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interval between the onset and surgery have been considered
to be the critical factors determining the qualitative postop-
erative recovery.!? Incomplete deficits, compared to complete
deficits, should be associated with better outcomes. Indeed,
the one-year complete recovery rate has been demonstrated
to be approximately 89% for patients with incomplete deficits,
but only 37.5% for those with complete deficits, and similar
trends have been demonstrated numerous times in the litera-
ture.1>38 In addition, it is necessary to focus on the timing of
surgery. In patients with a complete deficit, it has been shown
in an analysis of 35 patients with SSEH that a good neurologi-
cal recovery can be achieved after prompt surgery when the
time interval from initial ictus to surgery is less than 48 hours,
and when the duration of the complete neurological deficits is
less than 12 hours.!! Another study has demonstrated that a
significantly better outcome was obtained if surgical decom-
pression was carried out within 36 hours in patients with
complete sensorimotor loss, and within 48 hours in those with
incomplete deficits.!? In a series of 14 patients reported by
Shin et al, the patients who were surgically managed within
12 hours after the onset of symptoms scored significantly
higher (84%) on the recovery scale of the Japanese Orthopedic
Association® than those who underwent an operation from
12 to 24 hours after the initial attack (63.6%) and those who
underwent surgery more than 24 hours after onset (46.7%).38
Similar trends were also noted by Lawton et al.*” The postop-
erative mortality rate of SSEH can thus be expected to range
from around 3% to 6%.11:37

On the other hand, conservative management may still
be an important treatment option in some subsets of SSEH
patients with mild, rapid and spontaneously recovering neu-
rological deficits.®*® Groen et al recently demonstrated that
84% of patients with SSEH treated non-surgically recovered
completely.® However, this finding should be evaluated care-
fully in terms of the severity of the neurological deficits mani-
fested by the subjects in their study. Indeed, as they stated,
the subjects managed conservatively had less severe signs and
symptoms and were more likely to be diagnosed based on an
imaging modality alone, compared to the surgically-treated
cases reported in the literature.® Moreover, a concurrent high
surgical risk, such as bleeding diathesis, may also be a deter-
minant in the decision for conservative management.® It is not
surprising that some patients with minimal neurological signs
may respond successfully to conservative management; how-
ever, the presence of cases in which an initial recovery was
followed by deterioration requiring surgery should be kept in
mind, and thus, the close observation of such patients should
be carried out in a hospital with a neurosurgical specialty

team.*0

Perspectives

In the ordinary clinical setting, acute stroke patients almost
never contact a neurologist initially, since most communi-
ties do not have an academic medical center with a systemic

neurological assessment program.* It is known, however, that
neurological complications contribute to morbidity and mor-
tality in a wide range of patients,*>~*4
nition of the condition is required to ensure prompt transfer
to an appropriate treatment unit. Moreover, there is a lim-
ited time window for the administration of a thrombolytic

and an accurate recog-

agent, which is the only available medical treatment for acute
ischemic stroke that has been proven to be effective.® In this
regard, not only emergency medical services and emergency
room departments, but also primary care physicians, should
be familiar with the wide range of neurological problems that
can develop in order to assure the optimal management of
patients. We feel that an early and accurate diagnosis, as well
as awareness of SSEH, remains a challenge for physicians,
despite the accumulation of studies disclosing the nature of
the disease. The current concise review emphasizes the pitfalls
of evaluating patients with acute hemiparesis due to SSEH.
'The imaging analyses routinely applied for patients with acute
cerebral ischemia do not rule out spinal bleeding, while the
higher a cervical SSEH extends, the more likely it is to be
seen on non-contrast computed tomographic scans.* The sud-
den onset of neck and/or back pain and progression of hemi-
paresis to paraplegia or tetraplegia during the observation
period are clues leading to a timely diagnosis of cervical spinal
41924273032 Although there may be limited access to
MRI,* negative brain MRI findings, which strongly suggest

the absence of ischemic cerebrovascular events,*” may be an

lesions.

alternative trail turning the attention towards other regions,
including the cervical spine. In addition, the presence of con-
current Broun-Séquard syndrome, characterized by the ipsi-
lateral loss of proprioceptive sensitivity with the contralateral
loss of pain and temperature sensitivity, can help to promptly
diagnose the disease, 8-
essarily associated with hemiparesis as an initial neurological
presentation.>?

although this syndrome is not nec-

Stroke mimics may account for 20 to 25% of suspected
stroke presentations,” and there are various conditions
(Table 2) that have been demonstrated to act as stroke mim-
ics in previous studies.*7 There are some discrepancies in
the distribution of diagnoses, depending on the context, while
seizure seems to be one of the major common denominators,
being present in approximately 15 to 20% of the stroke mimic
cases.**7 Some studies included the presence of cervical or
spinal lesions in the conditions that mimicked stroke; ¢
however, the lack of information regarding the disease spec-
trum precludes us from determining the actual frequency of
SSEH among subjects with a condition mimicking stroke.
Nevertheless, we believe that SSEH, especially in the cervi-
cal region, should also be included as such a clinical entity,*
thereby leading to a high index of suspicion, prompt recogni-
tion and immediate intervention, which is essential to reduce
or prevent major morbidity of the disease.’® Several studies
have demonstrated the safety of thrombolytic treatment in
some subjects with stroke mimics,*® although there has been
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Table 2. The previously reported conditions that mimicked stroke.

Seizure

Systemic infection/sepsis

Brain tumor

Toxic/metabolic

Vestibular dysfunction

Syncope

Subdural hematoma

Subarachnoid hemorrhage

Intracranial hemorrhage

Transient global amnesia

Dementia

Conversion disorder

Migraine

Peripheral neuropathy

only a single report regarding a patient with SSEH mimicking
a stroke being administered a thrombolytic agent as an ini-
tial treatment, and this was followed by urgent laminectomy
without any bleeding complications.?? Considering the nar-
row window for thrombolytic treatment in cases of ischemic
stroke and the rarity of SSEH, one may argue that our pro-
posal is not necessarily justified. On the other hand, the asso-
ciation between the administration of a thrombolytic agent
and the secondary development of spinal epidural hematoma
has been demonstrated anecdotally.”®*® Moreover, the inap-
propriate administration of agents used for restoring cerebral
blood flow may preclude prompt surgery for SSEH, due to the
patient’s modified hemostatic nature, although the informa-
tion currently available may not necessarily support this con-
cept.?? Thus, we believe that it is necessary to take a proactive
approach by adding SSEH to the list of differential diagnoses
of ischemic stroke before fatal outcomes accumulate.* Finally,
it should be kept in mind that we are always facing, as do most
physicians at various times, diagnostic and therapeutic dilem-
mas, and carefully weighing all of the options and potential
outcomes on a case-by-case basis is therefore essential.
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Picture,

A 17-year-old woman was admitted with a history of pro-
gressive swelling of the legs and shortness of breath with bi-
lateral pleural effusion, mimicking nephrotic syndrome. Her
serum albumin level was 1.7 g/dL. despite negative urine
protein. Technetium-99m-labeled human serum albumin
(”"Tc HSA) scintigraphy disclosed the accumulation of ra-
dioactivity (arrow) in the lower stomach three hours after in-
jection (Picture A). The leaked *"Tc HSA moved into the il-
eum (Picture B) and transverse colon (Picture C), as shown
on serial scintigrams, thus confirming the diagnosis of
protein-losing enteropathy (PLE). A further workup demon-
strated a disturbance in lymphatic perfusion mediated by
lymphangioma.

Making an early diagnosis of PLE remains a challenge
for physicians despite the accumulation of literature on this

disorder (1). However, performing serial *"Tc HSA scan-
ning over a 24-hour period should help to identify the re-
sponsible site and make a diagnosis of PLE with both high
sensitivity and specificity (1, 2).
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Introduction

Renal biopsy is one of the pivotal diagnostic tools used in the
field of nephrology. There are numerous diseases that can cause
nephrotic syndrome, nephritic syndrome, and acute kidney
injury, which have vastly different prognostic and therapeutic
implications, illustrating the importance of histopathologi-
cal examinations in the differential diagnosis.! However, the
indications for renal biopsy differ considerably among neph-
rologists, and a global consensus regarding performing this
procedure is lacking.? In this report, we describe our serendip-
itous experience with a male type 2 diabetic patient presenting
with nephrotic syndrome complicated by concurrent gastric
carcinoma. We also discuss several conundrums that arose in
the current case, which had an impact on our diagnostic and
therapeutic decisions.

Case Report
A 64-year-old male was referred to our unit with complaints of
progressive swelling of his legs and weight gain of approximately

5 kg. Thirteen years before, he was found to have type 2
diabetes. Thereafter, he had received combination treatment
with oral voglibose and nateglinide, which had kept his HbAlc
levels between 6 and 7%. His serum creatinine (sCr) levels had
increased gradually during the last two years. He had noticed
the symptoms about three months before the referral, when
his level of blood sCr was 1.7 mg/dL. He denied the use of
any drugs, and his medical histories included hypertension
and hyperlipidemia for more than 10 years.

His physical examination at the referral was unremark-
able except for periorbital and leg edema. The laboratory data
obtained on admission are summarized in Table 1. Tests for
hepatitis B virus surface antigens and antibodies to the hepa-
titis C virus were negative. Renal sonography showed that the
renal dimensions of the right kidney measured 113 X 60 mm,
while those of the left kidney measured 115 X 66 mm, and
the degree of renal cortex echogenicity was normal. The
patient’s urine was 3+ for protein and contained 8.9 g of pro-
tein in a 24 hour specimen. His proteinuria selectivity index
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and creatinine clearance were 0.325 and 78.8 ml/minute,
respectively. An ophthalmologic analysis revealed the patient
to have simple diabetic retinopathy. On the other hand, the
latex-agglutination test for fecal occult blood was positive
(124 ng/mL) despite the absence of remarkable findings in
the diagnostic thoracoabdominal computed tomography scan,
and thus, endoscopic analyses of the upper and lower gas-
trointestinal tracts were performed. The presence of sigmoid
colon polyps, which consisted of adenomatous tissue, was con-
firmed, while the gastric biopsy specimens revealed the pres-
ence of a well-differentiated adenocarcinoma confined to the
submucosa. Endoscopic mucosal resection (EMR) was finally
performed three months after the referral, confirming that the
neoplastic tissue was of type 0-Ilc based on the Paris endo-
scopic classification of superficial neoplastic lesions,” with a
well-differentiated adenocarcinoma (Fig. 1), 7 X 6 mm in size.
Eight months after the EMR, he was negative at occult fecal
blood test but continued to exhibit nephrotic syndrome with
a urine protein level of 3.69 g/g - Cr, an sAlb of 2.7 g/dL, and
an sCr level of 2.04 mg/dL, and he was thus subjected to a
pathological evaluation.

Table 1. Laboratory data on admission.

White blood cells 9400/ul (3900-9800)
Hb 11.3 g/dl (13.5-17.6)
Platelet count 25.3 x 10%/ul (13.0-36.9)
Fibrinogen 716 mg/dl (129-271)
D-dimer 2.2 ug/ml (0-1.5)
Blood urea nitrogen 31 mg/di (8~20)
Creatinine 1.8 mg/dl (0.63-1.03)
Total protein 5.9 g/d! (6.9-8.4)
Albumin 2.6 g/dl (3.9-5.1)
Sodium 142 mmol/l (136—148)
Potassium 5.7 mmol/l (3.6-5.0)
Chloride 110 mmol/l (96—-108)
Calcium 8.8 mg/dl (8.8-10.1)
Phosphorus 4.0 mg/dl (2.4-4.6)
Asparate aminotransferase 151U/l (11-30)
Alanine aminotransferase 131U/ (4-30)
C-reactive protein 0.24 mg/dl (0-0.14)
1gG 856 mg/d| (870-1700)
IgA 276 mg/d! (110-410)
IgM 94 mg/d (33-160)
CEA 1.0 ng/mi (<5)
CA19-9 8 U/ml (<37)

FBS 151 mg/di (70-109)
HbA1c 6.70% (4.3-5.8)

Note: The reference ranges for each parameter used at our institute are
indicated in the brackets.

Abbreviations: Hb, hemoglobin; Ig, immunoglobulin; CEA, carcinoembryonic
antigen; CA, carbohydrate antigen; FBS, fasting blood sugar.

L e

Figure 1. A photomicrograph of the EMR specimen. A type 0—llc lesion
with a well-differentiated adenocarcinoma with negative lymphovascular
involvement was found (hematoxylin and eosin stain). The scale bar is
indicated.

"The renal biopsy consisted of three cores of renal paren-
chyma with 32 glomeruli, almost half of which were globally
sclerotic. There were glomeruli with hyalinotic lesions, globally
widened mesangial regions, and a number of rounded acellu-
lar mesangial nodules; and also interstitial infiltration of lym-
phocytes, atrophic changes in the tubule structure, interstitial
fibrosis, and arteriolar hyalinization were identified (Fig. 2).
Immunofluorescence staining failed to demonstrate the linear
staining of IgG along the glomerular capillary wall. Instead,
the presence of focal deposits of IgM in the depending portions
of the areas of hyalinosis was confirmed. Electron microscopy
failed to show the presence of electron-dense deposits on the
subepithelium of the glomerular basement membrane, which
is a suggestive finding of membranous nephropathy.*

Based on the renal pathological findings, combined with
the patient’s clinical pictures, he was finally diagnosed to have
nephrotic syndrome due to diabetic nephropathy, and treat-
ment with olmesartan medoxomil at 20 mg/day, amlodipine
besilate at 5 mg/day, and furosemide at 80 mg/day, which had
been started after the referral, as well as the oral hypoglycemic
agents described above, was continued. Despite the absence of
any exacerbation of the blood pressure control, his renal func-
tion gradually declined and a periodic hemodialysis program
finally commenced 21 months after the renal biopsy.

Discussion

Performing a renal biopsy for proteinuric diabetics has usually
been considered when the presence of a renal disease other
than diabetic nephropathy is suggested by clinical signs, such
as rapid deterioration of the renal function, microscopic or
macroscopic hematuria, and proteinuria in newly diagnosed
diabetics without retinopathy or neuropathy.~” On the other
hand, the association of chronic renal insufficiency, nephrotic
syndrome, and diabetes with microangiopathic complications
such as retinopathy makes a diagnosis of diabetic nephropathy
probable, diminishing the need for a renal biopsy.>®° However,
several recent studies have suggested a morphological analysis
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Figure 2. The renal biopsy findings. (A) A low power view showing the
diffuse distribution of glomeruli with various stages of diabetic glomerular
injuries, including glomeruli with hyalinotic lesions (narrow arrow),

a moderate increase in mesangial matrix and thickening of the capillary
wall (medium arrow), as well as nodule formation (wide arrows) (periodic
acid-Schiff stain). Two sections of the same glomerulus with nodular
lesions (B) and enormous exudative lesions with some bubbles, probably
representing plasma proteins/lipids (C) (upper panel, periodic acid-Schiff
stain; lower panel, periodic acid methenamine silver-Masson trichrome
stain). The scale bar is indicated in each panel.

of the kidney to be of value for the overall management of

patients with diabetic nephropathy,>0

implying the diag-
nostic potential of such a procedure in the overall assessment
for diabetics with various renal manifestations. Considering
the clinical picture of our patient at the referral, one might
have straightforwardly attributed the nephrotic syndrome to
diabetic nephropathy without pathological confirmation, and
might even argue that the patient’s renal pathological find-
ings were not surprising. However, the clinical significance of
the current case should be considered carefully in terms of the
fact that the concurrent gastric carcinoma was found before
arriving at the conclusion that the nephrotic syndrome was
etiologically linked to diabetic glomerular injuries.

Nephrotic syndrome has been a focus of studies as one of
the pivotal manifestations of the glomerular damage associ-

ated with various kinds of neoplasms,'™'* while membranous

nephropathy, one of the most common causes of adult nephrotic
syndrome worldwide,** is the most common paraneoplastic
glomerulopathy associated with solid tumors.**3 The main
problem is to determine how thorough the search for neoplasia
should be in such nephrotic subjects. Experts recommend per-
forming basic routine cancer screening procedures, including
chest radiography, an occult blood survey of stool specimens,
colonoscopy, and measurements of the carcinoembryonic anti-
gen (CEA) and prostate-specific antigen levels, especially in
older patients with newly diagnosed membranous nephropathy
without any other obvious causes. In addition, further inves-
tigations, such as bronchoscopy, gastroscopy, and CT, may be
in order after the first-line assessment.’>* However, although
some of these examinations may be carried out in the ordinary
clinical setting,”'* the extent of the workup depends on the
judgment of the primary physician. On the other hand, the
validity of such a policy among the nephrotic patients whose
renal pathological diagnoses are lacking or those with glomer-
ulopathy other than membranous nephropathy remains to be
established. We believe, however, that there are some subsets
of nephrotic patients who would benefit from the screening for
malignancies, as described in the current report. Otherwise,
we might have overlooked the concurrent gastric carcinoma
in the present case if we had simply ascribed the nephrotic
syndrome to diabetic nephropathy regardless of the presence
or absence of the pathological confirmation and had failed
to perform upper gastrointestinal endoscopy, which led us to
promptly identify the disease.

Fecalimmunochemical tests are recommended as the first-
choice modality for colorectal cancer screening in average-risk
populations,’® although the current evidence is insufficient to
recommend for or against routine surveys to detect gastric or
esophageal carcinoma in patients with characteristics simi-
lar to those of our patient, ie, positivity for fecal occult blood
with negativity on colonoscopy, based on a population-based
colorectal cancer screening program.!” Nevertheless, it has
been shown that performing upper gastrointestinal endoscopy
in patients with a positive fecal occult blood test alone is not
exceptional, even in the field of gastroenterology.!® We believe
that the flexible application of such procedures should be man-
datory in nephrotic subjects with these characteristics.

An alternative concern raised from the current case is
the role of a renal histological analysis in cancer patients with
various renal manifestations, including nephrotic syndrome.
In patients with carcinomas that are incurable at the moment
of diagnosis, a renal biopsy may not be indicated."* Although
the relationship between malignancies and nephrotic glomer-
ulopathies is somewhat difficult to prove, it may be suggested
by clinical characteristics, such as a close temporal link and
parallel evolution, including improvement, resolution, and
relapse. 315 Moreover, we should bear in mind that the time
to remission of nephrotic syndrome after successful treatment
of a malignancy can often be months to years.!»12? Neverthe-
less, the persistence of nephrotic syndrome with a progression
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of chronic renal failure in the current patient obliged us to
perform a histological survey in view of the possibility of find-
ing a potentially reversible glomerular lesion.” One may argue
that pathological assessment of the kidney is not warranted
in the milieu of chronic renal insufficiency?’; however, there
was a clinical benefit to performing a renal biopsy in the pres-
ent patient, because it led us to conclude that the presence of
a latent relationship between nephrotic syndrome and gastric
malignancy was unlikely, and that our patient was inciden-
tally complicated with gastric carcinoma. In the current case,
we faced, as do most physicians at various times, diagnostic
dilemmas, not only as to whether to perform a renal biopsy but
also with respect to how long it is possible to wait to perform
a renal biopsy despite progressive deterioration of the patient’s
renal function. Obviously, further experience with similar
cases is required to resolve such conundrums. The establish-
ment of an optimal management strategy for diabetic patients
with both malignancies and various renal manifestations is
therefore a matter requiring continuous and careful attention.
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Abstract: Metabolic syndrome confers an increased risk of
cardiovascular disease (CVD) in the general population.
The relationship between adiponectins, and clinical out-
comes in patients undergoing hemodialysis remains contro-
versial. We investigated whether adiponectins, biomarkers
of inflammation, nutrition status and clinical features
predict the mortality of patients undergoing hemodialysis
for 6 years. We measured baseline plasma total and high-
molecular-weight (HMW) adiponectins, tumor necrosis
factor (TNF)-a, serum high sensitivity C-reactive protein
(hsCRP), and clinical characteristics including visceral fat
area (VFA) and the Geriatric Nutritional Risk Index
(GNRI) in 133 patients undergoing chronic hemodialysis.
Forty-one of the 133 patients died during follow-up. The
deceased patients were significantly older, had more prior
CVD and diabetes, higher TNF-o and hsCRP levels but
lower GNRI. VFA, and total and HMW adiponectin did

not significantly differ between the two groups. TNF-o and
hsCRP levels and GNRI score were significant for predict-
ing all-cause and cardiovascular mortality in receiver oper-
ating curve analyses. When stratified by a GNRI score of
96, Cox proportional hazards analyses identified TNF-o. as
a significant predictor of all-cause mortality (hazard ratio
[HR] 1.23; P = 0.038) and hsCRP as a significant predictor
of all-cause and cardiovascular mortality (HR, 2.32,
P =0.003; HR 2.30, P = 0.012, respectively) after adjusting
for age, sex, diabetes mellitus, and prior CVD, only in
malnourished patients. These results demonstrate that
malnutrition and the inflammatory markers TNF-¢. and
hsCRP, but not metabolic markers, including VFA and
adiponectins have a significant impact on 6-year all-cause
and cardiovascular mortality in Japanese patients undergo-
ing hemodialysis. Key Words: End stage renal disease,
Inflammatory cytokine, Malnutrition, Metabolic syndrome.

Metabolic disturbances such as insulin resistance,
inflammation and lipid abnormalities are associated
with atherosclerosis and cardiovascular death not
only in the general population (1-3) but also in
patients with chronic kidney disease (4-6). Adipose
tissue is not only considered an energy reservoir but
also an active endocrine organ that produces several
adipocytokines (7). Adiponectin is a multifunctional
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and abundant adipocytokine with favorable effects
on glucose and lipid metabolism, insulin resistance
and inflammation (8), and it plays a protective role in
experimental models of vascular injury (9). Serum or
plasma adiponectin is clinically decreased in patho-
logical states including obesity, diabetes mellitus, and
ischemic heart disease (8). Recent studies have found
low-, middle- and high-molecular-weight (HMW)
adiponectin isoforms in human blood (10). Among
these, the HMW isoform is the most active; it is
inversely associated with visceral obesity and confers
a protective effect on blood vessels. In contrast, the
relationship between adiponectin and clinical out-
comes in patients undergoing hemodialysis (HD)
remain controversial (11,12).
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“Reverse epidemiology™ is described as paradoxi-
cally better survival of obese patients on HD com-
pared with the general population (13). Several
reasons have been proposed to explain the survival
bias and temporal discrepancies among competitive
risk factors including hypertension, diabetes mellitus
and chronic malnutrition-inflammation. Malnutrition
and nutritional management are important issues for
patients undergoing HD, and regular nutritional
assessment is recommended for such patients (14).
The Geriatric Nutritional Risk Index (GNRI) is a
simple, established nutritional assessment tool with
which to assess nutritional status in both elderly indi-
viduals (15) and patients undergoing HD (16-18). It
is based on only three objective parameters of body
weight, height, and serum albumin.

Therefore, we investigated the associations be-
tween total and HMW adiponectins, visceral obesity,
biomarkers of inflammation, GNRI, and all-cause as
well as cardiovascular mortality in Japanese patients
undergoing HD during a long-term follow-up.

PATIENTS AND METHODS

Participants

We enrolled 218 patients (age, 220 years) who
were on maintenance HD for 290 days with standard
bicarbonate dialysate during March 2006. The HD
dose was confirmed using the formula: Kt/V =
~In (R =0.03) + [(4 ~ 3.5R) x (UF/W)], where Kt/V
is the single-pool Kt/V, R is the ratio of post- to
pre-dialysis serum urea nitrogen, t is duration of dialy-
sis in hours, UF is ultrafiltration volume in liters, and W
is post-dialysis body weight in kilograms (19). Age,
gender, lipid parameters, and conventional cardiovas-
cular risk factors were also recorded. After excluding
patients with a weekly dialysis duration of <12 h, urea
Kt/V of <1.2, use of a temporary HD catheter, and
comorbidities with malignancy or infectious diseases,
133 patients (male, n=77; female, n=56; age,
59.8+10.2 y) on maintenance HD for 191.5 +112.7
months were enrolled. This study was performed in
strict accordance with the ethical guidelines of the
Declaration of Helsinki and was approved by the
Ethical Scientific Committee of Asahikawa Medical
University and Kitasaito Hospital. All study partici-
pants provided written informed consent.

Data collection

Blood samples were collected from supine patients
into plastic vacuum tubes immediately before the
first dialysis session of the week and were separated
by centrifugation at 900 x g for 15 min at 4°C. The
supernatant was decanted and frozen at ~-80°C. We
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used enzyme linked immunosorbent assay kits to
measure plasma levels of total and HMW
adiponectin (Sekisui Medical, Tokyo, Japan) and
tumor necrosis factor (TNF-0)) (R&D Systems, Min-
neapolis, MN, USA) as described previously (20).
Other parameters were measured using standard
laboratory methods.

Waist circumference (WC; cm) at the umbilical
level was measured in patients while standing at the
start of dialysis. Body weight refers to dry weight (kg)
and body mass index (BMI) was calculated by divid-
ing this by height squared (m?). We calculated GNRI
using serum albumin values, dry weight and ideal body
weight. The GNRI was calculated as reported by
Yamada etal. (16): GNRI=[14.89 x albumin
(g/dL)] + [41.7 x (weight/ ideal body weight)]. Note
that body weight/ideal body weight was greater than 1
when a subject’s body weight exceeded their ideal
body weight. Ideal body weight was calculated using
height and a BMI of 22, which is reportedly associated
with the lowest morbidity rate in the Asian popula-
tion (21). Smoking was defined as current smoking
or a history of habitual smoking. Hypertension was
defined as either systolic blood pressure 2140 and/or
diastolic blood pressure 290 mmHg, or current use of
an anti-hypertensive agents. Diabetes was defined as
one of the following: fasting blood sugar 2126 mg/dL,
non-fasting blood sugar 2200 mg/dL, glycosylated
hemoglobin (HbAlc) 26.0% or current medica-
tion with insulin or an oral hypoglycemic agent.
Dyslipidemia was defined as total choles-
terol 2220 mg/dL., high-density lipoprotein (HDL)
cholesterol <40 mg/dL. for men, <50mg/dL for
women, triglycerides 2150 mg/dL or medication with
anti-hyperlipidemic agents. The criteria for metabolic
syndrome were based on a modified version of the
National Cholesterol Education Program Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Pressure (Adult Treatment Panel III)
(22),and defined metabolic syndrome as the presence
of 3 or more of the following 5 components: (i) medi-
cation for hypertension or systolic blood pres-
sure 2130 and/or diastolic pressure 285 mmHg;
(i) triglycerides 2150 mg/dL, (iii) HDL choles-
terol <40 mg/dL for men and <50 mg/dL for women;
(iv) medication for diabetes or HbAlc 26.0%; and
(v) WC=285cm for men and 290 cm for women
(21). We assessed HbAlc because fasting glucose
data were available only from a subsample of fasting
patients.

Abdominal fat distribution was determined using
abdominal computed tomography (CT) at the level
of the umbilicus as described previously (20). Subcu-
taneous fat tissue was defined as extraperitoneal fat
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between the skin and muscle. Intra-abdominal tissue
with the same density as subcutaneous fat tissue was
defined as visceral fat. Subcutaneous (SFA) and vis-
ceral fat areas (VFA) were also measured at the
level of the umbilicus. Aortic calcification scores
(AOCS) were estimated using abdominal CT with
3-mm collimation, 5-mm slice thickness and a 35-cm
field of view. Brightness scores on images were
adjusted using a standard phantom and calcium
levels were determined in a 10-cm segment of the
distal abdominal aorta above the aortic bifurcation.
Calcification, defined as areas of >1 mm?® with a
density of >130 Hounsfield units, was quantified using
the Agatston scores generated by Aqualion offline
software (Toshiba, Tokyo, Japan) as described previ-
ously (23).

Follow-up

Follow-up data were retrieved from clinical
records and/or death certificates by personnel
blinded to the anthropometric, body composition and
laboratory assessments. The follow-up began on the
date of enrollment and finished at death from any
causes or 20 March 2012, whichever came first. No
patient was lost to follow-up.

Statistical analysis

Results are expressed as means * standard devia-
tions. Baseline characteristics between deceased and
surviving groups were compared using the #-test, x>
test, and the Mann—Whitney U-test as appropriate.
Continuous variables were assessed using univari-
ate and multivariate linear regression. Receiver-
operating characteristics (ROC) curves for GNRI,
TNF-qa, hsCRP, total and HMW adiponectin, BMI,
WC, and VFA levels at baseline were constructed
and areas under the ROC curves (AUC) were calcu-
lated. The optimal cut-off value was considered the
maximum difference of sensitivity and 1- specificity
(Youden index). Figure 1 shows the optimal cutoff
for malnutrition (GNRI £ 96) as well as the sensitiv-
ity, specificity, and accuracy for predicting all-cause
mortality at the end of the follow-up period. Confi-
dence intervals (CI) for areas under the ROC curves
were calculated using nonparametric assumptions.
Survival was determined from Kaplan—Meier curves.
Independent variables were defined, and survival was
compared between groups stratified by the presence
or absence of malnutrition using Cox proportional
hazards models. Adjusted hazard ratios (HR) with
95% Cls are reported. P-values <0.05 were consid-
ered significant. All data were analyzed using SPSS
ver. 19.0 for Windows (SPSS, Chicago, IL, USA).
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FIG.1. Mortality among patients undergoing hemodialysis as
predicted by malnutrition.

Receiver operating characteristic (ROC) curves for predicting all-
cause (A) and cardiovascular (B) mortality constructed using the
baseline score on the Geriatric Nutritional Risk Index (GNRI).
The optimal GNRI cutoff was determined along with sensitivity,
specificity and accuracy for predicting mortality at the end of the
follow-up. (C) Kaplan-Meier curves for all-cause mortality rela-
tive to baseline GNRI (< 96 or >96) stratified by cutoff.
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RESULTS

Clinical characteristics

The mean age of the 133 patients at baseline was
59.8 £10.2 years, 57.9% were male, 26.3% had dia-
betes, and 38.3 % had metabolic syndrome. During
the 6-year follow up period, 41 (30.9%) patients
died (heart failure, n = 13; acute myocardial infarc-
tion, n=11; stroke, n=2; infection, n=10; and
malignant cancer, n = 5). Table 1 shows the baseline

cantly differ between the two groups. Deceased
patients were significantly older, had a higher fre-
quency of prior CVD and diabetes, higher levels of
TNF-¢, hsCRP, and AOCS but lower levels of
serum albumin and creatinine, suggesting that
deceased patients had more malnourished and
inflammatory status than survived patients. Hemo-
globin, total cholesterol, triglycerides, total and
HMW adiponectin, the number of components of
metabolic syndrome, and the prevalence of meta-

characteristics of the deceased and surviving
patients. The duration of HD, sex, and adequacy of
dialysis as indicated by Kt/V urea did not signifi-

bolic syndrome did not significantly differ between
the groups. Table 2 shows the body composition, fat
distribution and adipocytokines according to sex in

TABLE 1. Baseline characteristics of the patients

Total Death Survival P-value
Number 133 41 92 -
Age, years 59.84+10.2 064.5+83 57.7+10.2 <0.001
Gender, male 77 (58%) 26 (63%) 51(55%) 0.391
Duration of dialysis, months 191.5 £ 112.7 189.5 £ 115.6 192.4£112.0 0.755
Kt/V urea 1.3£03 1.4£03 13202 0.220
Hypertension 101 (76%) 30 (73%) TL(77%) 0.667
Diabetes 35 (26%) 18 (44%) 17 (18%) 0.002
Dyslipidemia 17 (13%) 2(5%) 15 (16%) 0.067
Metabolic syndrome 51 (38%) 20 (49%) 31 (34%) 0.100
Smoking 52 (39%) 17 (42%) 35 (38%) 0.567
Prior cardiovascular disease 37 (28%) 6 (15%) 50 (54%) <0.001
Body weight/Dry weight, kg 542495 535493 54.5+9.6 0.536
Body mass index, kg/m? 214 +28 21.24£28 214+28 0.777
Waist circumference, cm 82.2+9.0 81.7+9.3 81.5+8.8 0.233
Subcutaneous fat area, cm? 87.8+£46.9 92.6+51.4 85.8+45.0 0.522
Visceral fat area, cm? 68.2+44.0 742+482 65.7+42.1 0.406
Systolic blood pressure, mm Hg 147.0+£20.1 141.5 +£20.7 149.6+19.3 0.055
Diastolic blood pressure, mm Hg 8324147 77.3+16.1 86.1£13.2 0.011
Pulse pressure, mm Hg 63.7+16.7 64.2+17.8 63.5+16.3 0.770
Hemoglobin, g/dL 10.7+£1.2 10.7£1.3 10.7£1.2 0.713
Hematocrit, % 314 +35 31.7+£3.8 31.3£34 0.774
Serum total cholesterol, mg/dL 1473 +£32.4 145.5+£26.7 148.1 +34.7 0.844
Serum triglycerides, mg/dL 108.4 £61.0 99.5 £41.1 112.3+67.7 0.649
Serum HDL-cholesterol, mg/dL 451+11.0 43.8+8.6 45.7+11.9 0.721
Serum LDL-cholesterol, mg/dL 80.6 +26.4 82.4+22.1 79.8 £28.1 0.498
Serum uric acid, mg/dL 71£12 70+1.1 71+1.3 0.938
Serum potassium, mEqg/L 4.9+0.7 4.8+0.7 49+0.6 0.285
Serum calcium, mg/dL 9.2+0.8 9.0+0.9 9.2+0.8 0.119
Serum phosphate, mg/dL 5.8+1.6 58%15 58+1.6 0.936
Serum intact PTH, pg/mL 138.2 £ 146.4 1469+ 1753 134.6 £133.3 0.790
Serum albumin, g/dL 3.9+03 3.7+02 3.9+0.3 <0.001
Serum urea, mg/dL 62.0+153 582+16.0 63.7+£14.8 0.033
Serum creatinine, mg/dL 112£29 99+22 11.8£3.0 <0.001
Hemoglobin Alc, % 53+1.1 55409 51+1.1 0.295
Number of components of metabolic syndrome 22+1.2 24+1.1 21+1.2 0.094
Plasma total adiponectin, pg/mL 10.7 £ 4.9 11.7£5.1 102£4.8 0.143
Plasma HMW adiponectin, pg/mL 50+32 58+38 47+28 0.196
Plasma TNF-o, pg/mL 43+£17 5.0£1.8 40£1.6 0.001
Serum hsCRP, mg/dL 0.27 £0.45 0.47 £0.65 0.18£0.29 0.006
Geriatric nutritional risk index 96.4+5.1 945+44 973152 0.001
Aortic calcification score 33.7+24.2 429+23.0 2994238 0.004

Variables are presented as mean * standard deviation, or number (percentage). HDL, high-density lipoprotein; Kt/V denotes fractional
urea clearance; LDL, low-density lipoprotein; PTH, parathyroid hormone.
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TABLE 2. Body composition, fat accumulation, adiponectins, and inflammation markers according to sex

Death Survival

Men Women Men Women
Number 26 15 51 41
Body weight/Dry weight, kg 56.3 + 8.3%F 485+9.1 60.9 £ 5.9* 46.5+7.0
Body mass index, kg/m? 213+24 21.1+34 222 £2.2% 204£3.2
Waist circumference, cm 83.6+8.7 83.9+10.7 84.4 £ 6.8* 78.1+9.7
Subcutaneous fat area, cm® 774 +46.9 116.8 £50.2 85.2+44.2 86.5+46.4
Visceral fat area, cm? 77.5+51.9 68.9+42.8 76.5+42.0 52.7+38.8
Plasma total adiponectin, pg/mL 11.1+48 12.8+5.8 92143 11.6£5.0
Plasma HMW adiponectin, pg/mL 51+31 6.8+4.7 40+26 5529
Plasma TNF-q, pg/mL 52420 F 47+16 38+13 44+18
Serum hsCRP, mg/dL 0.41+£0.54 0.57 £0.81° 0.21+0.31 0.14 £0.26

Variables are presented as mean + standard deviation or percentage. *P < 0.05 vs. men in the same group and "P < 0.05 vs. same gender of
survivors. HMW, high molecular weight; hsCRP, high-sensitivity C-reactive protein; TNF, tumor necrosis factor.

the two groups. Although mean BMI and WC were
greater in the men who survived, VFA, SFA, and
total and HMW adiponectin did not differ signifi-
cantly between males and females in either
groups.

Follow-up data

All AUC:s of the ROC for the malnutrition marker
GNRI (Fig. 1), and the inflammation markers TNF-o.
and hsCRP (Fig. 2) for predicting all-cause and car-
diovascular mortality were >0.65 (Figs 1A,B2). All

P-values for the AUCs of these parameters were sig-
nificant at P < 0.05. In contrast, all AUCs of the ROC
for the metabolic markers, BMI, WC, VFA, and
total and HMW adiponectin levels for predicting all-
cause and cardiovascular mortality were <0.60 and
not significant (Fig.3), suggesting that metabolic
parameters do not impact mortality in patients
undergoing HD.

Next, we analyzed independent determinants for
all-cause and cardiovascular mortality using multiple
linear regression analyses. Age, diabetes, prior CVD,
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FIG. 2. Inflammation markers for pre-
dicting mortality of patients undergoing
hemodialysis.

All-cause (A and B) and cardiovascular
(C and D) mortality predicted from receiver
operating characteristics (ROC) curves con-
structed using baseline values for tumor
necrosis factor-alpha (TNF-o) (A and C) and
high sensitivity C-reactive protein (hsCRP)
(B and D).
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TABLE 3. Multiple linear regression analysis to assess predictors of all-cause

and cardiovascular mortality in patients undergoing hemodialysis

All-cause mortality

Cardiovascular mortality

Model 1 B B P B B P

TNF-o 0.045 0.158  0.042 0.024 0.098  0.230
Age 0.008 0.177  0.028 0.005 0.126  0.121
Sex(M=1) 0.080 0.086  0.281 -0.033 -0.039  0.626
Diabetes 0.216 0206  0.009 0.190 0202  0.011
Prior cardiovascular disease 0.246 0.223 0.008 0.298 0.301 0.001
GNRI -0.016 -0.180  0.030 -0.010 -0.125 0.133

All-cause mortality Cardiovascular mortality

Model 2 B B P B B P

hsCRP 0.204 0.198  0.011 0.196 0213  0.007
Age 0.008 0.185 0.019 0.005 0.124  0.144
SexM=1) 0.067 0072  0.357 -0.042  -0.050 0.520
Diabetes 0.172 0.164  0.035 0.151 0.161 0.040
Prior cardiovascular disease 0.269 0.243 0.003 0.311 0.315 0.001
GNRI -0.016 -0.180  0.027 -0.010 -0.118  0.146

GNRI, Geriatric Nutritional Risk Index; hsCRP, high-sensitivity C-reactive protein;
TNF, tumor necrosis factor. Model 1, F ratio = 8.323; r? = 0.284 (P < 0.001) for all-cause,
Fratio = 7.468; r* = 0.262 (P < 0.001) for cardiovascular mortality. Model 2, F ratio = 9.152;
? = 0.304 (P < 0.001) for all-cause, F ratio = 8.854; 12 = 0.297 (P < 0.001) for cardiovascular
mortality. B, unstandardized coefficients; B, standardized coefficients.

TNF-o. and hsCRP were positively associated,
whereas GNRI level was negatively associated with
all-cause mortality (Table 3). In contrast, diabetes,
prior CVD, and hsCRP levels were positively associ-
ated with cardiovascular mortality, suggesting that
hsCRP is a more useful predictive marker of cardio-
vascular mortality than TNF-o..

We further examined the impact of TNF-a and
hsCRP on mortality stratified by the presence or
absence of malnutrition defined as GNRI <96
based on the ROC curve results (Fig. 1A,B). Based
on ROC analyses for predicting all-cause mortality
at the end of the follow-up period, the optimal
cutoff points for TNF-o and hsCRP were 3.5 pg/mL
(Fig.2A) and 0.04 mg/dL. (Fig. 2B), respectively.
Figure 4 shows the Kaplan—Meier curves for all-
cause and cardiovascular mortality. Higher TNF-o
and hsCRP levels were both associated with
higher all-cause (P =0.002 and 0.030, respectively;
Fig. 4A,B) and cardiovascular mortality (P = 0.003
and 0.042, respectively; Fig. 4E,F) in malnourished
patients. In contrast, higher hsCRP was only associ-
ated with higher cardiovascular mortality in patients
who were not malnourished (P =0.048; Fig. 4H),
whereas higher TNF-a and hsCRP levels were not
associated with all-cause mortality (Fig. 4C,D).

Finally, we investigated the role of inflammation
markers as a potential modifier of the relationships
between independent variables and either all-cause

Ther Apher Dial, Vol. 19, No. 1, 2015

or cardiovascular mortality using Cox proportional
hazards models. Both TNF-o and hsCRP were posi-
tively associated with all-cause and cardiovascular
mortality in malnourished patients (GNRI<96)
after adjusting for age, sex, prior CVD, and diabetes
mellitus (Table 4). In contrast, hsCRP was positively
associated with cardiovascular mortality, whereas
inflammation markers and all-cause mortality were
not significantly associated (GNRI > 96) in patients
who were not malnourished (Table 4). These inflam-
mation markers served as useful predictors of all-
cause and cardiovascular mortality, particularly in
malnourished patients.

DISCUSSION

Our results clearly demonstrate that the predictive
value of TNF-o and hsCRP levels on 6-year all-cause
and cardiovascular mortality was critically dependent
on nutrition status in Japanese patients undergoing
HD. In contrast, metabolic parameters such as total
and HMW adiponectins, BMI, WC and VFA, were
not associated with all-cause and cardiovascular mor-
tality in those patients. These findings emphasize
the importance of malnutrition as a cause of reverse
epidemiology.

Geriatric Nutritional Risk Index was originally
used to predict malnutrition-related complications
and mortality in hospitalized elderly patients, and

© 2014 The Authors

Therapeutic Apheresis and Dialysis © 2014 International Society for Apheresis

— 149 —



Malnutrition, Inflammation and Mortality in HD Patients 37

Low GNRI High GNRI
A B C D Low hsCRP
.§\ 1.0  Low TNF-u LK - 10 ey ,ZSQW'TNF-(x 1.0 s
T - - ~, Low hsCRP _ . -
+ B 0.8 * s 08 sy E 08 . 508 . .
o ¢ 2 z High TNF-«x 5 High hsCRP
£ &o08 @ 08 @ 06 @ 08
3 | | £ :
a5 04 N 04 N 04 s 04
g 2 High TNF-o g High hsCRP 2 2
Y § 02 302 § 0.2 § 0.2
2 Log rank x* = 9.86 Log rank ¥* = 4.71 Log rank x* = 2.55 Log rank x2 = 2.94
I} £=0,002 il P=0.,030 I} P=0.110 G P=0.087
0 500 1000 1500 2000 2500 O 500 1000 1800 2000 2500 G 500 1060 1500 2000 2500 0 800 1000 1500 2000 2500
Duration of ohservation {days) Duration of obsarvation (days} Duration of observation (days) Duratien of abservation (days)
E F G H
= Low hsCRP
= 1oy e, Low TNF-a 1.0 . 1.0 e LOW THF- 1.6 B
£ ., Low hsCRP s ,
o T8 E 08 L § 05 . T 03 iah
£ % £ e High TNF-« & High hsCRP
5 @06 ) & 08/ . & 08 & 08
- @ : High hsCRP H 2
s £ igh T 2 9 2 ;
o %os High TNF-« 2 o £ 04 £ 04
8 E E H
> 3 0.2 S 0.2 3 0.2 S 02
2 Log rank x* = §.81 Log rank x* = 4.13 Log rank x? = 2.55 Log rank x* = 3.90
e o P=0,003 o P=0.042 0 P=0,110 o P=0.048
8 0 500 1000 1500 2000 2500 G 500 1000 1500 2000 2500 0 500 10060 1500 2000 2500 9 500 1000 1500 2000 2500
Duration of observation (days) Duration of observation (days) Duration of observation (days) Duration of observation {days)

FIG.4. Kaplan-Meier mortality curves for patients undergoing hemodialysis according to tumor necrosis factor-o (TNF-¢) and high
sensitivity C-reactive protein (hsCRP) and modified by nutritional status.

All-cause (A-D) and cardiovascular (E~-H) mortality relative to baseline TNF-o. (A, C, E, G) and hsCRP (B, D, F, H) levels modified by
GNRI 296 (A, B, E, F) and >96 (C, D, G, H).

the defined cut-off values according to weight loss reported that the most accurate GNRI cutoff value
and albumin concentrations were: GNRI < 82, major based on malnutrition-inflammation scores to iden-
nutrition-related risk; 82 to <92, moderate nutrition- tify malnourished patients is <91.2 (16), whereas
related risk; 92 to <98, low nutrition-related risk; other studies set the GNRI cut-off for mortality
>98, no risk (15). The GNRI value in patients under- at 90 based on the highest positive likelihood and
going HD has recently been studied. Yamada et al. risk ratios (17,18). The present ROC curve analysis

TABLE 4. Hazard ratios for all-cause and cardiovascular mortality according to Cox regression proportional hazards
analysis stratified by Geriatric Nutritional Risk Index (GNRI) value

GNRI <96 GNRI > 96
All-cause mortality Cardiovascular mortality All-cause mortality Cardiovascular mortality
Model 1 HR (CI, 95%) P HR (CI, 95%) P HR (C1, 95%) P HR (CI, 95%) P
TNF-a 1.23 (1.01-1.51) 0.038 1.19 (0.94-1.52) 0.157 1.28 (0.78-2.08) 0.332 1.25 (0.74-2.12) 0.399
Age 1.02 (0.98-1.07) 0.330 1.03 (0.98-1.09) 0.248 1.10 (1.01-1.20) 0.030 1.08 (0.98-1.20) 0.136
Sex(M =1) 1.70 (0.81-3.56) 0.330 1.07 (0.44-2.56) 0.889 412 (0.47-36.4) 0.203 2.54 (0.27-24.3) 0.418
Diabetes 1.75 (0.82-3.73) 0.151 2.21(0.92~5.32) 0.077 2.39 (0.63-9.08) 0.202 1.95 (0.38-10.1) 0.427
Prior CVD 3.13 (1.43-6.84) 0.004 4.39 (1.72-11.2) 0.002 0.98 (0.18-5.41) 0.979 1.55 (0.25-9.77) 0.638
GNRI <96 GNRI > 96
All-cause mortality Cardiovascular mortality All-cause mortality Cardiovascular mortality
Model 2 HR (CL 95%) P HR (CI, 95%) P HR (CIL, 95%) P HR (CI, 95%) P
hsCRP 2.32 (1.34-4.04) 0.003 2.30 (1.20-4.40) 0.012 2.38 (0.56-10.1) 0.242 5.37 (1.14-25.2) 0.033
Age 1.03 (0.98-1.07) 0.238 1.03 (0.98-1.09) 0.213 1.11 (1.02-1.20) 0.018 1.09 (0.98-1.21) 0.099
Sex (M =1) 1.46 (0.70-3.04) 0.310 0.92 (0.38-2.19) 0.843 4.55 (0.52-40.0) 0.172 3.77 (0.40-35.5) 0.247
Diabetes 1.52 (0.71-3.27) 0.281 1.89 (0.78-4.60) 0.158 1.74 (0.47-6.46) 0.411 0.99 (0.19-5.17) 0.986

Prior CVD  3.62(1.67-7.88) 0001  528(206-13.6) 0001 149 (030-7.44)  0.628  3.05(0.51-18.4) 0224

CVD, cardiovascular disease; hsCRP, high-sensitivity C-reactive protein; TNF, tumor necrosis factor.
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for all-cause 6-year mortality found significantly
increased all-cause and cardiovascular mortality in
patients with GNRI <96 compared with that >96,
suggesting that the predictive value of GNRI for
mortality among patients undergoing HD might be
96, although this cutoff was higher than those in
other studies (16-18) and included patients at mod-
erate nutrition-related risk. Further prospective
investigations are required to confirm the optimal
value in patients undergoing dialysis.

Inflammatory markers, including TNF-o and
hsCRP, are powerful independent risk factors for ath-
erosclerosis, CVD, and mortality in patients with end
stage renal disease (24,25). We also found that TNF-o
and hsCRP were positively associated with all-cause
and cardiovascular mortality after adjusting for age,
sex, prior CVD, and diabetes mellitus. When stratify-
ing by a GNRI of 96, TNF-a and hsCRP were posi-
tively associated with all-cause and cardiovascular
mortality only in patients with a GNRI < 96. Further-
more, hsCRP was positively associated with cardio-
vascular mortality even in patients who were not
malnourished, whereas TNF-o was not, suggesting
that different pathways trigger these markers.
These findings show that the impact of inflammatory
markers differs according to nutrition status and that
these inflammation markers are useful to predict
all-cause and cardiovascular mortality, particularly in
patients undergoing HD with severe to moderate
malnutrition.

In the present study, the prevalence of metabolic
syndrome in patients undergoing HD was 38.3%,
consistent with the findings of recent studies which
are reported from 40% to 60% (26-31). Metabolic
syndrome is considered as a predictive parameter
of mortality for patients undergoing HD (11,12),
and predicts hospitalization in these patients (28).
In contrast, we found that metabolic parameters
such as BMI, WC, VFA, and total and HMW
adiponectin levels were not associated with all-cause
or cardiovascular mortality in patients undergoing
HD as in recent studies (32,33). Possible explana-
tions for the discrepancies among these studies are
differences in the study populations, inclusion cri-
teria, dialysis method, confounding influences of
covariates, and different retention of the various
adiponectin isoforms in patients with residual
kidney function. Interestingly, a recent study about
metabolic syndrome in patients undergoing HD as a
risk factor for new-onset diabetes mellitus after
renal transplant was reported (34). Therefore,
further prospective investigations are required to
confirm the role of metabolic disturbances in
patients undergoing HD.

Ther Apher Dial, Vol. 19, No. 1, 2015

CONCLUSIONS

Malnutrition and the inflammatory markers tumor
necrosis factor-o. and high sensitivity C-reactive
protein, but not metabolic markers, including visceral
obesity and adiponectins had a significant impact on
6-year all-cause and cardiovascular mortality in Japa-
nese patients undergoing hemodialysis. Appropriate
management of malnutrition in such patients is criti-
cal to improve survival.
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Cerebral Microbleeds and Asymptomatic Cerebral Infarctions in
Patients with Atrial Fibrillation
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Background: Atrial fibrillation (AF) is a cardiac arrhythmia that does not infre-
quently induce ischemic strokes; however, little research has been reported on focal
cerebral microangiopathic lesions in patients with AF. Recently cerebral microbleeds
(CMBs) have been noticed for their potential implication in cerebral small vessel dis-
ease. Therefore, we had 2 goals in the present study: (1) to compare the prevalence of
CMBs in patients with AF with that in patients without AF, and (2) to prove that
CMBs could be a clinical predictive factor for the development of future cerebral mi-
croangiopathy in patients with AF without a history of symptomatic cerebral infarc-
tion in a prospective manner. Methods: We performed yearly brain magnetic
resonance imaging (MRI) assessments for a maximum of 5 years in 131 patients
with AF and 112 control patients. Seventy-seven patients with AF underwent
more than 3 yearly MRI scans. Results: The Kaplan-Meier curve showed that the
development of an asymptomatic cerebral infarction (ACI) was associated with
the baseline presence of a CMB (P = .004). A multivariate Cox regression analysis
revealed that the CMBs at baseline were significantly associated with an increment
in not only the occurrence of ACIs (hazard ratio [HR], 5.414; 95% confidence interval
[CI], 1.03-28.43; P = .046) but also in the consecutive development of CMBs (HR,
6.274; 95% CI, 1.43-27.56; P = .015). Conclusions: Patients with AF had a significantly
higher prevalence of CMBs. The presence of CMBs in the baseline MRI may predict
the consequent onset of an ACI and increase in CMBs in patients with AF. Key Words:
Microbleeds—atrial fibrillation—cerebral small vessels-—cerebral infarction.
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Atrial fibrillation (AF) is a cardiac arrhythmia that does
not infrequently induce ischemic strokes. It is well known
that the incidence of a cardiogenic embolism in patients
with nonvalvular AF increases in proportion to the
CHADS; (1 point for congestive heart failure, hyperten-
sion, age 75 years, and diabetes, and 2 points for previous
stroke/transient ischemic attack [TIA]) score.! The
CHADS, score makes us aware that some of its compo-
nents also play a key role in focal cerebral microangiop-
athy. Although there are several reports on hemostasis
or excessive blood clotting influencing left atrial
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thromboses in AF, only a few reports have addressed
focal cerebral microangiopathy in patients with AF.

Cerebral microbleeds (CMBs) are seen as small, 2-5 mm
in diameter, round foci with hypointensity on the
gradient echo (GRE) T2%*-weighted magnetic resonance
imaging (MRI).™" Several investigators have speculated
that CMBs represent a perivascular accumulation of
hemosiderin-containing macrophages on histopathologic
examinations,”" and therefore they are considered to
suggest the existence of a vulnerability of small blood
vessels. In fact, CMBs have been described in
association with a number of conditions reflecting the
vulnerability of cerebral small vessels: an older age,
hypertension, smoking, lacunar infarcts, prior ischemic
strokes or intracranial hemorrhages, white matter
disease, Alzheimer disease, and so on.” Several factors
accelerating the occurrence of CMBs may overlap with
the CHADS, score including advanced age, hypertension,
and a past history of stroke. Therefore, a potential associ-
ation between CMBs and the incidence of stroke in AF
could be strongly speculated.

CMBs have been discussed only in relation to focal ce-
rebrovascular disorders, and very little discussion has
been reported in relation to AF. CMBs have been exam-
ined in cross-sectional studies,”” and further, almost no
long-term longitudinal observational studies targeting
the variation in the CMBs have been performed. More-
over, CMBs have been discussed in patients with a previ-
ous history of stroke, because CMBs tend to be detected
incidentally during diagnostic imaging for acute symp-
tomatic strokes.

We hypothesized that CMBs and strokes share a com-
mon pathophysiology of microangiopathy in the context
of AF. Therefore, an investigation in patients without a
history of symptomatic stroke could be worthwhile to un-
derstand the genuine influence of CMBs. Under this hy-
pothesis, we defined 2 goals in the present study: (1) to
compare the evaluation of the prevalence of CMBs in pa-
tients with AF with that in patients without AF, and (2) to
prove that CMBs could be a clinical predictive factor for
the development of future cerebral microangiopathy in
patients with AF without a history of symptomatic cere-
bral infarction in a prospective manner.

Materials and Methods

The entire study protocol was approved by the ethical
review board of Asahikawa Medical University, and all
patients gave their written informed consent for the pre-
sent study.

Patient Enrollment and Cross-sectional Study

We performed a brain MRI assessment on the patients
categorized into the following 2 groups: (1) AF subjects
(Group AF): outpatients aged more than 45 with AF

1617

who visited the Cardiovascular, Respiratory, and
Neurology Divisions of Asahikawa Medical University
Hospital were consecutively enrolled. Patients with
valvular AF or patients with any history of symptomatic
cerebral infarction were excluded. (2) Control subjects
(Group C): patients who underwent brain MRI scans for
screening or diagnosing any neurologic disorders but
without AF and any symptomatic cerebral infarction
were enrolled.

Hypertension was defined as a systolic blood pressure
greater than 140 mm Hg and/or diastolic blood pressure
greater than 90 mm Hg in subjects who were not taking
antihypertensive medication, or continuously receiving
antihypertensive treatment on an outpatient basis. Dia-
betes mellitus was defined by the Japan Diabetes Society
as HbAlc value greater than 6.1 (corresponds approxi-
mately to the National Glycohemoglobin Standardization
Program HbAlc value of >>6.5) or any continuous antidi-
abetic treatment on an outpatient basis. Dyslipidemia was
defined as a low-density lipoprotein cholesterol level
greater than 140 mg/dL, a high-density lipoprotein
cholesterol level less than 40 mg/dL, and/or a triglycer-
ide level greater than 150 mg/dL, or continuously taking
a cholesterol medication. Chronic kidney disease was
defined as an estimated glomerular filtration rate
(eGFR) level less than 60 mL/min/1.73 m? and/or overt
albuminuria for more than 3 months continuously.
Congestive heart failure was defined as that previously
diagnosed by a cardiovascular specialist.

We compared the MRI findings in 2 groups, those with
or without AF, especially in terms of the prevalence of
CMBs. In addition, we compared the proportion of
CMB occurrences according to the CHADS, score in
Group AF.

Longitudinal Study

In Group AF of the cross-sectional study, yearly MRI
scans were repeated with informed consent, and the
time course of the above-documented variation in the
CMBs (baseline CMBs), that is, whether there was an in-
crease in the number or another cerebrovascular lesion
such as cerebral infarction, was analyzed.

MRI Assessment

The MRI assessments were performed by trained ob-
servers who were blinded to the clinical information
(J.S. and TK.). We adopted the recommended criteria
for the identification of CMBs proposed by Greenberg
et al” to precisely assess the number of CMBs: (1) a black
lesion on the T2*-weighted MRI; (2) round or ovoid le-
sions (rather than linear); (3) a blooming effect of the
T2*-weighted MRI; (4) signals devoid of hyperintensity
on the T1-weighted or T2-weighted sequences; (5) at least
half of the lesion surrounded by brain parenchyma; (6)
distinct from other potential mimicking conditions such
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