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Abstract

Background Vascular calcification is a feature of arte-
riosclerosis. In hemodialysis (HD) patients, vascular cal-
cification progresses rapidly. This study used the aortic
calcification area index (ACAI), an index of vascular cal-
cification, to evaluate vascular calcification factors in HD
patients, to investigate correlations between ACAI and
long-term prognosis and to assess correlations between
various factors and long-term prognosis.

Methods Subjects comprised 137 patients on mainte-
nance HD. ACAI was measured as an index of vascular
calcification as measured by abdominal plain computed
tomography. The patients were divided into a high ACAI
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(H) group and a low ACAI (L) group according to whether
the ACAI was below or above the mean value (21.4%) of
ACAI, and long-term all-cause death and cardiovascular
death rates were compared between groups. Risk factors
for all-cause death and cardiovascular death were exam-
ined by Cox hazard analysis.

Results During follow-up (mean follow-up period
95.3 4 50.3 months), 76 patients died, including 46 car-
diovascular deaths. Deaths included 51 of 70 patients
(67.1%) in Group H and 25 of 67 patients (37.3%) in Group
L. Cardiovascular death rates were 51.4 and 14.9%,
respectively. On Kaplan—-Meier analysis, the number of all-
cause deaths was significantly higher in Group H
(P < 0.001, log-rank test). Similarly, the number of car-
diovascular deaths was significantly higher in Group H.
Multivariate Cox proportional hazards analysis showed that
ACAI (%) was a significant prognostic indicator for car-
diovascular death (hazard ratio 1.03; 95% confidence
interval 1.00-1.06, P = 0.03).

Conclusion High ACAI was clearly correlated with
mortality rate in HD patients, particularly cardiovascular
mortality rate. ACAI was a useful long-term prognostic
indicator in HD patients.

Keywords Abdominal calcification - Hemodialysis -
Chronic renal failure - Cardiovascular mortality

Introduction

In patients with chronic kidney disease (CKD), factors
associated with progressive renal dysfunction, including
age, hypertension, diabetes, dyslipidemia, and smoking
also increase the risk of cardiovascular disease (CVD). In
stage 5 hemodialysis (HD) patients, this risk is further
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increased. Vascular calcification is closely associated with
arteriosclerosis, and in HD patients, even young patients, it
progresses at a high rate [1].

Cause of death in about 40% of HD patients involves
cardiovascular complications [2]. Vascular calcification is
thus a very important issue in terms of prognosis for CKD
patients, and evaluation of vascular calcification is essen-
tial in daily clinical practice. Recently, to assess vascular
calcification, coronary artery calcification has been mea-
sured using electron-beam computed tomography (EBCT)
and multidetector-row helical CT (MDCT). However, the
equipment is expensive, making these investigations diffi-
cult to perform in many dialysis facilities. As a vascular
calcification index, we have used plain CT, which is
available in many facilities, to evaluate abdominal aortic
calcification in HD patients using the aortic calcification
area index (ACAI); the ACAI is derived from the aortic
calcification index (ACI). The ACI is widely used to
clinically evaluate abdominal aortic calcification using
plain CT [3, 4] and expresses calcification in 12 sectors as a
percentage (%), so the extent of calcification in the aortic
wall circumference is assessed, but not the thickness. The
ACALI directly measures the area of calcification and is a
more accurate evaluation of the status of aortic calcification
[5]. The present study examined correlations between
ACALI and long-term prognosis during a follow-up period
of >10 years. We also examined correlations between
various factors and long-term prognosis.

Materials and methods
Subjects

Subjects comprised 137 patients (70 men, 67 women) on
maintenance HD at the dialysis center of Ryoushukai Fujii
Hospital (Osaka, Japan). Mean age at the time of abdom-
inal CT was 59.7 &+ 11.9 years, and mean HD duration was
80.5 + 64.5 months. Of the 137 patients, 34 (24.8%) had
diabetes. HD using hollow-fiber dialyzers was 3 times
weekly (4 h/day). Dialysate potassium concentration was
2.0 mEqg/L, and calcium concentration was 3.0 mEq/L.
Blood flow rate was 200 ml/min, and dialysate flow rate
was 500 ml/min. Follow-up period was from January 1996
to July 2008.

Abdominal CT and evaluation of abdominal aortic
calcification by ACAI

We used plain CT (SCT-5000TH, Shimadzu, Kyoto,
Japan) to evaluate aortic calcification. ACAI was measured
as follows: on abdominal plain CT, 10 slices of the
abdominal aorta were obtained at 1-cm intervals from
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bifurcation of the common iliac artery. Aortic cross-sec-
tional area and calcification area were measured using NIH
Image software (National Institutes of Health, USA). Cal-
cification area was then divided by cross-sectional area and
expressed as a percentage (%). Mean value was calculated
for the 10 slices [5].

Biochemical assays and other measurements

Blood tests in each patient were routinely performed before
the first weekly hemodialysis session (total of 24 times/
1 year). Assays were performed using a standard bio-
chemical analyzer (Auto Biochemical Analyzer 7170,
Hitachi, Tokyo, Japan). Systolic and diastolic blood pres-
sures and pulse pressures were measured 156 times/1 year
and were shown as mean values in each patient before
dialysis.

Statistical methods

Data values were expressed as mean + SD. The unpaired
t test, Fisher’s test, and chi-squared test were used to
compare discrete variables between groups. Survival rates
were calculated by Kaplan—-Meier analysis. Univariate and
multivariate Cox proportional hazard analysis was per-
formed to examine the impact of the baseline levels of
ACAI on mortality rate. Multivariate Cox proportional
hazard analysis was performed after adjusting for the
confounding variables of age, hemodialysis duration, dia-
betes, systolic hypertension, pulse pressure, lipoprotein a
(Lp (a)), using a StatView model (SAS Institute, Cary, NC,
USA). The observation period was calculated from the time
of CT to the last follow-up date. P values <0.05 were
considered statistically significant.

Results
ACALI at baseline

Group H and Group L were defined according to whether
the ACAI was above or below the mean value
(20.7 £ 15.3%); the group above the mean of ACAI was
high (H; mean 33.4 &+ 9.5%), and the group below was low
(L; mean 7.5 & 6.1%) (Table 1). Age was significantly
higher in Group H than in Group L (64.7 &= 9.9 wvs.
54.4 % 11.6 years; P < 0.001). For factors other than age,
Group H showed significantly higher systolic blood pres-
sure (148.6 + 14.7 vs. 138.2 4+ 14.7 mmHg; P < 0.001),
pulse pressure (69.1 &= 11.2 vs. 59.8 + 12.4 mmHg;
P < 0.001), serum calcium concentration (9.6 & 0.4 vs.
9.3 £ 04 mg/dL; P = 0.047), non-HDL cholesterol
(135.6 £ 39.6 vs. 122.6 4= 37.0 mg/dL; P = 0.049), Lp



Clin Exp Nephrol (2011) 15:877-883

879

Table 1 Baseline
characteristics of hemodialysis
patients according to the aortic

calcification area index

Values expressed as

ACAI high Group ACAI low Group P

ACAI (number, mean + SD) (n =70, mean 33.4 £ 9.5) (n = 67, mean 7.5 + 6.1)

Age (years) 64.7 £ 99 544 £ 11.6 <0.001
Sex (male/female) 41/29 29/38 0.075
Hemodialysis duration (months) 89 4 65 71 £ 63 0.094
Diabetes mellitus 19 (27.1) 14 (20.9) 0.400
Systolic pressure (mmHg) 149 4 15 138 £ 15 <0.001
Diastolic pressure (mmHg) 79 %9 78 £9 0.750
Pulse pressure (mmHg) 69 £ 11 60 + 12 <0.001
Calcium (mg/dL) 9.6+ 04 93+ 04 0.047
Phosphate (mg/dL) 52408 53+£09 0.857
Intact PTH (pg/mL) 186 + 83 196 + 130 0.609
LDL cholesterol 103 £ 30 95 + 32 0.153
Non-HDL cholesterol (mg/dL) 136 & 40 123 £ 37 0.049
Lp (a) (mg/dL) 29 £ 29 19 £ 17 0.019
RAS inhibitor 43 (61.4) 30 (44.8) 0.012
Follow-up duration (months) 79 + 49 113 £ 46 <0.001
Deaths 51 (67.1) 25 (37.3) <0.001
Cardiovascular deaths 36 (51.4) 10 (14.9) <0.001

mean =+ SD, number (percent
%)

(@) (29.0 £ 29.5 vs. 19.0 £ 17.0 mg/dL; P = 0.01) and
renin—angiotensin system (RAS) inhibitors [43 (61.4) vs.
30(44.8%); P = 0.012].

Patient outcomes

During follow-up (January 1996 to July 2008, mean fol-
low-up period 95.3 % 50.3 months), 76 patients died. The
most common cause was cardiovascular death, occurring in
46 of the 76 patients (Fig. 1). Cardiovascular deaths
included ischemic heart failure (n = 21, 27%), congestive
heart failure (n = 19, 25%), and cerebrovascular disease
(n = 6, 8%). Noncardiovascular deaths included infectious
disease (n = 8, 11%), malignancy (n = 5, 7%), and others
[hepatic insufficiency (n = 4), accidental deaths (n = 4),
suicide (n = 1) and unknown-deaths (n = 13)] (n = 22,
22%). Deaths included 51 of 70 patients (67.1%) in Group
H and 25 of 67 patients (37.3%) in Group L. Cardiovas-
cular deaths were 36 (51.4%) and 10 (14.9%), respectively
(Table 1).

Kaplan—Meier analysis

All-cause deaths and cardiovascular deaths in Group H and
Group L were examined by Kaplan-Meier analysis
(Fig. 2). Figure 2a shows the difference in the survival
curve between ACAI Group H and Group L with regard to
all-cause deaths, and Fig. 2b shows the difference with
regard to cardiovascular deaths. The number of all-cause
deaths was significantly higher in Group H than in Group L
(P < 0.001). Similarly, Group H showed a significantly
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higher number of cardiovascular deaths than Group L
(P < 0.001).

Univariate analysis with Cox proportional hazards
models

Table 2 shows univariate Cox hazard analysis of various
factors and mortality rate. Age, HD duration, diabetes,
systolic blood pressure, and pulse pressure, together with
ACAI, were significant prognostic factors for all-cause
death; and age, HD duration, diabetes, systolic blood
pressure, pulse pressure, Lp (a), together with ACAI, were
significant prognostic factors for cardiovascular death.

Multivariate analysis with Cox proportional hazards
models

Table 3 shows multivariate Cox hazard analysis of various
factors and mortality rate. Multivariate Cox hazard analy-
ses were performed with results from univariate analysis to
identify factors associated with mortality. In multivariate
analyses, factors that showed P <0.05 on univariate anal-
ysis were enrolled as possible factors associated with
mortality. Age and HD duration were significant factors
associated with all-cause mortality; ACAI was not signif-
icant (hazard ratio (HR) 1.02; 95% confidence interval (CI)
0.99-1.04; P = 0.17). However, the ACAI was a signifi-
cant factor associated with cardiovascular mortality (HR
1.03; 95% CI 1.00-1.06; P = 0.03) after adjustment for
age, HD duration, diabetes, systolic pressure, pulse pres-
sure and Lp (a).
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Fig. 1 Causes of death of 76
hemodialysis patients.
Cardiovascular deaths included
death from ischemic heart
failure (n = 21), congestive
heart failure (n = 19), and
cerebrovascular disease

(n = 6); noncardiovascular
deaths consisted of infectious
disease (n = 8), malignancy
(n = 5), and others (n = 22).
The study period was from
January 1996 to July 2008

Fig. 2 Kaplan—Meier analysis
of all-cause (a) and
cardiovascular (b) deaths of 137
hemodialysis patients. Patients
with high ACAI show higher
death rate from both all causes
and cardiovascular diseases than
those with low ACAI (log-rank
test, P < 0.0001 and

P < 0.0001). The study period
was from January 1996 to July
2008

Table 2 Univariate Cox
proportional hazards analysis of
factors associated with all-cause
and cardiovascular death in
hemodialysis patients
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: All-cause deaths

B 1
B2
B3
g4
s

Ischemic heart failure (N=21, 27 %)
Congestive heart failure (N=19, 25%)
Infectious disease (N=8, 11%)
Cerebrovascular disease (N=6, 8%)
Malignancy (N=5, 7%)

Others (N=22, 22%; hepatic insufficiency(n=4),
accidental deaths(n=4), suicide (n=1), and
unknown-deaths(N=13)}

B: Cardiovascular deaths

e 2
£ 8
= =
2 B
z L4
=2 =
7 N
P<0.001
.24 P<0001 ACAI Low group 21 (log-rank test) ACAL Low group
(log-rank test) ACAT High group . e ACAT High group
E= - O 4
01 : : : . : : : .
0 20 40 60 8 100 120 140 0 20 40 60 B8O 100 120 140
Follow-up period (months) Follow-up period (months)
All-cause death Cardiovascular death
Hazard 95% CI P Hazard 95% CI P
ratio ratio
Age (/1 year) L.11 1.09-1.14 <0.001 1.13 1.09-1.17 <0.001
Sex (male vs. female) 1.33 0.85-2.09 0.22 148 0.84-2.62  0.18
Hemodialysis duration (/1 year)  0.94 0.90-0.98 0.01 094 0.89-1.00  0.03
Diabetes (diabetes vs. no 1.87 1.15-3.02 0.01 2.24 1.26-4.00  0.01
diabetes)
Systolic pressure (/1 mmHg) 1.02 1.00~1.03 0.02 1.03 1.01-1.05 0.01
Diastolic pressure (/1 mmHg) 0.99 096-1.02 052 099 0.96-1.03  0.66
Pulse pressure (/1 mmHg) 1.03 1.01-1.05 <0.001 1.04 1.02-1.06 <0.001
Calcium (/1 mg/dL) 0.80 0.62-1.04 0.10 08 057-1.12  0.19
Phosphate (/1 mg/dL) 0.98 0.73-1.31  0.89 095 0.66-1.36  0.76
Intact PTH (/1 pg/mL) 1.00 0.99-1.01 0.85 1.00 0.99-1.01  0.68
LDL cholesterol (/1 mg/dL) 1.00 1.00-1.01 044 101 1.00-1.02  0.12
Non-HDL cholesterol (/1 mg/dL) 1.00 0.99-1.01 035 101 0.99-1.01 0.18
Lp (a) (/1 mg/dL) 1.01 1.00-1.01  0.05 1.01 1.00-1.02  0.01
RAS inhibitor (no: 0 yes: 1) 1.00 0.63-1.57 099 1.20 0.68-2.12  0.53
ACAI (%) 1.04 1.02-1.05 <0.001 1.05 1.03-1.07 <0.001
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Table 3 Multivariate Cox
proportional hazards analysis of
factors associated with all-cause
and cardiovascular death in

All-cause death Cardiovascular death

hemodialysis patients

Hazard 95% CI P Hazard 95% CI P

ratio ratio
Age (/1 year) 1.11 1.08-1.15 <0.001 1.15 1.10-1.20 <0.001
Hemodialysis duration (/1 year)  0.92 0.87-0.98 001 094 0.87-1.02 0.14
Diabetes (diabetes vs. no 1.26 0.68-2.33 046 143 0.70-2.90 0.32

diabetes)

Systolic pressure (/I mmHg) 1.01 0.99-1.03 046 1.02 0.98-1.06  0.33
Pulse pressure (/1 mmHg) 1.00 0.96-1.04 0.89 1.01 0.96-1.04  0.81
Lp (a) (/1 mg/dL) 1.00 0.99-1.01 079 1.01 1.00-1.06  0.29
ACAI (%) 1.02 0.99-1.04 0.17 1.03 1.00-1.06  0.03

Discussion

Mild renal dysfunction and urinary abnormalities have
recently been discovered as strong risk factors for CVD [6].
In HD patients, risk of CVD is 5- to 20-times higher than in
the general population, primarily due to early arterioscle-
rosis [7]. As mentioned previously, vascular calcification
has often been reported in HD patients, even at a young
age. As indices of vascular calcification in HD patients,
aortic arch or common iliac calcification on plain radio-
graphs [8, 9], ACI [3, 4], and EBCT [10] or MDCT [11]
have been applied to evaluate coronary artery calcification.

Each of these modalities offers various advantages and
disadvantages in terms of convenience, accuracy, and
safety. EBCT and MDCT are excellent for quantitative
evaluation of coronary artery calcification, but because of
the expensive equipment required, are not widely available
at many dialysis facilities. Evaluation based on radio-
graphic findings is the most convenient and inexpensive
method, and correlations with prognosis have been repor-
ted in several reports to date [12, 13]. However, the lack of
quantitative evaluation and difficulty of assessing changes
over time are still drawbacks.

Plain CT is available even in small and mid-size dialysis
centers and is necessary to screen for renal cell carcinoma
in HD patients. The advantage is that renal cancer
screening and measurement of abdominal aortic calcifica-
tion can be performed simultaneously. ACAI is a further
development of the ACI, which has conventionally been
used as an index of abdominal aortic calcification [3, 4].
ACAI provides a more accurate evaluation of calcification
in patients with thick calcification, and is also useful to
evaluate increases in calcification over time.

The results of our comparison between Group H and
Group L showed that systolic blood pressure, pulse pressure,
serum calcium concentration, non-HDL cholesterol, Lp
(2) concentration and RAS inhibitors, in addition to age,
were significantly higher in Group H than in Group L. In
2003, the “Guideline for bone metabolism and disease in
chronic kidney disease” by the United States Kidney Disease
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Outcome Quality Initiative recommended a maximum cal-
cium intake of 1500 mg/day from calcium-containing
phosphate binders, widely used as phosphate-binding agents
[14]. The goal was prevention of hypercalcemia and excess
calcium intake, in light of reports stating that hypercalcemia
and excess calcium intake could cause vascular calcification,
and that hyperphosphatemia combined with hypercalcemia
further increased cardiovascular and mortality risk. Based on
these reports, the availability of non-calcium-containing
phosphate binders has continued to increase.

Serum levels of calcium, phosphorus and/or intact para-
thyroid hormone (PTH) levels have been reported to be
associated with high levels of CVD morbidity and mortality
in patients with end-stage renal disease [15~17]. In this
study, serum levels of calcium, phosphate and intact PTH
were not associated with cardiovascular mortality. We think
the reasons may be as follows. First, when this study was
performed, the only available phosphate binder was calcium
carbonate, because non-calcium-containing phosphate
binders were not available in Japan. Furthermore, the only
treatment for secondary hyperparathyroidism was vitamin D
agents. Therefore, serum levels of calcium might be high to
maintain serum phosphate levels (Group H9.6 & 0.4, Group
L 9.3 £ 0.4 mg/dL). Furthermore, there were no differences
between the two groups with regard to serum levels of intact
PTH (Group H 186 3= 83 vs. Group L 196 + 130 pg/mL;
P = 0.609). Second, the serum levels of phosphate in the
two groups were good control levels and there were no dif-
ferences between the two groups (Group H 5.2 £ 0.8 vs.
Group L 5.3 + 0.9 mg/dL; P = 0.857).

This study evaluated prognostic indicators over a long-
term follow-up period of >10 years. The most frequent
cause of death was cardiovascular death, accounting for
60% of all mortality. Given the long-term evaluation of
>10 years, age was expected to be a factor with consid-
erable influence. However, on Kaplan-Meier analysis, a
high ACALI significantly increased the number of both all-
cause deaths and cardiovascular deaths. Univariate Cox
hazard analysis showed that age, HD duration, diabetes,
systolic blood pressure, pulse pressure, and ACAI were
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significant prognostic factors in all-cause death, and that
age, HD duration, diabetes, systolic blood pressure, pulse
pressure, Lp (a) concentration, and ACAI were significant
prognostic factors in cardiovascular death. Ultimately
multivariate Cox hazard analysis showed age and HD
duration as independent prognostic factors in all-cause
deaths. Diabetes, systolic blood pressure, pulse pressure,
Lp (a) and ACAI were not significant. But in cardiovas-
cular deaths, age and ACAI were prognostic factors. Our
findings suggest that ACAI may be a very useful prognostic
indicator for cardiovascular mortality.

Medial calcification is not necessarily associated with
lumen stenosis, but because vessel stiffness increases,
vascular compliance is decreased [18]. Several mecha-
nisms may explain the association between aortic stiffness
and CVD [19]. The arterial stiffness leads to early wave
pressure, a decrease of diastolic blood pressure, and a
consequent increase of pulse pressure [20]. This increases
systolic blood pressure and afterload on the heart, causes
left ventricular hypertrophy, and increases myocardial-
oxygen demand [21]. In addition, because myocardial
blood supply depends largely on pressure throughout
diastole and the duration of diastoie, the decrease of dia-
stolic blood pressure can compromise coronary perfusion
[22]. ACALI as a prognostic factor in cardiovascular death,
as demonstrated by our study, may be related to these
underlying mechanisms.

We previously published the ACAI method [4]. The
ACALI provides a more accurate evaluation of calcification
than ACIL However, our study evaluated the relationship
between the ACAI measured at one time and future prog-
nosis. In the future, factors leading to serial increases in
ACAI, and the influence of these serial increases on
prognosis, should be investigated.

Conclusion

Our evaluation of prognosis in 137 HD patients over a
period of >10 years found that the most common cause of
mortality was cardiovascular death. In HD patients, ACAI,
as measured by abdominal plain CT, was useful as a sig-
nificant predictive parameter of cardiovascular mortality.
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