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Abstract

Background. Coronary artery calcification (CAC) inde-
pendently predicts cardiovascular events (CVE) in the
general population. Whether this applies to renal trans-
plant recipients (RTR) is unknown. This prospective
study assessed the prognostic impact of CAC on CVE
in RTR.

Methods. We followed up a published cohort of 281 prev-
alent RTR. At baseline, 16-slice chest spiral computerized
tomography scan was performed and classical as well as
CKD-related risk factors were recorded. Major CVE
(MCVE) was defined as cardiovascular death, myocardial
infarction, stroke or transient ischaemic attack. All CVE
(ACVE) included MCVE and revascularizations. Prognos-
tic factors were assessed by univariate and multivariate
Cox regression.

Results. During 2.3 + 0.5 years of follow-up, 16 patients
died from CV (n = 8) or non-CV causes (n = 8). Thirty-one
RTR developed at least one CVE (first CVE cardiac in 15,
peripheral in 12 and cerebrovascular in 4) for a total of 36
CVE. Thirty-month CV survival, MCVE-free survival and
ACVE-free survival was 96.4, 93.9 and 87.9%, respective-
ly. By multivariate analysis, the independent predictors of
ACVE were CAC score (hazards ratios [HR] = 1.40 [1.12;

1.75] for a 2.72-fold increase in CAC, P < 0.003) and his-
tory of CVE (HR = 2.76 [1.21; 6.39], P < 0.02).
Conclusion. Our study shows for the first time that CAC
is a strong independent predictor of CVE in RTR.

Keywords: coronary artery calcification; kidney transplantation; vascular
calcification

Introduction

In the general population, the presence and extent of cor-
onary artery calcification (CAC) independently predict an
increased risk of cardiac events [1]. Several studies have
assessed the prevalence of CAC in renal transplant recipi-
ents (RTR) [2—6], but the prognostic value of CAC in RTR
is unknown. We recently performed a large cross-sectional
study of the prevalence and determinants of CAC and tho-
racic aorta calcifications (AoC) in RTR [5] and hypothe-
sized that the presence and extent of CAC and/or AoC
would predict cardiovascular events (CVE) in RTR. We re-
port the preliminary results in this cohort followed up for
an average of 2.3 years.
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Materials and methods

Patients

From 3 February 2004 to 27 January 2005, all RTR with a functional graft
attending our outpatient clinic for an annual or bi-annual in-depth control
were asked to enter the study. The protocol was approved by the local
ethics committee and written informed consent was obtained from all pa-
tients. Exclusion criteria were age under 18, residing abroad or being a
recipient of a multiorgan transplant [5].

Spiral CT scan

All subjects underwent chest spiral computerized tomography (CT) on a
16-slice scanner (16 Brilliance Power; Philips Medical Systems, Cleve-
land, OH) with retrospective cardiac gating, as previously described [5].
Calcium mass scores were expressed as milligrammes of hydroxyapatite.

Clinical and outcome variables

Medical charts were reviewed by a single investigator; blood sampling
and all paraclinical investigations were performed on the day of inclusion.
Blood pressure was measured by a nurse, after a 5-min rest in a seated
position, before the nephrologist's examination, with a validated automat-
ic device (Omron® MS5-I, Hoofddorp, The Netherlands), according to the
JNC VII protocol [7]. Glomerular filtration rate (¢GFR) was estimated by
the abbreviated MDRD equation [8]. Key demographic, clinical, medical
history and drug treatment characteristics were recorded [5]. The cumu-
lative dosage of steroids (expressed as grammes of prednisolone) was re-
corded from the date of (last) TP. CVE were defined as myocardial,
cerebrovascular or lower limb necrosis or revascularization or documen-
ted transient ischaemic attack (TTA) [9]. Three outcomes were considered.
The first one was CV death. The second one was major CVE (MCVE),
including CV death and all spontaneous CVE. The third one was all CVE
(ACVE) and included both MCVE and revascularizations.

CVE were prospectively recorded from inclusion until 20 December
2006.

Biological samples

Blood samples were obtained under fasting conditions in order to measure
in blood or serum, using standard laboratory methods, haemoglobin,
hsCRP (DadeBehring, Deerfield, IL), homocysteine, creatinine, glucose,
total cholesterol, HDL cholesterol, magnesium, bioactive (whole) PTH
(Nichols, San Juan Capistrano, CA), 25(OH) vitamin D5 and 1,25(OH),
vitamin D5 (Diasorin, Stilwater, MN). Proteinuria was measured on a 24-
h urine collection.

Statistical analysis

Variables presenting a right-skewed distribution were log-transformed and
expressed as geometric mean and geometric standard deviation.

Prognostic factors were assessed using Cox proportional hazards regres-
sion, both by univariate and multivariate analyses. Variables considered as
potential predictor(s) of CVE, including CV death, MCVE and ACVE,
were CAC (in milligrammes of hydroxyapatite), AoC (in milligrammes
of hydroxyapatite), gender, age (in years), a history of CVE, diabetic status,
smoking status, systolic blood pressure (SBP; in millimetres of mercury),
diastolic blood pressure (DBP; in millimetres of mercury), pulse pressure
(PP; in millimetres of mercury), heart rate (in beats per minute), body mass
index (BMI; in kilogrammes per square metre), proteinuria (in grammes
per 24 h), serum creatinine (in milligrammes per decilitre), GFR (in milli-
litres per minute per 1.73 m?), CRP level (in milligrammes per decilitre),
glycaemia (in milligrammes per decilitre), total cholesterol (in milli-
grammes per decilitre), HDL cholesterol (in milligrammes per decilitre),
haemoglobin (in grammes per decilitre), homocysteine (in micromoles
per litre), magnesium (in milliequivalents per litre), bioactive PTH, 25
(OH) vitamin D5 (in nanogrammes per millilitre) and 1,25(OH), vitamin
D; (in nanogrammes per millilitre).

Variables with a P-value < 0.20 in univariate analysis were submitted
to a multivariate regression. A common fit between backward and for-
ward elimination procedure using Akaike's information criterion was used
to select independent multivariate predictors. In the 281 patients, 25 vari-
ables were recorded but a few data were missing in 15 patients; there were
8 missing data for 25(OH) vitamin D3 and 1,25(OH), vitamin D3, 3 miss-
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ing data for proteinuria and 5 missing data for total cholesterol and HDL
cholesterol. Sensitivity to missing data was assessed using multiple impu-
tation methods and comparisons between estimated Cox regressions with
and without imputations. The final multivariate regression includes all
patients without missing data for the selected variables. The proportional
hazards assumption was checked using correlations between scaled
Schoenfeld residuals and ranked time-to-event and using graphical dis-
play of residuals against ranked time-to-event. Results are reported as ha-
zards ratios (HR) with 95% CI, reflecting the risk multiplication induced
by a one-unit increase in predictor on a linear scale and a 2.72 times in-
crease in predictor on a natural log scale. All statistical analyses were per-
formed using SAS software release 9.1.3. All tests were two-tailed and a
P-value < 0.05 was considered as significant.

Results

Population characteristics

The characteristics of the cohort at inclusion were reported
earlier [5]. Briefly, the population was 98% Caucasian,
61% male, 15% diabetic, aged 53 + 13 years and trans-
planted for 8.3 + 6.9 years after having been dialysed for
2.4 £ 2.4 years. A history of CVE was present in 87 pa-
tients (31%). These 87 patients had experienced a median
of 1 CVE [range 1-7]. Thirteen percent (» = 37) had a
HDL cholesterol level < 40 mg/dl. Other descriptive statis-
tics are presented in Table 1.

CAC and AoC were 52.2 (4.9) and 99.3 (8.2) mg, re-
spectively [5].

Angiotensin-converting enzyme inhibitors and/or angio-
tensin receptor blockers were the most frequently pre-
scribed antihypertensive drugs (n = 166, 59%), followed
by B-blockers (n = 100, 36%) and calcium channel block-
ers (n = 95, 34%). Loop diuretics were prescribed to 19%
(n = 52) and statins to 39% (n = 110).

CVE (CV death, MCVE and ACVE)

During 100% complete follow-up of 2.3 £ 0.5 years, 16
patients died. Eight deaths had a CV cause: six cardiac
deaths [sudden death (n = 4), heart failure (n = 2); in

Table 1. Characteristics of the RTR cohort (n = 281)

Variables Mean + SD
SBP, mmHg 136 + 21
DBP, mmHg 82 +12
PP, mmHg 54 +16.4
CRP, mg/dI* 0.17 (3.6)
Glycaemia, mg/dI* 97.9 (1.3)
Calcium level, mg/dl 9.5+£0.6
Phosphorus level, mg/dl 31+0.38
25(0OH) vitamin D3, ng/ml 17.0 £ 9.5
1,25(0H), vitamin D5, pg/ml 33.7+£17.2
Bioactive PTH, pg/ml* 43.9 (2.0)
Proteinuria, g/24 h* 0.17 (2.9)
Haemoglobin, g/dl 132+1.6
BMI, kg/m? 264 + 4.5
Tacrolimus 48%

MMF 53%
Cyclosporin 52%

Time after last TP, years 7.6 £64
Steroids cumulative dosage, g 18.6 + 18.3

?Geometric mean (SD).
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Table 2. Distribution of first CVE per patient according to the vascular
bed

CV death, MCVE, ACVE,
Affected vascular bed n (%) n (%) n (%)
Cardiac 6 (75.0) 9 (60.0) 15 (48.4)
Cerebrovascular 1 (12.5) 4 (26.7) 4 (12.9)
Peripheral 1(12.5) 2 (13.3) 12 (38.7)
Total 8 15 31

two of these six patients, death occurred after revasculari-
zation (one cardiac and one peripheral)], one death from a
stroke and one from a mesenteric infarction. Eight patients
died from non-CV causes: five from infection (one endo-
carditis, three sepsis and one pneumonia) and three from
neoplasia (one lymphoma, one squamous cell carcinoma
of the tongue and one prostate cancer).

MCVE included the six cardiac deaths and three non-
fatal myocardial infarctions, the fatal stroke and three
non-fatal CVA and/or TIA as well as the fatal mesenteric
infarction and a spontaneous radial artery occlusion.
ACVE included all MCVE as well as 7 cardiac revascu-
larizations without myocardial infarction (1 patient under-
went revascularization after myocardial infarction and
revascularization was performed in 1 patient who later
died from heart failure) and 10 peripheral revasculariza-
tions (followed by sudden death in 1 patient). A total of
36 CVE were thus observed in 31 patients (Table 2), but
analyses for MCVE or ACVE were performed using the
time to first event. The incidence of a first CVE was 4.89
events per 100 patient-years.

The respective fractions of cardiac, cerebrovascular and
peripheral events vary between the outcomes (Table 2),
with a majority of cardiac events for all three outcomes.

Predictors of and survival free of CV death, MCVE and
ACVE

At 30 months, CV survival was 96.4% (95% CI, 92.6—
98.3%), survival free of MCVE was 93.9% (95% CI,
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89.8-96.4%) and survival free of ACVE was 87.8%
(95% CI, 83.0-91.4%) (Figure 1).

Variables associated with CV death by univariate anal-
ysis were a higher CAC score, a history of CVE, a higher
AoC score, a higher glycaemia, older age, a higher haemo-
globin level, a higher PTH level and diabetes (Table 3).
HR reported in Table 3 represent the risk multiplication
for a one-unit increase in non-transformed variables or a
2.72-fold increase in variables on a natural log scale.

Variables associated with MCVE by univariate analysis
were a higher CRP level and a higher proteinuria.

Variables associated with ACVE were, again, higher
CAC and AoC scores, a history of CVE, a higher SBP, old-
er age, a higher pulse pressure (PP), a lower 25(OH) vita-
min Dj level, a higher glycaemia, male gender, a higher
CRP level, a higher PTH level, diabetes, a higher DBP
and a higher homocysteinaemia (Table 3).

Variables not significantly associated with any outcome
were smoking, heart rate, creatinine serum level, eGFR
and magnesium serum level.

By multivariate analysis (Table 4), the independent
predictors of ACVE were a higher CAC score, P = 0.003,
HR = 1.40 [1.12; 1.75] on a natural log scale and a his-
tory of CVE, P = 0.016, HR = 2.76 [1.21; 6.39]. Final
multivariate regressions were computed using all 281
patients.

For ACVE, there were 31 events and correlations of the
scaled Schoenfeld residuals with ranked time-to-event
were also not significant (P = 0.98 for CAC and P =
0.76 for history of CVE). Moreover, there was no increase
or decrease with time on Schoenfeld residuals plots.

Using multivariate analysis stratified by CAC score
(with a cut-off of 100 mg of hydroxyapatite, chosen for
illustrative purpose) [10] and presence or absence of a his-
tory of CVE (Figure 2), survival free of ACVE at 30
months was highest (95.9%) in patients without these
two risk factors. Survival was slightly lower in patients
with only one of these two risks factors: 93.8% in the pres-
ence of a history of CVE and 91.3% in the presence of a
high CAC score. Survival free of ACVE at 30 months was
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Fig. 1. Survival free of CV death, MCVE and ACVE.
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Table 3. Predictors of cardiovascular (CV) death, MCVE and ACVE using univariate Cox regression

CV death MCVE ACVE
Variables HR [95% CI] P-value HR [95% CI] P-value HR [95% CI] P-value
CAC, mg hydroxyapatite® 2.13 [1.21; 3.75] 0.009 1.59 [1.29; 1.96] <0.001
AoC, mg hydroxyapatite® 1.63 [1.12; 2.37] 0.011 1.36 [1.16; 1.58] <0.001
Age, years 1.12 [1.03; 1.22] 0.005 1.05 [1.02; 1.08] 0.003
Male gender 2.55 [0.71; 9.13] 0.15 2.88 [1.18; 7.02] 0.020
History of CVE 154 [1.9; 125.2] 0.011 241 [0.85; 6.89] 0.10 513 [241; 10.9] <0.001
SBP, mmHg 1.01 [0.98; 1.04] 0.39 1.02 [1.01; 1.04] 0.001
DBP, mmHg 1.04 [0.99; 1.10] 0.14 1.04 [0.99; 1.08] 0.084 1.02 [1.00; 1.05] 0.11
PP, mmHg 1.02 [1.01; 1.04] 0.004
CRP, mg/dI* 1.62 [1.07; 2.45] 0.022 1.39 [1.05; 1.84] 0.023
Glycaemia, mg/dI* 7.31 [1.55; 34.4] 0.012 3.24 [0.71; 14.72] 0.13 3.42 [1.57;9.21] 0.015
HDL cholesterol, <40 mg/dl 2.36 [0.66; 8.46] 0.19 1.66 [0.64; 4.32] 0.30
Homocysteinemia 2.35 [0.75; 7.35] 0.141
Calcium level, mg/dl 1.67 [0.49; 5.69] 0.42 1.00 [0.39; 2.56] 0.99 1.01 [0.54; 1.89] 0.99
Phosphorus level, mg/dl 0.48 [0.15; 1.57] 0.23 0.51 [0.21; 1.24] 0.14 0.69 [0.40; 1.19] 0.18
25(0OH) vitamin D3, ng/ml 0.86 [0.75; 1.00] 0.053 0.95 [0.89; 1.03] 0.21 0.93 [0.87; 0.98] 0.008
1,25(0OH), vitamin D3, pg/ml 0.98 [0.93; 1.03] 0.42
Bioactive PTH, pg/ml* 2.30 [0.86; 6.16] 0.097 1.65 [1.00; 2.74] 0.05
Proteinuria, g/24 h* 2.10 [0.43; 10.25] 0.36 2.78 [1.04; 7.42] 0.041
Diabetes 3.86  [0.92;16.19]  0.064 224 [1.00; 5.02] 0.049
Haemoglobin, g/dl 1.67 [1.06; 2.63] 0.028
BMI, kg/m? 1.06 [0.96; 1.18] 0.27
Tacrolimus 1.79 [0.43; 7.50] 0.43 0.80 [0.28; 2.29] 0.67 0.88 [0.44; 1.79] 0.73
MMF 1.46 [0.35; 6.12] 0.60 1.16 [0.40; 3.35] 0.78 0.81 [0.40; 1.64] 0.56
Cyclosporin 0.57 [0.14; 2.39] 0.44 0.93 [0.33; 2.66] 0.89 0.87 [0.43; 1.75] 0.69
Time after last TP, years 0.97 [0.85; 1.10] 0.61 1.05 [0.99; 1.12] 0.10 1.04 [0.99; 1.09] 0.14
Steroids cumulative dosage, g 0.99 [0.94; 1.03] 0.53 1.01 [0.99; 1.04] 0.26 1.01 [0.99; 1.03] 0.23

“Natural log-transformed variable.

significantly lower in patients with both risk factors
(61.9% [95% CI, 46.7-74.0], log-rank P-value < 0.0001).

Discussion

CV disease is not only highly premature in dialysed pa-
tients, but also in RTR compared with the general popula-
tion [11]. CAC independently predicts CVE in the general
population [1]. Recent evidence points to a similar impact
of CAC as predictor of mortality, mainly CV, in haemo-
dialysis [12]. However, whether CAC predicts CVE in
RTR was unknown. In fact, a smaller-sized study (n =
112) recently identified AoC but not CAC as a predictor
of CVE in incident RTR [13]. This discrepancy probably

derives from the exclusion by DeLoach ef al. of patients
with a history of CVE, in contrast to our ‘real-world’, much
larger cohort. Our study indeed shows that higher CAC, but
not higher AoC, is associated with a markedly higher risk
of CV mortality and of ACVE in prevalent RTR.

In fact, CAC is a strong predictor of CV mortality and
ACVE in RTR, whereas the predictive role of classical
CV risk factors such as older age, male gender, obesity, hy-
percholesterolaemia, smoking history or diabetes [14,15],
apparent for some, but not all of them, by univariate analy-
sis, was no longer significant by multivariate analysis. This
most likely derives from the fact that CAC is strongly pos-
itively correlated with many classical or ESRD-specific risk
factors, such as older age, male gender and longer time on
dialysis [4,16], and probably, as intermediate outcome, ‘in-

Table 4. Independent predictors of ACVE using multivariate Cox regression, and additive prognostic value of treatment data

ACVE Additional prognostic value

Variables HR [95% CI] P-value HR [95% CI] P-value
CAC, mg hydroxyapatite 1.40 [1.12; 1.75] 0.003

History of CVE 2.76 [1.21; 6.39] 0.015

Calcium level, mg/dl 0.84 [0.46; 1.54] 0.58
Phosphorus level, mg/dl 0.83 [0.45; 1.56] 0.57
Tacrolimus 0.78 [0.38; 1.60] 0.49
MMF 1.00 [0.49; 2.05] 0.99
Cyclosporin 0.92 [0.45; 1.87] 0.82
Time after last TP, years 1.03 [0.98; 1.08] 0.21
Steroids cumulative dosage, g 1.01 [0.99; 1.02] 0.43

“Natural log-transformed variables.
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Fig. 2. Survival free of ACVE, stratified by CAC score (with a cut-off of 100 mg of hydroxyapatite) and presence or absence of history of CVE.

cludes’ or ‘recapitulates’ part of the risk associated with
these factors. This study presents significant strengths.
These include a relatively large sample size, a high partici-
pation rate of unselected patients, 100% follow-up of the in-
cluded patients, the use of up-to-date sensitive multislice
spiral CT [17] as well as the use of the calcium mass score,
which is more accurate and reproducible than the conven-
tional Agatston score [18—20]. Some limitations have to
be acknowledged. The main one is the hitherto relatively
short follow-up time and thus the limited number of events
recorded, especially CV deaths; we thus refrained from
performing a multivariate analysis of the predictors of death
or MCVE. Secondly, our findings may not be generalized
to some other populations of RTR as a result of the low
prevalence of diabetic or black subjects in our cohort. De-
spite these limitations, calcium scoring of coronary artery
could improve the assessment of CV risk in RTR. In con-
clusion, our preliminary results show that CAC, as assessed
by multislice chest CT, is a strong predictor of CV mortality
and of CVE in RTR, stronger than other well-known clas-
sical risk factors, and may become a useful tool for risk
stratification in RTR.
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Abstract

Background. ABO-incompatible living donor kidney
transplantation based on specific conditioning has been suc-
cessfully adopted by transplant centres worldwide. Excel-
lent short-term results have been reported in small
cohorts. However, long-term data and comparative analyses
are still sparse. We report on the outcome of 40 consecutive
ABO-incompatible living donor kidney transplant recipi-
ents and compare their clinical course to a control group
of 43 ABO-compatible living donor transplant patients
transplanted during the same time period.

Methods. This is an observational single-centre analysis of
40 consecutive patients undergoing ABO-incompatible
kidney grafting between April 2004 and April 2009, using
a protocol of rituximab, antigen-specific immunoadsorp-
tion, intravenous immunoglobulin, basiliximab induction
and oral triple immunosuppression with tacrolimus, myco-
phenolic acid and prednisone. Forty-three ABO-compatible

kidney transplant recipients served as controls. The control
group had also received basiliximab induction and an iden-
tical initial maintenance immunosuppression. The two
groups were observed for an average of 39 and 19 months,
respectively.

Results. There was a significantly higher incidence of lym-
phoceles requiring surgical revisions in the ABO-
incompatible group. However, this surgical complication
did not affect patient or graft survival. Mean serum creat-
inine, estimated glomerular filtration rate and proteinuria
did not differ between the two groups. Furthermore,
ABO-incompatible and ABO-compatible patients had the
same incidence of humoral and cellular rejections. Despite
amore aggressive induction therapy, no differences in infec-
tious or malignant complications were observed.
Conclusions. ABO-incompatible living donor kidney
transplantation utilizing a combination of rituximab
and antigen-specific immunoadsorption yielded results
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