Chapter 12: Factors that May Influence Cardiovascular Disease —
Blood Pressure and Serum Cholesterol

Summary

¢ In England & Wales, the recommended blood pressure Standard was achieved in 42%
(inter-unit range 15-68%) of young haemodialysis patients and 64% (range 23—84%)
of older patients. Of young peritoneal dialysis patients, 52% (range 40—75%) achieved
the Standard, the percentage being 69% (range 45-88%) for older patients. Variations
between renal units in attainment of the Standard were significant.

e In the past 3 years, very few centres have shown any significant improvement in blood
pressure control. A reduction in mean systolic blood pressure of 5 mmHg or more for
haemodialysis patients has been achieved in only four centres.

e In HD patients, the median falls from pre- to post-dialysis systolic and diastolic blood
pressure were 13 mmHg and 5 mmHg respectively.

e For haemodialysis, 73% (inter-unit range 47-86%) of patients achieved a cholesterol
level of 5 mmol/L or less. For peritoneal dialysis patients, the figures were 56%
(range 30-72%). These variations are significant between centres. The data show
significantly higher cholesterol levels in peritoneal dialysis patients.

e There is a U-shaped association between cholesterol level and 1 year mortality. Short-
term survival is optimal for patients with a serum cholesterol of 5-8 mmol/L,
presumably because this reflects good nutrition.

Introduction

The cardiovascular burden of the prevalent dialysis population is vast, 45% of patients dying
from cardiovascular complications.> The excess risk of death from cardiovascular disease
compared with the general population has previously been shown to range from 500-fold in
patients aged 25-35 years to fivefold in patients over 85.° Recent data show that the
corresponding risk for dialysis patients in England & Wales is 157-fold for 25-29-year-olds
and fivefold for 80—84-year-olds (see Chapter19). For individuals aged more than 64 years
starting dialysis, the 5 year prognosis is worse than that for carcinoma of colon, prostate or
breast. In the general population, hypertension and hyperlipidaemia are major risk factors for
atherosclerosis; as such, they are major targets for treatment intervention. Other uraemia-
related factors also contribute to the extensive vascular calcification and myocardial fibrosis
characteristic of the changes seen in dialysis patients. These include anaemia, salt and water
overload, excessive fistula flow rates, abnormalities of calcium and phosphate metabolism,
hyperparathyroidism, hyperhomocysteinaemia, inflammation, increased oxidant stress and
prothrombotic tendency. Longitudinal studies are needed to establish the extent of the risk
associated with each of these factors.
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Blood pressure and dialysis mortality

The relationship between blood pressure and mortality is bimodal in the dialysis population, a
very high or low blood pressure having an adverse effect. Patients with a low blood pressure
(pre-dialysis systolic blood pressure [systolic BP] <110 mmHg) will include high-risk patients
with established heart disease, poor myocardial function and poor outcome. The majority of
patients have poorly controlled blood pressure despite an extensive use of anti-hypertensive
drugs. Long-standing hypertension in chronic renal failure induces a cardiomyopathy
characterised by small vessel disease. The sequence of events can be monitored by
echocardiography.” Left ventricular (LV) hypertrophy initially develops, followed by LV
dilatation and ultimately systolic dysfunction. Low blood pressure subsequently causes
cardiac ischaemia and myocardial fibrosis, which ultimately leads to diastolic dysfunction and
LV conduction abnormalities. Death is usually the result of cardiac failure or arrhythmia
induced by sudden ischaemia or electrolyte changes. The development of LV hypertrophy
per se predicts a premature cardiac death with a median survival of 5 years, the presence of
systolic dysfunction or congestive cardiac failure reducing the median survival to 3 years.
Atherosclerosis affecting the main coronary arteries is a distinct process and affects roughly
14% of dialysis patients. Myocardial infarction is a catastrophic event; 1 year survival is 40%
and 5 year survival just 10%.

Although there have been no controlled trials to date, there is mounting evidence that
hypertension reduces survival on dialysis:

e High systolic BP is associated with the development of LV hypertrophy.°

High diastolic blood pressure (DBP) is associated with the development of de novo
heart failure.”

A high pulse pressure is associated with arterial stiffness and increased mortality.®
Treating isolated systolic hypertension in the elderly improves survival.’

Lowering blood pressure in diabetics improves survival.'®"!

The dry weight control of blood pressure improves survival.'” This approach is not
effective in diabetics or high-risk patients (those with a failure of two other organs or
with malignancy).

The Standards for control of hypertension current in 2001, published in 1997, were:

Age <60: BP <140/90 mmHg (pre-dialysis for haemodialysis patients)
Age >60: BP <160/90 mmHg (pre-dialysis for haemodialysis patients)
(Korotkoff V sound if auscultation is used)
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Distribution of blood pressure on dialysis

Frequency distribution of
diastolic blood pressure, on dialysis
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Figure 12.1: Frequency distribution of diastolic BP, on dialysis

Frequency distribution of
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Figure 12.2: Frequency distribution of systolic BP, on dialysis

systolic BP clearly shows a normal distribution for the dialysis population (Figures 12.1 and
12.2). diastolic BP does not follow this pattern, although it might also be expected to be
normally distributed. Instead, the observed distribution suggests a ‘rounding down’ so that
diastolic pressures in the range 85—-89 mmHg are rounded down to 80-84 mmHg. Centres
should ensure that manual blood pressure readings taken by nursing staff are accurately
recorded. The introduction of electronic devices should curtail this practice and provide more
accurate data.
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Achievement of combined systolic and diastolic Standard
Haemodialysis

Percentage of patients age < 60 with BP <140/90 : haemodialysis
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Figure 12.3: Percentage of patients aged <60 with a blood pressure <140/90 mmHg, HD
Percentage of patients age > 60 with BP <160/90 : haemodialysis
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Figure 12.4: Percentage of patients aged >60 with a blood pressure <160/90 mmHg, HD
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Peritoneal dialysis

Percentage of patients age <60 with BP <140/90 :
peritoneal dialysis
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Figure 12.5: Percentage of patients aged <60 with a blood pressure <140/90 mmHg, PD
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Figure 12.6: Percentage of patients aged >60 with a blood pressure <160/90 mmHg, PD
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Figures 12.3-12.6 show a wide variation between units achieving the combined blood
pressure Standard. For England & Wales, the percentage of young HD patients achieving the
Standard averaged 42% (range 15-68%) and older patients averaged 64% (range 23—84%).
Young PD patients averaged 52% (range 40—75%) and older patients 69% (range 45-88%).
Chi squared testing indicates that these variations are significant within the different age
groups for both dialysis modalities. The results are similar to those of previous years, with
more elderly patients achieving the Standard because the target was more liberal. PD patients
achieve the Standard more frequently, but this is only because their blood pressure readings
are equivalent to those seen post-dialysis (see below).

Systolic pressure alone

Haemodialysis

Median systolic BP age < 60: haemodialysis
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Figure 12.7: Median systolic BP, age <60, HD
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Figure 12.8: Median systolic BP, age >60, HD
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Systolic BP <140 mm Hg aged <60 : haemodialysis
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Figure 12.9: Percentage of patients aged <60 years with systolic BP <140 mmHg, HD
Systolic BP <160 mm Hg aged > 60 : haemodialysis
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Figure 12.10: Percentage of patients aged 260 with systolic BP <160 mmHg, HD

Figures 12.7-12.10 show that, for HD, the percentage of elderly patients achieving the
systolic Standard is higher than is encountered with younger patients. The median systolic
BP was 144 mmHg for younger patients and 152 mmHg for older ones. The variations in
patients achieving the Standard differed significantly between centres.
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Peritoneal dialysis

Median systolic BP age < 60: peritoneal dialysis
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Figure 12.11: Median systolic BP, age <60, PD
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Figure 12.12: Median systolic BP, age >60, PD
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Systolic BP <140 mm Hg aged <60 :
peritoneal dialysis
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Figure 12.13: Percentage of patients aged <60 with systolic BP <140 mmHg, PD
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Figure 12.14: Percentage of patients aged > 60 with systolic BP <160 mmHg, PD

Figures 12.11-12.14 show that, for PD, the percentage of elderly patients achieving the
systolic Standard is higher than is seen younger patients, and again the variation between
centres is significantly different. Lower systolic pressures were achieved in PD patients than
HD patients, the difference being 7 mmHg for younger patients and 10 mmHg for older ones.
These differences confirm that blood pressure readings in PD are equivalent to post-dialysis
blood pressure.
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Diastolic pressure alone

Haemodialysis

Median diastolic BP mmHg
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Figure 12.15: Median diastolic BP, all ages, HD
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Figure 12.16: Percentage of patients with diastolic BP <90 mmHg, all ages, HD
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Peritoneal dialysis

Median diastolic BP; all ages: peritoneal dialysis
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Figure 12.17: Median diastolic BP, all ages, PD
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Figure 12.18: Percentage of patients with diastolic BP <90 mmHg, all ages, PD

From Figures 12.15-12.18, it can be seen that the median diastolic BP was 78 mmHg for HD
patients and 79 mmHg for PD patients. The percentage of patients achieving the Standard
varies significantly between centres but not across dialysis modality.

The median diastolic BP of younger patients on HD was 81 mmHg, compared with 75 mmHg
in patients aged over 65 years. Thus, fewer younger patients achieve the Renal Association
Standard. The median diastolic BP of patients on PD was also 81 mmHg in the younger
patients, whereas those aged over 65 years on PD had a diastolic BP of 80 mmHg. This
indicates that the older patients HD had more co-morbidity than those on PD. The greater use
of PD in the UK (selecting patients with less comorbidity) compared with all other countries
may account for the apparently lower UK survival rates on HD.
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Median systolic BP mmHg
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Figure 12.19: Median systolic BP, by centre, HD
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Mean diastolic blood pressure by centre 1999 -2001 - haemodialysis
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Figure 12.20: Median diastolic BP, by centre, HD
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Median systolic blood pressure - peritoneal dialysis by centre
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Median diastolic blood pressure - peritoneal dialysis by centre
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Figure 12.22: Median diastolic BP, by centre, PD
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Figures 12.19—12.21 show that, in the past 3 years, only a few centres in England & Wales
have shown a significant improvement in blood pressure control. A reduction in mean
systolic BP by 5 mmHg or more for HD patients has been achieved in only four centres.
Mean systolic BP and diastolic BP have remained constant for PD patients over this period.
A few centres show a huge variation for mean systolic BP and diastolic BP. Although part of
this variance is artefactual, relating to a small number of patients, some may result from
changes in practice and requires further investigation.

Individual patient variability of blood pressure in 2001
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Figure 12.23: systolic BP, comparing the start and end of 2001
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Figure 12.24: diastolic BP, comparison by quarter
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Mean arterial blood pressure (mm/Hg)
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Figure 12.25: Mean arterial blood pressure (MAP)
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Figure 12.26: Arterial pulse pressure, start and end of 2001
Figures 12.22—-12.26 show a large degree of individual patient variability in blood pressure.
Readings taken from the start of 2001 were compared with readings from the end of 2001 for

each individual patient. The mean difference in blood pressure was zero for both systolic BP
and diastolic BP, demonstrating no change in blood pressure control over the year.
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Analysis of difference between pre- and post-dialysis blood pressure

Pre dialysis and post dialysis
systolic blood pressure (mm/Hg)
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Figure 12.27: systolic BP pre- and post-dialysis
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Figure 12.28: diastolic BP pre- and post-dialysis
Figures 12.27 and 12.28 demonstrate the difference between pre- and post-dialysis blood
pressure for each HD patient. Only eight centres returned sufficient data to be included in this

analysis. The median drop in post-dialysis systolic BP and diastolic BP was 13 mmHg and 5
mmHg respectively.
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Blood pressure on dialysis and patient age

Systolic blood pressure (mm/Hg)
on dialysis with patient age
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Figure 12.29: systolic BP on dialysis, by age
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Figure 12.30: Mean arterial blood pressure on dialysis, by patient age
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Arterial pulse pressure (mm/Hg)
on dialysis with patient age
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Figure 12.31: Arterial pressure on dialysis, by age

Figures 12.29-12.31 demonstrate how blood pressure varies with age on dialysis. Median
systolic BP remains at 140 mmHg throughout the 18—54-year age group but rises in those
patients aged over 55 to a mean of 147 mmHg. diastolic BP shows a linear decline with age
from 83 mmHg in the under-35s to 74 mmHg in patients aged over 75 years, but mean arterial
pressure does not change significantly.

There is a progressive, significant rise in arterial pulse pressure and its variability within the
population with age. Current Standards set the arterial pulse pressure at 50 mmHg for young
patients and 70 mmHg for patients 60 years or more old. The proportion of patients
exceeding the Standard, and therefore the non-compliance of blood vessels, increases with
age.

New Renal Association blood pressure guidelines
The third edition of The Renal Association Standards document has included new
recommendations for blood pressure targets, which are the same in all adult age groups:

Pre-dialysis: blood pressure <140/90 mmHg
Post-dialysis: blood pressure <130/80 mmHg

Post-dialysis BP should be taken after completion of dialysis, including wash back.
Peritoneal dialysis: BP <130/80 mmHg

The British Hypertension Society advises how blood pressure readings should be taken.
Patients should sit for 5 minutes, with the non-fistula arm supported at heart level, 30 minutes
after abstention from caffeine or nicotine. Two measurements are recommended and a third if
these vary significantly from each other. These conditions are probably unrealistic for most
renal units. Mercury sphygmomanometers have raised environmental concerns that have led
to the imposition of bans in some European countries. Although no ban has yet been imposed
on the use of medical devices containing mercury in the UK, it is possible that this may
change in the future. The introduction of the Control of Substances Hazardous to Health
Regulations has resulted in a decline in the use of these medical devices. It is therefore
recommended that consideration be given to the selection of mercury-free products when the
opportunity arises.
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For the first time, post-dialysis blood pressure has been included in the Standards. Several
ambulatory blood pressure studies have shown that this correlates more closely with mean
inter-dialytic ambulatory blood pressure as the blood pressure rises rapidly a few hours before
dialysis."” ' The best reading is one taken 20 minutes post-dialysis, when adaptations to the
reduction in extracellular volume are complete.'* It has, however, to be acceptable to record
blood pressure immediately following dialysis as it is recognised that few patients will wait
20 minutes to have their blood pressure checked. The Standards document does not qualify
why blood pressure for PD patients should be equivalent to post-dialysis BP. The data from
this year’s report show that these readings are comparable. For HD patients, the median drop
in systolic BP and diastolic BP following dialysis was 13 mmHg and 5 mmHg respectively.
This suggests that the new Standards for diastolic pressure may be difficult to achieve.

The uniformity of blood pressure targets across age groups is an acknowledgement that blood
pressure control benefits patients up to 80 years of age. Interestingly, a lower blood pressure
target has not been set for diabetics, and international guidelines differ in their recommended
targets for blood pressure in diabetics with nephropathy.''® Existing evidence shows a
reduced incidence of cardiovascular complications when systolic BP lies in the range 120—
140 mmHg and diastolic BP in the range 75-85 mmHg. Diabetics with proteinuria exceeding
1 g/day are at greatest risk, and guidelines recommend a target blood pressure of less than
125/75 mmHg for this group. Should survival rates for the diabetic dialysis patients not
improve significantly with the new blood pressure Standards, a lower target blood pressure
should be considered.

Future directions

The new blood pressure Standards will not be achieved unless there is as major change in
practice among renal units in England & Wales. Antihypertensive medications alone do not
adequately control blood pressure in dialysis patients. Indeed, there is a strong argument that
antihypertensive medication must be discontinued so that dry weight may be achieved using
ultrafiltration.'”” Poor salt and water balance is undoubtedly a major contributor to poor blood
pressure control in the dialysis population, yet most nephrologists are reluctant to
acknowledge this. Techniques that normalise blood pressure include long slow dialysis, short
daily dialysis, nocturnal HD and dietary salt and fluid restriction in combination with a low
dialysate sodium concentration. Dry weight control of blood pressure not only yields short-
term benefits such as increased LV ejection fraction,' but also significantly improves long-
term survival.'”> In the past, data from Tassin showing improved survival associated with
long, slow HD was dismissed on grounds of patient selection. More recent analysis has,
however, clearly shown a survival advantage over comparable patients in the UK.
Significantly, the dry weight control of blood pressure does not improve survival for diabetics
or patients with severe cardiovascular disease. Adequate fluid and sodium removal to
normalise blood pressure have also been shown to improve the survival of PD patients. "

There is no conclusive evidence that blood pressure control cannot be achieved with
‘conventional’ HD. Indeed, some of the centres that have improved results for blood pressure
control in this year’s analysis have done so by adopting a more aggressive fluid balance
policy to achieve dry weight. This has inevitably involved closer medical supervision, and it
is likely this is the main reason why nephrologists have been reluctant or unable to tackle the
fluid overload issue in their patients, and thus centres continue to fail to achieve blood
pressure Standards. Appropriate dietary advice regarding modest sodium restriction will also
be needed if patients are to comply with fluid intake restrictions.*’
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Serum cholesterol

Hyperlipidaemia is common in the dialysis population, the typical pattern being raised
triglycerides, low high-density lipoprotein (HDL) cholesterol and variable changes in low-
density lipoprotein (LDL) and total cholesterol dependent on nutritional state and dialysis
modality. An inverse or U-shaped association has been reported between cholesterol and
mortality for the dialysis population in the USA*"** and is confirmed in this report (see
below). Whereas low cholesterol is a marker of chronic disease, chronic inflammation and
malnutrition, hypercholesterolaemia has a similar role in the genesis of atherosclerosis as in
the general population. It is therefore a major target for treatment intervention. The current
Renal Standards document does not contain any recommendations on the control of serum
cholesterol.

Haemodialysis

Median cholesterol: on haemodialysis
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Figure 12.32: Median cholesterol against quartile ranges, HD
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Figure 12.33: Cholesterol <5 mmol/L in HD patients
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Median serum cholesterol HD by centre
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Figure 12.34: Median serum cholesterol on HD, by centre
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Peritoneal dialysis

Figures 12.31-12.33 show cholesterol data for HD patients. The median cholesterol level is
4.4 mmol/L, and the percentage of patients achieving a cholesterol level of 5 mmol/L or less
averages 73% (range 47-86%). Chi squared testing indicates that these variations are
significant between centres (p<.001). Figure 12.37, showing the 3 year serial mean
cholesterol level by centre, indicates that centres with the highest cholesterol levels have
achieved the most marked improvements initially.

Median cholesterol on peritoneal dialysis
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Figure 12.35: Median cholesterol in PD
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Figure 12.36: Percentage cholesterol <5 mmol/L in PD patients
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Median serum cholesterol PD by centre
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Figure 12.37: Median serum cholesterol, 1999-2001, PD
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Figures 12.34—12.36 show cholesterol data for PD patients, the median cholesterol level being
4.9 mmol/L. The percentage of patients achieving a cholesterol level of 5 mmol/L or less
averages 56% (range 30-72%). Chi squared testing indicates that these variations are
significant between centres. The data show significantly higher cholesterol levels in PD
patients and significantly fewer achieving a cholesterol level below 5 mmol/L, compared with
HD patients. Serial mean cholesterol levels by PD centre again indicate that centres with the
highest cholesterol levels have achieved the most marked improvements initially.

Serum cholesterol and survival on dialysis
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Figure 12.38: Serum cholesterol on dialysis

Figure 12.38 shows a U-shaped association between cholesterol level and mortality for the
dialysis population in England & Wales over the 1 year period 1999-2000. Short-term
survival is optimal for patients with a serum cholesterol level of 5-8 mmol/L, presumably
because this reflects good nutrition. Long-term survival data are not currently available. The
new Standards will require centres to collect information in such a way that it will be possible
in future to audit serum cholesterol against risk for cardiovascular death.

New Renal Association cholesterol guidelines

The third edition of The Renal Association Standards document has included new
recommendations for cholesterol targets.

Primary prevention

Start an HMG-CoA reductase inhibitor if the 10 year risk of coronary disease is over 30%
(this is calculated according to the Joint British Societies Chart of the Coronary Risk
Calculator).
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Aim to achieve a total cholesterol of less than 5 mmol/L or a fasting LDL cholesterol of
below 3 mmol/L.

To calculate cardiovascular risk, renal units will need to record on their databases smoking,
family history of premature vascular disease (males <55 years and women <65 years), blood
pressure, total and HDL cholesterol levels, diabetes, age and sex.

Secondary prevention

Start an HMG-CoA reductase inhibitor if there is a history of myocardial infarction, stroke,
peripheral vascular disease, acute coronary syndrome or a revascularisation procedure
(surgical or angiographic).

Aim to achieve a total cholesterol concentration of less than 5 mmol/L, or reduction in its
value by 30%, or a fasting LDL cholesterol of below 3 mmol/L.

To audit this effectively, renal units will need to record on their databases symptoms of
vascular disease and vascular events so that such patients can be identified.

European guidelines suggest that lipids should be measured at the initiation of dialysis, 3
months later and 6 monthly thereafter.> Blood should be drawn immediately before a
regularly scheduled HD treatment or at least 12 hours after, preferably with the patient in a
fasting state.

It is acknowledged that the coronary risk calculator underestimates the risk for patients with
renal dysfunction and diabetics. Few renal units will currently be performing the appropriate
level of screening for hyperlipidaemia and treatment monitoring, as laid down by European
guidelines. Taking a progressive, staged approach to coronary prevention with the new
Standards ensures that those at highest risk are targeted first. Continuing audit is needed to
determine whether the current level of medical care is able to identify, treat and monitor
patients appropriately and establish whether all dialysis patients indeed carry a high risk.

Clinical trial of cholesterol-lowering in chronic renal failure

The UK Heart and Renal Protection pilot study was designed to assess the safety and efficacy
of simvastatin in patients with chronic renal failure. Total cholesterol was reduced by 20%,
LDL cholesterol by 26% and triglycerides by 13%, but there was no significant effect on
HDL cholesterol.”* A large-scale international randomised trial (Study of Heart and Renal
Protection) is planned; this will assess the impact of lowering cholesterol on major vascular
outcomes and on the progression of renal disease among patients with chronic kidney disease.
A combination of simvastatin and ezetimibe, a novel cholesterol absorption inhibitor, will be
used. Interested centres should contact the Clinical Trials Support Unit in Oxford on (01865)
404846.
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