lee 1J, et al. Radiologic findings of abdominal
polyarteritis nodosa. (2000) AJR Am J Roentgenol. 174(6):1675-
1679. doi:https://doi.org/10.2214/ajr.174.6.1741675

[9] Allen SD, Harvey CJ. (2007) Imaging of Wegener's granu-
lomatosis. Br J Radiol. 80(957):757-765. doi:https://doi.org/10.
1259/bjr/34705892

[10] Ruiz Carazo E, Medina Benitez A, Lopez Milena G, Rabaza
Espigares J, Le6n L, Marquez B. (2001) Multiple renal masses
as initial manifestation of Wegener's granulomatosis. AJR Am
J Roentgenol. 176(1):116-118. doi:https://doi.org/10.2214/ajr.
176.1.1760116

[11] Ha HK, Lee SH, Rha SE, et al. (2000) Radiologic features
of vasculitis involving the gastrointestinal tract. Radiographics.
20(3):779-794. doi:https://doi.org/10.1148/radiographics.20.3.
200mc02779

[12] Bouiller K, Audia S, Devilliers H, et al. (2016) Etiologies and
prognostic factors of leukocytoclastic vasculitis with skin involve-
ment: A retrospective study in 112 patients. Medicine (Baltimore).
2016;95(28):e4238. doi:https://doi.org/10.1097/MD.0000000000
004238

[13] Zhu FP, Luo S, Wang ZJ, Jin ZY, Zhang LJ, Lu GM. (2012)
Takayasu arteritis: imaging spectrum at multidetector CT angi-
ography. Br J Radiol. 85(1020):e1282-e1292. doi:https://doi.org/
10.1259/bjr/25536451

[14] Martinez-de-Alegria A, Baleato-Gonzalez S, Garcia-Figuei-
ras R, et al. (2015) IgG4-related Disease from Head to Toe. Radio-
graphics. 35(7):2007-2025. doi:https://doi.org/10.1148/rg.35715
0066

[15] Ceylan N, Bayraktaroglu S, Erturk SM, Savas R, Alper H.
(2010) Pulmonary and vascular manifestations of Behcet disease:
imaging findings. AJR Am J Roentgenol. 194(2):W158-W164.
doi:https://doi.org/10.2214/AJR.09.2763

[16] Chae EJ, Do KH, Seo JB, et al. (2008) Radiologic and clinical
findings of Behget disease: comprehensive review of multisys-
temic involvement. Radiographics. 28(5):e31. doi:https://doi.org/
10.1148/rg.e31

[17] Yuki K, Fujiogi M, Koutsogiannaki S. (2020) COVID-
19 pathophysiology: A review. Clin Immunol. 215:108427.
doi:https://doi.org/10.1016/j.clim.2020.108427

[18] Post A, den Deurwaarder ESG, Bakker SJL, et al. (2020)
Kidney Infarction in Patients With COVID-19. Am J Kidney Dis.
76(3):431-435. doi:https://doi.org/10.1053/j.ajkd.2020.05.004
[19] Zhang LJ, Zhang Z, Li SJ, et al. (2014) Pulmonary embolism
and renal vein thrombosis in patients with nephrotic syndrome:
prospective evaluation of prevalence and risk factors with CT.
Radiology. 273(3):897-906. doi:https://doi.org/10.1148/radiol.
14140121

[20] Queiroz-Andrade M, Blasbalg R, Ortega CD, et al.
(2009) MR imaging findings of iron overload. Radiographics.
29(6):1575-1589. doi:https://doi.org/10.1148/rg.296095511


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.berh.2004.11.006
https://doi.org/10.1016/j.berh.2004.11.006
https://doi.org/10.3348/kjr.2017.18.5.786
https://doi.org/10.3348/kjr.2017.18.5.786
https://doi.org/10.1016/j.carj.2009.06.001
https://doi.org/10.1053/j.ajkd.2012.06.027
https://doi.org/10.1016/j.semarthrit.2018.01.005
https://doi.org/10.1148/radiographics.21.1.g01ja16151
https://doi.org/10.1148/radiographics.21.1.g01ja16151
https://doi.org/10.1148/radiographics.20.5.g00se141321
https://doi.org/10.1148/radiographics.20.5.g00se141321
https://doi.org/10.2214/ajr.174.6.1741675
https://doi.org/10.1259/bjr/34705892
https://doi.org/10.1259/bjr/34705892
https://doi.org/10.2214/ajr.176.1.1760116
https://doi.org/10.2214/ajr.176.1.1760116
https://doi.org/10.1148/radiographics.20.3.g00mc02779
https://doi.org/10.1148/radiographics.20.3.g00mc02779
https://doi.org/10.1097/MD.0000000000004238
https://doi.org/10.1097/MD.0000000000004238
https://doi.org/10.1259/bjr/25536451
https://doi.org/10.1259/bjr/25536451
https://doi.org/10.1148/rg.357150066
https://doi.org/10.1148/rg.357150066
https://doi.org/10.2214/AJR.09.2763
https://doi.org/10.1148/rg.e31
https://doi.org/10.1148/rg.e31
https://doi.org/10.1016/j.clim.2020.108427
https://doi.org/10.1053/j.ajkd.2020.05.004
https://doi.org/10.1148/radiol.14140121
https://doi.org/10.1148/radiol.14140121
https://doi.org/10.1148/rg.296095511

Abdominal Radiology (2022) 47:3531-3545

3545

21.

22.

23.

24.

25.

26.

217.

28.

29.

[21] Wang J, Zhang H, Fan H, et al. (2020) Intractable mechanical
hemolytic anemia complicating mitral valve surgery: a case series
study. BMC Cardiovasc Disord. 20(1):104. doi:https://doi.org/10.
1186/s12872-020-01382-8

[22] Lonergan GJ, Cline DB, Abbondanzo SL. (2001) Sickle cell
anemia. Radiographics. 21(4):971-994. doi:https://doi.org/10.
1148/radiographics.21.4.g01j123971

[23] Schein A, Enriquez C, Coates TD, Wood JC. (2008) Mag-
netic resonance detection of kidney iron deposition in sickle cell
disease: a marker of chronic hemolysis. ] Magn Reson Imaging.
28(3):698-704. doi:https://doi.org/10.1002/jmri.21490

[24] Kato GJ, Steinberg MH, Gladwin MT. (2017) Intravascular
hemolysis and the pathophysiology of sickle cell disease. J Clin
Invest. 127(3):750-760. doi:https://doi.org/10.1172/IJCI89741
[25] Amilineni V, Lackner DF, Morse WS, Srinivas N. (2000)
Contrast-enhanced CT for acute flank pain caused by acute
renal artery occlusion. AJR Am J Roentgenol. 174(1):105-106.
doi:https://doi.org/10.2214/ajr.174.1.1740105

[26] Tan TW, Bohannon WT, Mattos MA, Hodgson KJ, Farber
A. (2011) Percutaneous mechanical thrombectomy and pharma-
cologic thrombolysis for renal artery embolism: case report and
review of endovascular treatment. Int J Angiol. 20(2):111-116.
doi:https://doi.org/10.1055/s-0031-1279682

[27] Lee WK, Mossop PJ, Little AF, et al. (2008) Infected
(mycotic) aneurysms: spectrum of imaging appearances and man-
agement. Radiographics. 28(7):1853-1868. doi:https://doi.org/10.
1148/rg.287085054

[28] Luca A, Luigi DM, Charlie P, et al. (2015) Mycotic Aneu-
rysm of Native Renal Artery: Case Report and Review of the
Literature, Clin Med Rev Case Rep. 2:051. doi: https://doi.org/
10.23937/2378-3656/1410051

[29] Kawashima A, Sandler CM, Goldman SM. (2000) Imaging
in acute renal infection. BJU Int. 86 Suppl 1:70-79. doi:https://
doi.org/10.1046/j.1464-410x.2000.00578.x

30.

31.

32.

33.

34.

35.

36.

[30] Stawicki SP, Firstenberg MS, Lyaker MR, et al. (2013) Septic
embolism in the intensive care unit. Int J Crit Illn Inj Sci. 3(1):58-
63. doi:https://doi.org/10.4103/2229-5151.109423

[31] Chirinos JA, Garcia J, Alcaide ML, Toledo G, Baracco GJ,
Lichtstein DM. (2006) Septic thrombophlebitis: diagnosis and
management. Am J Cardiovasc Drugs. 6(1):9-14. doi:https://doi.
org/10.2165/00129784-200606010-00002

[32] Bassilios N, Tassart M, Restoux A, Bigot JM, Rondeau E,
Sraer JD. (2004) Inferior vena cava thrombosis due to acute pyelo-
nephritis. Nephrol Dial Transplant. 19(4):981-983. doi:https://doi.
org/10.1093/ndt/gfg614

[33] Varennes L, Tahon F, Kastler A, et al. (2015) Fibromuscular
dysplasia: what the radiologist should know: a pictorial review.
Insights Imaging. 6(3):295-307. doi:https://doi.org/10.1007/
$13244-015-0382-4

[34] Gottsdter A, Lindblad B. (2014) Optimal management of
renal artery fibromuscular dysplasia. Ther Clin Risk Manag.
10:583-595. doi:https://doi.org/10.2147/TCRM.S48746

[35] Siddiki H, Doherty MG, Fletcher JG, et al. (2008) Abdominal
findings in hereditary hemorrhagic telangiectasia: pictorial essay
on 2D and 3D findings with isotropic multiphase CT. Radiograph-
ics. 28(1):171-184. doi:https://doi.org/10.1148/rg.281075037
[36] Cooke DA. (1986) Renal arteriovenous malformation demon-
strated angiographically in hereditary haemorrhagic telangiectasia
(Rendu-Osler-Weber disease). ] R Soc Med. 79(12):744-746.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1186/s12872-020-01382-8
https://doi.org/10.1186/s12872-020-01382-8
https://doi.org/10.1148/radiographics.21.4.g01jl23971
https://doi.org/10.1148/radiographics.21.4.g01jl23971
https://doi.org/10.1002/jmri.21490
https://doi.org/10.1172/JCI89741
https://doi.org/10.2214/ajr.174.1.1740105
https://doi.org/10.1055/s-0031-1279682
https://doi.org/10.1148/rg.287085054
https://doi.org/10.1148/rg.287085054
https://doi.org/10.23937/2378-3656/1410051
https://doi.org/10.23937/2378-3656/1410051
https://doi.org/10.1046/j.1464-410x.2000.00578.x
https://doi.org/10.1046/j.1464-410x.2000.00578.x
https://doi.org/10.4103/2229-5151.109423
https://doi.org/10.2165/00129784-200606010-00002
https://doi.org/10.2165/00129784-200606010-00002
https://doi.org/10.1093/ndt/gfg614
https://doi.org/10.1093/ndt/gfg614
https://doi.org/10.1007/s13244-015-0382-4
https://doi.org/10.1007/s13244-015-0382-4
https://doi.org/10.2147/TCRM.S48746
https://doi.org/10.1148/rg.281075037

	Renovascular involvement of systemic vascular disease: a pictorial review
	Abstract 
	Graphical abstract
	Introduction
	Vasculitides
	Systemic lupus erythematosus and drug-induced lupus
	Polyarteritis nodosa
	Granulomatosis with polyangiitis
	Leukocytoclastic vasculitis
	Takayasu arteritis
	Immunoglobulin G4 vasculitis
	Behçet’s disease

	Coagulopathic disorders
	Coronavirus disease 2019 (COVID-19)
	Nephrotic syndrome

	Hemolytic diseases
	Mechanical intravascular hemolysis
	Sickle cell disease

	Hematogenous spread
	Thromboembolic disease
	Mycotic aneurysms
	Septic emboli
	Septic thrombophlebitis

	Miscellaneous conditions
	Fibromuscular dysplasia
	Hereditary hemorrhagic telangiectasia

	Conclusions
	References




