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ABSTRACT
Cardiovascular autonomic neuropathy (CAN) is a serious and common complication of type 2 diabetes mellitus (DM) and
it is encompasses a damage to the autonomic nerve fibers that innervate the heart and blood vessels, resulting in
abnormalities in heart rate control and vascular dynamics. The study was designated to estimate the prevalence of CAN in
patients with type 2 DM and evaluate the effect of CAN in type 2 DM on the response to the thrombolytic therapy
(Actilyse). The study extends from 3rd/November/2012 to 31th/May/2013 at Merjan Teaching Hospital in Babylon
Province and Al- Zahraa center of internal medicine in Al- Hussain teaching hospital in Karbala Province. The total
number of subjects involved in this study was 111, all of them were newly diagnosed ST-elevation myocardial infarction in
the Coronary Care Unit. Patients were classified according to the presence of type 2 diabetes mellitus or not into 2 groups,
and patients with the type 2 DM divided into 3 groups according to the presence of CAN in order to study the difference in
the response to the thrombolytic therapy ( Actilyse ) between these groups. All patients enrolled in this study had
undergone clinical assessment by history and examination, Echocardiographic study and serum cardiac troponin titer had
been done for each one of them at admission and after 24 hours, Haematological assessment and biochemical assessment.
The study revealed that there were an extremely significant difference between STEMI and type 2 DM (p< 0.0001). The
echocardiographic examination revealed that there were an extremely significant association between the response of
regional wall motion abnormality to Actilyse in STEMI and: the  presence of type 2 DM (p< 0.0001), admission
hyperglycemia (p< 0.0001), hypertension (p< 0.001)  and a highly significant association with the duration of type 2 DM in
years (p< 0.01) and a significant association with CAN (p< 0.05), The presence of Type 2 DM in STEMI patients lower the
response of global left ventricle systolic function (EF%) to Actilyse (p<0.01) and (p<0.05). There was an extremely
significant relation (p< 0.0001) between type 2 DM and decrease serum Troponin titer after 24 hours of Actilyse. In view
of the changes summarized, history of type 2 diabetes mellitus in patient with ST-elevation myocardial infarction affect the
response (successfulness ) of the thrombolytic therapy ( Actilyse ) that is seen by echocardiography and the level of
troponin titer after the treatment, either by the effect of uncontrolled ( high blood sugar ) type 2 DM or the development of
CAN.
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INTRODUCTION
Coronary artery disease (CAD) is the most frequent single
cause of death worldwide. Over seven million people all
over the world every year die from CAD, accounting for
12.8% of all deaths [43]. Acute coronary syndrome (ACS)
is a common complication of coronary artery disease
(CAD)[34]. Acute coronary syndrome (ACS) refers to a
spectrum of clinical presentations ranging from ST-
segment elevation myocardial infarction (STEMI) to non-
ST- segment elevation myocardial infarction (NSTEMI)
and unstable angina. Most cases of ACS are caused by
rupture of an atherosclerotic plaque and partial or
complete thrombosis of the infarct-related artery[7].
Approximately 23% of patients with STEMI in the United
States have diabetes mellitus[35], and three quarters of all
deaths among patients with diabetes mellitus are related to
coronary artery disease [26]. Diabetes mellitus is associated
with higher (short and long term) mortality after STEMI
[32]. Hyperglycemia at presentation in patients who do not

have diabetes mellitus by history has been associated with
worse hospital outcomes[31]. Diabetes Mellitus is a potent
risk factor for all forms of atherosclerosis and is often
associated with diffuse disease that is difficult to treat.
Insulin resistance and glucose intolerance accounts for a
major part of the high incidence of ischaemic heart disease
in certain ethnic groups, e.g. South Asians [6, 34]. The
complications of diabetes mellitus include retinopathy,
nephropathy, and neuropathy (both peripheral and
autonomic). The risk for microvascular and neuropathic
complications is related to both duration of diabetes and
the severity of hyperglycemia[15]. One of the earliest
manifestations of diabetic autonomic neuropathy is
denervation of cardiovascular system. Presence of
symptoms along with abnormal cardiovascular function
tests suggest poor prognosis and increased incidence of
silent myocardial infarction, cardiac arrest and sudden
death[27]. Of these, cardiac autonomic neuropathy (CAN)
encompasses damage to the autonomic nerve fibers that
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innervate the heart and blood vessels, resulting in
abnormalities in heart rate control and vascular dynamics.
It is a significant cause of morbidity and mortality
associated with a high risk of cardiac arrhythmias and
sudden death[40]. The prevalence of confirmed CAN in
unselected people with type 1 and type 2 diabetes is
approximately 20%, but it can be as high as 65% with
increasing age and diabetes duration [39]. Thus, a review of
this topic is both timely and important for physicians to
better understand how to assess the complexity of
conditions present in patients with diabetes in order to
establish safe treatment targets[29]. This study aims to
identify some possible risk factors ( gender, smoking,
duration of diabetes mellitus, type of diabetes…etc.) of
myocardial infarction in Babylon and Karbala province
and studying the effect of the presence of type 2 diabetes
mellitus and it's   duration on the treatment of ST-elevation
myocardial infarction by actilyse. To measurements the
prevalence of diabetic neuropathy in type 2 diabetic
patients. Evaluating the effect of cardiovascular autonomic
neuropathy on the response of ST-elevation myocardial
infarction to actilyse and measurements of important
haematological and biochemical abnormality in ST-
elevation myocardial infarction patients with type 2
diabetes mellitus compare to control groups.

MATERIALS & METHODS
The study was conducted in Merjan Teaching Hospital in
Babylon Province and Al- Zahraa center of internal
medicine in Al- Husain teaching hospital in Karbala
Province from November/ 2012 to May/ 2013. All samples
were collected from coronary care unit (CCU). This study
included 111 patients, 69 males and 42 females with
STEMI (ST- segment elevation myocardial infarction)
clinically assessed by specialist. The age of most patients
was above forty with percentage about (96.4%) of
patients; mean age was (57.37 ± 10.988) year, as 41
patients considered a control group as they were not
diabetics to compare with type 2 diabetic patients by the
echocardiographic study and the remaining 70 considered
a patient group. The control group was selected regarding
the presence of type 2 diabetes mellitus or not, while all
the patients included in the study were diagnosed as
STEMI (ST- segment elevation myocardial infarction).
The patients were  diagnosed as STEMI (ST-segment
elevation myocardial infarction) depending on positive
troponin I tests plus ECG  finding in addition to clinical
features of acute Myocardial Infarction. All patients
underwent medical history and physical examinations
including : age, gender, history of ischemic heart disease,
hypertension and its duration, diabetes mellitus, and its
duration, history of smoking and family history of
ischemic heart disease. All the patients were fasting when
blood samples were taken. Patients were considered as
diabetic when they had history of diabetes, on treatment
including diet regime or when fasting blood glucose ≥ 7.0
mmol/ L (126 mg/ dl) or random blood glucose ≥ 11.1
(200 mg/ dl), or glycated hemoglobin ≥ (Hb A1C) ≥ 6.5%
[1]. Electrocardiography Manifestations of Acute
Myocardial Ischemia (in Absence of Left ventricular
hypertrophy (LVH)). New ST elevation at the J point in
two contiguous leads with the cut- points: ≥ 0.1 mV in all

leads other than leads V2– V3 where the following
cutpoints apply: ≥ 0.2 mV in men ≥ 40 years; ≥ 0.25 mV
in men < 40 years, or ≥ 0.15 mV in women [36].

Echocardiographic examination was done for all patients
to characterize:
1.Left Ventricular Wall motion abnormality was seen in

Parasternal long axis (PLAX) view and other views.
2.Ejection Fraction (EF%) through the left ventricular

internal dimensions during systole and diastole via the
M- Mode .

3.The thicknesses of left ventricular muscles;
interventricular septum (IVS) and left ventricular
posterior wall (PW) by 2- D or M- mode at diastole.

In order to assess regional systolic function, the left
ventricle is artificially divided into different segments. The
left ventricle is divided into 6 walls: anterior, anteroseptal,
inferoseptal, posterolateral, anterolateral and inferior. Each
wall is divided into a basal, mid and apical segment and
the apical cap represents the 17th segment. Wall motion
score index is a semi-quantitative analysis of regional
systolic function. Each segment is analyzed individually
and scored on the basis of its motion and systolic
thickening. Ideally, the function of each segment should
be confirmed in multiple views. This score is a 5-level
score defines as follows[25]: score 1= normokinesis or
hyperkinesis, score 2= hypokinesis, score 3= akinesis,
score 4= dyskinesis and score 5= aneurysm.
Wall motion score index is derived as a sum of all scores
divided by the number of segments visualized. While the
Ejection Fraction (EF %) was estimated in values at
difference of 5% (20%, 25%, 30% and so on), LV systolic
function was assessed by M- mode and 2D techniques [18].
It should be stressed that no single test can provide a
global assessment of autonomic function. The normative
values of these tests depend upon a large number of
factors, including: the specific laboratory conditions (e.g.
room temperature, instrumentation); the protocol followed
(e.g. duration of the stimulus, body position during and
prior to testing); and patient-related factors (e.g. age,
medication, consumption of caffeine etc.), so that care
must therefore be taken when interpreting individual
results[19]. Five standardized tests are widely used in
clinical practice three for assessment of cardiac
parasympathetic function (heart rate (HR) response to
Valsalva maneuver, to deep breathing and to standing
upright from supine position) while the other two (blood
pressure (BP) response to standing from supine and to
sustained isometric exercise) are used for assessment of
peripheral sympathetic function.

RESULTS
Out of 111 patients in the studied groups, 70 patients were
complaining from T2DM and 41 were not diabetic, there
are 81 (73%) smokers whether they were previously,
currently, heavy or light smokers, and 30 (27%) are not
smokers, smokers were extremely significant (p< 0.0001)
more than not smokers, In this study 65.8% of patients had
positive family history of Myocardial Infarction and it was
negative in 34.2%  patients, those patients with positive
family history were extremely significant (p< 0.0001)
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higher than patients with negative family history, The
hypertension (as a risk factor of Myocardial Infarction in
patients of this study) was present in 67 (60.4%) patients
and not in 44 (39.6%) patients, hypertensive patients were
significant (p< 0.05) higher than those not hypertensive.
There was a statistically extremely significant relationship

(p< 0.0001) between Type 2 diabetes mellitus (T2DM)
and decrease in the response of the regional wall motion
abnormality (RWMA) shown by echocardiography to the
treatment of myocardial infarction by Actilyse, as 81.2%
of patients with no response had T2DM (Figure 1).

***= (p< 0.0001).
FIGURE 1: Response of Regional Wall Motion Abnormality to Actilyse by echocardiography according to the presence

of Type 2 Diabetic in patients with Myocardial Infarction.

There was a statistically highly significant relationship (p<
0.01) between the increase in the duration of Type 2
Diabetes Mellitus (T2DM) ≥ 9 years and the decrease

response of the regional wall motion abnormality
(RWMA) shown by echocardiography to treatment of
myocardial infarction by Actilyse (Figure 2).

**= (p< 0.01).
FIGURE 2: Response of Regional Wall Motion Abnormality to Actilyse by echocardiography according to the duration of

Type 2 Diabetic in years in patients with Myocardial Infarction.

There was a statistically significant relationship (p<
0.0001) between the high admission glycemia in mg/dl
(RBS: ≥ 200 mg/dl) and the decrease in the response of the
regional wall motion abnormality (RWMA) shown by
echocardiography to treatment of myocardial infarction by
Actilyse. While the resulted data illustrated in figure (3)

revealed that there was a statistically significant
relationship (p< 0.05) between the presence of
Cardiovascular Autonomic Neuropathy and the decrease
in the response of the Regional Wall Motion Abnormality
(RWMA) by echocardiography to treatment of myocardial
infarction by Actilyse.

*= (p< 0.05)
FIGURE 3: Response of RWMA (by echocardiography) to treatment of myocardial infarction (Actilyse) according to the

presence of CAN in Type 2 Diabetic patients with Myocardial Infarction.
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Resulted data illustrated in table (1) revealed that there
was a statistically significant difference (p< 0.05) and (p<
0.01) between the mean of the EF% and the presence of

Type 2 Diabetes Mellitus in patients with Myocardial
Infarction.

TABLE 1: Mean of The Ejection Fraction (EF %) and The Presence of Type 2 Diabetes Mellitus in patients with
Myocardial Infarction.

Variable DM No. Mean± SD P- value
EF1 T2DM 70 46.37 ± 10.898

P<0.05Non DM 41 51.15 ± 10.790
EF2 T2DM 70 47.43 ± 11.291

P<0.01Non DM 41 54.22 ± 12.007

EF1: Ejection Fraction by echocardiography before treatment.
EF2: Ejection Fraction by echocardiography after treatment.
T2DM: Type 2 Diabetes Mellitus.
Non DM: Not Diabetic.
No.: patients' number.
SD: standard deviation.

There was a statistically extremely significant relationship
(p< 0.0001) between the mean of the EF% and the
response of the regional wall motion abnormality

(RWMA) by Echocardiography to treatment of myocardial
infarction. (Table 2).

TABLE 2: Mean of The Ejection Fraction (EF %) and The Response of The Regional Wall Motion Abnormality
(RWMA) by Echocardiography to Treatment of myocardial infarction.

Variable RWMA No. of patients Mean ± SD P- value
EF2 Response 47 57.38 ± 7.933

P<0.001No Response 64 44.47 ± 11.507
RWMA: Regional Wall Motion Abnormality

EF2: Ejection Fraction by echocardiography after treatment

Our resulted data illustrated in table (3) shows that there
was a significant difference (p< 0.0001) between the
presence or absence of Type 2 Diabetes Mellitus and the
mean of Troponin titer after treatment and there was no

significant difference (p>0.05) between the presence or
absence of Type 2 Diabetes Mellitus and the mean of
Troponin titer before treatment.

TABLE 3: The relationship between the presence of Type 2 Diabetes Mellitus and the mean of Troponin titer before and
after Actilyse

Variable DM No. of
patients

Mean ng/I± SD P- value

Troponin Pre-treatment T2DM 70 1.4041 ± 0.47758
NSNon DM 41 1.4602 ± 0.55288

Troponin Post- treatment T2DM 70 3.4964 ± 1.05894
0.0001Non DM 41 4.5968 ± 1.37046

T2DM: Type 2 Diabetes Mellitus. Non DM: Not Diabetic.

DISCUSSION
There was a statistically significant relationship (p<
0.0001) between Type 2 diabetes mellitus (T2DM) and
decrease in the response of the regional wall motion
abnormality (RWMA) shown by echocardiography to the
treatment of myocardial infarction by actilyse, as 81.3%
of T2DM had no response (Figure 1) this consistent with
[3, 5, 21] and the possible mechanisms that influence the
increased risk in diabetes for cardiovascular events
include, insulin resistance, changes in endothelial function,
dyslipidemia, chronic inflammation and release of
mediators of inflammation, procoagulability and impaired
fibrinolysis. Diabetic patients usually have poor coronary
collateral circulation compared with not diabetic patients a
fact that would augment the amount of jeopardized
myocardium on occlusion of the supplying artery. The

high level of oxidative stress in diabetes may also play an
important role in the development and progression of
myocardial remodeling and depression seen in diabetic
patients[42]. Also the increase blood sugar in Type 2
Diabetic patients with STEMI is associated with an
adverse prognosis and may induce a pro-thrombotic state
and therefore be of influence on thrombolysis in
Myocardial Infarction flow before percutaneous coronary
intervention [37]. There was a statistically highly significant
relationship (p< 0.01) between the increase in the duration
of Type 2 Diabetes Mellitus (T2DM) ≥ 9 years and the
decrease in the response of the regional wall motion
abnormality (RWMA) shown by echocardiography to
treatment of myocardial infarction by Actilyse (Figure 2)
and that is because we found that when the duration of
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Type 2 Diabetes Mellitus ≥ 9 years the patient develop
cardiovascular autonomic neuropathy which Subsequently
has adverse effect on the response of myocardial infarction
to Actilyse[41]. Resulted data illustrated in Figure (3)
revealed that there was a statistically significant
association (p<0.05) between the presence of
Cardiovascular Autonomic Neuropathy and the decrease
in the response of the Regional Wall Motion Abnormality
(RWMA) by echocardiography to treatment of myocardial
infarction by Actilyse and this consistent with [17, 28, 29, 30]

and this is because CAN itself leads to a reduced cardiac
ejection fraction and systolic dysfunction and decreased
diastolic filling, and increased contributions from insulin
resistance, obesity, and hypertension in T2DM, also
hyperglycemia is associated with reduced thrombolysis in
Myocardial Infarction. The initial augmentation in cardiac
sympathetic activity (as a result of CAN) with subsequent
abnormal norepinephrine signaling and metabolism,
increased mitochondrial oxidative stress [13], and calcium-
dependent apoptosis[16] may contribute to increase
myocardial injury and decrease the response to Actilyse.
Resulted data illustrated in Table (1) revealed that there
was a statistically significant relationship (p< 0.05) and
(p< 0.01) between the mean of the EF% and the presence
of Type 2 Diabetes Mellitus in patients with Myocardial
Infarction and this consistent with [10, 24, 33] and disagree
with [20] and this was due to that the diabetic patients have
reduced left ventricular systolic and diastolic function and
these abnormalities are correlated with the duration of
diabetes and with diabetic microangiopathies, like
neuropathy and it is the strongest independent correlate of
left ventricular diastolic dysfunction[24]. Resulted data
illustrated in Table (2) revealed that there was a
statistically extremely significant association (p< 0.0001)
between the mean of the EF% and the response of the
regional wall motion abnormality (RWMA) by
Echocardiography to treatment of myocardial infarction
(by Actilyse) and this agree with[4,8,14] and disagree with
[12] and the explanation of this correlation is that after
myocardial infarction there is a reduction in myocardial
function in all segments, including the noninfarct-related
lateral segments, and this may be considered an adaptive
mechanism. Reduced function in the noninfarct-related
myocardium will lead to redistribution of regional wall
stress. Reduction of wall stress in the infarct-related
ventricle is important, because wall stress determines
oxygen consumption and is a stimulus for ventricular
remodeling[22] and so that both ejection fraction and
regional wall motion affected in a Harmonious way.
Our resulted data illustrated in Table (3) shows that there
was an extremely significant association (p< 0.0001)
between the presence of Type 2 Diabetes Mellitus or not
and the mean of Troponin titer after treatment and there
was no significant relationship (p>0.05) between the
presence of Type 2 Diabetes Mellitus or not and the mean
of Troponin titer before treatment and this consistent with
[2,23,38] The explanation is that T2DM remains a major risk
factor for poor short and long-term outcome even after
thrombolytic therapy and the presence of diabetes mellitus
is associated with larger infarct size, measured by nuclear
imaging techniques, which is attributed to more extensive
coronary artery disease, impairment of collateral

recruitment and poorer restoration of tissue perfusion as
compared with non-diabetic patients .This is reflected on
the Troponin level (as a response to Actilyse) after the
treatment of MI. For unknown reasons, thrombolytic
therapy and direct PCI were less effective in Troponin -
positive patients. It was speculated that the hazard
associated with Troponin was due to more severe ischemic
damage, less myocardial salvage, impaired microvascular
perfusion, refractory thrombi, or a more thrombophilic
milieu [11]. It is intriguing to speculate that Troponin may
represent a more reliable marker of duration of ischemia
than the subjective report of duration of pain. The
accuracy of the latter is limited by different thresholds of
pain perception, episodes of spontaneous reflow and
occlusion, the alleviation of ischemia by collateral blood
flow, and ischemic preconditioning[3]. Because pain
perception and pain thresholds are altered in diabetes
mellitus, it is not surprising that in our study, diabetic
patients presented later and have less benefit of Actilyse
represented by decrease mean of Troponin after treatment
compared with non-diabetic patient.
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