Renal artery stenosis
and abdominal
aorta aneurysm in
patients with
pseudoexfoliation
syndrome

Abstract

Purpose To evaluate the renal arteries

and abdominal aorta in patients with
pseudoexfoliation syndrome (PEX).

Design Prospective, case—control study.
Methods The study involved 49 patients
with PEX and 42 control subjects. Abdominal
aorta and renal arteries were examined by
Doppler ultrasonography. In both renal
arteries (proximal and distal portions) and
abdominal aorta, the peak systolic velocity
(PSV) was measured. Renal artery stenosis
(RAS) was defined as the renal artery PSV
>150 cm/s or renal-to-aortic ratio (RAR)
>3.0. Patients who had an abdominal aortic
diameter >3 cm were recorded. Computed
tomographic angiography was performed

to confirm these findings in patients with
RAS and/or abdominal aorta aneurysm.
Results The mean PSV in the proximal
renal artery was 88.3 cm/s in PEX group and
79.5cm/s in control group (P =0.314); in distal
renal artery was 91.7 cm/s in PEX group and
93.0 cm/s in control group (P =0.794); in
abdominal aorta was 76.0 cm/s in PEX group
and 65.2 cm/s in control group (P =0.046).
RAS was observed in nine patients with
PEX and in only one patient without PEX

(P =0.017). Seven out of 10 patients with
RAS (six patients in PEX group; one

patient in control group) had hypertension.
Abdominal aorta aneurysm was observed

in four patients in PEX group but not in
control group (P =0.061).

Conclusions Our study has demonstrated
that there is a significant association
between PEX and RAS. The abdominal aorta
aneurysm may be seen in patients with PEX.
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Introduction

Pseudoexfoliation syndrome (PEX) is a systemic
disorder that is characterized by the deposition
of a fibrillar material in many different tissues
over the body together with the ocular tissues.!
Its prevalence increases with age. PEX is seen in
30% of the population over 60 years of age.? The
pseudoexfoliative material accumulating in the
anterior segment tissues of the eye and blocking
aqueous humor drainage is an important cause
of open-angle glaucoma.? PEX is a systemic
elastosis and it affects the vascular structures.
It is thought to have a role in many systemic
vascular disorders such as systemic
hypertension, angina pectoris, myocardial
infarction, abdominal aorta aneurysm, transient
ischemic attack and cerebrovascular events,
peripheral vascular diseases, Alzheimer disease,
and sensory-neural hearing loss.*"!! In PEX,
ocular complications are well documented

but the clinical importance of systemic

4

manifestations is unknown.

Systemic hypertension is an important
cause of morbidity and mortality that affects
almost 10% of the population.!?!3 Renovascular
problems are responsible for 3-5% of all
systemic hypertension.'>™* A decrease in the
diameter of the renal artery >50-60% is
hemodynamically important and may lead to a
hypertension that cannot be easily controlled by
medical therapies. This may end up with renal
insufficiency.!® In this study, aorta-renal
vasculature in patients with and without PEX
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was examined with Doppler ultrasonography (US) and
computed tomographic (CT) angiography, and the
frequency of renal artery stenosis (RAS) and abdominal
aorta aneurysm was evaluated.

Materials and methods

This prospective case—control study included 91 subjects
with and without PEX. All participants were 50 years of
age or older and they had an intraocular pressure

<21 mm Hg, a normal optic nerve appearance, and
visual field. Exclusion criteria were diabetes mellitus,
chronic renal failure, cardiovascular disease (except
well-controlled hypertension), a history of smoking,
and/or alcohol consumption. The study protocol was
approved by the local Ethics Committee of the University
of Namik Kemal and performed according to the
Helsinki declaration. Written informed consent was
obtained from all patients and controls. We certify that all
applicable institutional and governmental regulations
concerning the ethical use of human volunteers

were followed during this research.

Both groups included subjects presenting for routine
eye examination with refraction-related symptoms.

All participants underwent ophthalmologic examination,
including visual acuity (Snellen chart), intraocular
pressure measurement by applanation tonometer,
slit-lamp biomicroscopy, fundoscopy, and visual field
testing (Humprey visual field testing). After pupillary
dilation with tropicamide 1%, the observation of typical
exfoliative material on the anterior lens capsule and
pupillary margin was defined as PEX. Initially, PEX group
was constituted by 49 consecutive patients who have PEX
in one or both eyes and meet the criteria. Then, control
group was constituted by 42 subjects without PEX
matched in age with the PEX group (Table 1). Serum
creatinine levels were measured in all subjects” blood
samples for the evaluation of their renal functions.

After the ophthalmologic examination, all subjects
underwent a renal and abdominal aorta Doppler US
assessment in the Radiology department. US
examination was performed by a specialist in radiology
who was experienced in Doppler US and was unaware of
the presence or absence of PEX in the participants (KAG).
Following 6-12 h fasting, Doppler US was carried out by
using the Acuson X300 ultrasound imaging system
(Siemens, Mountain View, CA, USA). The originating
levels of the main renal arteries from the abdominal aorta
(orifice) and their proximal segments and the renal entry
points (hilar) were assessed. The maximum diameter and
peak systolic velocity (PSV) value of the aorta were
measured. The abdominal aorta and the kidneys were
carefully evaluated both in transverse and sagittal planes
for visualization of possible duplicated renal artery.

Eye

Table 1 The demographic and laboratory data of the subjects

Parameters PEX group Control group  P-value

(n=49) (n=42)

Age, year 0.443
Mean * SD (range) 71.1£10.3 (51-90) 69.5+9.0 (50-87)

Distribution, n (%)

50-59 6 (12) 5(12)

60-69 15 (31) 13 (31

70-79 20 (41) 17 (41)

80+ 8 (16) 7 (16)
Sex, M/F 27/22 20/22 0.413
Serum creatinine (mg/dl) 0.81£0.28 0.79+£0.22 0.690
Hypertension, 1 (%) 17/49 (34.7) 16/42 (38.1) 0.671

Abbreviations: F, female; M, male; 1, patients; PEX, pseudoexfoliation.

Freqi = 2.77KHz

Figure 1 A 64-year-old male patient with significantly stenotic
right renal artery in PEX group. (a) CT angiography demon-
strated a stenosis (arrow) of the distal right renal artery. The left
renal artery was normal. (b) Direct sonographic examination of
distal right renal artery shows PSV of 170cm/s, indicating
significant stenosis.

Spectral Doppler analysis was used for both renal
arteries for obtaining the PSV values primarily from the
orifice and the hilar levels and the proximal and mid
portions that could have been visualized. High-velocity
flow points that were thought to be due to stenosis were
recorded. The renal artery PSV (RPSV)/abdominal aorta
PSV (APSV) ratio (RAR) was calculated. Patients who
had RPSV value over 150cm/s and/or RAR value >3,
and abdominal aorta diameter >3 cm, were performed
for a renal and abdominal aorta CT angiography
examination (Figure 1).141617 The CT angiography was
carried out using a 16-slice multislice CT device (Bright



Speed 16; General Electric Medical Systems Co., Ltd.,
Milwaukee, WI, USA) following at least 6 h of fasting.
The patients were injected non-ionic contrast media
(Iomeprol, Bracco, Italy) intravenously, and axial images
with thickness of 0.625 mm were obtained. The
angiographic images were obtained in another work
station by using the AutoBone XPress Program (General
Electric Medical Systems Co., Ltd.). The RAS regions
were established and a degree of stenosis was calculated.
The diameter of the widest part of the abdominal aorta
was recorded. The images were evaluated by another
radiology specialist (BG) who was blinded to the
presence or absence of PEX in the patients.

Statistical analysis was performed with SPSS for
Windows 16.0 (Statistical Product and Service Solutions,
Inc., Chicago, IL, USA) package program. In descriptive
analysis, the measurement variables are given as average
and SD. The differences between groups were assessed
by using y*-test and independent sample t-tests. P-values
of <0.05 were considered statistically significant.

Results

The demographic and laboratory data were summarized
in Table 1. There were no statistically significant
differences in age, gender, serum creatinine levels, and
hypertension between patients with PEX and control
subjects (P>0.05).

In the orifices and hilar segments of renal artery, no
significant difference was seen in the mean PSV between
PEX and control groups (P >0.05). However, the mean
APSV was significantly different between the two groups
(P<0.046) (Table 2). The RAR values were comparable
between the groups (P>0.05). When the patients with
and without hypertension were evaluated separately, no
significant differences were obtained within the groups

Table 2 Doppler ultrasound parameters of the subjects
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or among the two groups in terms of RPSV of hilar, RPSV
of orifice, APSV, and RAR (P>0.05) (Table 2).

To confirm the RAS and/or abdominal aorta
aneurysm, CT angiography was performed in 16 patients
who had met the criteria above. Thirteen out of these
16 patients were in the PEX group and 3 were in the
control group. RAS (50% or more) was observed in 9
(18.4%) patients with PEX and in only 1 (2.4%) control
subject (P=0.017). Six out of the nine patients with PEX
and one control subject with RAS had hypertension.
When the hypertensive patients were considered as a
single group, the RAS was observed in 6 out of 17 (35.3%)
subjects with PEX and in 1 out of 16 (6.3%) control
subjects (P =0.041). On the other hand, abdominal aorta
aneurysm (>3 cm) was observed in 4 of these 49 (8.2%)
patients with PEX and in none of these 42 (0%) control
subjects (P =0.061). Two out of the four patients with
abdominal aorta aneurysm had hypertension (Table 3).
One patient with an abdominal aorta aneurysm of 6 cm
in diameter who had PEX but was not hypertensive has
undergone a surgical intervention (Figure 2).

Discussion

In this study, renal arteries and abdominal aorta of the
subjects with or without PEX have been evaluated by
Doppler US and CT angiography. When compared with
the control group, the number of patients with RAS in
PEX group was found to be significantly higher.

PEX is a clinical situation that gives rise to both ocular
and systemic morbidity. Postmortem investigations have
put forward the deposition of pseudoexfoliation material
in many tissues and organs other than the eyes.!7/1819
The pseudoexfoliation material that is basically a
glycoprotein—proteoglycan complex is histologically
similar to the basement membrane. It has been suggested

RPSV of hilar (cm/s)

APSV (cms) RAR

Groups RPSV of orifice (cm/s)
PEX
Total?, n =98 88.3+30.3 (42-251)
HT (+)°, n=34 87.0+29.7 (52-172)
HT (-)s, n=64 89.0+31.0 (42-251)
Control
Total®, 1 =84 79.5+21.1 (44-138)
HT (+)°, n=32 76.5+22.8 (44-138)
HT (-)f, n=52 81.4 £ 20.0 (50-120)

91.7 £26.1 (50-175)
96.9 £26.5 (53-169)
89.4+25.8 (50-175)

93.0 £22.6 (48-142)
87.9+20.9 (56-128)
96.5+23.2 (48-142)

76.0 +£30.7 (30-208)
76.9 £ 38.8 (30-208)
75.5%25.7 (43-153)

65.2+17.5 (40-135)
67.0+16.3 (40-99)
64.0 £18.4 (41-135)

1.26 +£0.56 (0.33-3.18)
1.23£0.65 (0.33-3.02)
1.28+0.52 (0.42-3.18)

1.23+0.38 (0.61-2.17)
1.14 £ 0.39 (0.66-1.93)
1.29£0.38 (0.61-2.17)

Abbreviations: APSV, abdominal aorta peak systolic velocity; HT, hypertension; 1, renal artery; PEX, pseudoexfoliation; RAR, renal-to-aortic ratio;
RPSV, renal artery peak systolic velocity.
Independent samples t-test, RPSV of orifice, a vs d, P=0.314; b vs ¢, P=0.586; e vs f, P=0.778; b vs e, P=0.338; c vs f, P =0.653.
RPSV of hilar, a vs d, P=0.794; b vs ¢, P=0.511; e vs f, P=0.343; b vs e, P=10.309; c vs f, P =0.640.

APSV, a vs d, P=0.046; b vs ¢, P=0.881; e vs f, P=0.601; b vs e, P=0.370; ¢ vs f, P =0.065.
RAR,awvsd, P=0.757; b vs ¢, P=0.634; e vs f, P=0.376; b vs e, P =0.662; ¢ vs f, P =0.366.
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Table 3 CT angiography findings in patients with RAS and/or abdominal aorta aneurysm

Patients Age/ PEX  HT RPSV RAR Aneurysm of Renal artery
sex (>150cmjs) (>3) abdominal aorta stenosis
Localization Diameter Localization Degree of
(mm) stenosis (%)
1 56/F + + + + Right, orifice 50
2 69/M + + + + Right, orifice 50
3 71/F + + + + Left, orifice 60
4 87/M + + + + Infrarenal 40 Right, orifice and 60, 70
hilar
5 68/F + + + — Right, hilar® 60
6 62/M + + + + Infrarenal 40 Left, orifice® 70
7 78/M + — — Infrarenal 60
8 88/M + — + + Left, orifice 60
9 63/M + + - Right, hilar® 50
10 81/M + — + + Left, orifice 50
11 79/M + — — — Infrarenal 33
12 67/M + — — + N
13 73/M + - + - N
14 81/F - + — + Left, orifice 60
15 51/M - + + N
16 70/M - + + — N

Abbreviations: CT, computed tomography; F, female; HT, hypertension; M, male; PEX, pseudoexfoliation syndrome; RAR, renoaortic ratio; RPSV, renal

artery peak systolic velocity.
?Duplicated renal artery, inferior pole.
 Double renal artery, superior.
“Duplicated renal artery, inferior pole.

Figure 2 A 78-year-old male patient with infrarenal abdominal aorta aneurysm in PEX group. (a) Coronal CT reformat image
shows a thrombosed abdominal aortic aneurysm. AA, abdominal aorta; T, thrombus; VCI, vena cava inferior. (b) Axial CT reformat
image shows a thrombosed abdominal aortic aneurysm 6 cm in diameter.

that the overproduction and abnormal metabolism of the
glycosaminoglycans, together with abnormally increased
synthesis and the deposition of the elastotic fibrillar
material in the tissues, have an important role in the
pathophysiology of PEX.20-23 The prevalence of this
syndrome increases with age. The relationship between
PEX and vascular diseases has been investigated in many
studies.#6782429 However, there are also studies
reporting that PEX is not associated with arterial
hypertension, ischemic heart disease, and
cerebrovascular diseases.2”30-34

Eye

Arterial hypertension is an important risk factor for
the progression of cardiovascular diseases, stroke, and
chronic renal diseases. Essential hypertension is the
most common form of hypertension. Renovascular
hypertension is present in <5% of all causes of
hypertension, however, it keeps an important place
among the reasons of secondary hypertension.'”3>
Recognition of the patients with RAS-induced
hypertension has significant clinical implications due
to correction of RAS with angioplasty, and stenting can
improve blood pressure control in as many as 64% of



patients with hypertension resistant to medical
treatment.®® In addition, improvement of renal function
occurs in 79% of patients in whom RAS is associated with
deteriorating renal function.?” RAS is accounted for up to
15% of the patients with chronic renal failure.®® Thus, it is
important to identify an accurate, noninvasive screening
investigation for the detection of RAS. Although catheter
angiography is accepted as the golden standard in the
assessment of renal vessels, CT and magnetic resonance
(MR) angiography are accepted as the alternative
methods.!” The morbidity associated with catheter
angiography from bleeding, anaphylaxis, and contrast-
induced nephropathy has largely limited its use.
Despite CT angiography has a potential risk of radiation
toxicity and is contraindicated in patients with renal
insufficiency, it provides excellent quality images with
higher resolution than MR angiography.®® Doppler US is
a cheap and noninvasive technique. There is no risk of
ionizing radiation exposure. It provides valuable
information about anatomy and physiology of the
vascular structure. However, experience of the specialist
and the cooperation of the patient are extremely
important.

The most important Doppler US finding of RAS is
the increase in flow velocity and turbulence at the point
of stenosis. PSV over 180-200 cm/s should be taken as
highly suspicious.'*!” However, threshold values for
studies in which PSV was evaluated ranged from 100 to
200 cm/s.1617 RAR, which is the ratio of the RPSV to the
APSV, is used for the exclusion and correction of the
individual velocity variations. For cases with RAR values
>3-3.5, one should be suspicious for the presence
of a hemodynamically significant stenosis, and further
investigations should be recommended.'#3%3° RAPSV
and RAR are direct Doppler parameters of RAS. The
threshold value of RAS that gives rise to hypertension or
ischemic damage varies from patient to patient,
nevertheless, a 50-60% stenosis in the arterial diameter is
accepted to be hemodynamically significant.!*3 The
threshold values that we used in our study for RAPSV
and RAR were 150 cm/s and 3, respectively. Among
14 patients who met the RAS criteria with Doppler US
and who underwent CT angiography, 9 and 1 patients
from the PEX and control groups, respectively, were
found to have RAS of 50% or more. This difference
between the groups was statistically significant. Six
patients with RAS in the PEX group and one patient with
RAS in the control group had hypertension.
Determination of RAS in 35.3% of the hypertensive
patients in the PEX group may be considered an
important relationship between PEX and hypertension
associated with renovascular disease.

The most commonly used indirect Doppler US
parameters in the establishment of RAS are the systolic
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acceleration ratio, the acceleration time, and the
resistivity index ratio between the kidneys.!® However,
as the results of these parameters are not as sensitive
as the direct parameters,'® we did not prefer to use
them in our study.

It has been demonstrated in the angiographic studies
that 12-22% of the kidneys are perfused by more than
one renal artery. Stenoses in the duplicate renal arteries
may give rise to hypertension and renal insufficiency,
however, small polar accessory arterial stenoses rarely
lead to hypertension and do not give way to significant
renal insufficiency.*” On the other hand, Hansen et al*!
have also demonstrated that accessory renal arterial
stenoses may be a reason for renovascular hypertension.
In our study, the right renal arteries of two patients in the
PEX group were duplicated at the distal ends. One of the
patients with the RAS value of 60% was hypertensive,
whereas the other with the RAS value of 50% was not.
Another hypertensive patient in the PEX group had
a left renal arterial duplication in which a 70% stenosis
at the orifice of the superior renal artery was
present.

As it is well known, 90-95% of stenotic or occlusive
renal artery lesions are due to atherosclerosis or
fibromuscular dysplasia. Although 75% of the
atherosclerotic main renal artery stenoses occur either at
the origin of the aorta (the orifice) or within the first
centimeter of the vessel, 20% occurs at the trunk.
Fibromuscular dysplasia occurs mainly at the middle
and distal renal arteries in 60-70% of the cases and
frequently reaches to more distal parts like the main
branches of the renal arteries.!®> RAS was at the orifice of
the renal arteries in our eight patients, one of whom was
in the control group. Because of this localization of
RAS, especially in patient with PEX, we can consider a
relationship between PEX and atherosclerosis. On the
other hand in our selected patient group, because of
absence of other factors that have a role in the
development of atherosclerosis such as DM, chronic
renal failure, heart disease, a history of smoking, and/or
alcohol consumption, PEX can be considered to be an
independent factor that may affect the renal vascular
structures.

Although some articles report that there is a positive
association between PEX and abdominal aorta aneurysm,
others indicate to the contrary.” 1230 In our study, four
patients with PEX had abdominal aorta aneurysm, and in
one of them, the abdominal aorta diameter was 6 cm
(Figure 2). Nevertheless, none of the patients in the
control group had an abdominal aorta aneurysm.

According to the best of our knowledge, the
relationship between RAS and PEX has not previously
been investigated. This study has demonstrated that
there is a strong association between PEX and RAS. PEX

Eye
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can give rise to renovascular disease and abdominal
aorta aneurysm, and may be accepted as an important
marker of the renovascular pathology in hypertensive
patients who are frequently accepted to have an
idiopathic basis. Based on the results of current study, we
definitely recommend investigation for RAS in all
subjects with PEX, particularly those with hypertension.

Summary

What was known before
® Pseudoexfoliation syndrome is associated with
cardiovascular, cerebrovascular, and peripheral vascular
diseases.

What this study adds
® There is a significant association between
pseudoexfoliation syndrome and renal artery stenosis.
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