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Background

- Diabetes Mellitus type II (DM) is an important metabolic

disorder that can affect nearly every organ system in the body.
Prevalence of diabetes in adults worldwide was estimated to be
4.0% in 1995 and to rise to 5.4% by the year 2025 [14]. As a
developing country, Ukraine is also a vulnerable country for DM

Type 11, day by day this disease is increasing in this country

[14]. Cardiovascular disease is one of its most common
complications that increase mortality in these patients. The
cardiovascular complications of Diabetes Mellitus type II can be
classified into three groups: atherosclerotic coronary artery
disease, diabetic cardiomyopathy, and cafdiac autonomic
neuropathy (CAN) [3, 4, 5]. Perhaps one of the most overlooked
of all serious complications of diabetes is CAN [2, 11, 15]. CAN
results from damage to the autonomic nerve fibers that innervate
the heart and blood vessels and results in abnormalities in heart
rate control and vascular dynamics [8, 18, 19]). CAN is a common
form of diabetic autonomic neuropathy and causes abnormalities
in heart rate control as well as central and peripheral vascular
dynamics, the clinical manifestations of which include exercise
intolerance, intraoperative cardiovascular liability, orthostatic
hypotension and painless myocardial ischemia, and contributes
to morbidity, mortality, and reduced quality of life for persons
with diabetes mellitus [13, 16]. The incidence of silent myocardial
ischemia in diabetics is very high and CAN seems to be the most
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probable reason for the absence of pain [10, 15]. The risk of
sudden death is also high in patients with CAN [13, 17, 20]. In
our daily practice, sometimes we also overlook the sign-symptoms
of CAN. Though, there are very easy bedside tests to evaluate
the CAN even at primary medical examination without difficult
and long methods of investigations.

Goal of the study: to establish the presence of CAN among
the Diabetes Mellitus type II patients, who usually admit to, the
hospital for conventional.

Materials and methods

We examined 45 patients with Diabetes Mellitus Type II (DM-II)
who were hospitalized in the endocrinology department for regular
treatment (table 1). All patients were investigated routinely - complains,
anamnestic data, objective examination, additional examination (blood

test, sugar test, GTT, HbAl, urine test, other standard tests). -
Table 1

Characteristic of patients

Points S DM type 1
No of patients 40
Mean age, years 50,17+ 8,84
Mean age of onset of DM, years 43,184+ 9,21
Male: Female ratio 16:24 (1:1,5)
Duration of the DM, vears .~ 833+37
Mean BMI, kg/m? 29,24+ 6,18
Positive family history 15 (37,5%)
History of the pancreatitis 12 (30%)

Other tests done - each participant will be also examined for the
presence or absence of peripheral neuropathy by testing for abnormal
pin-prick sensations in the limbs, abnormality of position sense in the
big toes, and the absence of Achilles’ tendon reflex. Hypertensive and
those with nephropathy were excluded from the study cohort because
of their likelihood of having baseline ECG abnormalities and also
because these diseases may interfere with the autonomic function
tests. For defining of CAN next 5 classical tests were done.

Assessing cardiovascular parasympathetic function:

Resting tachycardia. If heart rate is >100/ minute at resting
conditien, it will be resting tachycardia and one of the sign of CAN.
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" Heart rate response to deep breathing. Beat-to-beat variation
in heart rate with respiration depends on parasympathetic
innervation. Several different techmques have been described in
clinical literature, but measurement durmg paced deep breathing
is considered the most reliable.

Procedure: Lie the patient flat. When the pulse has steadied,
record the pulse rate during six slow maximal deep breaths. In
normal subjects the pulse rate should slow by >15 beats/min;
with autonomic disturbances the pulse rate slows <10 beats/min.

Heart rate response to standing. This test evaluates the
cardiovascular response elicited by a change from a horizontal to
a vertical position. In healthy subjects, there is a characteristic
and rapid increase in heart rate in response to standing that is
maximal at approximately the 15th beat after standing. This is
followed by a relative bradycardia that is maximal at approximately
the 30th beat after standing. In patients with diabetes and autonomic
neuropathy, there is only a gradual increase in heart rate.

Procedure: Pulse. Record the R-R interval on the ECG and
use it to determine the instantaneous heart rate, at rest and then
on the 15th and 30th beats after standing. The heart rate should
normally rise after about 30 seconds as part of the response to
return the blood pressure to normal. The normal 30th:15th pulse
heart rate ratio is >1,03 in normal subjects, and <1,0 when there
is autonomic disturbance.

Valsalva maneuver. In healthy subjects, the reflex response to
the Valsalva maneuver includes tachycardia and peripheral

vasoconstriction during strain, followed by an overshoot in blood

pressure and bradycardia after release of strain. The response is
mediated ‘through alternating activation of parasympathetic and
sympathetic nerve fibers. In patients with autonomic damage from
diabetes, the reflex pathways are damaged. This is seen as a blunted
héart rate response and sometimes as a lower-than-normal decline in
blood pressure during strain, followed by a slow recovery after release.

Procedure: The patient closes the glottis and attempts maximal
expiratory effort for 15 seconds. The resultant reduced venous return
should reflexly lower the pulse rate via the vagal parasympathetic.
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The ratio of the highest pulse rate in a preliminary rest period to the
lowest pulse rate during the test is >1,2 in normal subjects and
<1,1 in patients with autonomic disturbances. The test may be
repeated up to three times if the initial result is equivocal.

Assessing cardiovascular adrenergic (sympathetic) function

Systolic blood pressure response to standing. Blood pressure
normally changes only slightly on standing from a sitting or
supine position. The response to standing is mediated by
sympathetic nerve fibers. In healthy subjects, there is an immediate
pooling of blood in the dependent circulation resulting in a fall in
blood pressure that is rapidly corrected by baroreflex-mediated
peripheral vasoconstriction and tachycardia.

Procedure: Record the supine blood pressure after the patient
has been resting quietly on a couch for 15 minutes. Then ask the
patient to stand. This will reduce the recorded blood pressure,
but sympathetic mechanisms should correct this over the next
minute or so. Thus, measure the blood pressure 1 and 3 minutes
after standing. A fall of over 20mmHg systolic compared to the
supine pressure suggests autonomic failure.

Diastolic blood pressure response to sustained handgrip. In this
test, sustained muscle contraction a rise in systolic and diastolic
blood pressure and heart rate. This rise is caused by a reflex arc from
the exercising muscle to central command and back along efferent
fibers. The efferent fibers innervate the heart and muscle, resulting in
increased cardiac output, blood pressure, and heart rate.

Procedure: With the patient lying flat, measure the maximal handgrip
force by having the patient grip a semi-inflated sphygmomanometer
cuff as hard as possible. Then, with a second sphygmomanometer,
measure the rise in diastolic blood pressure after a 30% handgrip
sustained for 5 minutes. The diastolic pressure should rise >16 mmHg;
in autonomic disorders it will rise <10 mmHg.

Response to tilting. The hemodynamic response to standing
is a commonly performed measure of autonomic function. Passive
head-up tilting provides a more precise level of standardization
to the orthostatic stimulus and reduces the muscular contraction
of the legs, which can reduce lower-leg pooling of blood A tilt
angle of 60° is commonly used for this test. ‘
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Procedure: The Passive head-up tilting may be maintained for
10-60 min or until the patient's orthostatic symptoms can be
reproduced. The orthostatic stress of tilting evokes a sequence
of compensatory cardiovascular responses to maintain
homeostasis. As for the stand response, the normal tilted reflex
consists of an elevation in heart rate and vasoconstriction. If
reflex pathways are defective, blood pressure falls markedly with
hemodynamic pooling. An abnormal response is defined similarly
to that associated with standing.

Table 2
The five autonomic function tests
to detect cardiac autonomic
Autonomic function test Points

1. Resting heart rate

<100 beats/min 0

100-110 beats/min . 0,5

>110 beats/min 1
2. Postural hypotension (fall in systolic blood pressure)

<20 mm Hg 0

20-30 mm Hg 0,5

>30 mm Hg 1
3. Valsalva ratio

- >1.2 0

1.2-1.10 0,5

<1.10 1
4, Heart rate variability on deep breathing

>15 beats/min ) 0

15-10 beats/min 0,5

<10 beats/min 1
5. Increase in diastolic blood pressure during sustained
handgrip

>15 mm Hg 0

15-10 mm Hg 0,5

<10 mm Hg 1

Determination of the CAN. The total points from each of these
five tests will be added together and the cardiac autonomic neuropathy
score [9, 22] (CAN score) will be categorized as follows: CAN score
0 (total points 0), CAN score 1 (points 0,5 - 1,5), CAN score 2
(points 2-3), and CAN score 3 (points 3,5). CAN would be considered
absent, early, definite or severe if the CAN scores were O, I, 2 or 3,
respectively [9]. Results from earlier research suggested that using
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a battery of cardiovascular tests (some indicating parasympathetic
involvement and others indicating possible sympathetic
involvement) would make it possible to follow the progression of
autonomic function over time. The San Antonio consensus panel
further extended the utility of tests of cardiovascular autonomic
function by suggesting that a battery of tests could be used to
stage patients with autonomic neuropathy [1, 7, 21]. A three-
stage model was proposed as follows:

- Early stage: abnormality of heart rate response during deep
breathing alone. .

- Intermediate stage: an abnormality of Valsalva response.

- Severe stage: the presence of postural hypotension.

In this study, the authors used Bellavere et al. [9] methods for
scoring of CAN as well as the "San Antonio consensus panel's
suggestions to score the CAN" [21]. ‘

Results and discussions -

Some patients of DM-II (17,5%) came to hospital for regular
check up. Other 82,5% patients came to hospital with the
complaints of general weakness, for the problem of their high
blood glucose level & decreased sensation at both legs and hands,
45% patients came for polyurea, polydipsia and dryness of mouth
and rest of the patients came for other complaints like pain at
both legs or pain during walking, palpitation, headache, dizziness,
general discomfort (bad feelings), decreased eye vision etc.

Standard diabetic tests showed bad compensation of DM-II in
all patients (table 3).

Table 3
Results of routine diabetic tests
Tests Results
Mean HbA lc level, % ‘ 12,127
Mean fasting blood glucose, mmol/L 10,4+ 31 :
Glucose level in urine, g/L 22,7+ 5,1 : .

Clinically 20% of patients had palpitation, resting tachycardia,
62,5% of patients felt dyspnea in physical exertions, 35% of patients
had weakness, dizziness, visual impairment from a lying to a standing
posture (orthostatic hypotension). After providing 5 examination. tests
for diagnosis of CAN we analyzed next results (see table 4).
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"Scoring of CAN in examined patients made next results (see
table 5). In 15 patients CAN was absent, there were persons
without clinical features of cardiovascular problems. 7 patients
had early and the same amount had definite CAN, it was mainly
correspondent with clinical picture, but not always. Definite and
Severe CAN had 18 patients (45%).
' o Table 4
Positive results of the 5 tests for determination of CAN

CAN tests DM-II patients
1) Resting tachycardia 8 (20%)
2) Standing tests for orthostatic hypotension 12 (30%)

3) Valsalva maneuver 13 (32,5%)

4) Heart rate response to deep breathing 7 (17,5%)
3) Diastolic blood pressure response to sustained handgrip 14 (35%)
o Table 5

Stages of CAN in DM-II patients

Stages of CAN with score DM-II patients
1) No CAN ( score-0) 15 (37,5)
2) Early CAN (score-1). Points 0,5 — 1,5 7(117.5)
3) Definit_e CAN (score-2). Points 2 - 3 11 (27.5)
4) Severe CAN (score-3). Points > 3,5 7 (17,5%)

It was compare how duration of DM-II can correlate with
presenting of CAN (see table 6).
: Table 6
Relation between duration of disease and CAN in
DM-II patients

Durati
u[r)a]\,;?? of CAN present CAN absent Total
< 10 years 14 (48 %) 15 (52%) 29 (100%)
> 10 years 11 (100 %) 0 (0%) 11 (100%)
Total 25 15 40

The mean duration of the study population's Diabetes mellitus
was 6 years. The range was 0 years to 23 years. 29 patients had
duration of DM-II less than 10 years. Among them 48% of persons
had Cardiovascular autonomic neuropathy. 15 patients had duration
of DM-II more than 10 years. All these persons had Cardiovascular
autonomic neuropathy. Duration of the disease over 10 years
significantly increased the risk CAN in diabetic patients.
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‘It was compare how the age of DM-II patients can correlate
with presenting of CAN (see table 7).

Higher age of the patient also is a risk factor for developing
the CAN. Especially higher age with long duration of DM is a
significant risk factor for the CAN according to our study. The
high prevalence of CAN (60%) among the patients with diabetes
in our study was similar to previous observations {12, 18].

Table 7
Relation between the age and CAN in DM-1 patients
Age CAN present " CAN absent Total
< 50 years 17 (77.3%) _ 5(22.7%) 22 (100%)
> 50 years 8 (44.4%) 10 (55.6%) 18 (100:%)
Total 25 15 40

It was compare how the HbAlc level of DM-II patlents can
correlate with development of CAN (see table 8).

Table 8
CAN and HbAlc level in DM-II patients
Mean HbAlc of non CAN . °
Type patients, % Mean HbAlc of CAN patients, %
DM-II patients 8234221 14,87+ 4,34 .

We can see that bad glycemic control increase risk of CAN
development and also stimulate its progression.

It was compare how presenting of sensory peripheral
neuropathy in DM-II patients can correlate with development of
CAN (see table 9).

Table 9
Sensory peripheral neuropathy among CAN patients
T CAN Peripheral neuropathy Peripheral neuropathy
ype present present absent
DM-I patients | 25 (100%) 19 (76%) . 6 (24%)

76% of CAN patients had peripheral neuropathy (sensory) but-
only 24% of persons without periferal neuropathy had CAN. There -
were no patients with periferal neuropathy and without CAN. ~

It was compare how presenting of Diabetic retinopathy in DM-IT
patients can correlate with development of CAN (see table 10).

69% of patients with Diabetic retinopathy had CAN but only 31%
of persons without CAN had Diabetic retinopathy. 40% of . patlentsJ
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with CAN had not Diabetic retinopathy. So, Diabetic retinopathy or
CAN can develop primarily, but with time they always present together.

Table 10
Diabetic retinopathy and CAN
Type ) Diabetic Diabeti.c retinopathy | Diabetic retinopathy
retinopathy present with CAN without CAN
DM-II patients 16 (100%) 11 (69%) 5 (31%)

Conclusions

1. 85% of patients with Diabetes Mellitus type II were suffering
from Cardiovascular Autonomic Neuropathy. So, CAN is a
common complication of DM-II.

2. Longer duration and increasing age of Diabetes Mellitus
type H are risk factors for the CAN.

3. Peripheral neuropathy is associated with higher prevalence
of CAN in DM-II and CAN often develops primarily then Peripheral
neuropathy manifests.

4. Strong correlation is shown between presenting of CAN and
Diabetic retinopathy (69% of cases). Diabetic retinopathy or CAN
can develop primarily, but with time they always present together.

5. Endocrinologist, cardiologist as well as general practitioner
for easy management, economical treatment and to prevent sudden
death, silent MI and cerebrovascular diseases should use these
easy five tests to diagnosis of CAN in Diabetes Mellitus type II
patients during their daily practice.
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: Summary

Shuper V.A., Abdullah - Al - Mamun, Shuper S.V. ’l‘edeeva M.K.
Diagnoses of cardiac autonomic neuropathy in _pattents with diabetes
mellitus type I1.

Cardiac autonomic neuropathy is one of the most often, early, serious,
but overlooked complication of Diabetes Mellitus Type II. Routine investigations
of diabetic patients must include easy complex tests for initial diagnosis of
CAN. Prevalence of CAN in patients with DM-II shows importance of careful
examination, adequate compensation of glycemic disorders for prevention of
severe fatal cardiac diabetic complications.

Key words: Diabetes meilitus type 11, cardiac autonomic neuropathy,
diagnosis.
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Kapuuanbhasi aBToHOMHas HeHpONATHA SBJASETCH HaHGojiee YacThIM,
PaHHHM, TSXKeJbIM, HO BOBDeMsl He AMarHOCTHPYEMLIM OCJIOXKHEHHeM Ca-
Xapuoro muaberta Il Tuna. [Nporokoa o6caenosanus Gonpuwix CJH II Tuna
AOJKEH BKAOYATh NIPOCTHIE B TPHMEHEHHH, TMArHOCTHYECKH KOCTOBEPHLIE
H HelloporHe TeCThl NJIS CBOeBPEMEHHOH QHArHOCTHKM KapAMa/lbHOM aBTo-
HOMHOH HeliponaTuH. Bricokas yacToTa BHSIBJEHMSI KapQHaJbHOH aBTO-
HOMHO# HefiponaTun y Gombueix CI[ 11 THna geMOHCTpHpyeT HeoOXC/IH-
MOCTb TIpOBefieHMA KadeCTBEHHOH CBOeBPEMEHHOH AMAarHOCTHKH, ajeKBar-
HOH KOMMEHCAlIMH TIHKeMHYeCKHX HapylIeHHH B LeNAX NpOGUAaKTHKH
BO3SHHKHOBEHHSA TSKENKIX KAPAHANBHBIX OCJAOXKHEHUI caxapHoro auabera.

KraroyeBsie croBa: caxapuuiit 1naber 1 TMna, KapAHaibHasi aBTOHOM-
Hasi HeiponaTHsi, IHarHOCTHKA.

Pesiome

Mynep B.O., Abdullah - Al - Mamun, Illynep C.B., Tenecsa M.K.
Hiaenocmura xapduarbnoi asmoHOMHOL Heliponamii y X80pux Ha yYK-
posuli diabem I muny.

KapauanbHa aBTOHOMHa HeHponarif € HaWGiJbLI YaCTHM, paHHiM,
BaXKHM, ajle BYacHO He JiarHOCTOBAHHM YCKJaJHEHHAM UYKPOBOro
miabety Il Tuny. Ilporokon o6cTexenns xsopux Ha LU Il Tuny noswu-
HeH BKJICYATH TPOCTi Y BUKODHCTaHHIi, AiarHOCTHYHO JOCTOBipHi Ta
HeLopori TeCTH MJIR CBOEYACHO! AiaTHOCTHKH KapAiaabHol aBTOHOMHOI
He#ponarii. Bucoka 4acToTa BHABNEHHS KapAiaJbHOI aBTOHOMHOI Hell-
ponartii y xpopux Ha LUL II THny ReMoHCTpye Heo6XifHicTb npoBeseH-
Hsl AIKiCHOT CBO€YACcHOT JiarHOCTHKH, afleKBaTHOI KOMNeHcauii riikemiy-
HHUX NOpYUIEHb 3 MeTOl NpodiflaKTHKH BHHHKHEHHA BaXKHX, ¢aTalb-
HHX KapjliaJbHHX YCKJafHEHb UYKPOBOTO AiabeTy.

Kurrouosi carosa: uykposuil niabet II Tuny, Kapaiaibua aBTOHOMHA Hel-
ponarisi, LiarHoCTHKa.
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