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	 Background:	 We investigated the changes in the values of carotid intima-media thickness (IMT) and Doppler index mea-
surements in the autosomal dominant polycystic kidney disease (ADPKD), peritoneal dialysis (PD), and hemo-
dialysis (HD) patients.

	 Material/Methods:	 Twenty outpatients on HD (mean age 46.1±16.4), 27 outpatients on PD (mean age 45±12.4), and 26 normo-
tensive outpatients with ADPKD (mean age 52.4±16.7) as the case groups and 21 healthy subjects (mean age 
48.4±7.2), as the control group, were included. The participants underwent ultrasonography of the common, 
right, and left carotid arteries for the IMT and Doppler flow measurements.

	 Results:	 Overall, compared to the normal group, in the study groups, the IMT and peak systolic velocity (PSV), end-di-
astolic velocity (EDV), resistive index (RI), and pulsatility index (PI) were significantly higher in common carot-
id arteries; however, their differences were not meaningful in internal carotid arteries (p<0.05).

	 Conclusions:	 Overall, ADPKD, PD, and HD increase the IMT, PSV, EDV, RI, and PI values of CCA; however, their effect consider-
able less on the study parameters of ICA. There is no considerable difference among the effects of ADPKD, HD, 
and PD on the study parameters. Of CKD patients during the first diagnostic and follow-up workups, the mea-
surements of carotid IMT and Doppler indices may provide valuable data for improving success of the clinical 
management.
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Background

Several radiologic studies are used to evaluate the patient with 
renal disease. Ultrasonography with Doppler modality is one 
of the most frequently used technique to assess renal struc-
ture and systemic cardiovascular diseases in the diagnosis and 
management of renal conditions such as chronic kidney dis-
ease (CKD) and polycystic renal abnormalities.

CKD has been known as an independent risk factor for cardio-
vascular disease, including stroke [1,2]. In addition, patients 
with CKD often have numerous traditional and nontradition-
al risk factors for the development of cardiovascular disease. 
Cardiovascular diseases are a major cause of morbidity and 
mortality in patients with end-stage renal disease (ESRD) [3,4]. 
Traditional risk factors appear to be associated with much larg-
er absolute increases in risk in the earlier stages of CKD [5]. 
Hemodialysis (HD) and peritoneal dialysis (PD) are dialysis op-
tions for patients with end-stage renal disease (ESRD) in whom 
preemptive kidney transplantation is not possible [6]. As con-
tributors having a potential to cause cardiovascular disease, 
nontraditional risk factors, including perhaps hemodialysis pro-
cedure itself and the uremic milieu, may be contributory [7].

Polycystic kidney disease includes inherited diseases charac-
terized by cyst formation and enlargement in the kidney, de-
creasing kidney function irreversible. PKD may have a auto-
somal dominant or recessive trait. The autosomal dominant 
PKD (ADPKD) is the most common genetic variant of CKD [8,9], 
at its final stage, requiring renal replacement commonly [8].

Carotid intima-media thickness (IMT) is known as a reliable 
marker of atherosclerosis and a predictor of cerebrovascular 
and cardiovascular events [10–15]. There is ongoing research 
to assess the value of carotid IMT and carotid pulsatility and 
resistive indices in patients with chronic kidney disease [16,17]. 
There are limited available study investigating the value of ca-
rotid IMT and Doppler indices in the same clinical settings in 
the ADPKD, PD, and HD patients [17]. In this study, we inves-
tigated the changes in the values of carotid IMT and Doppler 
index measurements in the ADPKD, PD and HD patients.

Material and Methods

Written informed consent was obtained from each subject, 
and the study protocol was approved by the Human Ethics 
Committee of our university. In this case-control setting, 20 
outpatients on HD (8 female, 12 male; mean age 46.1±16.4), 
27 outpatients on PD (20 female, 7 male; mean age 45±12.4), 
and 26 normotensive outpatients with ADPKD (11 female, 15 
male; mean age 52.4±16.7) as the case groups and 21 healthy 
subjects (11 female, 10 male; mean age 48.4±7.2), as the control 

group, were recruited. All the ADPKD patients had family histo-
ry. Obese patients (body mass index =30), cases with diabetes 
mellitus, or underlying coronary artery disease and cigarette 
smokers were excluded. The participants studied underwent 
ultrasonography of the common, right, and left carotid arter-
ies for the IMT and Doppler flow measurements. One radiolo-
gist performed all ultrasound examinations by an ultrasonog-
raphy device (General Electric Logic 9; USA) equipped with 
a 10 MHz linear probe as blind to the grouping of subjects.

Assessment of IMT

Ultrasonographic exam was performed during subjects in su-
pine position with a slight extension of the neck. The CCA IMT 
was evaluated at the wall of artery 2 cm proximal to its bifur-
cation. The left and right CCA IMT was calculated as the mean 
value of three individual measurements at different points 
within the region of interest.

Assessment of carotid Doppler ultrasonography

Ultrasound exams were performed patients in a supine posi-
tion. In all patients, routine carotid US exams including gray-
scale and color and pulsed Doppler ultrasound examinations 
of the left and right CCAs and ICAs were conducted. All mea-
surements were made by using angle correction. The peak sys-
tolic velocity (PSV), end-diastolic velocity (EDV), resistive index 
(RI), and pulsatility index (PI) were calculated [18].

Statistical analysis

Data were expressed as mean ±SD. The ultrasonographic and 
Doppler ultrasonographic findings were analyzed with ANOVA 
with post hoc Tukey test. Significance was determined at the 
p<0.05 level.

Results

Figure 1 presents the IMTs of right and left CCAs of the normal, 
ADPKD, PD, and HD groups. Of left and right CCAs, the IMTs in 
ADPKD, PD, and HD groups were significantly higher than that 
of the normal group (p<0.05); however, the ADPKD, PD, and HD 
groups were found similar with regard to the IMTs (p>0.05).

Figure 2 shows the PSVs of left (Figure 2A) and right (Figure 2B) 
CCAs and ICAs of normal, ADPKD, PD, and HD groups. Of left 
and right CCAs, the PSVs in ADPKD, PD, and HD groups were 
significantly higher than that of the normal group (p<0.05); 
however, the ADPKD, PD, and HD groups were found compa-
rable with regard to the PSVs (p>0.05). The normal, ADPKD, 
PD, and HD groups were similar with regard to the PSVs of left 
and right ICAs (p>0.05).
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Figure 3 shows EDVs of left (Figure 3A) and right (Figure 3B) 
CCAs and ICAs of the normal, ADPKD, PD, and HD groups. Of 
left CCAs, the EDV in ADPKD group was significantly higher 
than those of the normal, PD, and HD groups (p<0.05); and 
the EDVs in PD and HD groups were significantly higher than 
that of the normal group (p<0.05); however, there was no sig-
nificant difference between the PD and HD groups with regard 
to the EDV (p>0.05). The EDVs of left ICAs of ADPKD, PD, and 
HD groups were significantly higher than that of the normal 
group (p<0.05); however, there was no significant difference 
among the ADPKD, PD, and HD groups (p>0.05). Of right CCAs 
and ICAs, the EDV in ADPKD and PD groups were significant-
ly higher than those of the normal and HD groups (p<0.05); 
however, there was no significant difference among the nor-
mal and HD groups (p>0.05).

Figure 4 shows RIs of left (Figure 4A) and right (Figure 4B) 
CCAs and ICAs of the normal, ADPKD, PD, and HD groups. Of 
left and right CCAs, the RIs in the HD group were significant-
ly higher than those of the other groups (p<0.05); the RIs of 
the ADPKD and PD groups were significantly higher than that 
of the normal group (p<0.05); however, the ADPKD and PD 
groups were similar with regard to the RIs (p>0.05). The nor-
mal, ADPKD, PD, and HD groups were similar with regard to 
the RIs of left and right ICAs (p>0.05).

Figure 5 shows pulsatility indices of left (Figure 5A) and right 
(Figure 5B) CCAs and ICAs of the normal, ADPKD, PD, and HD 
groups. Of left CCAs, the PI in the HD group was significant-
ly higher than those of the normal, ADPKD, and PD groups 
(p<0.05); and the PIs in the ADPKD and PD groups were 
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Figure 1. �Intima-media thicknesses of right and 
left common carotid arteries of study 
groups. Data were expressed as mean 
±SD. RCCA, right common carotid 
artery; LCCA, left common carotid 
artery; ADPKD, adult polycystic kidney 
disease; PD, peritoneal dialysis; HD, 
hemodialysis. a,bP<0.05 vs. ADPKD, PD, 
and HD groups.
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Figure 2. �Peak systolic velocities of left (A) 
and right (B) common and internal 
carotid arteries of study groups. Data 
were expressed as mean ±SD. LCCA, 
left common carotid artery; LICA, 
left internal carotid artery; RCCA, 
Right common carotid artery; RICA, 
right internal carotid artery; ADPKD, 
adult polycystic kidney disease; PD, 
peritoneal dialysis; HD, hemodialysis. 
a,bP<0.05 vs. ADPKD, PD, and HD 
groups.
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significantly higher than that of the normal group (p<0.05); 
however, the ADPKD and PD groups were similar with regard 
to the PIs (p>0.05). Of right CCAs, the PIs in the ADPKD, PD, and 
HD groups were significantly higher than that of the normal 
group (p<0.05); however, the ADPKD, PD, and HD groups were 
similar with regard to the PIs (p>0.5). The study groups were 
similar with regard to the PIs of left and right ICAs (p>0.05).

Discussion

In this study, we assessed the changes in the carotid IMT and 
Doppler index measurements in the ADPKD, PD and HD patients 
as compared to the healthy controls. Of left and right CCAs, the 
IMT and PSV values were found increased due to ADPKD, PD 
and HD; however, the IMTs and PSVs of ADPKD, PD and HD were 
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Figure 3. �End-diastolic velocities of left (A) 
and right (B) common and internal 
carotid arteries of study groups. Data 
were expressed as mean ±SD. LCCA, 
left common carotid artery; LICA 
left internal carotid artery; RCCA, 
Right common carotid artery; RICA, 
right internal carotid artery; ADPKD, 
adult polycystic kidney disease; PD, 
peritoneal dialysis; HD, hemodialysis. 
aP<0.05 vs. normal, PD, and HD groups. 
bP<0.05 vs. normal group. cP<0.05 vs. 
ADPKD, PD, and HD groups. d,eP<0.05 
vs. normal and HD groups.
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Figure 4. �Resistive indices of left (A) and right 
(B) common and internal carotid 
arteries of study groups. Data were 
expressed as mean ±SD. LCCA, left 
common carotid artery; LICA left 
internal carotid artery; RCCA, Right 
common carotid artery; RICA, right 
internal carotid artery; ADPKD, 
adult polycystic kidney disease; PD, 
peritoneal dialysis; HD, hemodialysis. 
a,cP<0.05 vs. normal, ADPKD, and PD 
groups. b,dP<0.05 vs. normal group.
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found comparable. Of left and right ICAs, the PSVs of ICAs were 
found similar. Of left CCAs, the EDV in ADPKD group was found 
more compared to the other groups; and the EDVs in PD and HD 
groups were found more compared to the normal group; how-
ever, the PD and HD groups were found comparable with regard 
to the EDV. The EDVs of left ICAs of CKD groups were found in-
creased compared to the normal group; however, the EDVs of 
CKD groups were found similar. Of right CCAs and ICAs, the EDV 
in ADPKD and PD groups were found increased compared to the 
normal and HD groups; however, the normal and HD groups 
were found comparable with regard the EDV. Of left and right 
CCAs, the RIs in the HD group were found higher compared to 
the normal, ADPKD, and PD groups; the RIs of the ADPKD and 
PD groups were found higher compared to the normal group; 
however, the ADPKD and PD groups were similar with regard 
to the RIs. All the study groups were similar with regard to the 
RIs of left and right ICAs. Of left CCAs, the PI in the HD group 
was found higher compared to the other groups; and the PIs in 
the ADPKD and PD groups were found higher compared to the 
normal group; however, the ADPKD and PD groups were similar 
with regard to the PIs. Of right CCAs, the PIs in the CKD groups 
were found higher compared to the normal group; however, the 
CKD groups were similar with regard to the PIs. The study groups 
were comparable with regard to the PIs of left and right ICAs.

In ESRD patients, cardiovascular disease is the major cause 
of death, and the incidence of atherosclerosis-related compli-
cations is significantly higher if dialysis required. The serious 
cause of morbidity and mortality is atherosclerotic vascular 
damage in ESRD patients [17,19]. ESRD may induce endothelial 

dysfunction that is an important contributor of the develop-
ment of atherosclerosis [20] and may result in an increase in 
the incidence of important atherosclerotic events such as acute 
myocardial infarction and stroke [21] Identification of risk fac-
tors for PD and HD patients is important in order to establish 
preventive and interventional strategies. In general, it is suit-
able to assume that the traditional cardiovascular risk factors 
for the general population are also applicable to the HD pa-
tients, and that HD patients suffer more cardiovascular diseas-
es because these risk factors are present more commonly [7].

In patients having no clinical complaints, atherosclerotic chang-
es can be detected as three main manifestations on vessel 
walls: increasing IMT, plaque formation and alterations in ar-
terial hemodynamics; however, the most applicable of them 
is the measurement of IMT due to its simplicity and reproduc-
ibility in the clinical practice [22]. Tanaka et al. [16] to assess 
whether carotid IMT is associated with CKD, and whether re-
nal dysfunction is associated with calcified plaque in carotid 
arteries. Their study included 1003 patients aged ≥50 years 
who underwent carotid ultrasonography. In their study, kid-
ney function was evaluated based on the estimated glomeru-
lar filtration rate (eGFR) and the presence of proteinuria. They 
excluded ESRD patients. They assessed carotid IMTs, and ex-
amined the characteristics of the maximal plaques by carot-
id ultrasonography. They found that eGFR was significantly 
correlated with carotid IMT values. They noted that reduced 
eGFR, proteinuria, age, male sex, cardiovascular disease, hy-
pertension, diabetes, and smoking were independently associ-
ated with carotid IMT findings. They concluded that there was 
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Figure 5. �Pulsatility indices of left (A) and right 
(B) common and internal carotid 
arteries of study groups. Data were 
expressed as mean ±SD. LCCA, left 
common carotid artery; LICA left 
internal carotid artery; RCCA, Right 
common carotid artery; RICA, right 
internal carotid artery; ADPKD, 
adult polycystic kidney disease; PD, 
peritoneal dialysis; HD, hemodialysis. 
aP<0.05 vs. normal, ADPKD, and PD 
groups. bP<0.05 vs. normal group. 
cP<0.05 vs. ADPKD, PD, and HD groups.
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an association between the degrees of carotid atherosclero-
sis and CKD. In our study, we evaluated carotid atherosclero-
sis in patients with CKD requiring hemodialysis and continu-
ous ambulatory peritoneal dialysis.

Karaman et al. [17] investigated that the relationship between 
carotid IMT and PI or RI values in hemodialysis patients. They 
found that the carotid IMT of hemodialysis patients were in-
creased but PI and RI decreased in hemodialysis patients; how-
ever, they determined a weak but negative correlation between 
only right IMT and right PI. They concluded that PI–RI values 
lower than expected in hemodialysis patients. They suggest-
ed that peripheral vasodilatation related to anemia might be 
the cause of those lower values. According to our knowledge 
there is no other study investigating carotid IMT and Doppler 
indices in the PD and HD patients.

Cheung et al. [7] have conducted a study determining the prev-
alence and severity of atherosclerotic cardiovascular diseases 
in a representative chronic hemodialysis population. In their 
study, they have assessed the relationship between several 
traditional cardiovascular disease risk factors and the pres-
ence or history of cardiovascular events in 936 hemodialysis 
patients. They have concluded that there was a high preva-
lence of atherosclerotic cardiovascular diseases in the chronic 
hemodialysis patients and that several of the traditional coro-
nary risk factors in the general population appeared to be ap-
plicable to the hemodialysis population.

Helal et al. [4] have evaluated the effects of HD and PD on the 
cardiovascular risk. They found the marked tendency of patients 
with impaired renal function for developing cardiovascular dis-
eases, irrespectively of the type of dialysis. They suggested that 
the inclusion of uremia-related risk factors in the panel for eval-
uation of cardiovascular risk in dialysis patients was required.

Nakayama et al. [23] have evaluated whether the carotid artery 
calcification at the initiation of hemodialysis was a risk factor 
for cardiovascular events in 133 patients with end-stage renal 
disease. They have confirmed the carotid artery calcification 
at the initiation of hemodialysis as an independent risk factor 
for subsequent cardiovascular events in patients with ESRD.

Turkmen et al. [24] have investigated the carotid IMT and cor-
onary flow velocity reserve in ADPKD patients. Normotensive 
patients with ADPKD with well-preserved renal function have 
significantly increased carotid IMT and significantly decreased 
coronary flow velocity reserve compared with healthy partic-
ipants. They have suggested that atherosclerosis starts at an 
early stage in the course of their disease in ADPKD patients. 
Our findings related to the IMT in ADPKD patients are in ac-
cordance with those findings.

Conclusions

Overall, according to our findings, ADPKD, PD, and HD increase 
the IMT, PSV, EDV, RI, and PI values of CCA; however, they cause 
no meaningful increase in the IMT, PSV, EDV, RI, and PI values 
of ICA. There is no considerable difference among the effects 
of ADPKD, HD, and PD on the IMT, PSV, EDV, RI, and PI values. 
Of CKD patients during the first diagnostic workup and at 
the regular follow-ups, the measurement of carotid IMT and 
Doppler indices may provide valuable data helpful for deter-
mining success of the clinical management. Future studies in-
cluding carotid artery imaging with color Doppler ultrasound 
in a higher number of ADPKD, PD and HD patients are nec-
essary to determine the impact of risk factors, especially re-
lated to the type of dialysis, on atherosclerotic cardiovascular 
disease and to reduce these risk factor as a strategy for pre-
venting cardiovascular disease in ADPKD, PD and HD patients.
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