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Objective: To examine whether aggressive risk factor modification in chronic kidney disease (CKD) can
limit the development of new ischaemia or reduce cardiac events.
Methods: Patients with CKD were randomly assigned to either an aggressive risk factor modification
strategy (targeted treatment of hypertension, dyslipidaemia, homocysteine, haemoglobin and phosphate)
or standard care. An intention to treat analysis was performed on 152 patients who had baseline
dobutamine stress echocardiography (DSE), including 107 who had follow-up DSE. Biochemical
parameters, cardiac risk factors and investigations (ECG, two-dimensional echocardiography) were
recorded at baseline. New ischaemia was classed as new or worsening stress wall motion abnormality
between follow-up and baseline DSE. Patients were followed up for the development of new ischaemia or
cardiac death, acute coronary syndrome and non-fatal myocardial infarction over 1.8 years.
Results: The development of new ischaemia was common but not different between the standard and
aggressively treated groups (15 (21%) v 18 (23%), p = 0.8). Independent predictors of new ischaemia
were older age, abnormal ECG, higher systolic blood pressure and lower serum high density lipoprotein
cholesterol, but not treatment arm. The standard and aggressively treated groups did not differ in cardiac
event rate (10% v 13%, p = 0.6) or all-cause mortality (10% v 19%, p = 0.2). In patients with an
abnormal baseline DSE (non-diagnostic, scar or ischaemia), the event rate was similar (22% v 20%,
p = 0.9).
Conclusion: Aggressive risk factor modification in CKD does not limit the development of new ischaemia or
reduce cardiac events in patients with an abnormal DSE.

C
ardiac events and left ventricular abnormalities
assessed by resting two-dimensional echocardiography
are a major cause of morbidity and mortality in patients

with chronic kidney disease (CKD). Cardiovascular mortality
is several orders of magnitude greater than in the general
population, matched for age.1 2 Patients with CKD are prone
to coronary events, partly because of clustering of risk factors
(hypertension, diabetes, dyslipidaemia) but also because
uraemia promotes an atherogenic milieu.3 Dialysis predis-
poses to the development of arterial disease,4 which may
progress rapidly, and survival after events is poor.5

Dobutamine stress echocardiography (DSE) is an accurate
diagnostic tool for coronary artery disease in patients with
CKD6 and is a powerful predictor of cardiac events.7 8 A
normal DSE does imply a favourable prognosis in this patient
group, although the two largest prognostic studies7 9 suggest
that the warranty is limited to 24 months, presumably due to
accelerated atherosclerosis. Ischaemia is associated with an
adverse outcome in CKD, as in other diseases, and therefore
the development of new ischaemia at 24 months may not
only be important as a marker of coronary disease progres-
sion but may also identify patients at risk of a new event.
Although measures of vascular structure or function, such as
intima media thickness or brachial artery activity, can
provide prognostic information in a wide variety of patients
including those with CKD,10 they do not provide data on the
presence or absence of myocardial ischaemia.

In patients with CKD, many potential risk factors
contribute to the development of cardiac disease,11 some of
which are operative before dialysis is started.12 These include
traditional risk factors (older age, dyslipidaemia, hyperten-
sion, diabetes and smoking), but there is increasing emphasis

on CKD-related risk factors such as hyperphosphataemia,
vascular calcification, malnutrition, inflammation, hyperho-
mocystinaemia, anaemia or dialysis-related factors. In
particular, abnormalities of calcium phosphate metabolism
have adverse prognostic effects13 14 and may contribute to
vascular calcification.15 Moreover, studies with non-calcium-
containing phosphate binders, such as Sevelamer, have
shown beneficial effects on both coronary and aortic
calcification.16 Nevertheless, data from interventional studies
of multiple risk factor modification are limited. In this study
of DSE in patients with CKD, we sought to establish whether
aggressive risk factor modification can limit the development
of new ischaemia or cardiac events.

METHODS
Study design
This was a prospectively planned cardiac imaging substudy of
a larger study, powered for vascular structure and function
end points.17 All patients receiving dialysis for CKD or those
with an estimated glomerular filtration rate of 30 ml/min or
less, calculated by the Cockcroft–Gault formula,18 were
eligible for inclusion into the study. Exclusion criteria were
life expectancy of less than six months or unwillingness to
participate. Patients who declined the test or those with a
recent (within three months) cardiac event or pacemaker
were excluded from the DSE component. The study was a
randomised, single-centre study with 200 patients enrolled
between April 2000 and August 2001, of whom 152 underwent

Abbreviations: CKD, chronic kidney disease; DSE, dobutamine stress
echocardiography; HDL, high density lipoprotein; LDL, low density
lipoprotein; OR, odds ratio
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two-dimensional resting echocardiography and a baseline DSE.
On the basis of a standard deviation of 0.2 of change in wall
motion score index, a sample size of 75 in each group would
allow a 10% change (for example, development of akinesis in
one segment or hypokinesis in two) to be detected with a power
of 80% at a probability of 0.05.

Randomisation was achieved by random numbers gener-
ated by SPSS for Windows V.11.0 (SPSS Inc, Chicago, Illinois,
USA). The investigator was blinded by the use of double-
sealed opaque envelopes. Of the 152 patients, 72 were
assigned to receive usual care (standard group) according
to national guidelines and 80 were allocated to a strategy of
aggressive risk factor modification (aggressively treated
group) with a physician-directed, nurse-run programme in
addition to usual care.17

Briefly, the intervention was the use of atorvastatin 20–
80 mg/day to attain a low density lipoprotein (LDL)
cholesterol target , 2.0 mmol/l; folic acid 30 mg/day, alter-
nate monthly hydroxycobalamin and pyridoxine 25 mg/day
to attain a homocysteine , 15 mmol/l; protocol-driven
erythropoietin replacement and iron supplementation to
attain a haemoglobin target of 110–125 g/l; stepwise intro-
duction of hypertension agents with angiotensin-converting
enzyme inhibitors or receptor blockers as the preferred
treatment to attain a target blood pressure , 140/
90 mm Hg; smoking cessation; and use of aspirin in all
patients apart from those in whom it was contraindicated.
Patients received calcium carbonate as the preferred treat-
ment, and aluminium hydroxide was added if phosphate
control was poor; a subset of patients in the aggressively
treated group (n = 23) who had hypercalcaemia or poor
phosphate control despite maximal conventional treatment
received Sevelamer (Genzyme Corp, Cambridge,
Massachusetts, USA). All patients were seen at about two-
monthly intervals and those in the aggressively treated group
were reviewed every month in the nurse-led clinic. All
patients gave written, informed consent, and the study was
approved by the Human Ethics Committee of the University
of Queensland and Princess Alexandra Hospital. Fasting
serum was collected for biochemical analysis at baseline and
at 24 months. DSE was performed at baseline and at 24
months and wall motion scores were recorded. Patients who
underwent renal transplantation during the course of the
study were excluded from follow-up DSE.

Clinical assessment
Baseline demographic data, including a thorough assessment
of risk factor status and history of cardiovascular disease, was
recorded, cardiovascular drugs were documented, and a 12-
lead ECG was reviewed. Blood pressure, averaged from three
seated measurements taken after a 5 min rest, was measured
before dialysis on a short (two-day) break in all patients
undergoing haemodialysis. An abnormal ECG was defined as
showing ST change, a bundle branch block pattern or a
prolonged corrected QT interval. Diabetes was defined by a
history of this diagnosis or by use of oral hypoglycaemic
agents or insulin. Previous cardiac event was defined as a
history of documented myocardial infarction, coronary artery
bypass surgery, percutaneous coronary intervention or
hospital admission with acute coronary syndrome (ischaemic
chest pain with or without ECG changes suggestive of
ischaemia with no rise in cardiac enzymes).

Biochemical analysis
Blood for biochemical analyses was obtained from fasting
venous samples and taken at baseline and 24 months. Serum
total cholesterol, triglycerides, albumin, phosphate, calcium,
creatinine and haemoglobin concentration were measured by
standard laboratory techniques. High density lipoprotein

(HDL) cholesterol was measured as a homogeneous assay
in liquid phase on a Hitachi 747 autoanalyser (Boehringer
Mannheim, Mannheim, Germany) and the Friedewald
equation was used to calculate LDL cholesterol concentra-
tions. For homocysteine analysis, the specimen was centri-
fuged within 1 h of collection and measured with high
performance liquid chromatography. C reactive protein was
assayed with a Beckman Coulter IMMAGE C reactive protein
test.

Resting two-dimensional echocardiography
Left ventricular mass was calculated by the area–length
method and ejection fraction by Simpson’s biplane method.
Left ventricular mass was indexed to height in metres,2 7

which is more accurate than body surface area.19

Dobutamine stress echocardiography
DSE was performed by a standard dobutamine–atropine
protocol20 at baseline and follow up. The patient was prepared
in the usual way for stress testing, and an intravenous
cannula was inserted into a proximal arm vein. Resting
echocardiographic images were obtained in the parasternal
long and short axis and apical two- and four-chamber views.
The images were acquired in digital format online, as well as
being stored on videotape. Each patient was under contin-
uous clinical, ECG and echocardiographic monitoring, and
dobutamine was infused at doses of 5, 10, 20, 30 and 40 mg/
kg/min. The test was stopped in the presence of severe side
effects, severe chest pain or ischaemia, or the completion of
the protocol. If the target heart rate (85% of age-predicted
maximum) was not achieved at maximum dose in the
absence of these end points, atropine (0.25 mg/min) was
given to a total of 1 mg at the discretion of the physician
performing the test. After the test, a physician blinded to the
clinical data interpreted the ECG and echocardiographic
responses. Ischaemia was identified on the ECG in the
presence of 0.1 mV of ST segment depression at 0.08 ms after
the J point. Those patients whose resting ECGs showed
extensive repolarisation abnormalities, including those due to
left ventricular hypertrophy and left bundle branch block,
were excluded from ECG analysis. A DSE was reported as
normal if the patient was stressed maximally (to . 85%
predicted heart rate) and no wall motion abnormalities were
observed at rest or with stress. Negative tests at a
submaximal heart rate and with rate–pressure product
, 21 000 were identified as non-diagnostic.

Detection of ischaemia
Digital images were stored on magneto-optical disk and
analysed offline in a digitised quad-screen display by at least
two trained observers using the 16-segment model of the
American Society of Echocardiography.21 Regional myocardial
performance was scored on the basis of wall thickening as
normal, mildly hypokinetic, severely hypokinetic, and aki-
netic or dyskinetic. Scar was defined as a wall motion
abnormality at rest that did not change with stress, and
ischaemia was identified by new or worsening wall motion
abnormalities with stress. Baseline DSEs that were non-
diagnostic and those showing scar or ischaemia were
considered abnormal. A new or worsening stress wall motion
abnormality between baseline and follow-up DSE was
classed as new ischaemia.

Ten randomly selected DSE studies were reanalysed by one
of the observers blinded to the results of the first analysis. For
rest and stress images, a wall motion score index was derived
as the sum of the scores divided by the number of visualised
segments. The coefficient of variance was calculated.
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Follow up
Follow up was obtained by clinic review or, for patients living
remotely, by telephone contact. Cardiac events were (1) non-
fatal myocardial infarction defined as raised cardiac enzymes
(troponin I) and one of the following: ischaemic chest pain,
development of pathological Q waves on the ECG or ECG
changes suggestive of cardiac ischaemia; (2) acute coronary
syndrome defined as no rise in cardiac enzymes with
ischaemic chest pain with or without ECG changes suggestive
of ischaemia; and (3) cardiac death defined as fatal
myocardial infarction or cardiac arrest. Total mortality
included death from any cause.

Data analysis
All data are expressed as mean (SD) or frequency (%), unless
otherwise stated. Groups were compared by the two-tailed
independent t test or paired t test for continuous variables
and the x2 test, Wilcoxon signed rank test or McNemar’s test,
as appropriate. Event rates were compared by a Cox
proportional hazards model. Two different regression ana-
lyses were performed: binary logistic regression was used to
determine the predictors of new ischaemia and a Cox
regression analysis was used for predictors of events. Data
were examined by an intention to treat analysis. Data were
statistically analysed with SPSS for Windows V.11.0.

RESULTS
Patient characteristics
At baseline, 152 patients underwent DSE. Table 1 shows the
clinical characteristics of the study population. Fifty-three
patients were not yet undergoing dialysis (mean glomerular
filtration rate 19.4 (7.4) ml/min) and 99 were dialysis
dependent (58% haemodialysis, 42% peritoneal dialysis).
Patient characteristics did not differ significantly between the
standard and aggressively treated groups (table 2).

Changes in risk factors
Changes in modifiable risk factors were analysed on the basis
of intention to treat (table 3).

A small percentage of patients smoked before study entry.
In the standard group this decreased from 10% to 3% and in
the aggressively treated group from 5% to 0%.

Use of aspirin increased 26% in the aggressively treated
group and 5% in the standard group.

Total cholesterol and LDL cholesterol decreased signifi-
cantly and HDL cholesterol increased in both the standard
and aggressively treated groups. The mean change from
baseline to follow up differed between the groups for total
cholesterol (p = 0.05) and LDL cholesterol (p = 0.02), but
not HDL cholesterol (p = 0.88). The difference in mean
change in triglycerides was not significant between groups.

In the aggressively treated group systolic (p = 0.01) and
diastolic blood pressures (p = 0.001) decreased from base-
line to follow up. Between groups the mean change was non-
significantly greater in the aggressive than in the standard
group.

Homocysteine concentrations improved more in the
aggressively treated group than in the standard group
(p , 0.001). Between groups the mean change was greater
in the aggressively treated group (p = 0.004). Serum
phosphate did not improve significantly in either group, but
the mean change from baseline to follow up was significantly
greater for the aggressively treated patients. Median C
reactive protein increased in both groups but the mean
change was not different between groups. Haemoglobin and
albumin were not significantly different between the two
groups.

Dobutamine response
All DSE tests were interpretable and table 4 shows the
results. In 152 baseline studies, 16 patients developed side
effects to dobutamine. Eight patients stopped the test early
due to chest pain, hypotension or arrhythmia. No patients
had major or life threatening side effects. In those patients
with ischaemia, five (21%) had angina with ST changes
provoked by dobutamine. Independent baseline predictors of
an abnormal baseline DSE were a previous cardiac event
(b = 4.8, 95% confidence interval (CI) 2.1 to 10.9,
p , 0.001), treatment with a b blocker (b = 3.3, 95% CI

Table 1 Clinical characteristics of patients at entry into
study

Age (years) 54.2 (15.0)
Men 43%
Body mass index (kg/m2) 26.9 (5.0)
Peripheral vascular disease 19%
Abnormal ECG 26%
Risk factors

Family history of premature CVD 30%
Current smoking 7%
Hypertension 91%
Hyperlipidaemia 56%
Diabetes 26%
Previous cardiac event 32%
hs-CRP (mg/l) 6.0 (1.6–9.0)

Lipid profile
Total cholesterol (mmol/l) 4.91 (1.4)
HDL cholesterol (mmol/l) 1.10 (0.36)
LDL cholesterol (mmol/l) 2.81 (0.90)
Triglyceride (mmol/l) 2.20 (2.20)

Blood pressure (mm Hg)
Systolic 144 (21)
Diastolic 84 (13)

Renal factors
Renal replacement therapy 65%
Duration of dialysis (years) 1.6 (2.5)
Glomerular filtration rate (ml/min) 19.4 (7.4)
Haemoglobin (g/l) 109.5 (16.2)
Homocysteine (mmol/l) 25.9 (13.2)
Phosphate (mmol/l) 1.8 (0.5)
Albumin (g/l) 37.9 (4.6)

Drugs
b blocker 31%
ACE inhibitor 43%
Calcium channel blocker 42%
Statin 70%
Platelet inhibitors 42%

Resting echocardiographic measurements
Ejection fraction (%) 57 (11)
LVMI2.7 (g/m2.7) 54 (17)

Continuous variables are expressed as mean (SD) or median
(interquartile range) and categorical variables as percentages.
CVD, cardiovascular disease; HDL, high density lipoprotein; hs-CRP, high
sensitive C reactive protein; LDL, low density lipoprotein; LVMI, left
ventricular mass index.

Table 2 Risk factor characteristics of standard and
aggressively treated groups

Parameter
Aggressive
treatment

Standard
treatment p Value

Number 80 72
Mean age (years) 53 (15) 56 (15) 0.9
Men 31 (39%) 34 (47%) 0.3
Dialysis dependent 55 (69%) 44 (61%) 0.3
Current smoking 4 (5%) 7 (10%) 0.3
Hypertension 74 (93%) 65 (90%) 0.6
Hyperlipidaemia 47 (59%) 38 (53%) 0.5
Diabetes 21 (26%) 19 (26%) 0.9
Previous cardiac event 26 (33%) 22 (31%) 0.8

Continuous variables are expressed as mean (SD) and categorical
variables as percentages.
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1.4 to 7.7, p = 0.05) and a lower resting ejection fraction
(b = 0.96, 95% CI 0.92 to 1.0, p = 0.03).

During the follow-up period of a mean of 1.8 years, 22
patients died, 12 underwent transplantation and 21 with-
drew their consent, transferred to another unit or were not
able to have a DSE due to a recent cardiac event. Ten patients
who died had a DSE at 12 months, which was used in the
final analysis. Thus, 107 patients had a follow-up DSE. One
patient developed ventricular tachycardia secondary to
inferior myocardial infarction during the test, but there were
no other serious side effects. In those patients with ischaemia
at follow-up (n = 23), four (17%) had angina and 11 (48%)
had ST changes provoked by dobutamine. At baseline 62% of
studies were normal and this proportion decreased to 53%
(p = 0.002) at follow up. The percentage with scar increased
from 9% to 18% (p = 0.04) and with ischaemia from 16% to

22% (p = 0.05). Scar and ischaemia combined changed
significantly from baseline to follow up (25% to 40%,
p , 0.001). Figure 1 shows the changes in paired DSE
findings from baseline to follow up.

For resting studies the coefficient of variation for wall
motion score index was 8% (95% CI 5.9 to 16.4) and for stress
studies, 3% (95% CI 2.0 to 5.4).

New ischaemia
In comparing baseline with follow-up studies in all 152
patients by using intention to treat analysis, new ischaemia
was identified in 33 (22%). Between standard and aggres-
sively treated groups, the numbers of patients with new
ischaemia were similar (15 v 18, p = 0.8).

Univariate predictors of new ischaemia (with p ( 0.1)
were older age (p , 0.001), abnormal ECG (p = 0.002),
diabetes mellitus (p = 0.02), longer duration of diabetes
mellitus in years (p = 0.07), lower HDL cholesterol
(p = 0.08) and higher systolic blood pressure (p = 0.1).
From this a multivariate model was produced and the
independent predictors of new ischaemia were older age
(odds ratio (OR) 1.06, 95% CI 1.02 to 1.10, p = 0.002),
abnormal ECG (OR 2.77, 95% CI 1.12 to 6.91, p = 0.03),
higher systolic blood pressure (OR 1.02, 95% CI 1.0 to 1.04,
p = 0.05) and lower HDL cholesterol (OR 0.21, 95% CI 0.05
to 0.81, p = 0.02), but not treatment arm.

Cardiac events and mortality
There were 17 cardiac events (four ST segment elevation
myocardial infarctions, nine acute coronary syndromes and
four cardiac deaths) and 22 deaths from all causes. The
cardiac event rate (10% v 13%, p = 0.6) and all-cause
mortality (10% v 19%, p = 0.2) were similar between the
standard and aggressively treated groups. Figure 2 shows the
Kaplan–Meier survival curve.

Fifty seven (37%) patients had an abnormal (non-
diagnostic, scar or ischaemia) baseline DSE: 27 in the
standard group and 30 in the aggressively treated group.
Among those patients with abnormal baseline DSE, there

Table 3 Comparison of changes in risk factors in standard and aggressively treated groups

Variable Treatment group Baseline Follow up p Value* Change p Value�

Total cholesterol (mmol/l) Standard 4.85 (1.14) 4.43 (1.1) 0.002 0.42 (0.13) 0.05
Aggressive 4.96 (1.6) 4.1 (1.18) ,0.001 0.85 (0.17)

Triglyceride (mmol/l) Standard 2.16 (2.58) 1.95 (1.54) 0.30 0.21 (0.2) 0.99
Aggressive 2.22 (1.86) 2.01 (1.4) 0.23 0.2 (1.7)

HDL cholesterol (mmol/l) Standard 1.11 (0.35) 1.23 (0.35) 0.002 20.11 (0.03) 0.88
Aggressive 1.09 (0.36) 1.2 (0.36) ,0.001 20.11 (0.03)

LDL cholesterol (mmol/l) Standard 2.79 (0.78) 2.34 (0.78) ,0.001 0.44 (0.1) 0.02
Aggressive 2.82 (1.05) 1.98 (0.88) ,0.001 0.82 (0.12)

Homocysteine (mmol/l) Standard 25.8 (14.4) 24.7 (11.0) 0.55 0.3 (1.9) 0.004
Aggressive 25.9 (12.4) 19.0 (6.8) ,0.001 7.0 (1.3)

CRP (mg/l) Standard 5.6 (1.4–8.0) 7.8 (3.1–15.0) 0.01 13.5 (7.6) 0.18
Aggressive 6.0 (1.8–9.9) 6.5 (3.0–12.0) 0.001 3.2 (2.0)

Systolic BP (mm Hg) Standard 142 (22) 143 (21) 0.89 0 (3) 0.1
Aggressive 146 (21) 140 (21) 0.01 6 (2)

Diastolic BP (mm Hg) Standard 81 (14) 80 (12) 0.45 1 (2) 0.07
Aggressive 86 (12) 81 (12) 0.001 5 (1)

Haemoglobin (g/l) Standard 109.2 (15.4) 111.5 (16.1) 0.38 22.3 (2.6) 0.65
Aggressive 109.7 (17.1) 110.5 (14.4) 0.71 20.8 (2.1)

Phosphate (mmol/l) Standard 1.7 (0.4) 1.8 (0.6) 0.17 20.1 (0.1) 0.05
Aggressive 1.8 (0.5) 1.7 (0.5) 0.15 0.1 (0.1)

Albumin (g/l) Standard 38.2 (3.9) 37.2 (5.2) 0.1 1.0 (0.6) 0.07
Aggressive 37.5 (5.1) 38.1 (4.8) 0.35 20.5 (0.6)

Aspirin use Standard 23 (32%) 17 (37%) 0.3 5% ,0.001
Aggressive 40 (50%) 40 (76%) ,0.001 26%

Smoking Standard 7 (10%) 2 (3%) 0.2 70% 0.02
Aggressive 4 (5%) 0 NS 100%

Data expressed as mean (SD), median (interquartile range) or percentage.
*Baseline v follow up; �standard v aggressively treated groups.
BP, blood pressure; CRP, C reactive protein; HDL, high density lipoprotein; LDL, low density lipoprotein.

Table 4 Results of dobutamine stress echocardiography
(DSE) at baseline and follow up

Variable Baseline DSE Follow-up DSE

Number of patients 152 107
Resting systolic BP (mm Hg) 143 (27) 135 (25)
Resting diastolic BP (mm Hg) 81 (16) 73 (14)
Peak systolic BP (mm Hg) 161 (38) 148 (39)
Peak diastolic BP (mm Hg) 75 (20) 69 (18)
Resting heart rate (beats/min) 78 (14) 77 (13)
Peak heart rate (beats/min) 134 (21) 134 (20)
Submaximal heart rate (,85%

age-predicted maximum heart rate)
57 (38%) 29 (27%)

Use of atropine 60 (40%) 29 (27%)
Chest pain 10 (7%) 8 (8%)
ST segment change 14 (9%) 20 (19%)
Findings

Normal 95 (62%) 57 (53%)
Non-diagnostic 20 (13%) 8 (7%)
Scar 13 (9%) 19 (18%)
Ischaemia 24 (16%) 23 (22%)

Continuous variables expressed as mean (SD) and categorical variables
as percentages.
BP, blood pressure.
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were six cardiac events in both groups giving a similar event
rate (22% v 20%, p = 0.9). Six patients in the standard group
and seven in the aggressively treated group died, with similar
event rates (22% v 23%, p = 0.7).

In the Cox regression model (x2 = 22.9, p , 0.001),
univariate predictors (with p ( 0.1) of mortality were renal
replacement therapy (p = 0.09), a longer duration of renal
replacement therapy (p = 0.08), higher serum phosphate
(p , 0.001), and higher left ventricular mass index
(p = 0.05). The only independent predictor of mortality

was higher baseline serum phosphate (OR 6.2, 95% CI 2.9 to
13.7, p , 0.001).

DISCUSSION
This study has shown the value of sequential DSE in the
detection of new ischaemia in a group of high-risk patients
and supports the evidence that in patients with CKD the
‘‘warranty’’ of a normal DSE is limited. In this study risk
factor modifications differed significantly between the two
groups but this did not translate into differences in event rate
in patients with an abnormal baseline DSE or the develop-
ment of new ischaemia.

Clinical predictors in CKD
For the clinical aspects of this study, we identified serum
phosphate as the only predictor of total mortality, which has
been shown to be strongly associated with increased risk of
death in patients with CKD.13 Higher systolic blood pressure
was a predictor of new ischaemia, which is in contrast to
studies showing that a low blood pressure is associated with
mortality.22 The likely explanation for this is that a higher
systolic blood pressure may be related directly to progressive
atherosclerosis, whereas a lower blood pressure may be
associated with heart failure.

Significance of DSE in CKD
Some studies have documented the diagnostic value of DSE
in patients with CKD.6–8 23 24 The accuracy of DSE in CKD was
first reported by Reis et al,8 who found a sensitivity of 95%
and specificity of 86% in detection of significant coronary
disease. Herzog et al6 found DSE to be less accurate, with a
sensitivity of 75% and specificity of 76% in identification of
angiographic coronary stenosis of 75% or greater, and West et
al24 reported a negative predictive value of 92%. Other
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screening tests such as thallium scanning are less useful,25

probably reflecting false positives studies from ventricular
hypertrophy.

DSE is already known to be a reliable predictor of outcome
in patients with known or suspected coronary disease,26 as
well as in the assessment of perioperative risk.27 Data on the
use of DSE for risk stratification in patients with CKD are
limited. In the current study, the annualised cardiac event
rate for those who had a normal DSE was 2.5%. This is
somewhat higher than published data on patients without
CKD but analogous to previous studies investigating the
prognostic value of DSE, which have reported a negative
predictive value of 95% over 20 months.23 In the current
study, 10 patients (59%) who had cardiac events had a non-
diagnostic study or ischaemia, similar to previous work
showing that 73% of those who had events had either a non-
diagnostic study or ischaemia on baseline DSE.7 However, a
normal DSE may miss late events,7 which may reflect
progressive disease, seen in this study as a new ischaemia
rate of about 22%, despite almost half of these patients
having a normal DSE at baseline. Indeed, the largest
published prognostic study suggests that the warranty of a
normal scan is limited to two years: the event rate at one and
two years after a normal baseline DSE is reported to be about
4% but by year 3 this more than doubles to about 10%.7 This
may have implications for timing of repeat DSE testing,
particularly for patients who are awaiting transplantation. In
this regard, no prospective randomised studies have com-
pared revascularisation with medical treatment in these
patients, and so an optimal management strategy after
identification of ischaemia by DSE remains to be defined.

Previously, only one nuclear perfusion study related the
extent of change of ischaemia during treatment to predict
outcome,28 and other studies with sequential stress echocar-
diography have focused on the effect of drugs on the
detection of ischaemia.29 Sequential DSE testing was applied
in a study of aggressive lipid lowering, where DSE showed a
reduction in the number of ischaemic segments.30

Nonetheless, the sequential use of any test may present
problems of test–retest variability, perhaps compounded by
discordant DSE interpretation, particularly in patients with
one- or two-vessel coronary disease.31 In our echocardiogra-
phy laboratory, we use standard reading criteria, and use of
the same reviewers reduces heterogeneity.32

Study limitations
This study showed that increased targeting of cardiovascular
risk factors had little impact on reduction of subsequent
events and the reasons for this merit some discussion.
Accelerated atherosclerosis is common in patients with CKD,
arguably more so than in any other patient cohort. Limited
intervention data are available on patients with CKD but, in
contrast to studies showing benefits in those with normal
renal function, current studies have not reduced cardiac
events by risk factor modification.33 34 It is possible that in
stage 4 or 5 CKD, the inflammatory and atherosclerotic
processes have advanced beyond the point at which inter-
vention can be effective, so that even in patients with normal
DSE studies, progression to ischaemia or even infarction is
likely. In our study, about 30% of patients who had a normal
DSE at baseline developed abnormalities at two years, and
this could not be altered by risk factor modification. Other
factors such as inflammation, complement activation, oxida-
tive stress or other risk factors for which the targets were not
achievable, such as serum phosphate, may be more important
than traditional risk factors. Although the study was
adequately powered, another limitation was the relatively
small sample size. A larger study would have to be
multicentric, and care would be needed to reduce variability

in DSE interpretation. Follow up was possible in only 107
patients due to either events or drop out. The use of an
intention to treat analysis diluted the actual number of
patients with new ischaemia. Previous work with 60 patients
relating to standard compared with aggressive lipid lowering
and sequential testing by DSE found a reduction in the
number of ischaemic wall segments.30 We therefore believe
that our study was suitably powered to assess the incidence
of new ischaemia.

Lastly, combining three CKD groups (pre-dialysis, haemo-
dialysis and peritoneal dialysis) into a single group (to
provide a reasonable sample size) may pose a limitation due
to heterogeneity. Subgroup analysis showed no differences in
the rates of new ischaemia between standard and aggres-
sively treated groups in the 53 pre-dialysis (29% v 20%,
p = 0.7) and 99 dialysis (16% v 24%, p = 0.2) patients.
However, these subgroups were underpowered and thus were
not included in the final analysis.

Conclusion
New ischaemia identified by DSE is common in patients with
CKD. This study found no reduction in new ischaemia or
cardiac event rates in patients with DSE abnormalities with a
risk factor intervention strategy. It highlights the need for the
introduction of intervention at an earlier stage in the disease
process, for further studies on emerging treatments targeting
CKD-specific risk factors such as hypercalcaemia, hyperpho-
sphataemia and hyperparathyroidism, and for prospective
randomised data on the impact of ischaemia assessed by DSE
on outcome after revascularisation. The combination of
earlier intervention, targeting CKD-specific risk factors and
revascularisation, may alter the prognosis from cardiovascu-
lar disease in this high-risk population.
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Mahaim tachycardia and intravenous adenosine

A
35-year-old woman presented to the
emergency department with palpita-
tions and breathlessness. ECG record-

ings demonstrated a wide complex
tachycardia with left bundle branch block
(LBBB) morphology. A rhythm strip (lead II)
is shown. Retrograde P waves are visible
after each QRS complex (grey arrow).
Intravenous adenosine was administered as
a rapid 12 mg bolus, resulting in sudden
termination of the tachycardia (arrow 1).
After a few ventricular escape beats, sinus
node activity returns with an LBBB QRS
morphology similar to that during the
tachycardia (arrow 2). Over the next few
seconds the sinus rate increases and the QRS
complexes become gradually narrower until
they look almost normal.

Mahaim fibres are atriofascicular or atrio-
ventricular accessory pathways that conduct
slowly with decremental properties and only
in the antegrade direction from atrium to
ventricle. Their ventricular insertion is
usually into or adjacent to the right bundle
or right ventricular free wall. Mahaim
tachycardias have their antegrade limb
through the accessory pathway (producing
a left bundle branch block morphology) and
retrograde conduction through the atrioven-
tricular node with visible retrograde P waves.
Adenosine terminates the tachycardia as
both the atrioventricular node and Mahaim
fibre are blocked. The sinus node is also
transiently affected. During the first few
sinus beats, there is antegrade conduction
preferentially through the Mahaim fibre,
producing a pronounced ventricular pre-
excitation pattern similar to left bundle

branch block and identical to the morphology during tachycardia. During the subsequent
sinus tachycardia and increase in sympathetic activity that follows, and as the effects of the
adenosine wear off, atrioventricular node conduction improves and pre-excitation becomes less
pronounced before almost disappearing.

T R Betts
tim.betts@orh.nhs.uk

Continuous ECG rhythm strip of lead II. The grey arrow indicates retrograde P waves during
tachycardia; arrow 1 indicates tachycardia termination with adenosine; arrow 2 indicates sinus
rhythm with pronounced ventricular pre-excitation; arrow 3 indicates sinus tachycardia with
minimal pre-excitation.
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