
���������������������������������������������������
�����

���	����������������������������������
�

����������������������������������
��������
	��������������������	��

���������������������•������������������������������������•�

•��������������������•�����••••����������•���

•������������������•�������

��������� �� � ��•���� ��� ����������������������•  ����•��������


������������ ��� ������ �� �� �� ������

•���������� �� �� ��� ����� �

���������������������

€�•������

���#�����0�#����,�2�#�!�&���.�#�,�A
�2�&�#���5�-�0�*�"�a�1���*�#���"�'�,�%���.�3� �*�'�1�&�#�0���-�$

���.�#�,�����!�!�#�1�1��� �-�-�)�1
���3�'�*�2��� �7���1�!�'�#�,�2�'�1�2�1�A���$�-�0���1�!�'�#�,�2�'�1�2�1

12.2%

128,000 150M

TOP 1%154

5,200



12 

Cardiac Catheterization and Coronary  
Angiography in Patients  

with Cardiomyopathy 

Ali Ghaemian 
Mazandaran University of Medical Sciences 

Iran 

1. Introduction 

Cardiomyopathies are a group of heart diseases that influence muscles directly and are not 
related to congenital, valvular, and peri cardial diseases (Salehifar et al., 2008). 
Cardiomyopathies are usually classified on the basis of structural or functional causes. Thus, 
dilated cardiomyopathy is characterized by an enlarged ventricular chamber size and 
reduced cardiac contractility, hypertrophic ca rdiomyopathy is characterized by hypertrophy 
of the ventricular walls and increased cardiac performance and finally the restrictive form is 
characterized by stiff ventricular walls which restrict diastolic filling of the ventricle while 
systolic performance is not impaired (Amma sh et al., 2000; Dec & Fuster ,1994). The 
classification by the American Heart Association Scientific Statement panel divides 
cardiomyopathy into primary and secondary causes  (Maron et al., 2006).In this classification 
primary cardiomyopathies are subdivided in to genetic, mixed and acquired groups. 

2. Dilated cardiomyopathy 

Dilated cardiomyopathy (DCM) is characterized by enlargement of one or both ventricles 
accompanied by impaired myocardial systol ic function.DCM is the most common 
cardiomyopathy. Patients with DCM usually have symptoms and signs of congestive heart 
failure and there are many cardiac and systemic causes leading to DCM. However, in about 
50 percent or more of the patients with DCM,  the etiology can not be identified. Thus, the 
patient is called as having an idiopathic DCM (Felker et al., 2000). 

2.1 Natural history and prognosis 
Because of different etiologies patients have variable presentations. Asymptomatic patients 
with left ventricular dysfunction to advanced stages of heart failure are two sides of the 
spectrum of presentations of the patients. The annual mortality ranges between 10 and 50 
percents (Levy et al., 2006).While survival of some patients is good, some cardiomyopathy 
patients have poor prognosis. For example, cardiomyopathy patients with human 
immunodeficiency virus and amyloidosis do not have long-term survival (Levy et al., 2006).  
Patients with idiopathic DCM have variable na tural history. Some patients may be stable 
over years or even decades. This stability may be in response to pharmacological or device 
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therapy or it can be due to spontaneous reverse remodeling. On the other hand, the clinical 
stability of some patients deteriorates suddenly and the hemodynamic situation requires 
inotropic or mechanical suppo rt (Teuteberg et al.,2006). 

2.2 Etiology 
DCM is the major cause of congestive heart failure (CHF).Other most frequent specific 
Cardiomyopathies causing CHF include ischemic or hypertensive cardiomyopathies and 
nonsystolic heart failure (Owan et al.,2006).In DCM after excluding the specific disease 
about 50 percent is called idiopathic DCM( Felker et al., 2000).However, some of these 
idiopathic DCM cases are caused by genetic abnormalities or some environmental etiologies 
that are not diagnosed at the time of prim ary presentation and with more imaging or 
molecular evaluation, many of these idiopathic cases will have a specific etiology. 

2.3 Specific forms of dilated cardiomyopathy 
There are many important causes of secondary CMP including alcohol, HIV infection, 
metabolic impairments and cardiotoxic drugs such  as doxorubicin. There are four specific 
causes of dilated CMP with more probability of recovery. 

2.3.1 Tachycardia-induced cardiomyopathy 
Patients with recurrent or permanent tach ycardia such as atrial fibrillation or 
supraventricular tachycardia may develop CHF or  DCM. Atrial fibrillation is a frequent 
disease among patients affected by CHF (Ghaemian et al., 2011).There is a high probability 
of recovery by controlling the arrhythmia (Red field et al., 2000).Thus , patients should be 
treated to restore normal sinus rhythm. 

2.3.2 Peripartum cardiomyopathy 
This form of cardiomyopathy presents between  6 months to the last month of pregnancy 
(Elkayam et al., 2001).Usually the prognosis is good. Howe ver, women who recover the first 
attack are at increased risk of recurrence during the next pregnancies. 

2.3.3 Broken heart or tako-tsubo syndrome 
This CMP is usually caused by a stressful condition. This CMP is more common in women 
and the patients usually recover with treatmen t. Electrocardiogram may show findings of 
myocardial infarction, but in coronary angiograph y epicardial coronary arteries do not show 
stenosis. 

2.3.4 Alcoholic cardiomyopathy 
This form of CMP usually is related to the amount of consumption of alcohol with recovery 
by cessation of alcohol. The mechanism usually is direct toxicity of the alcohol (Fernandez-
sola et al.,2006).This CMP is more common in men, patients usually have a history of 
excessive consumption of alcohol for more than 10 years. Patients may have a fulminant 
course with biventricular failure. Alcohol may precipitate some arrhythmias including atrial 
fibrillation or supraventricul ar tachycardia. Many electrocardiographic abnormalities 
including QT interval prolongation are common. Hemodynamic and echocardiographic 
findings are similar to those of DCM patients. Cessation of consumption of the alcohol is the 
main component of treatment. 
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2.4 Clinical presentation of the dilated cardiomyopathy 
DCM is more frequent in middle age man, but it affects all ages. The incidence if ischemic 
CMP is higher than DCM. The clinical presentation of patients with DCM is variable. While 
some patients gradually become symptomatic, others may develop symptoms over only 
weeks and yet some of them have fulminant course of congestive heart failure (McCarthy et 
al., 2000).The most frequent symptoms of patients are dyspnea and fatigue. 

2.5 Laboratory evaluation 
Screening the biochemical testing including serum electrolytes, calcium, phosphorus and 
serum creatinine is necessary. Rheumatological tests such as antinuclear antibody (ANA) 
and erythrocyte sedimentation rate should al so be obtained. Endocrine tests including 
thyroid function test and urinary examination of catecholamine levels may be helpful. 
Serum troponin levels to assess myocardial necrosis and brain natriuretic peptide levels are 
usually obtained. 

2.5.1 Electrocardiography 
Nonspecific electrocardiographic changes include sinus tachycardia, interventricular 
conduction delay and poor R progression and left bundle branch block. Other 
electrocardiographic abnormalities such as ST segment and T wave abnormalities may also 
be seen. Patients may show a wide spectrum of supraventricular and ventricular 
arrhythmia. 

2.5.2 Echocardiography 
By two-dimensional echocardiography ventricula r size and function are usually evaluated. 
Doppler echocardiography is helpful to evaluate valvular stenosis or regurgitation and 
restrictive filling patterns. Dobutamine stress echocardiography is helpful to differentiate 
ischemic from idiopathic DCM and also to assess contractile reserve of myocardium. 

2.5.3 Radionuclide imaging 
This imaging technique is useful to identi fy ischemic CMP and also can assess cardiac 
function and ejection fraction of both ventricles. 

2.5.4 Magnetic Resonance Imaging (MRI) 
Cardiac MRI is useful to diagnose some specific CMPs such as myocarditis, amyloidosis, 
sarcoidosis and infiltrative and inflammatory  cardiomyopathies and arrhythmogenic right 
ventricular dysplasia (Maceira et al., 2005; Mahrholdt et al.,2004; Tandri et al., 2005). 

3. Ischemic cardiomyopathy 

When myocardial dysfunction is secondary to oc clusion of the coronary arteries, the term 
ischemic CMP is used and is the most common cause of heart failure. Based on the 
pathophysiological processes ischemic CMP may be classified into three groups. The first 
one is called myocardial hibernation. In this form of ischemic CMP a reduced coronary flow 
will result in persistent contractile dysfunction and revascularization procedures will 
usually restore myocardial function, at least partially. Myocardial stunning is the second 
form of ischemic CMP. In this form the contractile dysfunction of the viable myocardium is 
transient and is usually caused by reduced sensitivity of contractile proteins to calcium. 
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Finally in the third type, the contractile dysfunct ion is secondary to irreversible cell death of 
the myocardium. 

3.1 Revascularization in ischemic CMP 
In patients with ischemic CMP revascularization  is beneficial only when the myocardium is 
viable and revascularization procedures cause an improvement in left ventricular function. 
In patients with severe left ventricular dysfunction, but with viable myocardium, coronary 
artery revascularization results in an average 8 to 10 percent of improvement in left 
ventricular ejection fraction (Kumpati et al., 2001).This will be associated with improvement 
in clinical situation and survival of the patients. However, if the viable myocardium is not 
considerable improvement of left ventricular function will not occur. It has been reported 
that 20 to 25 percent or more of the myocardium is the threshold of myocardial viability for 
which surgery is indicated (De Bonis & Alfier i 2006).Patients with ischemic CMP should be 
examined for detection of myocardial viab ility.Thallium-201 sing le-photon emission 
computed tomography (SPECT) and dobutamine stress echocardiography are usually used 
for this purpose. When both of these two methods predicated viability, the global left 
ventricular ejection fraction rose from 35 to  40 percent after operation (Starling et al., 
2003).In other reports positron emission tomography (PET) was better than SPECT to 
predict improvement of left ventricular ejection fraction after revascularization (Pagano et 
al., 1999;Starling et al., 2003). In a meta-analysis of 24 studies in patients with ischemic CMP 
revascularization decreased the risk of death by 79.6 percent in patients with viable 
myocardium detected by SPECT, dobutamine echocardiography or positron emission 
tomography (Bishay et al., 2000). Thus, in patients with heart failure secondary to coronary 
artery disease coronary angiography and viability study should be performed. 

4. Right and left heart catheterization 

Catheterization of the right and left side of the heart are usually performed to examine the 
hemodynamics of the heart i.e. to measure intracardiac pressure, cardiac outputs, and vascular 
resistances. In patients with heart failure, respiratory failure, va lvular heart disease, pericardial 
disease, restrictive or hypertrophic cardiomy opathies hemodynamic assessment is of great 
value for the diagnosis and management of the patients. If necessary angiographic procedures 
such as left or right ventriculography, pulmonary angiography, and a ortography may be 
performed during cardiac catheterization. Besides, selective angiographic procedures include 
native coronary, coronary bypass graft and carotid angiography. 

4.1 Hemodynamic evaluation 
Catheterization laboratories use disposable, fluid – filled transducers to measure pressure. 
For hemodynamic evaluation, the right heart cath eter is placed in the pulmonary artery and 
a pigtail catheter in the aorta. Cardiac out is usually measured by the thermodilution 
method. Oxymetric analysis is performed on the blood collected from the aorta and the 
pulmonary artery, cardiac output is calculated by  the Fick method , the presence of a left- to 
- right shunt is also screened. Catheter of the aorta is advanced into the left ventricle and the 
right- sided catheter into pulmonary cap illary wedge position and the pressures are 
measured simultaneously. Then the right sided catheter is withdrawn and all the pressures 
are recorded. With the simultaneous measurement of the pressure of right and left ventricles 
it is possible to screen for restrictive or constrictive physiology. Then by pulling back the 
left- sided catheter the pressure gradient across the aortic valve is determined. 
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4.2 Complications 
Cardiac catheterization also is a safe procedure, potentially has some complications. In 
patients with left ventricular thrombus or ao rtic valve endocarditis it is better to avoid 
inserting catheters into the left heart. Catheter induced arrhythmia is another potential 
complication of right or left heart. Right or left bundle branch blocks may occur if the 
catheter is placed in the right ventricular outflow tract or crossed the aortic valve, 
respectively. Thus, patients with right or left bundle branch block are at potential risk of 
developing complete heart block during cardiac catheterization. Renal failure, contrast 
reactions, vascular complications are the more common complications of cardiac 
catheterization. The incidence of cerebrovascular accident, myocardial infarction, and death 
is less than 1 percent. Other rare complications include infection, chamber or vessel 
perforation, cholesterol embolism, air embolism, and radiation -induced skin injury. 

4.3 Right heart catheterization 
Right heart catheterization is performed from the right internal Jugular, femoral or subclavian 
veins using a balloon flotation catheter. For ri ght heart catheterization fluoroscopy is not 
necessary and by attaching the catheter to a pressure transducer the operator can advance the 
catheter. Pressure is recorded in the right sided chambers and the pulmonary artery. With the 
catheter in the pulmonary artery, it is possibl e to measure thermodilution cardiac output and 
perform oximetry to detect a shunt and determ ine cardiac output by the Fick method. The 
catheter also can be advanced to a pulmonary capillary wedge position to obtain the wedge 
pressure. If by the pressure-guided technique catheter does not advance successfully and also 
when the right heart catheterization is performe d from the femoral veins fluoroscopy is used. 
The normal pressure of the right atrium is 2 to 6 mmHg with positive “a” and “v” waves and 
negative “x” and “y” descents (Fig.1). 
 

 
Fig. 1. Normal right atrial waveform 

The atrial contraction increases the right atrial pressure producing the “a” wave. At the 
initial part of ventricular systole the downward  motion of the tricuspid valve and the atrial 
relaxation produce the “x” descent. An incons istent “c” waves after the “a” represents the 
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motion of the tricuspid annulus toward the ri ght atrium at the onset of the ventricular 
systole. The distance of the “c” from the “a” is the same as the PR interval in the 
electrocardiogram and first degree atrioventricul ar block produces a more visible “c” wave. 
The “x” descent represents the decrease of the right atrial pressure in ventricular systole 
which is followed by the “v” wave in atrial diastole when the right atrium is filled by 
venous return. The peak of the “v” wave occurs  at the end of ventricular systole when the 
right atrium is maximally filled and is at the sa me time of T wave on the electrocardiogram. 
The final “y” descent represents the rapid emptying  of the right atrium at the initial part of 
ventricular diastole when the tricuspid valve op ens. As shown in Figure 2 the normal right 
ventricular systolic pressure is 20 to 30mmHg, and normal right ventricular end-diastolic 
pressure is 0 to 8 mmHg. The right ventricular pr essure normally consists of a rapid rise of 
pressure followed by a decline during ventri cular contraction and then rapid downward 
motion with ventricular relaxation. At the beginni ng of diastole the pressure is low and with 
ventricular filling increases gradually. 
 

 
Fig. 2. Normal right ventricular waveform 

The normal range of pulmonary artery systolic pressure is about 20 to 30 mmHg while the 
diastolic pressure is 4 -12 mmHg . As is shown in Figure 3 the pressure waveform of the 
pulmonary artery increase rapidly during sy stole and reaches a peak. However, during 
diastolic descent of the pressure there is a dicrotic notch. 
 

 
Fig. 3. Normal pulmonary artery waveform 
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