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Abstract
Objective: to determine the factors associated with prescription of angiotensin-converting enzyme (ACE)
inhibitors in elderly heart failure patients discharged from acute geriatric units.
Design: retrospective study of case notes.
Setting: 12 acute geriatric units in the Mersey region.
Subjects: 307 patients (median age 82 years; 204 women) with a discharge diagnosis of heart failure.
Main outcome measures: treatment with ACE inhibitors; use of echocardiography; presence of left ventricular
systolic dysfunction on echocardiography.
Results: 176 (57%) patients were discharged from hospital with an ACE inhibitor prescription; a further 19 (6%)
patients had been unable to tolerate an ACE inhibitor. One hundred and twenty-one patients (39%) had undergone
echocardiography. The proportion of patients in different hospitals who had echocardiography after heart failure
ranged from 7 to 67%. Left ventricular systolic dysfunction was reported in 58 patients(48%); 45 of these (78%)
were discharged with an ACE inhibitor prescription, seven (12%) had had a previous unsuccessful trial of ACE
inhibition and two (3%) had aortic stenosis.
Conclusions: the prescribing of ACE inhibitors is satisfactory in elderly heart failure patients attending acute
geriatric units in this region who undergo echocardiography. However, the low use of echocardiography in some
hospitals is a cause for concern.
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Introduction
Treatment with angiotensin-converting enzyme (ACE)
inhibitors improves symptoms and survival of patients
with chronic heart failure [1]. The incidence and
prevalence of chronic heart failure increase exponen-
tially with increasing age [2]. The results of the large
randomized treatment trials indicate that treatment
with ACE inhibitors benefits elderly patients with heart
failure and asymptomatic left ventricular dysfunction
[3-6]. Indeed, the absolute reductions in mortality and
hospitalizations for heart failure brought about by ACE
inhibitors may be greatest in elderly patients [1].

Studies suggest that ACE inhibitors are under-used in
patients with heart failure in the UK [7, 8]. Also, many
patients taking ACE inhibitors are prescribed a dosage
which is less than that shown to be effective in clinical
trials [7, 9]. Elderly patients are less likely to receive

ACE inhibitors after heart failure than young patients
[7, 10]. One possible explanation is that elderly
patients are more likely to have contraindications to,
or experience adverse effects from, ACE inhibitors. An
alternative explanation is that, while the benefits of
ACE inhibitor therapy are best established in heart
failure patients with systolic dysfunction on echocar-
diography or radionuclide testing [1], a high propor-
tion of elderly heart failure patients have normal
systolic function [11]. However, studies show that
echocardiography is performed in only 30-60% of
inpatients with heart failure in the UK and there is
some evidence that older patients are least likely to
undergo this investigation [7, 8, 12, 13].

The aim of the present study was to assess the use
of ACE inhibitors in elderly heart failure patients
discharged from all acute geriatric units in Mersey
region, with particular reference to the performance of

297

 by guest on Septem
ber 16, 2016

http://ageing.oxfordjournals.org/
D

ow
nloaded from

 

http://ageing.oxfordjournals.org/


S. O'Keeffe et al.

echocardiography and the presence or absence of left
ventricular systolic dysfunction.

Methods
Ten consecutive case notes of patients discharged from
hospital in 1995 with a diagnosis of heart failure in the
discharge summary were assessed for each of the 31
consultants in geriatric medicine working in 12 acute
hospitals in the region. Case notes were retrieved and
assessed by a specially trained pharmacy audit assis-
tant; the consultants had no influence on the selection
of case notes. Patient characteristics, laboratory and
other tests and drug usage were recorded for each
patient using a standardi2ed assessment form.

Echocardiography reports were obtained for all
patients who had undergone this investigation. For
this study, left ventricular systolic dysfunction was
defined by an ejection fraction less than 0.45 or, where
measurement of ejection fraction was not reported, by
the presence of a global impairment of left ventricular
contraction. Valvular disease was recorded if the
echocardiographer or cardiologist described valvular
regurgitation or stenosis as 'significant', 'probably
significant' or 'moderate to severe'.

Continuous data were examined with Student's Wests
(unpaired) and categorical data by x2 tests. Stepwise
logistic regression was used to determine the indepen-
dent predictors of dichotomous outcomes. Age, sex
and cardiac diagnoses were included in all analyses.
Discharge values for plasma creatinine, urea, sodium
and potassium concentrations were also entered into
the models examining ACE inhibitor use in different
patient groups.

Determinants of the dose of ACE inhibitor were
examined by stepwise multiple regression analysis. We
followed the procedure of Clark and Coats and
standardized the dose of each ACE inhibitor to a
proportion of the lowest target dose for that agent
which had been shown to improve mortality. These
were: captopril 25 mg twice daily, lisinopril 10 mg
daily, enalapril 10 mg twice daily and ramipril 5mg
twice daily [13]-

Results

Complete data were obtained for 310 patients. The
median age of these patients was 82 years (range 68-
94) and there were 106 men and 204 women. Despite
the diagnosis in the discharge summary, three patients
were judged not to have heart failure based on
consultant comments in the case notes. Two of these
patients probably had gravitational oedema and one
had dyspnoea secondary to chronic obstructive air-
ways disease. These patients are excluded from
subsequent analyses. Of the remaining 307 patients,
124 were newly diagnosed as having heart failure and

181 had had a diagnosis of heart failure established
before the index admission.

Of the 307 patients, 121 (39%) had undergone
echocardiography either during their index hospital
stay (88) or previously (33); no patient had had
radionuclide scanning or left ventriculography per-
formed, hi a stepwise logistic regression analysis
including all demographic, clinical and laboratory
data, only patient age [odds ratio (OR) 0.94, confidence
interval (CI) 0.90-0.97] was an independent predictor
of performance of echocardiography. However, the
proportion of heart failure patients in different
hospitals who had echocardiography ranged from 7
to 67% while use of echocardiography by different
consultants varied from 5 to 75%. There were no
significant differences in patient demographics, clinical
or laboratory data to account for these findings.

Abnormalities identified on echocardiography are
shown in Table 1. Left ventricular systolic dysfunction
was reported in 58 patients(48%); 57 patients (47%)
had normal systolic function. Only six (5%) of the 121
echocardiograms were reported as totally uninterpre-
table. One hundred and seventy-six (57%) patients
•were discharged from hospital with an ACE inhibitor
prescription (98 on captopril, 53 on enalapril, 20 on
lisinopril, two each on perindopril and fosinopril and
one on ramipril). An ACE inhibitor had been prescribed
for a further 19 (6%) patients but had been discon-
tinued due to an adverse reaction. Ninety-one (49%) of
the 186 patients who did not have echocardiography
and 84 (69%) of the 121 patients who had echocardio-
graphy were prescribed ACE inhibitors on discharge
from hospital (x2 = 12.6, P< 0.0001).

Characteristics of patients with and without systolic
dysfunction on echocardiography are shown in Table 2.
Of the 58 patients with systolic dysfunction, 45 (78%)
were discharged with an ACE inhibitor prescription,
seven (12%) had had a previous unsuccessful trial
of ACE inhibition and two (3%) had aortic stenosis
(a contraindication to use of ACE inhibitors). ACE
inhibitors were prescribed on discharge to 39 (63%)
of the 57 patients with normal systolic function on
echocardiography. Four such patients (7%) had had an
unsuccessful trial of ACE inhibitors and eight (14%) had
aortic stenosis. ACE inhibitors were prescribed on
discharge for 16 (70%) of the 23 patients who had heart
failure associated with an acute myocardial infarction
on the current admission; a further four patients with
myocardial infarction (17%) had been unable to
tolerate ACE inhibitors.

In the study group as a whole, after excluding
patients who had a failed trial of ACE inhibitors and
those with aortic stenosis, performance of echocardio-
graphy (OR 3.6, CI 1.7-7.5), acute myocardial infarc-
tion (OR 2.5, CI 1.2-5.3) and hypertension (OR 2.1, CI
11-39) predicted ACE inhibitor use, while increased
age (OR 0.92, a 0.89-0.96) and increased serum
creatinine concentration (OR 0.93, CI 0.88-0.95) were
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Table I. Abnormalities reported on echocardiography

Finding

Echocardiogram impossible/uninterpretable
Left ventricular systolic dysfunction

Mitral regurgitation
Aortic stenosis
Left ventricular hypertrophy

Normal left ventricular systolic function
Regional wall abnormalities
Left ventricular hypertrophy
Aortic stenosis
Mitral stenosis
Mitral regurgitation
Tricuspid regurgitation
Pulmonary hypertension
Left ventricular thrombus
Hypertrophic cardiomyopathy
No abnormality

No. of patients3

6
58
9
2
2

57
17
7
8
2
2

4
5
1
2

15

"Some patients had more than one of the identified abnormalities

associated with less ACE inhibitor use. In the subgroup
of patients who had echocardiography, left ventricular
systolic dysfunction (OR 37 , CI 1.3-10.6), acute
myocardial infarction (OR 2.8, CI 1.2-6.5) and
hypertension (OR 1.8, CI 1.1-3.0) were independent
predictors of ACE inhibitor usage.

Forty-three percent of patients received the target
dose of ACE inhibitor. In a stepwise linear regression
model, including all patients discharged with an ACE
inhibitor prescription, serum creatinine concentration
on discharge (f= — 4.1, P<0.001) was the only
independent predictor of the discharge dose of ACE
inhibitor. Thus, patients with a high serum creatinine
concentration were less likely to receive the target ACE
inhibitor dose.

Discussion

Assessment of left ventricular function by echocardio-
graphy (or radionuclide scanning, where available) is
recommended for all patients with suspected chronic
heart failure [15]. Echocardiography is particularly
useful in elderly patients because of the difficulty in
interpreting symptoms and signs of heart failure and
because the physical signs of aortic stenosis (a contra-
indication to use of ACE inhibitors) may not be obvious
in this group [16].

In our study, 39% of heart failure patients discharged
from 12 acute geriatric units underwent echocardio-
graphy. The hospital in which a patient was treated was
a major determinant of whether echocardiography was

Table 2. Characteristics of patient groups

Age, mean (SD)
Male
Ischaemic heart disease

Acute MI
Hypertension
Atrial fibrillation
Valvular disease

Aortic stenosis
Discharge ACEI
Failed ACEI trial

Systolic dysfunction

Yes
(w = 58)

81.5 (58)
30%
59%
5%

14%
30%
19%

2%
78%
12%

No
(» = 57)

79.7 (5.8)
33%
56%
21%
25%
48%
32%
14%
63%

7%

No echocardiogram
(n = 186)

82.9 (71)
35%
46%
4%

16%
28%

2%
0%

48%
4%

ACH, angiotensin-converting enzyme inhibitor; MI, myocardial infarct.
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performed. Discussions of these findings -with our
colleagues suggest that in some hospitals waiting times
for echocardiography are long and elderly patients
under the care of geriatricians receive a low priority.
This is consistent with the results of a survey of
geriatricians which revealed that less than half felt they
had a good access to echocardiography for investiga-
tion of congestive heart failure [17]. Hillis and
colleagues, who reported that 37% of inpatients with
heart failure attending Aberdeen Royal Infirmary
received specialist cardiac investigations, including
echocardiography, noted that patients receiving such
tests were younger and more likely to be under the care
of a cardiologist [7].

Previous studies have reported that ACE inhibitors
are under-used in patients with heart failure, but have
not fully examined the reasons for not prescribing
these drugs. The benefits of ACE inhibition are only
clearly proven for those patients with left ventricular
systolic dysfunction [1]. Thus, it is difficult to judge
whether ACE inhibition was indicated without refer-
ence to the findings on investigation of left ventricular
function. This point is particularly relevant to studies of
elderly people because of the high prevalence of heart
failure with normal systolic function in this group [11].
The presence of left ventricular systolic dysfunction
was a major independent determinant of use of ACE
inhibitors among the elderly patients in our study who
had echocardiography.

Of the patients with systolic dysfunction, 93% had
either received ACE inhibitors at some time or had a
contraindication to ACE inhibition. Thus, at worst, only
7% of heart failure patients in whom ACE inhibitors
were probably indicated failed to receive this treat-
ment. Almost half the patients who underwent
echocardiography in this study had normal left
ventricular systolic function. Atrial fibrillation and
hypertension were particularly common in this group
of patients. These findings are consistent with many
previous studies of elderly patients with heart failure
[11, 18-22]. Surprisingly, 70% of patients with normal
systolic function were prescribed ACE inhibitors in
this study. As yet, there is no clear evidence that
ACE inhibitors benefit such patients, although ACE
inhibition may be beneficial in patients with hyperten-
sion or with clinical signs of heart failure after acute
myocardial infarction [4, 11].

Less than half of the patients in this study received
the target doses for ACE inhibitors identified in the
major survival trials. However, this does not necessarily
reflect poor practice, since discharge creatinine level
was the major determinant of dose. In any case, the
average dose of ACE inhibitor actually achieved in some
trials was lower than the target dose [9] and the
importance of dose as a determinant of outcome is the
subject of ongoing trials.

Even within the relatively restricted age range of our
study population, advanced age was independently

associated with a decreased likelihood that echo-
cardiography would be performed or ACE inhibitors
prescribed. This may reflect a degree of 'ageism'
among echocardiography departments or even among
some geriatricians. However, there are relatively few
data concerning use of ACE inhibitors in very old
patients (over 80 years) to guide practice. Never-
theless, the high frequency of potentially important
findings in patients who underwent echocardio-
graphy in this study emphasizes the value of this
investigation even when ACE inhibition is not under
consideration.

There are a number of limitations to a retrospective
study of this type. We relied upon the discharge
diagnosis of heart failure in the patients' notes. We
acknowledge that under- and over-diagnosis of heart
failure are probably common problems among elderly
patients; however, the aim of the study was to examine
actual practice in patients with a clinical diagnosis of
heart failure. Similarly, we relied upon echocardio-
graphic reports to determine the presence or absence
of left ventricular systolic dysfunction. The 12 units
involved in this study used 10 different report forms,
which is likely to have increased the inaccuracy of any
independent assessment of the meaning of these
reports. Also, it could be argued that our echocardio-
grapliic criteria for left ventricular systolic dysfunction
of an ejection fraction <0.45 or reported global
impairment of left ventricular contraction were too
strict. Finally, comorbid conditions such as cognitive
impairment will influence whether or not ACE inhibi-
tion is appropriate for an individual patient with heart
failure.

In conclusion, our study suggests that the prescrib-
ing of ACE inhibitors is very satisfactory among those
elderly patients discharged after heart failure from
acute geriatric units in Mersey region who had systolic
dysfunction. The use of ACE inhibitors among patients
without systolic dysfunction was surprisingly high in
view of the lack of clear evidence for benefit in such
patients. The main problem identified was the low use
of echocardiography in some hospitals. The reasons for
this require further investigation.

Key points
• In this study of 12 acute geriatric units, over 90% of

heart failure patients with identified systolic left
ventricular dysfunction who did not have contra-
indications received a trial of angiotensin-convert-
ing enzyme (ACE) inhibitors.

• 70% of heart failure patients without systolic
dysfunction received ACE inhibitors.

• The proportion of heart failure patients in different
hospitals who had echocardiography ranged from 7
to 67%.
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Florence Myers, age 100, born 1897, Bradford, looking at a photo
taken when she was just 18. © Ian Beesley.
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