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Radiology in Infective Endocarditis

C. Prados, C. Carpio, A. Santiago, I. Silva and R. Alvarez-Sala
Pulmonology Service, La Paz University Hospital, Auténoma University, Madrid
Spain

1. Introduction

In the last 50 years, the incidence of infective endocarditis (IE) has remained between 2 and
6 per 100.000 individuals in the general population per year and its mortality has fluctuated
between 10% and 30%, depending on the type of pathogen. Historically, chronic rheumatic
heart disease had being the primary risk factor for IE but in the last years, new at-risk
groups have emerged like individuals undergoing hemodialysis, patients with catheters and
elderly people with degenerative valve lesions. IE is characterized by the infection of the
endocardium, most commonly by bacteria. Although the primary focus of the infection is
confined to the endocardium, microbial shedding by continuous bacteremia and
embolization of vegetation fragments makes IE a true systemic infection. This disease,
therefore, is positioned at the crossroads of multiple medical specialties, including
cardiology, cardiac surgery, infectious diseases, internal medicine, neurology, and intensive
care. Valve vegetations are specific pathologic findings of this disease. They are the result of
the combination of thrombus with bacteria and leucocytes. The size and mobility of valvular
vegetations are important predictors of whether or not the patient will develop septic
emboli. These lesions usually affect valve endocardium, but it also could involve papillary
muscles, mural endocardium and the great vessels. IE is fatal if it is not treated early with
antibiotics. Negative prognostic factors are fungal etiology, involvement of the aortic valve,
and presence of large vegetations. Patients with a left-sided endocarditis have a higher
mortality in comparison to patients with right-sided endocarditis

The mean age of patients with IE has increased from 30 years in the 1950s, to 50 years in the
1980s. The higher frequency of IE diagnosis in older individuals probably reflects the
clustering of more than one risk factor in the elderly. The results of epidemiological studies
vary depending on the population analyzed and the microbial pathogens tend to differ
between the various groups.

2. Classification

IE can be classified in four categories:

e Native valve endocarditis

e Intravenous drug abuse endocarditis (IVDA)

e  Prosthetic valve endocarditis

e  Pacemaker endocarditis and nosocomial endocarditis
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148 Endocarditis

Left-sided native valve endocarditis is the most frequent form of endocarditis, representing
more than 60% of all cases. In-hospital mortality is approximately 15%. Pre-existing lesions
can favor attachment of circulating bacteria and promote IE. Frequently, congenital or
acquired valve diseases are present (rheumatic fever, degenerative cardiopathies, mitral
valve prolapse). Mitral -valve prolapsed is a relatively common condition and have a 10-
100-fold increased risk of IE. Degenerative valve lesions are present in up to 25% of patients
with IE and they involve local inflammation, microulcers, and microthrombi of the
endothelium. Degenerative valve lesions might increase the risk of IE in up to 50% of
patients older than 60 years of age. Alpha-hemolytic streptococci or enterococci typically are
the causative agents of this type endocarditis.

IVDA endocarditis usually occurs on healthy right heart valves, and 50% of these infections
involve the tricuspid valve. Although highly population-specific, right-sided IE has
represented up to 5-10% of cases in general surveys. This form of IE has a better prognosis
than left-sided IE and in-hospital mortality is <10%, although mortality of up to 50% has
been observed in patients with AIDS, especially in advanced cases. Intravenous-drug users,
including those with HIV, are a group that primarily consists of relatively young adults. The
risk of IE is approximately four to five times higher in those with < 200 CD4 per mm3. The
tricuspid valve is usually affected in these patients and Staphylococcus aureus is the most
common causative organism.

Prosthetic valve endocarditis is the most-severe form of IE, and is associated with high
mortality that ranges from 20% to >40%. It occurs in 1-5% of patients with prosthetic valves
and accounts for up to 20% of all cases of IE. It is classified as 'early' or 'late' infection on the
basis of the time period between surgery and the onset of IE. Early and late prosthetic valve
endocarditis are defined, as occurring either within or more than 12 months after surgery,
respectively. Early prosthetic valve endocarditis is often caused by surgery-related and
drug-resistant microbes such as methicillin-resistant staphylococci and late endocarditis is
due to infection with oral streptococci and Gram-negative bacteria of the HACEK group.

Pacemaker endocarditis are produced by infections of these devices within a few months of
implantation. The rate of pacemaker endocartditis is estimated at 0.55 cases per 1,000
pacemakers recipients per year. These infections always require ablation of the material in
addition to antibiotic therapy. Of pacemaker infections, 75% are produced by
staphylococci.

3. Etiology and pathophysiology

The pathogens involved in IE depend on the different categories of endocarditis. The most
frequent IE pathogens are Gram-positive bacteria (S. aureus, Streptococcus spp., and
enterococci) and they are responsible for more than 80% of all IE cases. These bacteria have
great ability to adhere to and colonize damaged valves and are equipped with several
surface adhesins that mediate attachment to extracellular host matrix proteins. The
clumping factor A and the fibronectin-binding protein A are involved in valve colonization
and invasion of S. aureus. Fibrinogen-binding mediates the primary attachment of the
bacteria to nonbacterial thrombotic endocarditis, and subsequent binding of fibronectin
triggers endothelial cell internalization, followed by local proinflammatory and
procoagulant responses.
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Skin microorganisms are responsible for the vast majority of infections in IVDA endocarditis
but contamination of drugs and material employed by drug abusers, also contribute to the
bacteremia. Aortic and mitral valves are affected in 25% of cases of IVDA endocarditis. The
pathogenic mechanisms that explain the increased prevalence of right sided IE in injection
drug users are not fully elucidated. Damage to the right sided valves from injected
particulate matter in the setting of injected bacterial loads is thought to be important, while
subtle abnormalities of immune function may also have a role in pathogenesis. Cocaine use
is associated with an increased incidence of endocarditis greater than heroin use, but this
finding is not fully explained.

Pulmonary valve is only involved in less than 2% of cases. It is also reported that 6% of
patients presents both right and left endocarditis at the same time.

With respect to the pathophysiology, there are many mechanisms proposed to the
development of this disease. Endothelial damage can be caused by turbulent blood flow
associated with congenital heart disease or prosthetic valves, by electrodes or catheters, or,
in intravenous-drug users, from repeated intravenous injection of particulate material.
Alternatively, endothelial damage can result from inflammation, for example in patients
with rheumatic carditis or in elderly individuals with degenerative valve lesions. Other
theories, however, defend the so-called "immunological hypothesis" which explains that
the valve affection is secondary to immunological mechanisms that cause local
inflammation.

4. Clinical manifestations

Symptoms of IE are related to the infectious condition of the process. General manifestations
like persistent fever, chills, pleuritic chest pain, cough and hemoptysis have been described.
Embolic events occur in approximately one-third of cases, more frequently in patients with
intravenous drug use, right-sided endocarditis or positive blood cultures.

The most common extra-cardiac organ system involved in infective endocarditis is the
central nervous system and could produce embolic stroke, intracranial hemorrhage,
intracranial mycotic aneurysm, brain abscess and meningitis. With respect to the respiratory
system, it has been reported septic pulmonary embolism like a clinical presentation of this
condition. In right-sided endocarditis, pulmonary embolic manifestations are frequently
present. Septic pulmonary emboli are detected in more than 80% of cases, and may be
associated with pleuritic chest pain and dyspnea.

5. Radiology

A chest radiograph should be done routinely but the findings are not specified. Fifty percent
of patients with IVDA endocarditis have radiologic opacities and 50-60 % of injection drug
users with definite IE have multiple pulmonary opacities (figure 1 and figure 2). The typical
radiograph pattern of septic emboli is peripheral, poorly marginated bilateral lung nodules
that often demonstrate cavitary changes and moderately thick irregular walls. Also
cardiomegaly, pleural effusion and radiographic signs of left heart failure (septal thickening,
air bronchogram, pleural effusion) are reported.
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Fig. 1. Chest X-ray showing bilateral opacities and nodules, corresponding to septi emboli

i a

Fig. 2. Chest X-ray showing bilateral opacities. Also it can be observed the presence of
pleural fluid
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Computed tomography findings include:

e  Peripheral triangle opacities, corresponding to regions of pulmonary infarcts produced
by septic embolism.

e  Peripheral, poorly marginated bilateral lung nodules.

e Cavitary nodules with thick irregular walls. These nodules typically measure 5-35 mm,
have a peripheral and basilar predominance, and demonstrate air-bronchograms. The
nodule may increase in number and change from day to day (figure 3).

e “Feeding vessel sign” that consists of a distinct vessel leading directly into the center of
a nodule.

e Radiologic findings suggestive of empyema like pleural effusion, thickening and
enhacement of the visceral and parietal pleurae and inflammation of the extrapleural
fat. Also, empyema had been described as a pleural collection that is immnobile on
decubitus views. Pleural fluid, pericardic fluid and pneumothorax.

e  Unilateral or bilateral interstitial lung infiltrate.

In many instances, these radiological findings precede the clinical manifestations of IE. Also,
the follow up of septic emboli could be performed by computed tomography.

Fig. 3. Computed tomography scan showing peripheral cavitary nodules with thick
irregular walls from 1 to 3 cm of size

These radiological findings are more common in IVDA endocarditis but also they can be
found, less commonly, in other types of right IE, like endocarditis associated to pacemaker
and intravascular devices. It is important to differentiate other radiologic presentation of
IVDA, like ground-glass opacities, pulmonary hemorrhage, air trapping and pulmonary
hypertension. When IE affects left chambers, radiographic findings are less frequent.
Furthermore, they only appear in the context of heart complications: increased
cardiothoracic ratio (secondary to pericardial effusion) and signs of left heart failure
resulting from chordal rupture or valve failure.
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6. Conclusion

Although echocardiography is the gold standard in the diagnosis of IE, the presence of
many radiological findings could suggest its diagnosis.
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