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Abstract

Autosomal dominant polycystic kidney disease (ADPKD) is the most common genetic disorder in nephrology. Two genes have been implicated in the 
development of the disease: PKD1 on chromosome 16 (85%) and PKD2 on chromosome 4 (15%). ADPKD is clinically characterized by renal and extra renal 
involvement expressed with the onset of cystic and non-cystic manifestations. Since cardiovascular complications are leading cause of morbidity and mortality, 
this review aims to analyze cardiac and vascular involvement in ADPKD.

Hypertension is a common early symptom, and occurs in approximately 60% of patients before renal dysfunction. The effect of hypertension on the 
progression to end-stage renal disease makes it the most important potentially treatable risk factor in ADPKD. Left ventricular hypertrophy also occurs frequently 
in these patients representing another powerful and independent risk factor for cardiovascular morbidity and mortality in ADPKD. Other abnormalities such as 
biventricular diastolic dysfunction, endothelial dysfunction and increased carotid intima media thickness are present even in young ADPKD patients with normal 
blood pressure and well-preserved renal function. Intracranial and extra cranial aneurysms and cardiac valvular defects are other common cardiovascular 
manifestations in patients with ADPKD. Early treatment of hypertension through the use of renin-angiotensin-aldosterone system blocking agents could play a 
nephroprotective effect and reduce the occurrence of cardiovascular complications in ADPKD patients.

ABBREVIATIONS
ADPKD; Autosomal Dominant Polycystic Kidney Disease; 

CV: Cardiovascular; BP: Blood Pressure; LVH: Left Ventricular 
Hypertrophy; LVM: Left Ventricular Mass; RAAS: Renin-
Angiotensin-Aldosterone System; PRA: Plasma Renin Activity; 
NO: Nitric Oxide; DD: Diastolic Dysfunction; PE: Pericardial 
Effusion; ICA: Intracranial Aneurysms; CKD: Chronic Kidney 
Disease; MDRD: Modification of Diet in Renal Disease

INTRODUCTION
Autosomal dominant polycystic kidney disease (ADPKD) 

is the most common genetic disease in nephrology. With an 
incidence of 1 in 1,000 individuals, this disease is the leading 
genetic cause of end stage Renal Disease, (ESRD) in adults. 
Overall, ADPKD represents 4% of the causes of ESRD and usually 
requires dialysis for 5-10% of patients [1] . 

ADPKD is genetically heterogeneous and there are two 
different types of ADPKD [1,2]. Type I, caused by mutations of the 
PKD1 gene on chromosome 16 encoding polycystin-1, is the most 
common form of PKD and is responsible for 85% of the cases. This 
is also the most aggressive form and is associated with earlier 
onset and higher mortality rates. Type II, caused by mutations 
of the PKD2 gene on chromosome encoding polycystin-2, is 
responsible for 10-15% of the cases and is characterized by a 
slower evolution, which makes it clinically less aggressive than 
type I. Possible heterozygosity conditions were also described for 
PKD1 and PKD2 mutations. ADPKD is thought to be of complete 
penetrance, affecting all those who inherited the genetic 
mutation. It is also characterized by variable expressivity, as 
its onset may follow different paths and the development of the 
cysts may vary from one patient to another. This is why affected 
first-degree relatives should undergo an instrumental and/or 
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genetic clinical-anamnestic diagnostic screening. Mutation in the 
PKD1 and PKD2 genes, account for the overwhelming majority of 
ADPKD cases. There are no convincing evidence for the existence 
of a thir for PKD gene [3]. From the clinical point of view, genetic 
testing is not a useful screening tool because it can identify only 
approximately 70% of the hundreds of different PKD1 and PKD2 
mutations [1,4]. On the basis of effectiveness, cost, and safety, 
ADPKD is diagnosed through family history (autosomal dominant 
inheritance) and kidney ultrasound (US) imaging. In a pre-
symptomatic at-risk family members the screening is currently 
based on US age-dependent criteria [5,6]. Specify two or more 
cysts as diagnostic for individuals ages 15 to 29, two cysts in each 
kidney for ages 30 to 59, and a minimum of four cysts in each 
kidney for older at-risk individuals. The finding of fewer than two 
cysts in each kidney is sufficient to exclude the disease in people 
who are 30 or older. However, the criteria have been validated 
only for PKD1.

ADPKD may also be mistaken for a kidney disease due to the 
presence of cysts. It is therefore worth remembering that there 
are several extra-renal phenotypic manifestations making it a 
systemic disease. In fact, other organs may be affected by cysts 
including the liver, the pancreas, the spleen and the thyroid. The 
disease is also associated with a higher prevalence of colonic 
diverticula and inguinal hernias than the general population. 
There are, therefore, several non-renal clinical expressions of 
ADPKD which are often asymptomatic and potentially responsible 
for complications [7] (Figure 1).

The cardiovascular (CV) system is also affected by ADPKD. CV 
system alterations due to ADPKD have become an area of great 
interest to investigate the effects on renal function and mortality. 
The first reference to this extra-renal expression was made by 
Leier et al. [8], in 1984. The cardiac and vascular phenotype of 
the disease is diverse and is mainly characterized by the presence 
of early onset of arterial hypertension, due to left ventricular 
hypertrophy (LVH), and valvular abnormalities [9]. From a 
vascular point of view, brain [10] and coronary aneurysms 
[11], thoracic and abdominal aorta aneurysms, endothelium 
functional alterations and thickened supra-aortic vessels [12] 
may be observed. 

Many of these factors and others such as age, male gender, 
African race, presence of hematuria, proteinuria, the volume of 
renal cysts and high blood pressure (BP) have been associated 
with a rapid decline in kidney function. Among these factors, 
hypertension is the most frequent and earliest issue, but it can 
also be easily treated.

This review will address the main issues associated with CV 
phenotype in ADPKD patients.

Hypertension 

Hypertension is the most common clinical manifestation with 
the greatest impact on renal function in ADPKD patients [13] 
(Figure 2). Typically the onset of high BP occurs approximately 10 
earlier (32-34 years) than in patients with essential hypertension 
(45-55 years) [14,15]. Hypertension can be observed in 50-
70% of ADPKD patients with decreased renal function [16,17]. 
Elevated BP parameters are more precocious and more common 

in patients with PKD1 mutation than in those with PKD2 mutation 
[15].

Familiarity is an important risk factor for the development 
of high BP. Children from families with a history of ADPKD 
has higher BP than control children. In addition, children of 
ADPKD patients with hypertension are more likely to develop 
hypertension than those without hypertension [18-21]. 

The CV risk associated with hypertension in ADPKD patients 
has two components: elevated BP levels and alterations of the 
circadian rhythm. 

Nocturnal fall in BP, measured by 24-h ambulatory BP 
monitoring using ascillometric devices, was attenuated 
in hypertensive ADPKD patients compared with essential 
hypertensive patients [22]. A more recent study based on 
hypertensive ADPKD with a stable antihypertensive regimens 
[23], establishes that the majority of ADPKD patients (56-64%) 
are non-dippers, independently from renal function, age, duration 
of hypertension or any other variable considered. Of note, the 
frequency of non-dipping in essential hypertension [24] is 
significantly lower (25-42%) than that reported in hypertensive 
ADPKD population.

Figure 1 Renal and extra-renal manifestation in autosomal dominant 
polycystic kidney disease.

Figure 2 Effects of Blood Pressure on renal survival in ADPKD patients.
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For ADPKD patients with hypertension and a non-dipping 
pattern the CV risk is higher, while the therapeutic correction 
able to turn a non-dipping into a dipping profile improves the 
patient’s CV prognosis [25]. 

The mechanisms underlying the genesis of hypertension 
in patients with ADPKD have not yet been fully elucidated, and 
currently there are at least three main theories providing a 
possible explanation. 

The first theory concerns the activation of the renin-
angiotensin-aldosterone system (RAAS). With the same 
glomerular filtration rate, ADPKD patients with hypertension 
show a renal vascular resistance and an increased plasma renin 
activity (PRA) compared to normotensive ADPKD patients [26]. 
Moreover, a decrease in mean arterial pressure, renal vascular 
resistance and filtration fraction induced by angiotensin 
converting enzyme inhibitor (ACE-I) is more marked in ADPKD 
patients compared to control patients. The kidney volume 
seems to play an important role as well. In ADPKD patients with 
hypertension the renal volume is greater than normotensive 
ADPKD individuals of the same age [27]. The study conducted 
by the “Consortium for Radiologic Imaging Studies of Polycystic 
Kidney Disease” (CRISP) [28], showed that the increase in renal 
volume is associated with reduced renal blood flow, and this 
association precedes functional loss. 

The second theory is based on the presence of endothelial 
dysfunction. ADPKD normotensive patients with normal 
renal function, showed an endothelium-dependent relaxation 
impairment of the vascular system. Angiotensin II stimulates the 
production of oxygen radicals that can exert deleterious effects on 
endothelial integrity. In these subjects, the plasma concentration 
of nitric oxide (NO) is lower than in control patients [29]. 

Endothelium-dependent relaxation is also impaired, and 
endothelial NO synthase activity is reduced in ADPKD patients 
[30].

The imbalance in endothelium-derived vasoactive 
mediators such as NO might therefore be an important factor 
in the pathogenesis of hypertension in ADPKD [31]. It is been 
speculated that endothelial dysfunction may be primary in the 
vascular ADPKD phenotype, which includes hypertension but 
also intracranial aneurysms, atherosclerosis, dissection, edema, 
hemorrhage and vascular ectasia [32].

The third theory concerns the activation of the sympathetic 
system. The activation of the sympathetic system has been 
implicated in the genesis of different forms of hypertension. 
In ADPKD, change in renal blood flow and intrarenal pressure, 
and the subsequent production of ischemic metabolites and 
uremic toxins, continuously stimulate mechanoreceptors and 
chemoreceptors of renal afferent sensory nerves, contributing 
to hypertension. ADPKD patients with normal renal function 
showed higher levels of circulating catecholamines than patients 
with essential hypertension. Furthermore, BP values are directly 
associated with the circulating norepinephrine levels, regardless 
of renal function [33]. A higher muscle sympathetic nervous 
activity (MSNA) was observed in hypertensive ADPKD compared 
with normal controls, and MSNA is higher among ADPKD patients 

with renal dysfunction compared with those with preserved 
renal function [34].

The described mechanisms do not work independently but 
seem to share many aspects. The growth of renal cysts affects a 
situation of intra renal ischemia able to contribute to the genesis 
of hypertension activating all three mechanisms (Figure 3).

Left ventricular hypertrophy

Left ventricular hypertrophy (LVH) is a powerful 
independent risk factor for CV morbidity and mortality in 
essential hypertension patients [35], and an inverse relationship 
between left ventricular mass (LVM) and GFR is also known [36]. 
Cardiac remodeling is an adaptive response to high BP, which is 
also widely prevalent in this population. Several observational 
studies and clinical trials have detected the presence of LVH in 
ADPKD patients [10,22,38-44].

According to Chapman et al. [9], hypertensive ADPKD patients 
have a prevalence of 48% and this association implies lower 
renal and overall survival rates. As shown in Figure 4, the author 
found a significant association between high BP and LVM. Since 
hypertension and LVH are important CV risk factors for these 
patients, it is reasonable to consider LVH as a powerful indicator 
of mortality in patients with ADPKD [38]. Of note [9], LVH was 
still detected in 23% of normotensive ADPKD individuals. It is 
worth noting some limitation of this study: ADPKD patients were 

Figure 4 Association between blood pressure and Left Ventricular Mass Index 
(LVMI) in ADPKD patients.

Figure 3 Mechanisms of hypertension in polycystic kidney disease.
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older, had a higher BP, and had a higher serum creatinine levels 
than control patients. In addition, there were no any significant 
difference in US kidney volume, and the authors did highlight that 
the majority of ADPKD patients in their cohort had inadequate 
BP control (only two hypertensive ADPKD patients were treated 
with ACE-I).

Similarly, a Spanish study [40] confirmed the high LVH 
prevalence in hypertensive ADPKD patients concluding that 
ambulatory BP is one of the most important determinants of LVM 
in this population. Nocturnal fall in BP was attenuated in these 
patients, although it was not associated with the higher LVH 
that they present. The same group [41] reported no significant 
difference in plasma renin activity, angiotensin II, aldosterone, 
noradrenaline, atrial natriuretic peptide, or insulin-like growth 
factor-1 in hypertensive ADPKD patients with LVH versus those 
without LVH. Some studies LVH has also was detected even in 
normotensive ADPKD patients [9,42,43], suggesting that an 
increase in LVM may precede the onset of hypertension.

As for adults, even for children from families with a history 
of ADPKD there is a strong correlation between BP and LVM 
[21,37], and an increase in LVM may precede an increase in renal 
volume. This is particularly important when evaluating the CV 
status of these children. A possible limitation of these studies 
was that kidney volume was estimated by kidney US, rather than 
direct MR imaging.

Even though many studies are consistent with the high 
prevalence in LVH in both hypertensive [10,38-42] and 
normotensive [9,42,43] ADPKD patients, there is not enough 
available information about the occurrence of LVH separately 
in PKD1 or PKD2 patients for the lack of genotyping. This could 
represent a serious limitation since patients with PKD1 mutation 
seem to have more severe disease than PKD2 patients [2,44]. In 
this regard, the only cohort study [39] examining the prevalence 
of cardiac abnormalities only in type 1 ADPKD, the prevalence 
of LVH was surprisingly detected in 18.9% (almost half of 
that found by others authors), which was significantly higher 
than 5.7% in healthy relatives and 4.2% in healthy, unrelated 
controls. The prevalence of hypertension across these groups 
was 71%, 28%, and 14% respectively, of which only 47%, 8% 
e 0% respectively were under antihypertensive treatment. 
Once again, the authors found a significant correlation between 
LVH and higher BP values. However they do not explain the 
potential factors associated with low LVH prevalence detected in 
comparison with that reported by others [10,38-42], especially 
in a hypertensive ADPKD population with more than 50% free of 
any antihypertensive therapy. 

Echocardiography is ready available and more often the 
procedure of choice for assessing LVH. M-mode (motion based) 
or Two-dimensional echocardiography with Doppler have been 
used to direct visualization of the myocardium and real-time 
quantify the degree of LVH. However, obtaining good quality 
images is dependent on a skilled operator, patient position and 
anatomy, thoracic acoustic impedance, and angle of transducer 
beam, and images of sufficient quality for LVM measurement may 
not be obtained in up to one third of cases [45]. Echocardiography 
technique has been utilized in published literature, and this may 
explain some of the discrepancies observed between studies. 

The gold standard for assessing LVM is cardiac magnetic 
resonance imaging (MRI),which is more accurate for 
measurement of heart morphology and dimensions and also 
allows the classification of the pattern of LVH such as concentric 
or eccentric hypertrophy [46]. 

The HALT-PKD trial [47], is the largest study population 
conducted in hypertensive ADPKD, and represents not only the 
largest cardiac MRI assessment of LVM in ADPKD patients, but 
also one of the largest cardiac MRI studies in any hypertensive 
population. The study found an unexpected low prevalence 
of LVH (less than 4%) as compared to previous study [10,38-
42]. According to the authors, multiple factors may explain this 
finding: 1) the younger age of participants (less than 50 years), 
2) almost 60% of participants were already taking RAAS blocker 
therapy and there were no baseline differences in LVM at the 
time of study enrollment, and 3) overall better BP control prior 
to study enrollment, perhaps due to changes in clinical practice 
towards more strict control. In fact, more aggressive BP control 
and use of ACE-I ADPKD patients has been associated with 
regression of LVH [48]. An epidemiological study conducted 
by Schrier et al. [49], comparing cohorts of subjects studied 
between 1985-1992 to a latter cohort studied from 1992 to 2001, 
documented a better BP control (133/82 versus 136/92), which 
was associated with greater use of ACE-I (54.1% versus 13.1%) 
and lower use of diuretic (16.1% versus 42.2%) in the later as 
compared to the early cohort.

The new evidence provided from the HALT-PKD study has 
modified the widespread awareness that LVH is a common and 
early manifestation in hypertensive ADPKD. Reduction in BP 
targets and increased used of RAAS blocking agents could be the 
causal factors of this unsuspected finding. 

Diastolic ventricular dysfunction

The presence of LVH promotes development of a systolic/
diastolic cardiac insufficiency. Several authors [50,51] have 
demonstrated that, in 50– 60% of patients with advanced 
kidney disease, a diastolic dysfunction (DD) of the left ventricle 
accompanies its hypertrophy.

In a concentric LVH, the systolic function remains normal while 
impaired diastolic function represents the earliest sign of cardiac 
injury. Systolic failure develops a great deal less frequently and is 
often accompanied by left ventricular distension. In the diagnosis 
of diastolic dysfunction, an echocardiography examination is of 
utmost importance because it may demonstrate early-restricted 
left ventricle diastolic filling with normal systolic function. The 
earlier affected diastolic function is likely due to the fact that 
diastole requires more energy for the dissociation of calcium 
from contractile proteins and for calcium’s transport against a 
concentration gradient to the sarcoplasmic reticulum.

There are few studies investigating the presence of left 
ventricle DD in patients with ADPKD. In normotensive ADPKD 
patients with normal renal function, an association between LVH 
and early DD was observed [52]. In a cohort of ADPKD patients 
with normal renal function, other authors [53] found that DD was 
biventricular, both in normotensive and hypertensive patients 
with ADPKD. However, in a later study [54] that included only 
young polycystic normotensive patients with normal renal 
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function, diastolic function was normal, except in cases of DD 
as a prominent sign of ADPKD. It follows, therefore, that the 
presence of DD is not a pathognomonic sign of ADPKD but is 
associated with some risk factors such as the extent of renal 
injury, patient age and severity of hypertension or LVH. In fact, 
the same working group [55], found that DD was associated with 
the progression of kidney disease, patient age and the presence 
of LVH. However, the lack of a control group limits the results of 
this study significantly. 

DD is a valid parameter of early cardiac damage to be 
investigated in patients with ADPKD. 

Heart valve abnormalities

Heart valve abnormalities are important cardiac 
manifestations documented in patients with ADPKD. The 
prevalence of these abnormalities in previous studies has been 
very variable, and according to the authors, rates range from 
25% to 30% [8,53,55]. As for the other clinical manifestations, 
lack of genotyping of patients into subgroups of ADPKD (PKD1, 
PKD2), and differences in echocardiographic criteria for cardiac 
valve abnormalities in their studies could be some of the reasons 
for variable results, which represent an serious limitation [2,44].

Leier et al. [8], observed this phenomenon in 18% of patients 
and in 27% of autopsy reports. The main defects included aortic 
root dilation and mitral valve prolapse (Table 1). A retrospective 
study reported a prevalence of 26% of mitral valve prolapse, 15% 
of tricuspid regurgitation and 6% of tricuspid prolapse in ADPKD 
patients [56]. These data were confirmed in a subsequent study 
conducted by Professor Timio [57], who also reported a high 
prevalence of cardiac valvular abnormalities. In that report, only 
one family was studied. Although the family was not genotyped, 
it seems very likely that those patients had PKD1. More recently, 
the only study that examined cardiac abnormalities only in 
PKD1 patients [39], a relatively high prevalence of mitral valve 
prolapse (25.7%) and mitral regurgitation (12.8%) were further 
confirmed (Figure 5). 

However, Bardaji et al [52], found that the incidence of cardiac 
valvular abnormalities in normotensive ADPKD patients was 
similar to that reported in the general population. In the study 
by Saggar-Malik et al. [42], none of the patients with ADPKD had 
mitral prolapse, mitral regurgitation, or aortic regurgitation. Ritz 
et al [58], reported a 17% prevalence of mitral regurgitation in 
ADPKD patients, however none of the patients had mitral valve 
prolapse. In these two last studies [42,58], criteria for cardiac 
valvular abnormalities were not reported, so it is not possible to 
establish the differences

Also for children from families with a history of ADPKD, a 
higher prevalence of mitral valve prolapse respect to children 
from families not affected by ADPKD was observed (12% vs 3%) 
[21]. 

In PKD1 patients [39], the prevalence of mitral valve 
prolapsed decreased with age, and renal function and systolic BP 
were not associated with mitral prolapse. The lack of association 
between mitral prolapse and BP in children and young adults 
suggests that valve defect is not a secondary phenomenon, but 
rather a characteristic manifestation of ADPKD.

The cause of heart valve abnormalities is not yet clear, but 
collagen and extracellular matrix structural alterations may cause 
this phenomenon. Most patients are clinically asymptomatic and 
heart murmurs are less frequently detected during the clinical 
examination than valvular defects detected by echocardiography. 
However, these lesions may progress over time and require valve 
replacements, as well as specific monitoring and antibacterial 
prophylaxis.

Pericardial  abnormalities

Pericardial effusion seems to be another cardiovascular 
phenotype in patients affected by ADPKD (Figure 6). A 
retrospective analysis conducted at Mayo Clinic [59] detected, 
by thoracic tomographic, (CT) a higher frequency of pericardial 
effusion (PE) in patients with ADPKD with an involvement of renal 
function than in control patients with chronic renal failure (CRF) 
who were not affected by ADPK and in healthy control subjects. 
According to those clinical records, the prevalence of PE was 35% 
in ADPKD patients, 9% in patients with CKD and 4% in healthy 
controls. Moderate to severe PE was observed in ADPKD patients, 
not associated with the degree of renal insufficiency. Moreover, 
it was well tolerated from a clinical point of view. The authors 
suggest an evaluation of the pericardium in ADPKD patients as a 
new marker of organ damage. The cause of pericardial effusion 
is unknown but it is thought to be due to connective tissue 
alterations caused by ADPKD.

In a cohort of ADPKD patients recently studied by our group 
[60] the high prevalence of PE detected by echocardiographic 
was confirmed in patients with ADPKD compared to age and 
gender-matched controls with the same renal function. Thirty-
five percent of ADPKD patients of this cohort showed PE, while 
the rate for patients not affected by ADPKD was 13.5%. Patients 

Figure 5 Mitral valve disease in patients with polycystic kidney disease.

Table 1: Frequency of cardiac valve defects in patients with polycystic 
kidney disease.
Type of heart valve defects % described

Mitral valve prolapse 26% 

Mitral regurgitation 31% 

Aortic regurgitation 8% 

Tricuspid regurgitation 15% 

Tricuspid regurgitation 6% 
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with PE were as much as 2.8 times more likely to suffer from a CV 
disease, but without any change in the renal outcome (dialysis). 
The presence of ADPKD did not increase the CV risk or the need 
for dialysis, thus suggesting that the presence of PE does not 
affect the clinical course of the cardiac or the renal phenotype in 
ADPKD patients. Further clinical studies are required to better 
understand the role of PE in patients with ADPKD.

Aneurysms

ADPKD is often associated with the presence of aneurysm, 
which is a weakening of the blood vessel wall, commonly 
caused by structural abnormalities in arterial wall. Aneurysmal 
pathology is characterized by increased production and 
accumulation of matrix proteins between elastin layers, 
increased proliferation of vascular smooth muscle cells, elastin 
fragmentation, and ultimately wall thinning potential to cause 
rupture and hemorrhage [61].

One of the most frequent and dangerous extra-renal 
manifestations of ADPKD is intracranial aneurysms (ICA), for 
which the risk of rupture is high. ADPKD patients are more likely 
to develop ICA than the general population (4-11.7% vs 1-5%) 
[10]. The ICA prevalence is even higher (approximately 22%) in 
cases of a positive family history of ICA [62,63].

Usually, ICA are asymptomatic, but their rupture is 
responsible for 4-7% of deaths of ADPKD patients and, in most 
cases, they occur at a younger age compared to the general 
population [63,64]. Normotensive and asymptomatic patients 
with an ICA less than 10 mm are less likely to develop new 
aneurysms and the risk of aneurysms enlargement is also low, 
which is why a conservative treatment is preferred. On the other 
hand, for patients with an ICA greater than 10 mm or of any other 
size, the risk of rupture is 3-4% each year, which is why surgical 
correction or endovascular aneurysm repair are recommended 
[66]. As for conservative treatments, BP must be kept at a healthy 
level, while avoiding environmental risks such as smoking, 
alcohol consumption, stimulant medications and excessive stress 
[67]. Several studies have emphasized the familial clustering 
of ruptured ICAs in ADPKD [64, 66], and even if an association 
between 5 ‘region of PKD1 and the increase of ICA was reported 
[69], large cohort study did not support this finding [70].

There are no randomized, controlled studies assessing the 

benefit of screening for unruptured ICA in ADPKD patients. 
Considering the family history distribution of ICA, previous ICA 
rupture and past events of cerebral hemorrhage, the opinion 
from clinical experts [10], as well as the KDIGO controversies 
conference [1], are summarized as follows: no systematic 
screening of ICA in all ADPKD patients rather targeted screening 
in patients with a good life expectancy with a known family history 
of ICA or subarachnoid hemorrhage, patients with previous ICA 
rupture, those with high risk professions and anxious patients 
despite adequate information. Use of time-of-flight (TOF) MRI 
without gadolinium enhancement as the screening method of 
choice [71], and rescreening at 5–10-year intervals in at-risk 
patients. However, different opinions have also been published, 
supporting systematic screening for all patients with ADPKD 
[72] as well as screening before major elective surgery or renal 
transplantation. 

For ADPKD patients the aneurysmal involvement of extra 
cranial arteries, such as coronary arteries [11], the abdominal 
aorta, the renal artery and the splenic artery [73] was also 
reported. There are few documents on the association between 
ADPKD and the presence of abdominal aortic aneurysm. Some 
authors report an incidence of approximately 10% [74], but 
the few available data do not provide a valid confirmation, 
suggesting that the same incidence may be due to hypertension 
or atherosclerosis.

In a recent review, Silverio et al [75], reported 27 cases of 
aortic dissection in ADPKD patients. In comparison with the 
general population (from the International Registry of Acute 
Aortic Dissection), ADPKD patients with aortic dissection are 
younger and have higher BP. The authors suggest that these 
characteristics are caused not only for genetically determined 
structural abnormalities of their blood vessels, but also for the 
higher prevalence of hypertension. 

There are even less data available on coronary aneurysms in 
these patients. According to the literature, the prevalence is quite 
varied (13-34%) and studies did not involve control groups, 
therefore it is not possible to determine whether coronary 
aneurysms are directly related to the disease or not [11,76].

There are other vascular events reported by ADPKD patients, 
such as dolichoectasia, elongation and distension of arteries 
caused by a weakening of the vessel walls, and dissections 
[67,77]. These abnormalities have an incidence of approximately 
2.3-4.6% of the patients and are clinically relevant since they may 
cause severe complications.

Cardiac phenotype treatments 

The treatment of CV complications for ADPKD patients is 
aimed at achieving two main objectives: slowing the progression 
of renal failure and preventing CV complications.

To achieve the first objective it is necessary to take into 
account the important role of the RAAS system in the genesis 
of hypertension in ADPKD patients. Many authors, in fact, tried 
to analyze the neuroprotective effects obtained by controlling 
BP through the use of RAAS blocking agents. Two major clinical 
trials were conducted in patients with chronic kidney disease 
(CKD), including ADPKD, to achieve this objective, unfortunately 
without success. 

Figure 6 Inferior echocardiographic window showing a Pericardial Effusion in 
asymptomatic patient with ADPKD.
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In the “Modification of Diet in Renal Disease” (MDRD) 
study, no differences were observed in the progression of renal 
functional loss between CKD patients treated with aggressive 
antihypertensive therapy and patients treated with a standard 
therapy [78], probably because therapeutic targets were not 
achieved. ADPKD patients included in the study had more severe 
CKD, a shorter follow-up duration and the type of antihypertensive 
treatment, the progression of kidney volume and CV events were 
not considered. Similarly, in the “Angiotensinconverting- enzyme 
Inhibition in Progressive Renal Insufficiency” (AIPRI) study, 
the neuroprotective effects induced by ACE-I (benazepril) were 
greater for patients with glomerular disease or diabetes mellitus 
compared to ADPKD patients [79], with no improvement in 
functional impairment. Also in this case, ADPKD patients had 
more severe CKD and a shorter follow-up duration.

Other randomized studies involving hypertensive patients 
with ADPKD confirmed the renoprotective effect of RAAS 
inhibitors, both with ACE-I [80] and with angiotensin receptor 
blocker ARB [81] compared to the use of calcium antagonists 
[82] and beta-blockers [83], but not differences were observed 
in renal function. In a non-randomized retrospective study [84] 
a greater decline in renal function and more severe proteinuria 
were associated with the use of diuretics, rather than with the 
use of ACE-I. 

A meta-analysis [85] of eight randomized trials involving 142 
ADPKD patients, reported low levels of proteinuria in patients 
treated with con ACE-I and this effect seems to be proportional 
to the amount of proteinuria. In this analysis, no difference in 
the progression of kidney disease between ADPKD patients 
treated with RAAS blockers and patients treated with other 
antihypertensive medications were found.

The HALT-PKD (Progression of Polycystic Kidney Disease) 
is the first prospective randomized double-blind placebo-
controlled intervention trial of hypertensive adults with early 
ADPKD. Actually these are two [86,87] simultaneous multicenter 
clinical trials designed to test the efficacy of interruption of RAAS 
on the progression of cystic disease and the decline in renal 
function in ADPKD. Specifically, the studies test the effects of 
ACE-I/ARB combination therapy as compared to ACE-I alone in 
hypertensive ADPKD subjects. The two studies vary on eligibility 
criteria (particularly kidney function), BP treatment, and 
primary outcome. Study A [86] investigates treatment effects 
on individuals with early ADPKD and implements a standard 
vs. low-BP control target for both treatment arms. Study B [87] 
investigates treatment effects on moderately advanced ADPKD 
patients in the setting of standard BP control. 

The results of these studies emphasize the potential 
importance of early detection and aggressive treatment of 
hypertension in ADPKD. ACE-I alone can adequately control 
hypertension in over 70% of ADPKD patients, justifying its use 
as first line treatment for hypertension in this disease. Subjects 
from low-BP control target group showed significantly lower 
increase in kidney volume and reduction in urinary albumin 
excretion, compared to those from standard-BP control target 
group. The overall effect of low-BP control on renal function, 
however, was not statistically significant, possibly because an 
acute reduction in eGFR within the first four months of treatment 

induced by very low BP levels. Finally, the addition of an ARB to 
an ACE-I in ADPKD patients with good kidney function or with 
moderately-impaired renal function, was safe but did not confer 
any additional benefit. This study demonstrates that dual RAAS 
blockade is not more efficacious than single blockade even in 
hypertensive ADPKD patients.

Another objective of the treatment of CV risk factors in 
ADPKD patients should be the prevention of CV complications.

Blocking the RAAS with ACE-I seem to be effective in reducing 
LVH at 7 years of follow-up, with a reduced risk of CV death in 
patients with ADPKD [88]. Other studies showed significant 
reduction of LVH with the use of RAAS blockers compared to 
the use of calcium-channel blockers, with the same blood level 
parameters [48]. In the 7-year randomized trial the authors 
compared the effects on LVH in hypertensive ADPKD patients 
undergoing aggressive antihypertensive treatment compared 
to a standard treatment. Both antihypertensive strategies 
resulted in a significant reduction in LVH, but better results were 
achieved for the group undergoing aggressive antihypertensive 
treatment (71% vs 44%). For a subset of patients from the same 
study treated with ACE-I, greater LVH regression was observed 
compared to patients treated with calcium-channel blockers. 
Also the HALT-PKD study [86], although presenting a low LVH 
prevalence, has documented the benefit of the low-BP regime on 
the regression of LVH.

Therefore, the use of ACE-I and a low-BP profile are strongly 
recommended to prevent LVH in ADPKD patients. 

CONCLUSION
CV abnormalities are common in patients with ADPKD. 

Hypertension is the most common risk factor and it often causes 
renal and CV complications. LVH is very common in ADPKD 
patients, which is associated with hypertension and CV mortality. 
However, the HALT-PKD found an unexpectedly low prevalence 
of LVH, provably as a result of a better and widespread BP control 
of hypertensive ADPKD patients early treated.

Other abnormalities, such cerebral and abdominal 
aneurysms, valvular defects, ventricular diastolic dysfunction, 
and the presence of pericardial effusion are all manifestations of 
the cardiac and vascular phenotype of ADPKD. 

Early diagnosis and timely treatment with RAAS inhibitors 
could marginalize the extent of the cardiac organ damage could 
reduce heart damage, while strict BP control may improve CV 
prognosis for these patients.
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