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Abstract Cardiac autonomic neuropathy (CAN) is a very
frequent complication of insulin-dependent mellitus type 1,
affecting the sympathetic or parasympathetic sections or
both. The different impairment in the two sections might
modify left ventricular function early. To evaluate this re-
lationship, we studied 61 patients (mean age 39.6+7 years)
with type 1 diabetes for more than 10 years, without cor-
onary artery disease (CAD; negative ergometric stress test)
and without other pathologies that could interfere with ven-
tricular function. All patients underwent MONO-, 2-di-
mensional and Doppler echocardiographic examination
and radionuclide angiography with *Tc (RNA). Accord-
ing to the outcome of the Ewing tests, patients were di-
vided into two groups: group A with two or more tests al-
tered (26 patients with CAN) and group B with one or no
tests altered (35 patients without CAN). No significant dif-
ferences between the two groups were found in the sys-
tolic function parameters with either technique. [n contrast,
a pattern of abnormal relaxation was found for the diastolic
function parameters: in group A a decrease in E-wave ve-
locity and its time-velocity integral and an increase in A-
wave and its time-velocity integral were detected with ech-
ocardiography. Moreover, RNA showed a reduced peak
filling rate and an increased isovolumic relaxation time.
When compared with normal values, an abnormal diastolic
filling, defined as two independent echocardiography plus
one RNA variable impairment, was found in 15 patients
(57.6%) in group A and in only 4 patients (11.4%) in group
B (P<0.001). Our findings suggest an early involvement
of diastolic function in patients with CAN.
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introduction

Diabetes mellitus is considered one of the main risk fac-
tors in the development of cardiac disease (coronary artery
disease, CAD, cardiomyopathy, etc.). From many epidem-
iological studies, people with diabetes seems to have an
increased incidence of cardiovascular disease compared
with the general population [1-5]. Although CAD in dia-
betic patients seems to be related to non-insulin-dependent
diabetes mellitus (type 2), in young patients with type 1
diabetes mellitus (insulin-dependent) but without CAD, a
higher incidence of impairment of both systolic and dia-
stolic function has been shown [6-11].

Moreover, in insulin-dependent diabetic patients, a spe-
cific neuropathy has been found that includes an early dys-
function of the autonomic cardiac system [12-14].

In order to evaluate this relationship with cardiac auto-
nomic neuropathy (CAN), 69 type 1 patients underwent
non-invasive assessment of left ventricular function.

Materials and methods

A total of 69 patients (age range 16-51 years, mean 39 6+7 years)
with type 1 diabetes for more than 10 years was studied. They were
selected through a detailed anamnestic and clinical examination from
alarge population of diabetic patients according to the following cri-
teria: less than 55 years old, no evidence of CAD such as the pres-
ence of angina or previous myocardial infaction, no hypertension or
hypertensive cardiomyopathy, no peripheral or other overt cardio-
vascular diseases, no obesity, no history of phacochromocytoma.

All patients were treated with insulin, and none was taking any
other drug that could interfere with cardiac function (such as digi-
talis or angiotensin-converting enzyme ACE-inhibitors or calcium
antagonists, or beta-blockers).
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All examinations were performed at least 2 h after insulin admin-
1stration.

Long-term glycaemic control was assessed by A; glycosylated
haemoglobin values <9.2% (upper normal limit 7.5%, Cordis).

All patients underwent an ergometric stress test (EST) to assess
the presence of latent CAD: it was performed in the upright position
ona cycloergometer Lode Corival 300 with load increases of 25 watts
every 3 min until reaching the maximal age-predicted heartrate. Dur-
ing the EST, 12 electrocardiogram (ECG) standard leads and blood
pressure were monitored and recorded at the end of each stage or at
the onset of ECG changes or symptoms. Blood pressure was mea-
sured manually at the 2nd min of each stage, before stopping the test
and at the Ist, 3rd and 5th min of recovery phase with a cuff sphyng-
momanometer. The test was considered positive according to the fol-
lowing: horizontal or downsloping ST depression >2 mm at 60 ms
from the J point in at least two leads if asymptomatic and depression
>1 mm if associated with increasing angor. T wave inversion during
EST was considered positive only if it was associated with angor.

The probability of a negative test to exclude CAD was calculat-
ed according to Bayes theorem:

B specX(1-prev)
~ specx(1-prev)+(1-sens)xprev

P

where prev=pre-test probability of CAD, (1-prev)=pre-test prob-
ability of no CAD, spec=specificity, (1-sens)=inverse of sensibil-
ity. A post-test probability of less than 5% was considered useful in
excluding a CAD. Two patients were excluded because of a positive
EST (ST depression in one and ST depression and angina in another).
The patients with negative EST (n=67) underwent five simple
“tests for the assessment of autonomic function (AFT), according to
Ewing et al. [14]:

1. Heart rate at rest: after 5 min of rest in clinostatism. More than
100 beats/min after 5 min at rest in clinostatism was considered
pathologic.

I1. Beat-to-beat heart rate variation: when the difference between the
maximum and minimum heart rate in each single cycle was <10 beats/
min with the patient breathing at six times per minute, this was con-
sidered pathologic.

III. Valsalva maneuver: when the ratio between the longest R-R inter-
val immediately after the test and the shortest R-R interval obtained
during Valsalva was <1.10, this was considered pathologic.

IV. Heart rate response to standing: when the ratio between the R-R
interval at the third beat after standing and the R-R interval at the
fifteenth beat was <1, this was considered pathologic.

V. Blood pressure response to standing: when the decrease in systol-
ic blood pressure after 1 min of standing was >30 mmHg, this was
considered pathologic.

All the tests were performed between 1 p.m. and 4 p.m.while the pa-
tients were fasting (for at least 3 h); they were also advised not to
smoke or consume alcohol or coffee 2 h before the test. Twenty-sev-
en patients (40.2%) with at least two of these tests altered were de-
fined as having diabetic antonomic neuropathy and were included in
group A. The remaining patients (n=40, 59.8%) with one or no tests
altered were included in group B.

All patients performed a MONO-, 2-dimensional and Doppler
echocardiography with a Hewlett Packard device equipped with a
2.25-MHz transducer. The examination was performed on the same
day as the AFT, and the interventricular septum thickness (IST), left
ventricular posterior wall thickness (PWT), left enddiastolic and end-
systolic diameter (LVEDD and LVESD, respectively), left atrium
(LA) and aortic diameter (AD) were measured according to the
American Society of Echocardiography [15]. Fractional shortening
(% FS) and ejection fraction (EF) were calculated. Mitral inflow ve-
locity was recorded by pulse wave Doppler from an apical four-cham-
ber view with the sample volume placed near the tips of the mitral
leaflets. The following normalized parameters of ventricular perfor-
marnce were obtained as the average of three cardiac cycles:

* Peak velocity early mitral flow (E)

+ Peak velocity late mitral flow (A)

+ Ratio between early and late mitral flow velocity (E/A)
» Time velocity integral of early mitral flow (TVIE)
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» Time velocity integral of late mitral flow (TVIA)
» Ratio between the time velocity integral of early and late mitral
flow (TVIE/TVIA)

After echocardiography, one patient in group A and five patients in
group B were excluded for technical inadequacy and/or left ventric-
ular hypertrophy and/or cardiac valve pathology, conditions that
could interfere with cardiac function.

Then the patients underwent equilibrium radionuclide angiogra-
phy (RNA) with 9Te-albumin (15 mCi given as a bolus), and data
were acquired with a Siemens LEM ZLC gamma-camera in left an-
terior oblique, LAO 45° position. Images were acquired with a dig-
ital zoom in frame mode (50 frames/s with a tolerance of 5%}. In the
supine position 3 million counts were collected. To analyze the data,
a left ventricular (LV) region of interest was identified for each pa-
tient by a semiquantitative algorithm. A region of background was
identified in the enddiastolic frame. Then a background-subtracted
curve was generated. LV EF was determined using the following for-
mula:

EF = (enddiastolic — endsystolic)/enddiastolic counts —
background counts.

Peak filling rate (end-diastolic counts/s) was computed as the peak
positive of the first derivative on the time-activity curve.

The isovolumic relaxation period, from the endsystole to the on-
set of rapid filling, was computed as the peak of the second deriva-
tive on the time-activity curve.

The following indexes of ventricular performance were obtained:
EF, peak filling rate (PFR), time to peak filling rate (TPFR), iso-
volumic relaxation period IVRP).

At the end of this diagnostic approach the two groups were com-
posed as follow: group A 26 patients and group B 35 patients. All
the patients gave their informed consent to the study.

Statistical analysis

All data are expressed as mean+SD. The data were analyzed through
paired and unpaired Student’s #-test and analysis of variance. P<0.05
was considered statistically significant.

A diastolic dysfunction has been defined as two independent
echocardiography plus one RNA varjables impairment. The normal
values of variables with both techniques are indicated in Table 2.
Chi-square test or Fisher exact test was used to assess the difference
between nonparametric data.

Results
The clinical characteristics and laboratory results of the

two groups are given in Table 1. The results of the auto-
nomic function tests are summarized in Fig. 1.

Table 1 Clinical characteristics and laboratory results

Group A Group B P
(n=26) (n=35)
Age (years) 4319 38+11 NS
Gender 13 M/13F 17 M/18F  ~
Duration of diabetes 14+6 13+3 NS
(years)
Body surface (m?) 1.720.1 1.8+0.1 NS
SBP (mmHg} 130+18 12417 NS
DBP (mmHg) 82+11 83«11 NS
HR 98+15 8710 >0.02
Fasting glucose level 12114 118+10 NS
{mg/dl)
Glycosylated haemoglobin ~ 82%=+0.3% 8.4%x0.5% NS
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Fig. 1 Incidence of abnormality of each test in the population (%)
(I heart rate at rest, /I beat-to-beat heart rate variation, [I7 Valsalva
maneuver, /V heart rate response to standing, V blood pressure re-
sponse to standing)

Table 2 Left ventricular echocardiographic data (LVEDD left ven-
tricular enddiastolic diameter, LVESD left ventricular endsystolic di-
ameter, PWT posterior wall thickness, /VT interventricular septum
thickness, LA left atrium, AD aortic diameter)
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From the ergometric data already published in a previ-
ous work, we can calculate a post-test probability of CAD
in our patients, which was less than 5% [16].

No significant differences were found between the two
groups in LVEDD, LVESD, PWT, IST, LA and AD meas-
urements (Table 2). No impairment was found in any pa-
rameters of systolic performance in the two groups with
either technique: the EF in group A was found to be
71%+6% and 67%=+7% and in group B 74%+4% and
71%+9%, respectively, with echocardiography and RNA
(Table 3).

The fractional shortening of LV, revealed by echocar-
diography, was within the normal range in both groups
(40.5%=5% in group A and 40.2%=+5% in group B).

Many indexes of ventricular filling were available for
evaluating diastolic function. The pattern observed with
Doppler echocardiography was one of abnormal relax-
ation: it included a more pronounced, although not signif-
icant, reduction of E-wave velocity (52.9£8.7 cr/s in
group A and 57.7+7.7 cm/sec in group B). The E-wave
time-velocity integral showed a significant decrease in
group A vs group B (4.68+0.96 vs 6.23+1.32, P<0.02).
A further increase in A-wave velocity in group A over
group B was found, but this difference was not significant
between the two groups (Table 3).

The E/A ratio (0.86+0.15 in group A and 1.0+0.2
in group B) and the TVIE/TVIA ratio (1.27+0.32 in
group A and 1.62+0.67 in group B) were not statisti-
cally significantly different between the two groups

Group A GroupB P Normal (Table 3).
(n=26) (n=35) values Moreover, a significantly longer IVRP was found in
group A with respect to group B with echocardiography,
IVESD ((;113 Sann et Ny 373 while RNA showed a similar increase in IVRP (Table 3),
W ( 0 4+1'1 g 6:l p NS i While diastolic phase indexes obtained through RNA
VT (mr?nn)l) 04510 01216 NS " showed only a slight difference in mean PFR and TPFR
between the two groups (Table 3), when each parameter
LA (mm) 33.1£2.8 33.5+4.8 NS 27-41 : : :
AD (mm) 297224 27 943 4 NS 50-32 was analyzed in comparison with normal values, an abnor-
i — mal diastolic filling, defined above, was found in 15 pa-
Table 3 Echocardiographic
and RNA results (£S5 fractional Group A Group B P Normal
shortening, FE ejection frac- (n=20) (r=35) values
tion, E E-wave maximal veloc- )
ity, A A-wave maximal veloc- Echocardiography
ity, TVIE time-velocity integral ~ FS (%) 40.5+5 40.2+5 NS >30
of E-wave, TVIA time-velocity ~ FE (%) 716 T4+4 NS >55
integral of A-wave; IRP isovo- E, .« (cm/s) 52.9+8.7 57.7£7.7 NS 60-75
lumic relaxation period, PFR Apax (cm/s) 61.3+11.0 56.9+6.4 NS 45-55
peak filling rate, TPFR time to E/A 0.86=0.15 1.0+0.2 NS 1.1-1.8
peak filling rate) TVIE 4.68+0.96 6.23+1.32 <0.02
TVIA 3.78+0.70 4.26+1.51 NS
TVIE/TVIA 1.27+0.32 1.62+0.67 NS
IVRP {ms) 10633 90124 <0.05 <75
RNA
FE (%) 677 719 NS >50
PER (edv/s) 3.120.6 3.7x0.9 NS 1.8-3.8
TPFR (ms) 15114 17614 NS 120-180
IVRP (ms) 109+19 10534 NS <90
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Fig. 2 Percentage of patients with normal and abnormal diastolic
performance in the two groups (see text for explanation). *P<0.001
(A vs B)

tients (57.6%) in group A and in only 4 patients (11.4%)
in group B (P<0.001) (Fig. 2).

Discussion

Since 1972 Rubler and co-workers [17], with an autoptic
study, have proposed the existence of diabetic cardiomyo-
pathy, and in 1974 Hamby et al. [5] showed the existence
of diabetic cardiomyopathy in patients without CAD. From
then on many authors found impairment of LV function in
patients with type 1 diabetes.

Although some studies also showed a slight increase of
LV EF in diabetic patients without other pathologies
[17-20], Mustonen and co-workers [21] and Vered and co-
workers [6] showed a decrease in EF during a stress test in
young diabetic patients. The causes of these impairments
could be ascribed to many hypotheses such as the reduc-
tion in diastolic relaxation with reduced filling that could
affect the enddiastolic volume, metabolic or ultrastructu-
ral changes, or microangiopathic involvement.

The impairment does not involve just systolic function
and, moreover, diastolic filling seems to be affected car-
lier than systolic performance in both type 1 and type 2 di-
abetes mellitus [7-8, 22-30] or in the phase of reduced glu-
cose tolerance that is considered a pre-diabetic state [31].
Zarich and co-workers showed an impairment, nearly ab-
solute, of diastolic function indexes obtained with echo-
cardiography [32]. With the same technique Riggs and co-
workers also noted a pattern of abnormal relaxation in
young diabetic patients [33]. This pattern was observed by
Ferraro and co-workers in patients with type 2 diabetes
[34].
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The mechanism responsible for LV diastolic dysfunc-
tion is still unclear. The onset of LV relaxation impairment
showed an alteration in the active process of calcium re-
uptake in the sarcoplasmic reticulum. This process is con-
trolled through several mechanisms [35, 36].

The impairment of the normal vagal-sympathetic equi-
librium could play a role in the development of myocar-
dial dysfunction, and our study has evaluated the relation-
ship between CAN and LV dysfunction. Autonomic dys-
function is a common event in diabetic neuropathy and
seems to precede the peripheral neuropathy [37-40]. CAN
is presentin 20%-40% of patients with type 1 diabetes mel-
litus and, in accordance with previous data, we found au-
tonomic dysfunction in 42% of our patients.

Similar to other studies, the two groups in our study did
not show a significant difference in the parameters of sys-
tolic performance with both echocardiography and RNA
at rest.

Also in this study, we founded an impairment of dia-
stolic function in our patients; this could be related to the
existence of a diabetic cardiomyopathy, but the patients
with a Autonomic Nervous System (ANS) dysfunction
showed a greater incidence of diastolic alterations than pa-
tients without CAN (57.6% vs 11.4%, P<0.001).

Diabetic cardiomyopathy, with structural changes in the
myocardium, is a late complication of diabetes, and the de-
gree of functional impairment seems to be related also to
the duration of diabetes. In our patient groups, we can as-
sume that their similar duration of diabetes cannot play a
role in the greater functional impairment observed in group
A. Moreover, neither metabolic nor systolic function pa-
rameters differed significantly between the two groups,
and thus, they could not be considered a pathogenetic
mechanism of diastolic impairment. Also, Kahn showed a
correlation between diastolic RNA indexes (PFR, TPFR)
and the mean values of R-R variation during the Valsalva
maneuvre [41], suggesting a greater impairment of dias-
tole in patients with autonomic dysfunction.

Our results suggest that abnormalities in ventricular di-
astolic performance seem to be more evident in type 1 di-
abetic patients with ANS impairment and without other
cardiovascular diseases.

Although other studies will be necessary to detect the
pathogenetic mechanism involved, from this study it can
be assumed that impairment of the cardiac autonomic
system in type 1 diabetic patients is related to sympathetic
and parasympathetic dysfunction, and this can worsen an
existing diastolic dysfunction, probably due also to an ac-
companying diabetic cardiomyopathy.

References

1. Polli E, Casertano F, 1l diabete mellito. In: Teodori U (ed) Trat-
tato di patologia medica, Vol 1. SEU, Rome, pp 787-846, 1977

2. Williams CH, Braunwald E, Disordini endocrini e della nutrizi-
one e cardiopatie. In: Braunwald E (ed) Trattato di medicina car-
diovascolare, Vol II. Piccin Nuova Libraria, Padova, pp 1941~
1970, 1985



L. Irace et al.: Left ventricular function in type 1 diabetes mellitus

3.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Kannel WB, Hjortland M, Castelli WP, Role of diabetes in con-
gestive heart failure: the Framingham study. Am J Cardiol 34:
29-34, 1974

. Fein FS, Sonnenblick EH, Diabetic cardiomyopathy. Prog Car-

diovasc Dis 27:255-270, 1985

. Hamby RI, Zoneraich S, Sherman L, Diabetic cardiomyopathy.

JAMA 229:1749-1754, 1974

. Vered Z, Battler A, Segal P, Liberman D, Yerushalmi Y, Bere-

zin M, Neufeld HN, Exercise-induced left ventricular dysfunc-
tion in young men with asymptomatic diabetes mellitus (diabet-
ic cardiomyopathy). Am J Cardiol 54:633-637, 1984

. Shapiro LM, Echocardiographic features of impaired ventricu-

lar function in diabetes mellitus. Br Heart J 7:439-444, 1982

. Airaksinen J, Ikaheimo M, Kaila J, Linnaluoto M, Takkunen J,

Impaired left ventricular filling in young female diabetics.
Acta Med Scand 216:509-516, 1984

. Monrad ES, McKay RG, Baim DS et al, Improvement of index-

es of diastolic performance in patients with congestive heart fail-
ure treated with milrinone. Circulation 70:1030-1037, 1984
Inouye I, Massie B, Loge D et al, Abnormal left ventricular fill-
ing: an early finding in mild to moderate systemic hypertension.
Am J Cardiol 53:120-126, 1984

Pozza G, Chierchia S, Margonato A, La cardiomiopatia diabet-
ica. In: Cardiologia 1991, Atti del 25° Corso di Aggiornamen-
to del Centro A. De Gasperi, Librex, Milan, pp 106, 1991
Jackson WPU, Vinik Al Sive A, Diabetic neuropathy. S Afr J
Hosp Med 7:196-203, 1978

Ewing DJ, Martyn CN, Young RJ, Clarke BF, The value of car-
diovascular autonomic function tests: 10 years’ experience in
diabetes. Diabetes Care 8:491-498, 1985

Ewing DJ, Campbell IW, Clarke BF, Assessment of cardiovas-
cular effects in diabetic autonomic neuropathy and prognostic
implications. Ann Intern Med 92:308-311, 1980

Sahn DJ, De Maria A, Kisslo J, Weyman A, Recommendation
regarding quantitation in M-mode echocardiography: results of
survey of echocardiographic measurements. Circulation 55:
613-618, 1978

Irace L, Tarussi D, Langella S, Santangelo L, Coppola V, Iaco-
no A, Cardiovascular adaptation during cycloergometric stress
test in insulin-dependent diabetes with and without dysautono-
mia. Cardiologia 36:611-617, 1991

Rubler S, Dlugash J, Yuceoglu YZ, New type of cardiomyopa-
thy associated with diabetic glomerulosclerosis. Am J Cardiol
30:595-602, 1972

Thuesen L, Cristiansen JS, Falstie-Jensen N, Cristensen CK,
Hermansen K, Mogensen P, Increased myocardial contractility
in short term type I diabetic patients: an echocardiographic study.
Diabetologia 28:822-826, 1985

Goldweit LS, Borer JS, Jovanovic LG, Drexel AJ, Hochreiter
CA, Devereux RB, Peterson CM, Relation of haemoglobin A1l
and blood glucose to cardiac function in diabetes mellitus. Am
J Cardiol 56:642-646, 1985

Maini CL, Galli G, Soricelli A, Manna R, Meloncelli I, Bonet-
ti MG, Pigini MG, Ventricular dysfunction in asymptomatic di-
abetics evaluated by rest equilibrium angiocardioscintigraphy.
J Nucl Med 28:144-150, 1983

Mustonen JN, Uusitupa MIJ, Tahvanainen K, Talwar S, Laakso
M, Lansimies E, Kunikka JT, Pyorala K, Impaired left ventricu-
lar systolic function during exercise in middle-aged insulin-
dependent and noninsulin-dependent diabetic subjects without
clinically evident cardiovascular disease. Am J Cardiol 62:
1273-1279, 1988

Regan TJ, Lyons MM, Ahmed SS, Levinson GE, Olderwurtel
HA, Ahmad MR, Haider B, Evidence for cardiomyopathy in fa-
milial diabetes mellitus. J Clin Invest 60:885-899, 1977

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

273

Shapiro LM, Howat AP, Calter MM, Left ventricular function
in diabetes mellitus. I. Methodology and prevalence and spec-
trum abnormalities. Br Heart J 45:122-128, 1981

Shapiro LM, Leatherdale BA, MacKennon J, Fletcher RF, Left
ventricular function in diabetes mellitus. II. Relation between
clinical features and left ventricular function. Br Heart J 45:
129-132, 1981

larussi D, Irace L, De Simone R, Ruggiero B, Giuliani F, Ar-
mentano V, Volpe FP, Tacono A, Echo-doppler study of left ven-
tricular diastolic function in type I diabetes mellitus patients with
and without autonomic neuropathy. G Ital Diabetol 10:113, 1990
Galetta F, Piaggesi A, Prattichizzo FA, Ceraudo AM, Cosci S,
Giusti C, Cardiovascular effects of autonomic neuropathy in in-
sulin-dependent diabetes mellitus. Cardiologia 40:769-773,
1995

Rynkiewcz A, Semetkowska-Jurkiewicz E, Wyrzkowski B, Sys-
tolic and diastolic time intervals in young diabetics. Br Heart J
44:280-283, 1980

Mildenbeyer RR, Bar-Shlomi B, Druck M, Clinically unrecog-
nized ventricular dysfunction in young diabetic patients. J] Am
Coll Cardiol 4:234--238, 1984

Lababidi Z, Goldstein DE, High prevalence of echocardiograph-
ic abnormalities in diabetic youths. Diabetes Care 6:18-22, 1983
Paillole C, Dahan M, Paycha F, Cohen Solal A, Passa P, Gour-
gon R, Prevalence and significance of left ventricular filling
abnormalities determined by Doppler echocardiography in
young type I (insulin dependent) diabetes mellitus. Am J
Cardiol 64:1010-1016, 1989

Irace L, Aiello C, Arcamone C, De Simone R, Guadagno I,
Marini IL, Iacono A, Radionuclide ventriculography evaluation
of left ventricular function in patients with impaired glucose tol-
erance. Cardiologia 33:863-866, 1988

Zarich SW, Arbuckle BE, Cohen LR, Roberts M, Nesto RW,
Diastolic abnormalities in young asymptomatic diabetic patients
assessed by pulsed doppler echocardiography. J Am Coll Car-
diol 12:114-120, 1988

Riggs TW, Transue D, Doppler echocardiographic evaluation of
left ventricular diastolic function in adolescents. with diabetes
mellitus. Am J Cardiol 65:899-902, 1990

Ferraro S, Maddalena G, Codella C, Santomauro M, Desiderio
A, Turco S, Gravina E, Lo Storto M, Matera MG, Chiariello M,
Funzione cardiaca e livelli plasmatici di catecolamine nei dia-
betici non-insulino dipendenti. Cardiologia 36:679-684, 1991
Brutsaert DL, Rademarks FE, Sys US, Triple control of relax-
ation in cardiac disease. Circulation 69:190-196, 1984
Parmley WW, Sonnenblick EH, Relation between mechanics of
contraction and relaxation in mammalian cardiac muscle. Am J
Physiol 216:1084-1091, 1969

Fraser DM, Campbell IW, Ewing DI, Murray A, Neilson JM,
Clarke BF, Peripheral and autonomic nerve function in newly
diagnosed diabetes mellitus. Diabetes 26:546-550, 1977
Manjcardi V, Bonora E, Coscelli C, Butturini U, Valutazione
della presenza di neuropatia autonomica in diabetici asinto-
matici di tipo I e II. G Ital Diabetol 4:11-18, 1984

Mackay JD, Page MCB, Cambridge J, Diabetic autonomic neu-
ropathy. Diabetologia 18:471-478, 1980

Hilsted J, Galbo H, Christensen NJ, Impaired cardiovascular re-
sponses to graded exercise in diabetic autonomic neuropathy.
Diabetes 28:313-319, 1979

Kahn JK, Zola B, Juni JE, Vinik AT, Radionuclide assessment
of left ventricular diastolic filling in diabetes mellitus with and
without cardiac autonomic neuropathy. J Am Coll Cardiol
7:1303-1309, 1986



