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Background -

Diabetes mellitus (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 Diabetes, day by-day this
disease is increasing in this country [14]. Cardiovascular disease is
one of its most common complications that increases mortality in
these patients. The cardiovascular complications of diabetes mellitus
can be classified into three groups: atherosclerotic coronary artery
disease, diabetic cardiomyopathy, and cardiac 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 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 in clinic and hospital,

Mpo6aeMn exomOriuHOT Ta MeAMYHO! FERETHKH i KIiHiYHOT iMmynoxnorii

A 431

sometimes we also overlook the sign-symptoms of CAN and don't
try to exclude the presence 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 patients, who usually admit to the hospital
for conventional treatment and tried to draw the attention of the
practitioner regarding this matter.

Materials and methods

We examined 30 patients with Diabetes Mellitus Type 1 (DM-
I) who were hospitalized in the endocrinology department of
Hospital Neb for regular treatment (table 1). All patients were
investigated routinely - complains, anamnestic data, objective
examination, additional examination (blood test, sugar test, GTT,
HbAI, urine test, other standard tests). '

Table 1

Characteristic of patients

Points DM tvpe |}
Noofpatients 390
Mean age. vears 30214£10.96
Mean age of onsetof DM , vears 19.43+7.7
Male: Female ratio 17:13 (1.3 : 1Y
Duration of the DM . vears 11.344+7.76
Mean BMI ke/m® 233 12
Positive familv historv 7(23.3%)
Historvy of the pancreatitis 8 (27.3%)

Other tests done - each participant will be also éxamined 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
condition, it will be resting tachycardia and one of the sign of CAN.

Heart rate response to deep breathing. Beat-to-beat
variation in heart rate with respiration depends on parasympathetic
innervation. Several different techniques have been described in
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clinical literature, but measurement during 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
heart 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.
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.
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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 ! 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 2 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.

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
vardiovascular responses to maintain homeostasis, As for the stand
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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
ure)
<20 mm He 0
2030 mm He 0.5
>30 mm He 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 disstolic blood pressure durine sustained handerip
>15mm Hg 10
15-10 mm He 0.5
<10 mm He 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 O (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, 1, 2 or 3, respectively [9].
Results from earlier research suggested that using 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
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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

Most of the patients of DM-1 (56,6%) came to hospital for
regular check up. Other 20% 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,
23,4% patients came for polyurea, polydipsia & 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-I in
all patients (table 3).

Table 3
Results of routine diabetic tests
Tests Results
Mean HbAlc level, % 13.16+2.48
Mean fasting blood glucose. mmol/L 10.45+2.48
Glucose level in urine. g/L 25.5+4.5

Clinically 20% of patients had palpitation, resting tachycardia,
10% of patients felt dyspnea in physical exertions, 10% 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).

Table 4
Positive results of the 5 tests for determination of CAN
CAN tests DM-1
1) Resting tachvcardia 6(20%)
2) Standing tests for orthostatic hvootension 10 (33%)
3) Valsalva maneuver 9 (30%)
4) Heart rate response to deep breathing v 6 (20%)
3) Diastolic blood pressure response to sustained [ 11 (37%)
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Scoring of CAN in examined patients made next results (table 5).

Table 5
Stages of CAN in DM-1 patients .
Stages of CAN with score DM-1 patients
1D No CAN ( score-0) 43.3% (13)
2) Earlv CAN (score-1), Points 0.5 — 1.5 23.3% (7
3) Definite CAN (score-2). Points 2 -3 233% ()
4) Severe CAN (score-3). Points > 3.5 10% (3)

In 13 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. Severe CAN had 3 patients.

It was compare how duration of DM can correlate with
presenting of CAN (see table 6).

. Table 6
Relation between duration of disease and CAN in
DM-1 patients
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high prevalence of CAN (60%) among the patients with diabetes in
our study was similar to previous observations [12, 18].

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

Table 8
CAN and HbAlc level in DM-1 patients
Mean HbAlc of non CAN Mean HbAlc of CAN
Type patients, % patients, %
DM-I patients 9,17+3,18 15,26 £ 2,54

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-I patients can correlate with development of
CAN (see table 9). '

Duration of | CAN present | CAN absent Total
< 10 vears 4(26.6 %) 11 (73.3%) 15 (100%) -
> 10 vears 13 (86.6 %) 2 (13.3%) 15 (100%)
_Total 17 13 30

Table 9
Sensory peripheral neuropathy among CAN patients
CAN Peripheral newropathy | Peripheral neuropathy
Type present present absent
DM patients | 17 (100%) 15 (88%) 2 (12%)

The mean duration of the study population’s Diabetes mellitus
was 11,53 years. The range was O years to 24 years. Less than
10 years of DM-I duration 15 patients had. Among them only
26,6 % (4) persons had Cardiovascular autonomic neuropathy.
More than 10 years of DM-I duration 15 patients had. Among
them 86,6 % (13) persons had Cardiovascular autonomic
neuropathy. Duration of the disease over 10 years significantly
increased the risk CAN in diabetic patients. '

It was compare how the age of DM-I patients can correlate
with presenting of CAN (see table 7).

Table 7
Relation between the age and CAN in DM-1 patients
_Acge CAN present CAN absent __Total
<30 vears |9 (45%) 11 (55%) 20 (100%)
> 30 vears |8 (80%) 2 (20%) 10 (100%)
Total 17 13 30
Age ol the patient thal is higher age also is a risk lactor lor

developing the CAN. Especially higher age with long duration of DM
is a significant risk factor for the CAN according to our study. The
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88% of CAN patients had peripheral neuropathy (sensory) but
only 12% 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.-
| patients can correlate with development of CAN (see table 10).

Table 10
Diabetic retinopathy and CAN

Diabetic retinopathy | Diabetic retinopathy | Diabetic retinopathy
Type present with CAN without CAN
DM-] patients 12 (100%) 9 (75%) 3(25%)

75% of patients with Diabetic retinopathy had CAN but only 25%
of persons without CAN had Diabetic retinopathy. 30% of patients
with CAN had not Diabetic retinopathy. So, Diabetic retinopathy or
CAN can develop primarily, but with time they always present together.

Conclusions

1. Near 60% of patients with Diabetes Mellitus type I were
suffering from Cardiovascular Autonomic Neuropathy. So, CAN
is a common complication of DM-L '
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2. Longer duration and increasing age of Diabetes Mellitus
type I are risk factors for the CAN., '

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

4. Strong correlation is shown between presenting of CAN and
Diabetic retinopathy (75% 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 & cerebrovascular diseases should use these
easy five tests to diagnosis of CAN in diabetes mellitus patients
during their daily practice.
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Summary

Shuper V.A,, Abdullah - At - Mamun, Shuper S.V., Tedeeva M.K.,
Dolgolenko O.G., Matjuchin P.V. Diagnoses of cardiac autonomic
neuropathy in patients with diabetes mellitus type |I.

Cardiac autonomic neuropathy is one of the most often, early, serious,
but overlooked complication of Diabetes Mellitus Type 1. Routine
investigations of diabetic patients must include easy complex tests for
initial diagnosis of CAN. Prevalence of CAN in patients with DM-1 shows
importance of careful examination, adequate compensation of glycemic
disorders for prevention of severe fatal cardiac diabetic complications.

Key words: Diabetes mellitus type I, cardiac autonomic neuropathy,
diagnosis.
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lynep B.O., Abdullah - Al - Mamun, Hlynep C.B., Texeera M.K.,
Hoaronenko O.I., Marioxin IL.B. Jiaznocrmuka xapiuarsnoi aemo-
HoMHOL Hediponamii y xeopux yykposum diabemom 1 muny.

Kapauasnbua aBToHOMHA HelponaTisi € HaH6L/Ibi YAaCTHM, paHHIM, BaX-
KHM, ajie BYaCHO He JJarHOCTYEMHM yCK/aJIHeHHSM IyKpOBoro jjabety 1
tanry. IlpoTokon obcrexxenns xBopux LI 1 Tuny THOBHMHeH BKJIOYATH
NpocTi y BUKOPUCTaHHI, JarHOCTHYHO HOCTOBIPHI Ta HeAOpOri TeCTH st

CBOCYACHO] ZlalrHOCTHKH KAPAMAILHOI aBTOHOMHOT He#lponarii. Bicoka uac-

TOTa BHSIBJICHHS! KApPAHAIbHOI aBTOHOMHOI Hefiponartii y xsopux LI 1 tuna
IEMOHCTDYE HEOOXiIHICTb NPOBE/IeHHS SKICHOI CBOSYACHOT HiarHOCTHKH, afiek-
BaTHOI KOMNeHCalil IViKeMiYHUX NOPYLIEHb 3 METOI0 NPOMIIAKTHKY BHHUK-
HEHH$ BaXKHX KapAy¥aibHUX yCKAafHens 11,

Karouosi croBa: uykposuit niaGet 1 Tumy, KaphuaabHa aBTOHOMHa
He#ponaris, JiarHocTHKa. o

. Pesiome

> Iynep B.A., Abdullah - Al - Mamun, Illynep C.B., Texeena MK.,
Hoaronenxo O.I., MatioxuH IL.B. Juaenocmuka xapouaronoii agmo-
HOMHOU Hediponamuu y GoabHelx caxaproim duabemom | muna.

Kapananbhas aBTOHOMHasi Hefponatisi siBasieTcsl HaHGOJee YacThM,
PaHHKM, THAXKENBIM, HO BOBPEMs He AHarHOCTHPYEMBIM OCJIOXKHEHHEM ca-
xapHoro puabeta 1 tuna. Ilportokon o6cnenoBanus G6oapHux CJ1 1 Thma
ROJIXKEH BKAIOYATb MPOCTHE B IPUMEHEHHH, JHaTHOCTHYECKH AOCTOBEPHHE
H HEJOPOTHe TeCThl s CBOEBPEMEHHON AMArHOCTHKHM KapAHAJIbHOH aBTO-
HOMHOH HeliponaTiu. BhicoKas 4acTOTa BHSBNEHHSI KapAHaAbHOH aBTo-
HOMHOH He#ponatun y 6oibHeXx CI 1 Tuna JNEMOHCTPUDYeT HeOOXOAH-
MOCTb IIPOBEJICHH S KaYeCTBEHHOH CBOEBPEMEHHOM AHArHOCTHKH, afeKBat-
HOM KOMIIEHCAUMH [VIHMKeMHYECKHX HapylleHHA B UeJfX NpodHIaKTHKY
BO3HHKHOBEHHS THAXKEJLIX KapAHaJbHBIX OCJOCKHEHHH caxapHoro fuabera.

Kurouensle caopa: caxapubifi qnabet | tuna, KapAHAJbHAS aBTOHOM-
Hasi HelponaTHsi, JMarHOCTHKA.

PenenseHt: g.me.H., npoh. T.B.Muponetxko
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PELEH3UA _

Ha kHury I'epmanona B.T., JlockyroBoii H.B., Boiiuenko
IILK. CnoBaps MMMYHOJIOTHYECKMX TEPMHHOB H
omnpeleleHH B MPaKTHUKe MMMYHOJOra M ajajaeprojora /
B.T. I'epmanog, U.B. JIockyroBa, II.K. BoiiueHko. -

Jlyrauck, "4Il Cysaasao”, 2010. - 620 c.

"TlponyckoM B MUD" Ha3Bajl CHCTEMY HMMYHOGHOJOTHUECKOH pesH-
CTEHTHOCTH M3BeCTHEHIINH COBpeMeHHBIH UCC/IeoBaTe b, ONMH H3 OC-
HOBOMOJIOXKHHKOM OTeYeCTBEHHOH WMMYHOJIOTHH aKafeMuK Psm Buk-
topoeud [TetpoB. [Tpomenumi XX Bex ocTaBHI B HAC/EACTBO HaLIEMY
BpeMeHH HeMaJl0 HMMYHOJOTHYECKHX U ajlIeprosiorndecKux npobiiem.
CITUA (BUY-uHpekups), pesUCTeHTHas K Tepalki GPOHXHaNbHAs ac-
TMa, IUMPOKO PacrpOCTPaHEHHbIE MOJUIMHO3BI, KPYIJIOTONHUHHE a/liep-
rH4ecKHe PHHUTbI, ATONHYECKHE JePMaTHTHI H MHOTHE HHbie YacTo BCTpe-
Jajoyecs: My/JbTH(AKTOPHAMbHEE 3a00/€BAHHA C BHIPAXKEHHBIM HM-
MYHHBIM H CeHCHOU/IM3HOHHBIM KOMIIOHEHTOM HMEIOT 0COBYI0 aKTyasb-
HOCTb CEerofiHa B CBSI3H C yTAXKe/leHHeM KIMHHYECKOTO TeueHHs, CyLue-
CTBEHHLIM CHIXKEHHEM Ka4yecTBa XKU3HH NMALMEeHTOB, HX HHBAJIHWAH3ALH-
ell ¥ Jaxke JeTalbHOCThIO. HecMoTpst Ha oueBHHbIe yenexu (yHaaMeH-
Ta/MbHBIX ¥ APUKJIAAHBIX HayK O 340poBbe (a MMMYHOJIOTHSI SIBISETCS
JHIEPOM MEIHKO-GHONIOTHYECKUX AMCLMIVIMH) B KIWHHKE He TPOH3O0LI-
JIO CYHIECTBEHHOTO COKPAlUeHHSI KOJMHYeCTBa GOJIbHLIX HMMYHOJIOTH-
4YECKOTO H aJUIepro/iorHYecKoro Npoduisi, a Takxke Tex Jii, B sabose-
BaHWM KOTOPHIX PacCTPOHCTBA HMMYHO-GHOJIOTHUECKOTO CTaTyca 3aHH-
MaloT CyllecTBeHHOe MecTo. B KanoiHeBHOH paGoTe MPaKTHYECKOro
Bpaya JoGOH MeJHLEHCKOH CTelHaTH3aIMH 3HAHHE 3aKOHOB HMMYHO-
JIOTHH M aJlIeproJioruu NOTpeGHO I HOCTHXKEHUS BHICOKOH 3dipek-
THBHOCTH, Pe3yJ/IbTATHBHOCTH H MOJHOLEHHOH Tepalii M MeIHLHHCKOH
peabuiuTauMn B3pocsbiX U aeted. Mcexons w3 usnoxensoro, caenyet
TPUBETCTBOBATh BHIXOJ B CBET PELeH3HPYEMOH KHHIH, TIOArOTOBJIEHHOM
M3BECTHLIMH JIYTaHCKMMH HCCJlefioBaTensMu npodeccopamu [epmaHo-
BeiM B.T., Jlockyrosoii U.B., Boituenko LK.

Kpuinatas ¢pasa senukoro Boserepa o ToMm, uto "CroBapsb -
3TO BCeJIeHHasl B aJ(aBHTHOM NOpsjKe" OTKPBIBaeT 3TO HHTEpec-

Peuensin
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