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Abstract A wide range of clinical consequences of cardio-
vascular autonomic neuropathy (CAN) can be observed in
diabetic patients and contributes to the clinical picture of the
diabetic heart. Resting heart rate and cardiovascular reflex-
es as well as circadian heart rate variability may be altered
by CAN in diabetes. Moreover, blood pressure is also influ-
enced by sympathovagal imbalance. Postural hypotension is
a clinical characteristic in diabetic subjects with CAN.
Painless myocardial infarction, ischaemia and left ventricu-
lar dysfunction are also observed in some cases. Impairment
of cardiac parasympathetic and sympathetic innervation as
well as QT-interval prolongation may play a partial role in
the pathogenic mechanism of sudden unexpected death in
diabetic patients. The risk of surgical intervention and that
of anaesthesia are increased due to abnormal cardiovascular
reactions. Clinical symptoms and signs of CAN should be
assessed as severe diabetic complication and the therapy is
difficult in some cases. Taken together, symptoms and signs
of CAN carry a poor prognosis in diabetic patients.
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Introduction

Different physiological functions are affected by auto-
nomic neuropathy in diabetes. Nevertheless, the cardio-
vascular, especially the cardiac complications of auto-
nomic neuropathy in diabetic patients can be considered
important in terms of clinical and prognostic conse-
quences. The clinical importance of cardiovascular auto-
nomic neuropathy (CAN) can also be justified by its high
prevalence rate. The prognosis of CAN is serious and the
therapy can often be difficult.

Prevalence of cardiovascular autonomic neuropathy

It is obvious that the prevalence of CAN is dependent upon
the screening method as well as on the population investi-
gated. The prevalence of autonomic neuropathy in the
EURODIAB IDDM Complications Study of 3007 patients
was 36% [1]. Significant correlation was observed between
the presence of CAN with age, duration of diabetes, HbAc,
presence of retinopathy and microalbuminuria, severe hypo-
glycaemia and ketoacidosis, cigarette smoking, low serum
HDL cholesterol, total cholesterol/HDL cholesterol ratio,
diastolic blood pressure and fasting serum triglycerides. It is
noteworthy, however, that the number of tests for identify-
ing CAN was limited in this study [1].

A higher prevalence of CAN was documented in hospi-
tal-based studies. Most likely this observation is due to two
main reasons: on the one hand, the glycaemic control of
these patients was poor and, on the other hand, autonomic
function in these studies was assessed by the full battery of
cardiovascular reflex tests. Alterations of cardiorespiratory
reflexes indicating parasympathetic impairment of cardiac
innervation can often be found in diabetic patients without
clinical signs of autonomic neuropathy. These alterations are
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frequently observed in diabetic patients with distal symmet-
rical neuropathy or in patients with one or more clinical
signs of late specific complications [2]. Recently, CAN has
also been documented in newly diagnosed diabetic patients
[3]. In these cases, the long-lasting unrecognised or untreat-
ed metabolic disturbances are the most probable causes of
CAN. When two or more pathological abnormalities are
documented (i.e. alcoholism, thiamine deficiency, diabetes),
the prevalence of CAN is extremely high. In a recent study,
the frequency of CAN reached 85.7% in alcoholic diabetic
patients [4]. CAN is also documented in patients with gesta-
tional diabetes, and data in the paediatric literature indicate
that CAN is observed in adolescent diabetic patients [5]. In
general, parasympathetic (vagal) impairment precedes sym-
pathetic dysfunction during the natural course of CAN in
diabetic patients.

Clinical consequences of CAN in diabetes
Changes in heart rate and blood pressure

Resting tachycardia due to parasympathetic damage may
represent one of the earliest signs of CAN. In addition to
the stable “fixed” tachycardia, no increase of heart rate
occurs in the standing posture or during exercise.
Therefore, cardiac output is only increased by increasing
stroke volume in these cases. Fortunately, total cardiac
denervation occurs rarely.

Abnormal circadian rhythm is characteristic of diabet-
ic patients with CAN. A reduction in circadian heart rate
variability was documented in diabetic patients with signs
of CAN [4]. This phenomenon has primarily been a con-
sequence of more frequent nocturnal heart rate due to
dominant impairment in cardiac parasympathetic innerva-
tion. Apart from reduced nocturnal fall of heart rate, high-
er mean hourly rate and lower heart rate variability were
documented in studies with Holter monitoring. The phys-
iological circadian pattern of blood pressure may also be
altered in diabetic subjects with CAN. A decrease in the
circadian rhythm of blood pressure in association with
nocturnal sympathetic predominance may be observed in
diabetic patients with CAN. Normally, a decrease from
day to night of >10% of daytime blood pressure identifies
subjects with physiological blood pressure patterns (dip-
pers), whereas a fall <10% identifies subjects with abnor-
mal circadian patterns (non-dippers). The “non-dipper”
phenomenon is registered not only in normotensive but
also in hypertensive diabetic patients with asymptomatic
autonomic neuropathy [6]. Clinical investigations with
diabetic patients documented that non-dippers carry poor-
er prognosis than dippers in terms of target organ damage.
The diminished circadian heart rate variability as well as
the blunted or absent day-night blood pressure variation is
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considered a potential explanation for mechanism leading
to acute cardiovascular diseases with specific diurnal pat-
tern in patients with CAN [7].

Postural hypotension is a characteristic, albeit not fre-
quent, clinical feature of CAN in diabetes and generally
occurs rather late in the natural course. Dizziness, fainting,
blackouts or visual impairment on standing are clinical
presentations of postural hypotension. In most serious
cases, postural hypotension results in disability. As for the
pathogenic mechanism, the impairment of peripheral and,
less importantly, splanchnic vasoconstrictor mechanism
caused by sympathetic autonomic neuropathy should be
considered. Many hormonal (e.g. renin, vasopressin)
abnormalities have also been reported but their importance
in the pathogenesis remains uncertain. Clinical symptoms
may occur when systolic blood pressure falls below 70
mmHg or the fall is >50 mmHg in the upright position. The
severity of postural hypotension is characterised by sub-
stantial intra-individual variability and symptoms often
occur intermittently. The cause of this fluctuation is
unknown, nevertheless it is documented that fluid reten-
tion from deteriorating renal function may mitigate, while
insulin administration due to decrease of systematic blood
pressure may aggravate the symptoms of postural hypoten-
sion. In addition, postural hypotension can be exacerbated
by many drugs, such as antihypertensives, diuretics and
different psychotherapeutic agents.

It should be noted that the prevalence of postural
hypotension is largely dependent on the diagnostic criteria
used. Classically, a 30-mmHg drop in systolic blood pres-
sure after standing was considered diagnostic while other
data suggested that the use of 20 mmHg as diagnostic crite-
rion could be more appropriate.

Hypertension (permanent blood pressure elevation) is
also associated with CAN, however it is uncertain whether
this relationship is causative. Undoubtedly, it is plausible
that a relative sympathetic overdrive due to predominant
parasympathetic neuropathy may partly be responsible for
hypertension in diabetic subjects with CAN. It is notewor-
thy, however, that alterations in heart rate variability are also
documented in essential hypertension.

Silent myocardial infarction and ischaemia

Myocardial infarction (MI) is one of the leading causes of
death in diabetic patients, especially those with type 2 dia-
betes. Nevertheless, MI may be painless or may occur with
atypical pain in some cases. Although silent MI or ischaemia
is a well-defined clinical condition, the exact pathogenic
mechanism for the absence of symptoms is far from clear
[8]. Impairment of myocardial parasympathetic and sympa-
thetic fibres was demonstrated more than two decades ago in
a post-mortem histological study of diabetic subjects with
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painless MI. On the other hand, painless ischaemia in non-
diabetic subjects and in diabetic subjects without CAN may
also be observed, indicating a possible role of factors other
than autonomic neuropathy in the pathogenic mechanism of
painless Ml/ischaemia. A change in central pain perception
may be supposed in such cases.

Asymptomatic ischaemia can be registered on exercise
electrocardiography (ECG), 24-h ECG recording or
dynamic thallium scintigraphy. Recently, isotope studies
(meta-iodo-benzyl-guanidine [MIBG] scintigraphy) sug-
gested that the lack of ischaemic pain can be attributed to
the impairment of sympathetic cardiac innervation in dia-
betic patients [9].

Left ventricular dysfunction

Cardiac dysfunction at rest or during exercise may be asso-
ciated with CAN even in the absence of ischaemic heart dis-
ease. In a cross-sectional study, a correlation between the
degree of left ventricular dysfunction and the severity of
CAN was demonstrated. In general, impaired diastolic
relaxation precedes the development of systolic dysfunction
in diabetic patients. All these alterations are easily visualised
with echocardiography. Diastolic abnormalities can be
assessed by E/A ratio while systolic dysfunction results in a
decrease of ejection fraction. An association between sym-
pathetic neuropathy and ventricular dysfunction was also
suggested by a MIBG scintigraphy study.

QT-interval lengthening, prolonged ventricular late poten-
tials, cardiac arrhythmia, sudden cardiac death

QT-interval prolongation predisposes subjects to cardiac
arrthythmia and even to sudden death. It is important in
this context that QT-interval prolongation was found in
type 1 and type 2 diabetic patients with CAN. While early
cross-sectional studies only suggested that the prolonga-
tion of the electrical systole might be a cause of cardiac
arrhythmia and death [10], the higher mortality rate of
diabetic subjects with both CAN and QT-interval prolon-
gation was documented by subsequent prospective clini-
cal studies. Because the QT-interval is rate-dependent, the
data should be corrected for actual heart rate. This correc-
tion is usually performed by using Bazett’s formula.
Generally, QT values >440 ms are considered to be pro-
longed. Nowadays, measurement of QT-dispersion (the
difference between the longest and the shortest QT-inter-
vals on the 12-lead electrocardiogram) increasingly
replaces determination of the QT-interval. Similarly to
QT-interval prolongation, the increased value of QT-dis-
persion reflects electric instability of the left ventricle
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[11]. The prolongation of QT-interval (or the increase of
QT-dispersion) is characteristic of the presence of CAN.
In a recent meta-analysis, the prolongation of QT-interval
was considered as a specific but not sufficiently sensitive
marker of CAN in diabetes [12]. It should be kept in mind,
therefore, that QT-interval can be affected by other factors
(such as serum electrolytes and other heart diseases). It is
obvious, on the other hand, that CAN should be taken into
consideration when the aetiology of a QT-interval prolon-
gation is not clear.

In addition to prolongation of the QT-interval, prolonged
ventricular late potentials have also been implicated in the
aetiology of cardiac arrhythmia and sudden death in diabet-
ic patients with CAN. Unfortunately, data are insufficient
for drawing a final conclusion in this regard.

Although cardiac arrhythmia due to electrical instabil-
ity of the left ventricle in diabetic subjects with CAN rep-
resents an attractive pathogenic mechanism, sudden death
of diabetic patients may also be caused by unrecognised
hypoglycaemia. The exact cause of “dead in bed syn-
drome” may remain unexplored due to typically unchar-
acteristic autopsy findings in some cases [13]. It is note-
worthy, however, that hypoglycaemia is occasionally
accompanied by an increased QT-dispersion. The possi-
ble factors associated with high mortality and sudden
death due to CAN in diabetic patients are summarised in
Table 1 [4].

Table 1 Factors associated with high mortality and sudden death
due to CAN in diabetic patients (From [4], with permission)

Silent myocardial infarction and ischaemia
Cardiorespiratory arrest

Increased perioperative and peri-intubation risk
Obstructive sleep apnea syndrome

Ventricular arrhythmia — prolonged QT-interval
Abnormal diastolic or systolic left ventricular function
Resting tachycardia

Decreased heart rate variability

Reduced baroreflex sensitivity

Alteration of the circadian rhythm of heart rate and blood pressure
(non-dipper phenomenon)

Hypertension

Exaggerated blood pressure responses to supine position and exercise
Postural hypotension

Poor exercise tolerance

Reduced heat tolerance

Increased risk of severe hypoglycaemia

Susceptibility to foot ulceration and amputations due to arteriove-
nous shunting and sudomotor dysfunction
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Increased risk of anaesthesia and surgical intervention

Cardiorespiratory arrest during anesthesia and surgical inter-
vention has been described in diabetic subjects with CAN.
Therefore, any diabetic patient with CAN is at an increased risk
during anaesthesia. The potential pathogenic mechanism
includes the increased susceptibility to fatal ventricular arrhyth-
mia and the increased risk for other cardiovascular events.

Diagnosis

Early detection of CAN is of great importance in prevention
of the more advanced symptomatic stages. Undoubtedly,
simple, noninvasive and reproducible tests can only be con-
sidered for testing alterations of cardiovascular innervation.
In the past, a number of bedside cardiovascular tests were
widely used. The so-called Ewing battery tests (Table 2)
were popular due to their simplicity and reliability [14].
There is no doubt that the diagnosis of CAN should be based
on the results of a battery of tests rather than on a single test.
Yet, rational diagnostic models were developed later in
order to reduce the number of tests applied. Despite some
criticisms, the Ewing battery tests are still in clinical use.

Recently, measuring heart rate variability became a popu-
lar method in characterising autonomic dysfunction. The time
domain analysis is based on calculation of different indices of
R-R intervals while frequency domain analysis is provided by
power spectral analysis [15, 16]. Measuring baroreflex sensi-
tivity is another way to detect autonomic dysregulation.
Interestingly, the Ewing battery tests have been used mainly in
diabetology while, on the contrary, measuring heart rate vari-
ability and assessing baroreflex sensitivity became popular
predominantly in cardiology. Age-specific reference values
should be applied in both diabetology and cardiology [17].

Isotope mapping (MIBG scintigraphy) of heart muscle
innervation has recently been used to characterise cardiac
sympathetic innervation in diabetic subjects with CAN.
Although the method is attractive, it is used for research pur-
poses only [9].
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Therapy

Long-term poor glycaemic control plays a pivotal role in the
pathogenic mechanism of diabetic microvascular complica-
tions including CAN. Therefore, achieving and maintaining
near-normoglycaemia is essential. Interestingly, early inter-
vention studies with intensive conservative insulin treatment,
continuous subcutaneous insulin infusion (CSII) or pancreat-
ic transplantation resulted in inconsistent conclusions for clin-
ical improvement of CAN. On the other hand, DCCT and
some other smaller prospective studies indicated that long-
term near-normoglycaemia may delay or prevent the onset of
abnormalities of CAN [18]. It can be assumed, therefore, that
the advanced stages of CAN are more resistant to antihyper-
glycaemic treatment than are the early stages.

A wide range of drugs has been tested but only a few
have been extensively investigated in clinical trials for treat-
ing CAN in diabetic subjects. Previous clinical studies with
aldose reductase inhibitors were negative or controversial.
Recently, the use of a-lipoic acid proved to be promising for
treating diabetic subjects with CAN [19].

In particular, postural hypotension often needs sympto-
matic treatment. In clinical practice fludrocortisone proved
to be most effective. The utility of other drugs (e.g. pindolol,
midodrine, diltiazem, octreoide, indomethacin, erythropoi-
etin) remains questionable. In some cases, non-pharmaco-
logical therapy (e.g. elevation of headrest of the bed, use of
elastic stockings) and avoiding hypotensive drugs (diuretics,
vasodilators, etc.) are useful.

Prognosis

Cardiovascular autonomic integrity is important to control
heart rate, blood pressure and myocardial contractility and,
consequently, plays a pivotal role in the regulation of the
cardiovascular system. It is not surprising that CAN repre-
sents a serious complication in diabetes and may carry a
poor prognosis. This was first documented by a follow-up

Table 2 The battery of cardiovascular reflex tests. (Adapted from [14])

Method Parameter Normal value Borderline value ~ Abnormal value
Tests to investigate parasympathetic function
Deep inspiration and expiration Beat-to-beat =15 beats/min 11-14 beats/min <10 beats/min
variation
Valsalva manoeuvre Valsalva ratio =1.21 1.11-1.20 <1.10
Lying-to-standing 30:15 ratio =1.04 1.01-1.03 <1.00
Tests to investigate sympathetic function
Lying-to-standing Decrease in <10 mmHg 11-29 mmHg =30 mmHg
systolic pressure
Handgrip test Increase of diastolic =216 mmHg 11-15 mmHg <10 mmHg

pressure
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study in 1980. Although the numerical results of this pioneer
work were challenged later, a recent meta-analysis showed
that mortality after 5.8 years in diabetic patients with CAN
was as high as 29% while it was only 6% in those without
CAN [20].

Conclusions

Cardiac innervation is affected by autonomic neuropathy,
and a wide range of clinical consequences of CAN are
observed in diabetic patients. The symptoms and signs of
CAN should be assessed as severe diabetic complication
and they carry a poor prognosis. The therapy of diabetic
subjects with symptoms of CAN is difficult in some cases.
To achieve and maintain long-term near-normoglycaemia is
the most effective strategy for preventing CAN in diabetes.
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