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We report 10 cases with arterial ischemic stroke (AIS) with nephrotic syndrome (NS), and clarified its incidence
and clinical characteristics. The patients having albumin less than 3.0 g/dl and serum cholesterol greater than
250mg/dl at the same timewere retrospectively screened from11,161 cases of stroke. Furthermore, the patients
of AIS showing heavy proteinuria were selected. The 10 cases were diagnosed as AIS with NS. Its incidence was
0.09% of all kinds of stroke and 0.12% of AIS. Their subtypeswere 6 large-artery atherosclerosis, 3 small-vessel oc-
clusion, and 1 cardioembolism.We carried out a retrospective cohort study to assess the association between NS
and atherosclerosis progression in AIS patients. Seven AIS patients with NS due to diabetic nephropathy (cases;
NS group) were compared with patients with AIS and diabetes mellitus (DM) without NS (control group).
Control group subjects werematched in a 2:1 ratio to cases by age, sex, use of medications for DM, and hemoglo-
bin A1c (HbA1c) level. The NS group had high cerebral artery atherosclerosis scores, especially in the anterior cir-
culation. The NS group demonstrated atherosclerosis of the internal carotid and lower extremity arteries,
although therewere no statistical differences between the two groups. Study subjects had high serum fibrinogen
and D-dimer levels, suggesting that AIS patients with NS have a greater degree of hypercoagulability than AIS
patients without NS.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nephrotic syndrome (NS) is defined by the presence of heavy pro-
teinuria (protein excretion greater than 3.5 g/24 h), hypoalbuminemia
(less than 3.0 g/dl), hyperlipidemia and peripheral edema [1]. Throm-
botic diseases are also frequently observed. Arterial and venous throm-
boses are potential complications of NS. Arterial thromboses are less
frequent than venous thromboses and the most common locations are
femoral arteries, although other arteries may be involved [1–3]. Stroke
associated with NS has rarely been reported in several case reports [4–
10]. We report 10 cases of acute ischemic stroke (AIS) associated with
NS and the results of a retrospective cohort study comparing AIS
patients with and without NS. The study's purpose is to define the inci-
dence of AIS with NS and assess whether NS is associated with athero-
sclerosis progression.

2. Subjects and methods

2.1. Subjects

This retrospective study analyzed hospitalized patients enrolled in
our stroke registry. First, the patients having albumin less than 3.0 g/dl
and serum cholesterol higher than 250 mg/dl at the same time were
screened from 11,161 cases of stroke for 9 years from April 2004 to
August 2013. From these patients, furthermore, the cases associated
with AIS showing heavy proteinuria were selected. The proteinuria
was estimated quantitatively by measuring the protein in a urine/24 h
or qualitatively by using paper kit (Eiken Chemical Co. Japan). Stroke
subtypes were determined according to the classification of the Trial
of Org 10172 in Acute Stroke Treatment (TOAST) [11]. In the retrospec-
tive cohort study, AIS patients with NS due to diabetic nephropathy
(DN) were compared with AIS patients without NS who were matched
to cases in a 2:1 ratio by age, sex, use of medication for diabetes mellitus
(DM), and hemoglobin A1c (HbA1c) level. Cases were compared with
controls in terms of body mass index (BMI), morbidity of hypertension,
and laboratory findings, including serum albumin, total cholesterol, low
density lipoprotein (LDL) and high density lipoprotein (HDL) cholesterol,
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triglycerides, creatinine, estimated glomerular filtration rate (eGFR) [12],
hematocrit, platelet counts, prothrombin time (PT), activated partial
thromboplastin time (aPTT), fibrinogen, and D-dimer.

2.2. Evaluation of cerebral arterial stenosis

In this retrospective study, the exact percentage of arterial steno-
sis could not be determined, because the enhanced MRA could not be
available. Extent of atherosclerosis was evaluated by the simplified
atherosclerosis score of intracranial and extracranial arteries on
MRA, according to the scoring method by Uekita et al. [13]. All MRA
and MRI findings were reviewed by two investigators (A.T. and
H.K.) who were blind to the clinical data. There was 93% of interob-
server agreement. In cases where there was disagreement, the inves-
tigators reviewed the findings, discussed them and reached a final
diagnosis. Total 17 vessels including the common carotid arteries,
the extracranial and intracranial portions of the internal carotid ar-
teries and the vertebral arteries, the anterior, middle, and posterior
cerebral arteries, and the basilar artery, were evaluated by the cervi-
cal and intracranial MRAs. The stenotic lesions were graded virtually
from 0 to 2: 0 indicating less than 50% reduction compared to a nor-
mally appearing proximal arterial diameter; 1 indicating 50–99% re-
duction of the arterial diameter and/or unclearly depicted distal
artery beyond the stenotic lesion, and 2 indicating an occluded ar-
tery. The individual total scores were divided into two scores: an an-
terior score and a posterior score related to the anterior circulation
vessels (common carotid, internal carotid, anterior cerebral, and
middle cerebral arteries) or posterior circulation vessels (vertebral,
basilar, and posterior cerebral arteries), respectively.

2.3. Ultrasonography and ankle-brachial index

Ultrasonography of carotid artery and ultrasonic duplex Doppler
scanning of the lower extremities arteries were performed by using
the LOGIQE9, GE-Yokogawa Medical. The stenotic lesions of internal
carotid artery were graded by the method of NASCET (North
American Symptomatic Carotid Endaterectomy Trial) from 0 to 5: 0
indicating negative, 1 indicating 1–25%, 2 indicating 26–50%, 3 indi-
cating 51–75%, 4 indicating 76–99%, 5 indicating an occluded artery.
The stenotic lesions of lower extremities were graded from 0 to 3: 0
indicating negative, 1 indicatingmild stenosis, 2 indicatingmoderate
stenosis, 3 indicating severe stenosis. The atherosclerosis of lower
extremity arteries were also evaluated by measurement of ankle-
brachial index (ABI) by using Colin form BP-203 RPE III, OMRON,
Kyoto. A total carotid ultrasonic score (T-CUS) and total extremities
ultrasonic score (T-EUS) were estimated as the sum of the right
and left ultrasound score grades for the carotid and extremity arter-
ies, respectively. A total ABI (T-ABI) score was estimated as the sum
of the right and left ABI.

3. Results

3.1. NS subjects selection

The patients having serum albumin less than 3.0 g/dl were 196
(1.9%) cases of 10,057 patients examined, and the patients having
serum cholesterol higher than 250 mg/dl were 1201 (11.3%) cases of
10,619 patients examined. The patients fulfilled both two levels at the
same time were only 21 cases. They included 2 cases with negative or
equivocal (±) by the protein paper kit, 1 case with 1+ (30 mg/dl), 2
cases with 2+ (100 mg/dl), 5 cases with 3+ (300 mg/dl), and 11
cases with 4+ (1000 mg/dl). The 16 patients showed urinary protein
3+or 4+, namely heavy proteinuria, and they consisted 10AIS, 4 intra-
cranial hemorrhage, and 2 cerebral venous thrombosis (CVT) (Table 1).
Nine patients of these 16 patients showed protein excretion greater
than 3.5 g/24 h. In the other 7 patients, the content of protein on
urine/24 hwas notmeasured. However, they all hadmoderate to severe
peripheral edema and hyperlipidemia, and the diagnosis of NS was
strongly suggested also in these 7 cases.

3.2. Incidence and subtypes of AIS with NS

The 10 cases, 8 males and 2 females, 64.4 ± 8.6 years (Mean± SD),
were diagnosed as AIS associated with NS. Its incidence rate was 0.09%
of all kinds of stroke (total 11,161 patients) and 0.12% of AIS (total
8116 patients) in our hospital. And, its incidencewas 5 folds of CVT dur-
ing the same duration. Their subtypes were 6 large-artery atherosclero-
sis (LAA), 3 small-vessel occlusion (lacune, SVO), and 1 cardioembolism
(CE) by the TOAST criteria [11] OnMRI andMRA, middle cerebral arter-
ies, anterior choroidal artery and internal carotid artery (occlusion)
were involved in 6 cases, 1 case and 1 case, respectively. SVOs were
located in the supra-tentorial basal ganglia in all 3 cases (Table 2).

3.3. Pathogenesis of NS

NShas not been diagnosed before the admission in any cases of 10 pa-
tients. Pathological diagnosiswas decided by the histopathological exam-
ination of the renal biopsied samples in two cases; amyloid nephropathy
due to primary amyloidosis in 1 case andmembranoproliferative glomer-
ulonephritis (MPGN) in 1 case. Eight cases were diagnosed as diabetic
nephropathy (DN) based on the long history of DM and the exclusion
of other pathogenetic diseases, although renal biopsy was not performed
(Table 2).

3.4. Evaluation of atherosclerosis

Extent of atherosclerosis was evaluated by using the atherosclerosis
score of intracranial and extracranial arteries on MRA. Two cases
showed no or one vessel of stenosis, but 8 cases revealed more than
two vessels of stenosis. Therewas no past history of coronary artery dis-
ease in all cases, except one case. The ultrasonography of carotid artery

Table 1
The patients of acute stroke.
Abbreviation: TC; total cholesterol, Alb; albumin, UP; urinary protein, TIA; transient ischemic attack, SVO; small-vessel occlusion, LAA; large-artery atherosclerosis, CE; cardioembolism,
ICH; intracranial hemorrhage, SAH; subarachnoid hemorrhage, CVT; cerebral venous thrombosis.

TIA SVO LAA CE Other ICH SAH Total

Patients n. 660 2196 2547 2023 235 2200 733 10,619
①TC N 250 60 (9.1) 299 (13.6) 373 (14.6) 133 (6.6) 17 (7.2) 242 (11.0) 75 (10.2) 1201(11.3)

Patients n. 632 2070 2436 1958 202 2055 675 10,057
②Alb b 3.0 3 (0.5) 16 (0.8) 44 (1.8) 66 (3.4) 9 (4.5) 48 (2.3) 8 (1.2) 196 (1.9)

Patients n. 263 886 1123 917 99 1226 477 5002
③Massive UP 8 (3.0) 21(2.4) 40 (3.6) 45 (4.9) 6 (6.1) 118 (9.6) 33 (7.0) 272 (5.4)

① + ② + ③ 0 3 6 1 2 (CVT) 4 0
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