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ABSTRACT

UTOSOMAL DOMINANT polycystic kidney

Autosomal dominant polycystic kidney disease (ADPKD)
has numerous systemic manifestations and complica-
tions. This article gives an overview of hypertension, car-
diac complications, and intracranial aneurysms in ADPKD,
their pathophysiology, and recent developments in their
management.

KEY POINTS

Hypertension and left ventricular hypertrophy are com-
mon complications of ADPKD.

Cardiovascular disease is a major cause of morbidity and

death in ADPKD.

Early diagnosis and aggressive management of high
blood pressure, specifically with agents that block the
renin-angiotensin-aldosterone system, are necessary to
prevent left ventricular hypertrophy and progression of
renal failure in ADPKD.

Timely screening and intervention for intracranial aneu-
rysm would lessen the rates of morbidity and death from
intracranial hemorrhage.
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disease (ADPKD) has significant extrare-
nal manifestations. Hypertension is a common
complication, arises early in the course of the
disease, and is implicated in the development
of left ventricular hypertrophy. Patients with
ADPKD are also at risk of other cardiovascular
complications (Table 1).
This article reviews the timely diagnosis
of these common ADPKD complications and
how to manage them.

I ADPKD ACCOUNTS FOR 10%
OF END-STAGE RENAL DISEASE

ADPKD is a genetic condition characterized
by multiple renal cysts.! Progressive enlarge-
ment of these cysts leads to a gradual decline
in kidney function and eventually end-stage
renal disease by the fifth or sixth decade of
life.> Worldwide, about 12.5 million people
have ADPKD, and it accounts for about 10%
of cases of end-stage renal disease.!**

ADPKD has a variety of clinical presen-
tations, including (in decreasing order of fre-
quency) hypertension, flank pain, abdominal
masses, urinary tract infection, renal failure,
renal stones, and cerebrovascular accidents.?

Extrarenal complications are common and
include hepatic cysts, hypertension, left ven-
tricular hypertrophy, valvular heart disease,
intracranial and extracranial aneurysms, pan-
creatic cysts, and diverticulosis.'”

Less-common complications are dissection
of the aorta and the internal carotid, vertebral,

and iliac arteries®'%; aneurysm of the coronary,

popliteal, and splenic arteries!'"'*; atrial myxo-
ma®®; cardiomyopathy'®; pericardial effusion'’;
intracranial arterial dolichoectasia'®; arach-

noid cysts’; and intraoperative inferior vena
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TABLE 1

Cardiovascular complications
of autosomal dominant polycystic
kidney disease

Hypertension

Cardiac complications

Left ventricular hypertrophy

Valvular complications
Mitral valve prolapse
Mitral regurgitation
Aortic regurgitation
Tricuspid regurgitation
Tricuspid valve prolapse

Atrial myxoma

Pericardial effusion

Coronary artery disease
Atherosclerosis
Coronary artery aneurysm
Coronary artery dissection

Aneurysm
Intracranial
Popliteal and splenic arteries

Dissection

Aorta

Internal carotid artery
Vertebral arteries
lliac arteries

cava syndrome (normally in ADPKD patients,
pressure on the inferior vena cava results in
compensatory sympathetic overactivity to
maintain blood pressure), which occurs due to
reduced sympathetic output under the influ-
ence of epidural or general anesthesia.'’
Cardiovascular complications, especially
cardiac hypertrophy and coronary artery dis-
ease, are now the leading cause of death in
patients with ADPKD, as renal replacement
therapy has improved and made death from
end-stage renal disease less common.?%%!

M HYPERTENSION IN ADPKD

Hypertension is the most frequent initial pre-
sentation of ADPKD, occurring in 50% to
75% of cases and usually preceding the onset
of renal failure.??* Hypertension is more com-
mon in male ADPKD patients, begins early
in the course of the disease, and is diagnosed
around the fourth decade of life.”!
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In a study in 2007, de Almeida et al** used
24-hour ambulatory blood pressure monitor-
ing early in the course of ADPKD and found
significantly higher systolic, diastolic, and
mean 24-hour blood pressures in ADPKD pa-
tients who had normal in-office blood pressure
than in normotensive controls. In addition,
nighttime systolic, nighttime diastolic, and
nighttime mean blood pressures were signifi-
cantly higher in the ADPKD group.

Hypertension is strongly associated with an
accelerated decline in renal function to end-
stage renal disease, development of left ventric-
ular hypertrophy, and cardiovascular death.?*%

Although a prospective study” showed a
strong association between renal stones and
hypertension in ADPKD, the relation be-
tween them is not clear. The incidence of re-
nal stones is higher in hypertensive than in
normotensive ADPKD patients, although evi-
dence has to be established whether nephro-
lithiasis is a risk factor for hypertension or the
other way around.?

Hypertension in ADPKD is multifacto-
rial (Figure 1). The major factors associated
with its development are increased activation
of the renin-angiotensin-aldosterone system
(RAAS); overexpression of endothelin re-
ceptor subtype A (ET-A) in cystic kidneys;
increased production of endothelin 1 (ET-1);
and sodium retention.?¢!

The renin-angiotensin-aldosterone system
Activation of the RAAS plays a major role
in the development and maintenance of hy-
pertension in ADPKD. This is thought to
be mainly due to progressive enlargement of
renal cysts, which causes renal arteriolar at-
tenuation and ischemia secondary to pres-
sure effects, which in turn activates the
RAAS.?630354 Two studies in patients with
normal renal function found that cyst growth
and increasing kidney volume have a strong
relationship with the development of hyper-
tension and declining kidney function.?>3¢
Ectopic secretion of RAAS components in
polycystic kidneys has also been implicated in
the development of hypertension, whereby re-
nin, angiotensinogen, angiotensin-converting
enzyme (ACE), angiotensin II, and angioten-
sin II receptors are produced in the epithelium
of cysts and dilated tubules in polycystic kid-
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FIGURE 1. Pathogenesis and treatment of hypertension and left ventricular hypertrophy in ADPKD.

neys.”™ Proximal renal cysts and tubules pro-
duce ectopic angiotensinogen, which is con-
verted to angiotensin I by renin in distal renal
cysts. Angiotensin | is converted to angioten-
sin II by ACE in distal tubules, which in turn
stimulates angiotensin Il receptors, causing
sodium and water retention in distal tubules.’
This may be responsible for hypertension in
the initial stages; however, RAAS hyperactiv-
ity due to renal injury may predominate dur-
ing later stages.’’

Increased RAAS activity also increases
sympathetic output, which in turn raises cat-
echolamine levels and blood pressure.** A
study showed higher levels of plasma cate-
cholamines in ADPKD hypertensive patients
irrespective of renal function than in patients
with essential hypertension.*

ET-A receptor and ET-1

A few studies have shown that in ADPKD pa-
tients, increased density of ET-A receptors and
overproduction of ET-1, a potent vasoconstric-
tor, play a significant role in the development
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of hypertension and gradual loss of kidney
function due to cyst enlargement and intersti-
tial scarring.?®* Ong et al® found that expres-
sion of ET-A receptors is increased in smooth
muscle cells of renal arteries, glomerular me-
sangial cells, and cyst epithelia in ADPKD.

Sodium retention

Studies in ADPKD patients with preserved re-
nal function have linked high blood pressure to
sodium retention and volume expansion.’®!4!
However, this phenomenon reverses when there
is significant renal impairment in ADPKD.

As evidence of this, a study demonstrated
significantly more natriuresis in patients with
renal failure due to ADPKD than in patients
with a similar degree of renal failure due to
chronic glomerulonephritis.*’ Moreover, an-
other study found that the prevalence of hy-
pertension is higher in ADPKD patients than
in those with other nephropathies with pre-
served renal function, but this association re-
verses with significant decline in kidney func-
tion.”?
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Management of hypertension in
autosomal dominant kidney disease

In patients with ADPKD and people at high risk
with a family history of ADPKD

Screen for hypertension with ambulatory
blood pressure monitoring

If blood pressure is > 140/90 mm Hg

Initiate lifestyle modification
before antihypertensive treatment
Salt restriction to < 6 g/day
Weight reduction
Physical exercise
Increased fluid intake
Smoking and caffeine cessation

If blood pressure is > 130/80 mm Hg
after lifestyle modification

Treat with ACE inhibitor or ARB
Target blood pressure:
< 110/75 mm Hg if eGFR is > 60 mL/min
< 130/80 mm Hg if eGFR is < 60 mL/min

If blood pressure is not optimized

Consider beta-blocker
or calcium channel blocker

If blood pressure is still not optimized

Consider diuretics

ACE = angiotensin-converting enzyme; ADPKD = autosomal
dominant polycystic kidney disease; ARB = angiotensin Il recep-
tor blocker; eGFR = estimated glomerular filtration rate

FIGURE 2.

I MANAGING HYPERTENSION IN ADPKD

Early diagnosis of hypertension and effective
control of it, even before ADPKD is diag-
nosed, is crucial to reduce cardiovascular mor-
tality. Aggressive blood pressure control in the
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prehypertensive phase of ADPKD will also
help reduce the incidence of left ventricular
hypertrophy and mitral regurgitation and slow
the progression of renal failure (Figure 2).

A meta-analysis* revealed hypertension to
be present in 20% of ADPKD patients younger
than 21, and many of them were undiagnosed.
This study also suggests that patients at risk of
hypertension (ie, all patients with ADPKD)
should be routinely screened for it.

Ambulatory blood pressure monitoring
may play an important role in diagnosing hy-
pertension early in the prehypertensive stage

of ADPKD.”

Target blood pressures: No consensus

Two well-powered double-blind, placebo-con-
trolled trials, known as HALT-PKD Study A
and HALT-PKD Study B, tested the effects
of 2 different blood pressure targets and of
monotherapy with an ACE inhibitor vs com-
bination therapy with an ACE inhibitor plus
an angiotensin II receptor blocker (ARB)
on renal function, total kidney volume, left
ventricular mass index, and urinary albumin
excretion in the early (estimated glomerular
filtration rate [eGFR] > 60 mL/min) and late
(eGFR 25-60 mL/min) stages of ADPKD, re-
spectively.

HALT-PKD Study A® found that, in the
early stages of ADPKD with preserved renal
function, meticulous control of blood pressure
(95-110/60-75 mm Hg) was strongly correlat-
ed with significant reductions in left ventricu-
lar mass index, albuminuria, and rate of total
kidney volume growth without remarkable
alteration in renal function compared with
standard blood pressure control (120-130/70-
80 mm Hg). However, no notable differences
were observed between the ACE inhibitor
and ACE inhibitor-plus-ARB groups.®

Despite the evidence, universal consen-
sus guidelines are lacking, and the available
guidelines on hypertension management have
different blood pressure goals in patients with
chronic kidney disease.

The eighth Joint National Committee
guideline of 2014 recommends a blood pres-
sure goal of less than 140/90 mm Hg in pa-
tients with diabetic and nondiabetic chronic
kidney disease.®

The National Institute for Health and
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Care Excellence 2011 guideline recommends
a blood pressure goal of less than 130/80 mm
Hg in chronic kidney disease patients.*

The European Society of Hypertension
and European Society of Cardiology joint
2013 guideline recommends a systolic blood
pressure goal of less than 140 mm Hg in dia-
betic and nondiabetic patients with chronic
kidney disease.

The 2016 Kidney Health Australia-Car-
ing for Australians With Renal Impairment
guideline for diagnosis and management of
ADPKD* recommends a lower blood pressure
goal of 96-110/60-75 mm Hg in patients with
an eGFR greater than 60 mL/min/1.73 m?
who can tolerate it without side effects, which
is based on the findings of HALT-PKD Study
AS

Helal et al recommend that blood pres-
sure be controlled to less than 130/80 mm Hg,
until there is more evidence for a safe and ef-
fective target blood pressure goal in ADPKD
patients.®

We recommend a target blood pressure less
than 110/75 mm Hg in hypertensive ADPKD
patients with preserved renal function who
can tolerate this level, and less than 130/80
mm Hg in ADPKD patients with stage 3
chronic kidney disease. These targets can be
achieved with ACE inhibitor or ARB mono-
therapy.¥* However, no studies have estab-
lished the safest lower limit of target blood
pressure in ADPKD.

ACE inhibitors, ARBs are mainstays
Mainstays of antihypertensive drug therapy in
ADPKD are ACE inhibitors and ARBs.

HALT-PKD Study B* demonstrated that,
in the late stages of ADPKD, target blood
pressure control (110-130/70-80 mm Hg) can
be attained with ACE inhibitor monotherapy
or with an ACE inhibitor plus an ARB, but
the latter produced no additive benefit.

Patch et al,”® in a retrospective cohort
study, showed that broadening the spectrum of
antihypertensive therapy decreases mortality
in ADPKD patients. Evaluating ADPKD pa-
tients from the UK General Practice Research
Database between 1991 and 2008, they found
a trend toward lower mortality rates as the
number of antihypertensive drugs prescribed
within 1 year increased. They also observed
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that the prescription of RAAS-blocking
agents increased from 7% in 1991 to 46% in
2008.%°

However, a 3-year prospective random-
ized double-blind study compared the effects
of the ACE inhibitor ramipril and the beta-
blocker metoprolol in hypertensive ADPKD
patients.’! The results showed that effective
blood pressure control could be achieved in
both groups with no significant differences in
left ventricular mass index, albuminuria, or
kidney function.’!

Treatment strategies

Lifestyle modification is the initial approach
to the management of hypertension before
starting drug therapy. Lifestyle changes in-
clude dietary salt restriction to less than 6 g/
day, weight reduction, regular exercise, in-
creased fluid intake (up to 3 L/day or to satisfy
thirst), smoking cessation, and avoidance of
caffeine.*™*

ACE inhibitors are first-line drugs in hy-
pertensive ADPKD patients.

ARBs can also be considered, but there is
no role for dual ACE inhibitor and ARB ther-
apy.®*® A study found ACE inhibitors to be
more cost-effective and to decrease mortality
rates to a greater extent than ARBs.»

Beta-blockers or calcium channel block-
ers should be considered instead if ACE in-
hibitors and ARBs are contraindicated, or as
add-on drugs if ACE inhibitors and ARBs fail
to reduce blood pressure adequately.*#

Diuretics are third-line agents. Thiazides
are preferred in ADPKD patients with normal
renal function and loop diuretics in those with
impaired renal function.*’

I LEFT VENTRICULAR HYPERTROPHY
IN ADPKD

Increased left ventricular mass is an indirect
indicator of untreated hypertension, and it
often goes unnoticed in patients with undi-
agnosed ADPKD. Left ventricular hypertro-
phy is associated with arrhythmias and heart
failure, which contribute significantly to car-
diovascular mortality and adverse renal out-
comes.?%

A 5-year randomized clinical trial by Cad-
napaphornchai et al** in ADPKD patients
between 4 and 21 years of age showed strong
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correlations between hypertension, left ven-
tricular mass index, and kidney volume and a
negative correlation between left ventricular
mass index and renal function.

Several factors are thought to contribute
to left ventricular hypertrophy in ADPKD
(Figure 1).

Hypertension. Two studies of 24-hour am-
bulatory blood pressure monitoring showed
that nocturnal blood pressures decreased less
in normotensive and hypertensive ADPKD
patients than in normotensive and hyperten-
sive controls.?>® This persistent elevation of
nocturnal blood pressure may contribute to
the development and progression of left ven-
tricular hypertrophy.

On the other hand, Valero et al** report-
ed that the left ventricular mass index was
strongly associated with ambulatory systolic
blood pressure rather than elevated nocturnal
blood pressure in ADPKD patients compared
with healthy controls.

FGF23. High levels of fibroblast growth
factor 23 (FGF23) have been shown to be
strongly associated with left ventricular hy-
pertrophy in ADPKD. Experimental studies
have shown that FGF23 is directly involved
in the pathogenesis of left ventricular hyper-
trophy through stimulation of the calcineurin-
nuclear factor of activated T cells pathway.

Faul et al® induced cardiac hypertrophy
in mice that were deficient in klotho (a trans-
membrane protein that increases FGF23 af-
finity for FGF receptors) by injecting FGF23
intravenously.

Yildiz et al’® observed higher levels of
FGF23 in hypertensive and normotensive
ADPKD patients with normal renal function
than in healthy controls. They also found a
lower elasticity index in the large and small
arteries in normotensive and hypertensive
ADPKD patients, which accounts for vascular
dysfunction. High FGF23 levels may be re-
sponsible for the left ventricular hypertrophy
seen in normotensive ADPKD patients with
preserved renal function.

Polymorphisms in the ACE gene have
been implicated in the development of car-
diac hypertrophy in ADPKD.

Wanic-Kossowska et al’” studied the as-
sociation between ACE gene polymorphisms
and cardiovascular complications in ADPKD

VOLUME 84 ¢ NUMBER 6

patients. They found a higher prevalence of
the homozygous DD genotype among ADP-
KD patients with end-stage renal disease than
in those in the early stages of chronic kidney
disease in ADPKD. Also, the DD genotype
has been shown to be more strongly associ-
ated with left ventricular hypertrophy and left
ventricular dysfunction than other (II or ID)
genotypes. These findings suggest that the DD
genotype carries higher risk for the develop-
ment of end-stage renal disease, left ventric-
ular hypertrophy, and other cardiovascular
complications.

M MANAGING LEFT VENTRICULAR
HYPERTROPHY IN ADPKD

Preventing and halting progression of left
ventricular hypertrophy primarily involves
effective blood pressure control, especially in
the early stages of ADPKD (Figure 2).

A T-year prospective randomized trial in
ADPKD patients with established hyperten-
sion and left ventricular hypertrophy proved
that aggressive (< 120/80 mm Hg) compared
with standard blood pressure control (135-
140/85-90 mm Hg) significantly reduces left
ventricular mass index. ACE inhibitors were
preferred over calcium channel blockers.”®

HALT-PKD Study A showed that a signifi-
cant decrease in left ventricular mass index
can be achieved by aggressive blood pressure
control (95-110/60-75 mm Hg) with an ACE
inhibitor alone or in combination with an
ARB in the early stages of ADPKD with pre-
served renal function.*

A 5-year randomized clinical trial in chil-
dren with borderline hypertension treated
with an ACE inhibitor for effective control of
blood pressure showed no change in left ven-
tricular mass index or renal function.’®>

These results support starting ACE inhibi-
tor therapy early in the disease process when
blood pressure is still normal or borderline to
prevent the progression of left ventricular hy-
pertrophy or worsening kidney function.

Since FGF23 is directly involved in the
causation of left ventricular hypertrophy, FGF
receptors may be potential therapeutic tar-
gets to prevent left ventricular hypertrophy in
ADPKD. An FGF receptor blocker was shown
to decrease left ventricular hypertrophy in rats
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with chronic kidney disease without affecting
blood pressure.”

I INTRACRANIAL ANEURYSM IN ADPKD

Intracranial aneurysm is the most dangerous
complication of ADPKD. When an aneurysm
ruptures, the mortality rate is 4% to 7%, and
50% of survivors are left with residual neuro-
logic deficits.>%0¢!

In various studies, the prevalence of intra-
cranial aneurysm in ADPKD ranged from 4%
to 41.2%, compared with 1% in the general
population.>®*® On follow-up ranging from
18 months to about 10 years, the incidence of
new intracranial aneurysm was 2.6% to 13.3%
in patients with previously normal findings on
magnetic resonance angiography and 25% in
patients with a history of intracranial aneu-
rysm. 626465

The most common sites are the middle
cerebral artery (45%), internal carotid artery
(40.5%), and anterior communicating artery
(35.1%).% (The numbers add up to more than
100% because some patients have aneurysms
in more than 1 site.) The mean size of a rup-
tured aneurysm was 6 mm per a recent system-
atic review.% Intracranial aneurysms 6 mm or
larger are at highest risk of rupture.®

I SCREENING FOR INTRACRANIAL
ANEURYSM

Timely screening and intervention for intra-
cranial aneurysm is crucial to prevent death
from intracranial hemorrhage.

Currently, there are no standard guidelines
for screening and follow-up of intracranial an-
eurysm in ADPKD patients. However, some
recommendations are available from the AD-
PKD Kidney Disease Improving Global Out-
comes Controversies Conference’ and Kidney
Health Australia—Caring for Australasians
With Renal Impairment ADPKD guidelines®
(Figure 3).

Imaging tests

Magnetic resonance angiography (MRA)
with gadolinium enhancement and computed
tomographic angiography (CTA) are recom-
mended for screening in ADPKD patients with
normal renal function,®” but time-of-flight
MRA without gadolinium is the imaging test
of choice because it is noninvasive and poses
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Autosomal dominant polycystic kidney disease patients

With a family history of intracranial hemorrhage or aneurysm in an
affected first-degree relative

With a history of sudden onset of severe headache or neurologic symptoms

At risk of adverse outcome if intracranial aneurysm ruptures—
eg, undergoing major elective surgery, with uncontrolled blood pressure,
on anticoagulation, with history of smoking, and airline pilots

Time-of-flight magnetic resonance angiography without
gadolinium (imaging test of choice)

Computed tomographic angiography or magnetic resonance angiography
with gadolinium can be considered if renal function is normal

d N

Intracranial aneurysm present Intracranial aneurysm absent

Neurosurgery referral
and repeat imaging
every 6-24 months

Repeat imaging in 5-10 years
unless patient has sudden onset
of severe headache or neurologic
symptoms

FIGURE 3. Screening for intracranial aneurysm in autosomal
dominant polycystic kidney disease.

Information from references 3, 67, and 68.

no risk of nephrotoxicity or contrast allergy.’¢® .
Further, gadolinium should be avoided in pa- Intracranial
tients whose eGFR is 30 mL/min/1.73 m’ or aneurysms
less beF:ause of risk of nephrogenic systemic are the most
sclerosis and fibrosis.67%

The sensitivity of time-of-flicht MRA dangerous
screening for intracranial aneurysm varies de-  manifestation
pending on the size of aneurysm; 67% for those
less than 3 mm, 79% for those 3 to 5 mm, and of ADPKD
95% for those larger than 5 mm.* The sensi-
tivity of CTA screening is 95% for aneurysms
larger than 7 mm and 53% for those measur-
ing 2 mm."™" The specificity of CTA screen-
ing was reported to be 98.9% overall.”

When to screen

Screening for intracranial aneurysm is recom-
mended at the time of ADPKD diagnosis for
all high-risk patients, ie, those who have a
family history of intracranial hemorrhage or
aneurysm in an affected first-degree relative.®’
[t is also recommended for ADPKD patients
with a history of sudden-onset severe head-
ache or neurologic symptoms.’” A third group
for whom screening is recommended is AD-
PKD patients who have no family history of
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intracranial aneurysm or hemorrhage but who
are at risk of poor outcome if an intracranial
aneurysm ruptures (eg, those undergoing ma-
jor elective surgery, with uncontrolled blood
pressure, on anticoagulation, with a history of
or current smoking, and airline pilots).5

Patients found to have an intracranial
aneurysm on screening should be referred to
a neurosurgeon and should undergo repeat
MRA or CTA imaging every 6 to 24 months.’?
High-risk ADPKD patients with normal find-
ings on initial screening should have repeat
MRA or CTA screening in 5 to 10 years unless
they suffer from sudden-onset severe headache
or neurologic symptoms.®*7

Both smoking and high blood pressure in-
crease the risk of formation and growth of in-
tracranial aneurysm. Hence, meticulous con-
trol of blood pressure and smoking cessation
are recommended in ADPKD patients.*¢’

I CARDIAC VALVULAR ABNORMALITIES
IN ADPKD

Of the valvular abnormalities that complicate
ADPKD, the more common ones are mitral
valve prolapse and mitral and aortic regurgi-
tation. The less common ones are tricuspid
valve prolapse and tricuspid regurgitation.”"

The pathophysiology underlying these
valvular abnormalities is unclear. However,
defective collagen synthesis and myxomatous
degeneration have been demonstrated in his-
topathologic examination of affected valvular
tissue.” Also, ACE gene polymorphism, espe-
cially the DD genotype, has been shown to be
associated with cardiac valvular calcifications
and valvular insufficiency.”

Lumiaho et al” found a higher prevalence
of mitral valve prolapse, mitral regurgitation,
and left ventricular hypertrophy in patients
with ADPKD type 1 (due to abnormalities
in PDK]1) than in unaffected family members
and healthy controls. The investigators specu-
lated that mitral regurgitation is caused by
the high blood pressure observed in ADPKD
type 1 patients, since hypertension causes left
ventricular hypertrophy and left ventricular
dilatation. The severity of renal failure was
related to mitral regurgitation but not mitral
valve prolapse.

Similarly, Gabow et al** showed that there
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is no significant relationship between mitral
valve prolapse and progression of renal disease
in ADPKD.

Interestingly, Fick et al?® found that mitral
valve prolapse has no significant effect on car-
diovascular mortality.

I CORONARY ARTERY DISEASE
AND ANEURYSM IN ADPKD

Atherosclerosis sets in early in ADPKD, re-
sulting in coronary artery disease and adverse
cardiovascular outcomes.

Coronary flow velocity reserve is the abil-
ity of coronary arteries to dilate in response to
myocardial oxygen demand. Atherosclerosis
decreases this reserve in ADPKD patients, as
shown in several studies.

Turkmen et al, in a series of studies,
found that ADPKD patients had significantly
less coronary flow velocity reserve, thicker
carotid intima media (a surrogate marker of
atherosclerosis), and greater insulin resistance
than healthy controls. These findings imply
that atherosclerosis begins very early in the
course of ADPKD and has remarkable effects
on cardiovascular morbidity and mortality.’

Aneurysm. Although the risk of extra-
cranial aneurysm is higher with ADPKD,
coronary artery aneurysm is uncommon. The
pathogenesis of coronary aneurysm has been
linked to abnormal expression of the pro-
teins polycystin 1 and polycystin 2 in vascu-
lar smooth muscle.!"” The PKDI and PKD2
genes encode polycystin 1 and 2, respectively,
in ADPKD. These polycystins are also ex-
pressed in the liver, kidneys, and myocardium
and are involved in the regulation of intracel-
lular calcium, stretch-activated ion channels,
and vascular smooth muscle cell proliferation
and apoptosis.''® Abnormally expressed poly-
cystin in ADPKD therefore has an impact on
arterial wall integrity, resulting in focal medial
defects in the vasculature that eventually de-
velop into micro- and macroaneurysms.!!

Hadimeri et al” found a higher prevalence
of coronary aneurysm and ectasia in ADPKD
patients than in controls. Most coronary an-
eurysms are smaller than 1 cm; however, a cor-
onary aneurysm measuring 4 cm in diameter
was found at autopsy of an ADPKD patient.!!

Spontaneous coronary artery dissection
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is very rare in the general population, but Bo-
brie et al reported a case of it in an ADPKD
patient.’

B ATRIAL MYXOMA, CARDIOMYOPATHY,
AND PERICARDIAL EFFUSION IN ADPKD

Atrial myxoma in ADPKD patients has been
described in 2 case reports.>® However, the
association of atrial myxoma with ADPKD is
poorly understood and may be a coincidental
finding.

Cardiomyopathy in ADPKD has been
linked to abnormalities in the intracellular
calcium pathway, although a clear picture of
its involvement has yet to be established.

Paavola et al'® described the pathophysiol-
ogy of ADPKD-associated cardiomyopathy in
PKD2 mutant zebrafish lacking polycystin 2.
These mutants showed decreased cardiac out-
put and had atrioventricular blocks. The find-
ings were attributed to abnormal intracellu-
lar calcium cycling. These findings correlated
well with the frequent finding of idiopathic
dilated cardiomyopathy in ADPKD patients,
especially with PKD2 mutations.'® Also, 2
cases of dilated cardiomyopathy in ADPKD
have been reported and thought to be related
to PKD2 mutations.®®2

Pericardial effusion. Even though the ex-
act pathophysiology of pericardial effusion in
ADPKD is unknown, it has been theorized to
be related to defects in connective tissue and
extracellular matrix due to PKDI1 and PKD2
mutations. These abnormalities increase the
compliance and impair the recoil capacity of
connective tissue, which results in unusual
distention of the parietal pericardium. This
abnormal distention of the parietal pericar-
dium together with increased extracellular
volume may lead to pericardial effusion.!”

Qian et al'? found a higher prevalence of
pericardial effusion in ADPKD patients. It
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