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Extracardiac Manifestations
of Bacterial Endocarditis
JOHN E. HEFFNER, MD, Oceanside, California

Bacterial endocarditis is an elusive disease that challenges clinicians'
diagnostic capabilities. Because it can present with various combinations of
extravalvular signs and symptoms, the underlying primary disease can go
unnoticed.

A review of the various extracardiac manifestations of bacterial endo-
carditis suggests three main patterns by which the valvular infection can be
obscured. (1) A major clinical event may be so dramatic that subtle evidence
of endocarditis is overlooked. The rupture of a mycotic aneurysm may
simulate a subarachnoid hemorrhage from a congenital aneurysm. (2) The
symptoms of bacterial endocarditis may be constitutional complaints easily
attributable to a routine, trivial illness. Symptoms of low-grade fever, myalgias,
back pain and anorexia may mimic a viral syndrome. (3) Endocarditis poses
a difficult diagnostic dilemma when it generates constellations of findings
that are classic for other disorders. Complaints of arthritis and arthralgias
accompanied by hematuria and antinuclear antibody may suggest systemic
lupus erythematosus; a renal biopsy study showing diffuse proliferative glo-
merulonephritis may support this diagnosis. The combination of fever, pete-
chiae, altered mental status, thrombocytopenia, azotemia and anemia may
promote the diagnosis of thrombotic thrombocytopenic purpura.

When the protean guises of bacterial endocarditis create these clinical
difficulties, errors in diagnosis occur and appropriate therapy is delayed.
Keen awareness of the -varied disease presentations will improve success in
managing endocarditis by fostering rapid diagnosis and prompt therapy.
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the probability of a successful outcome to anti-
biotic therapy.

This paper reviews the characteristic extra-
cardiac manifestations of bacterial endocarditis.
Emphasis is placed on the clinical complications
and' laboratory signs which should suggest endo-
carditis in difficult instances in which little direct
evidence of valvular infection exists.

Immunological Manifestations
In patients with bacterial endocarditis, a poly-

clonal immunological response to foreign proteins
develops. A number of autoantibodies and exo-

antibodies develop of which only 15 percent have
specificity for the invading organism.'

There are several manifestations'of this height-
ened immunological state. Rheumatoid factor has
been found in 24 percent to 50 percent of patients
with subacute bacterial endocarditis (sBE) 2-5 and
can occur in titers as high as 1:5,120.2 It tends to
develop in patients with long duration of disease.6
If endocarditis has been present for six weeks, 50
percent of patients have positive test results for
rheumatoid factor, while' only 6 percent have
positive results if disease has been present for
less than six weeks.4 There is no correlation with
type of infecting organism5'6 or with degree of
immune complex elevation.7 Apparently, con-

tinuous antigenic exposure versus intermittent
stimulation is necessary since drug abusers with
staphylococcal endocarditis have a 24 percent
incidence of rheumatoid factor, while only 7 per-
cent of noninfected abusers who intermittently
inject antigen were found to have measurable
levels.4 After the initiation of antibiotic therapy,
titers may immediately decline and become nega-
tive in six to eight months.4'5

Cryoglobulinemia of the mixed type has a

prevalence of 90 percent in SBE. The degree of
elevation tends to parallel the course of the dis-
ease but does not prognosticate or appear to be
higher in patients with nephritis.8

Circulating immune complexes'assayed by the
Raji method are found in endocarditis.7'9 In one

study, 97 percent of patients with SBE had levels
greater than 12 ,ug per ml, while this level was

found in 32 percent of patients with sepsis, 40
percent of drug addicts and 10 percent of normal
controls. Levels greater than 100 jig per ml were
not found in any patient without endocarditis and
occurred in 35 percent of the SBE group. This
degree of elevation correlated with duration of
disease and extravalvular signs such as spleno-
megaly, arthralgia-arthritis, Roth spots, nephritis
and thrombocytopenia. All patients whose cases
are followed serially have a fall in immune com-
plex levels with successful therapy. Persistent
elevations may foretell treatment failure.7

Measurements made early in the course of
endocarditis show serum complement to be vari-
ably elevated,' normal2 or low7 in patients without
nephritis. However, if complement is followed
serially during therapy there is generally a rise in
titer and any initial depression corresponds in-
versely to the elevation of circulating immune
complexes.7 Patients with nephritis uniformly
have total complement depression,2"0-'2 which
responds to antibiotic therapy.'2
As would be expected in endocarditis with its

broad nonspecific hyperimmune state, other anti-
bodies have been noted. Results of tests for anti-
nuclear antibody (ANA) are positive in 8 percent
to 30 percent of SBE patients, with titers as high
as 1:640. Positive ANA test results revert to nega-
tive after antibiotic therapy. 1-3,912 Also occurring
are antiheart antibody;3 positive tests for syphilis
(Venereal Disease Research Laboratory) ;3 anti-
body against Candida albicans,' and several other
organ-specific antibodies: smooth muscle anti-
body,'-9 mitochondrial antibody," 9 thyroidal anti-
body, gastric parietal cell antibody and skeletal
muscle antibody.'

Cutaneous Manifestations
Probably no sign of endocarditis is as widely

advertised, yet is of as little value as subungual
splinter hemorrhages. The specificity of this sign
for endocarditis is very low. Of all patients
admitted to hospital, 10 percent to 66 percent
have splinter hemorrhages,'3"4 with highest in-
cidences in patients with mitral stenosis without
endocarditis'5 and in those in whom hemodialysis'6
or peritoneal dialysis is' being carried out.'4 Be-
cause this finding is noted in only 12 percent of
patients with SBE,'7 it provides little diagnostic
value as an isolated finding. The finding is im-
portant for patients with known or suspected en-
docarditis in whom splinter hermorrhages develop
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during in-hospital observation, thereby providing
evidence for ongoing disease.'8

Osler nodes, which occur in endocarditis, are
painful nodes similar to wheals that develop most
often on the pads of the fingers and toes or on
the palms and soles. Always erythematous with
slightly white centers, they differ from Janeway
lesions in their tenderness and lack of hemor-
rhage. They have been reported in systemic lupus
erythematosus,'9 typhoid fever, gonorrhea, ma-
rantic endocarditis, as well as acute20 and sub-
acute endocarditis. In the preantibiotic era, their
frequency was 50 percent to 70 percent, but they
now occur in 10 percent to 23 percent of cases.'8
However, when present they may be a chief com-
plaint,'7 suggesting the diagnosis of endocarditis
or allowing early identification of organisms on
Gram stain.2'

The pathogenesis of Osler nodes is not yet
settled. Osler felt they were "in all probability
caused by minute emboli."22 Biopsy reports23
showing necrotizing vasculitis of the dermal
glomus with sparing of the dermal vessels, along
with burgeoning evidence that many other com-
plications of endocarditis are immune related,
have led some to conclude that Osler nodes are
inflammation from immune complexes settling
into tissue.9 However, these biopsy specimens
were generally taken after the lesions had been
present for ten days. When earlier specimens
are examined, microabscesses have been seen24
and organisms cultured20'2",24 or observed on
Gram stain.21'24 These results suggest that the
perivasculitis may be a local response to a septic
embolus rather than a reaction to a diffuse im-
munological event. This view fits the observations
that Osler nodes occur preferentially in the distal
circulation and that they are rare compared
with other immunological complications such as
nephritis.

Petechiae remain one of the most common
signs of endocarditis; they occurred in 85 percent
of patients in the preantibiotic era and occur in
19 percent to 50 percent now.'8 They do not
blanche, and they occur most commonly around
the clavicle, lower neck, conjunctivae, and hard
or soft palate. They appear in waves and crops,
lasting a few days before fading into brown spots.

In endocarditis, petechiae rarely progress to
generalized purpura.25-30 In staphylococcal endo-
carditis, purpuric lesions may progress into cuta-
neous gangrene28'29 or may be pustular, with
organisms present on Gram stain.29'30 Pathological

sections show intravascular thrombosis, focal
necrosis of vessel walls, extravasation of erythro-
cytes26 and IgM deposition in the dermoepidermal
junction.3' Platelet counts may be normal25 or
depressed,29'30 and clotting studies either give nor-
mal findings25 or results consistent with dissemin-
ated intravascular thrombosis.29'32 The clinical
pattern of acute meningococcemia29 or leukocyto-
clastic vasculitis27 may be mimicked when endo-
carditis presents with generalized purpura.

Nail clubbing has long been a hallmark of sub-
acute endocarditis; it occurred in 76 percent of
cases in older series and occurs in 12 percent
to 52 percent in the antibiotic era.'8 Rarely, it
can be associated with hypertrophic osteoar-
thropathy.33

Splenic Manifestations
Splenomegaly occurs in 23 percent to 57 per-

cent of endocarditis patients.'8 Spleens as large
as 1,400 grams34 are sometimes the major mode
of presentation, suggesting an underlying lym-
phoreticular disease. Splenic infarctions resulting
from arterial emboli are the greatest cause of
splenomegaly24 and are found in 40 percent to
60 percent of autopsies done in cases of endo-
carditis.'8'35'36 Splenic infarcts are seldom symp-
tomatic; but they can generate severe left upper
quadrant pain, local rebound, the Kehr sign,
pleuritic pain and a friction rub.34 The pain of
splenic infarction may be the presenting com-
plaint in 5 percent of patients and can lead to a
diagnosis of pulmonary embolus, pneumonia or a
primary intraabdominal event. A spleen scan may
give positive results, showing a defect if the infarct
is large enough.37

Although the infarcts are due to infected em-
boli, the low virulence of the organisms usually
results in a nonsuppurative lesion; splenic ab-
scesses rarely develop. In the preantibiotic era,
10 percent of patients who died of endocarditis
had suppurative foci in the spleen; since the
introduction of antibiotics, only a few cases have
been reported.38-40

Splenic rupture rarely occurs in endocarditis;
but, when present, it is a particularly lethal com-
plication. Rupture may be the first manifestation
of disease, or it may occur after the endocarditis
has been bacteriologically cured.36

Pulmonary Manifestations
X-ray studies of the chest in cases of left-sided

endocarditis are generally not revealing in the
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absence of congestive heart failure. Pulmonary
manifestations are due to right-sided cardiac in-
fection or left-sided involvement with a left-to-
right shunt;4"42 most often they occur in intra-
venous drug abusers or in immunosuppressed
patients.41 Tricuspid infection is common in these
persons; with or without other valve involvement,
endocarditis occurs on the tricuspid valve in 72
percent of heroin addicts with endocarditis, and
pulmonary disease may be the major presenting
feature in 66 percent.41'43 The clinical features
are fairly uniform: There is usually no previous
heart disease and minimal evidence for a cardiac
disorder; pulmonary dysfunction is the apparent
primary problem with chest pain, cough and
shortness of breath as the most common chief
complaints.41 An x-ray film of the chest may
show pneumonia demonstrated by cavitary or
multiple alveolar infiltrates, pulmonary emboli in
10 percent to 38 percent,43 empyema, pneumo-
thorax, lung abscess, pleural effusions and pul-
monary artery mycotic aneurysms. The valvular
infection may go unnoticed because a cardiac
murmur is absent in 45 percent of patients if
pulmonary complications occur.43 Staphylococcus
aureus is the most common organism in this
setting,43-45 and mortality is low with early diag-
nosis and aggressive therapy.

Neurological Manifestations
Neurological complications of bacterial endo-

carditis present diversely and closely mimic pri-
mary central nervous system processes. Between
15 percent and 50 percent of patients will have
neurological complaints during the course of
disease,34'46-48 and these complaints will be the
major presenting problems in 6 percent to 28
percent.47 The incidence of neurological manifes-
tations is the same in subacute and acute endo-
carditis, and the frequency has not decreased with
the development of antibiotics.47'48 Mortality is
only marginally increased in groups of patients in
whom general neurological complaints develop,46
but it is significantly higher if a major complica-
tion such as a stroke, delirium or coma occurs.'7

Major emboli to the central nervous system
occur in 30 percent to 50 percent of patients with
subacute endocarditis ;'8 35,48 and, conversely, 3
percent of all emboli to the head originate in in-
fected valves.'8 The emboli most commonly lodge
in the middle cerebral artery, producing hemi-
plegia and parietal signs.'8'46 However, essentially
any arterial watershed is in jeopardy, and any

constellation of ischemic neurological signs can
develop. Emboli to the spinal cord are rare but
can produce girdle pain or paraplegia.18

Embolic episodes are not limited to the period
of active valve inflammation and can be mani-
fest months to years after a bacteriological
cure.'18'4147'49 Cates and Christie observed an 11
percent incidence of cerebral emboli with an 80
percent early mortality in patients without atrial
fibrillation occurring one to 70 days after cessa-
tion of antibiotic therapy.49 The higher mortality
of late emboli as compared with early emboli
suggests that healed vegetations present a greater
threat since they are fibrosed and calcified with
resultant emboli that are larger and less likely to
break up in the intracranial arterial circulation
than are the friable particles embolized during
active valvular inflammation. Valve replacement
or debridement5 is warranted for recurrent emboli.

Occult endocarditis may present as aseptic or
purulent meningitis. Aseptic meningitis is much
more common than the purulent form in subacute
endocarditis.'8'47'48 The resulting meningoenceph-
alitis may be severe, with nuchal rigidity and an
acute brain syndrome. Analysis of cerebrospinal
fluid commonly shows no organisms on smear or
culture, fewer than 500 leukocytes per cu mm
most of which are mononuclear, elevated protein
value and normal glucose value.48 The meningeal
findings usually are transient and resolve com-
pletely whether or not the patient receives anti-
biotics.

Acute suppurative meningitis is a complication
of acute, usually staphylococcal,46 endocarditis
and is the most common neurological presentation
of endocarditis with this organism.2 When S.
aureus is involved, the cerebrospinal fluid findings
are often nonspecific: The leukocyte count is
generally less than 1,000 per cu mm with a
predominance of polymorphonuclear cells; the
protein value is elevated; the glucose value is
usually normal, and cultures or smears are posi-
tive in only 20 percent of instances.5'

Brain abscesses are rare in SBE (1 percent of
cases) but are found in 24 percent of cases of
acute endocarditis, usually as small multiple ab-
scesses.4748 They may present as sterile menin-
gitis, intracranial mass lesions or a toxic enceph-
alopathy.47 Generally, drainage procedures are
ineffective because the lesions are small and are
often multiple.'8'35'48

Intracranial mycotic aneurysms complicate bac-
terial endocarditis in 2 percent to 18 percent of
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instances17'18'47'52 and are more frequent with
noninvasive organisms than with S. aureus which
usually promotes abscess formation.18'48 However,
mycotic aneurysms are sufficiently common in
acute endocarditis that diagnostic procedures are
warranted if the clinical findings are even slightly
suggestive of an aneurysm.'7'53 The actual inci-
dence in all forms of endocarditis may be higher;
cerebral angiography is not done in all patients,
and many may remain asymptomatic. Of all in-
tracranial aneurysms in general patient popula-
tions, 2.5 percent to 4 percent are mycotic.54
They usually occur singly, but they can be mul-
tiple; they are most frequently found along the
middle cerebral artery, although any artery is
subject to them.'8'47 They differ from congenital
aneurysms by being more peripheral beyond the
first bifurcation and are less often in the anterior
circulation,"8 but exceptions do occur.55
The importance of mycotic aneurysms is greater

than their frequency would suggest; often the
first sign of their existence is a fatal intracranial
hemorrhage. Rupture, which carries a 60 percent
to 90 percent mortality,47 may be prevented in
some cases with early diagnosis, close observation
and surgical intervention when possible. The un-
predictability of outcome is pronounced: fatal
rupture may occur one to 22 months after the
cessation of administration of antibiotics and
bacteriological cure.'7'54

Premorbid symptoms of a mycotic aneurysm
do occur, but more frequently the aneurysm rup-
tures unexpectedly. The symptoms of impending
rupture are the same as those seen with cerebral
aneurysms resulting from other causes.
Once established, aneurysms have variable na-

tural histories. They may rupture early or late,
may persist unchanged except for wall calcifica-
tions, may thrombose and decrease in size or
may resolve with complete disappearance in pos-
sibly half of the cases.5658

Four-vessel cerebral angiography is required
to show the existence of a mycotic aneurysm.
There are no reports of success in utilizing
computerized tomography. Because of the po-
tential lethality, an aggressive approach should
be adopted for prompt diagnosis in certain situ-
ations. Any patient with endocarditis in whom
there is sterile meningitis with focal neurological
signs or unilateral headache, or both59 or a pa-
tient with endocarditis and a subarachnoid hem-
orrhage55 should have an angiographic study.
Once the aneurysm is diagnosed in an initial

arteriogram, the lesion should be followed every
two to three weeks by repeat studies to check on
size and look for new aneurysmal development.
Preferably, surgical operation should be post-
poned until after a complete course of antibiotics
because in the inflamed state the aneurysm is
friable and the parent artery is necessarily sacri-
ficed. With healing, the aneurysm wall fibroses,
allowing placement of a clip.60 However, if leak-
ing has occurred and if the lesion lies peripherally,
arterial ligation preferably should be done early
rather than risk complete rupture. Otherwise, the
aneurysm should be followed and surgical opera-
tion should be done without delay if it is larger
on the first follow-up study, or if it is the same
size or larger after a complete course of anti-
biotics.56

Psychiatric manifestations occur in up to 50
percent of patients with endocarditis.47 Halluci-
nations, confabulation, depression, paranoid idea-
tion, fluctuating confusion and impaired concen-
tration commonly develop, particularly in elderly
patients. Endocarditis should always be consid-
ered in any unexplained sudden personality
change in an older person.

Major retinal complications of endocarditis
include hemorrhage, cotton wool patches and a
peculiar retinal hemorrhage with a pale center
that is erroneously termed a Roth spot.'8'34 Roth,
in 1872, described hemorrhages and cotton wool
patches in cases of sepsis, terming them septic
retinitis; but he did not link them to endocarditis
nor did he note the lesion carrying his name.6'
Litten, in 1876, observed the association of en-
docarditis with retinal hemorrhages containing
pale centers and called them Roth spots.62 This
lesion is probably due to a focal accumulation of
leukocytes and the cotton wool patches are cytoid
bodies.63 Neither are specific for endocarditis.

Hematologic Manifestations
The leukocyte count is usually normal in pa-

tients with S. viridans endocarditis.35 Leukocytosis
in a patient with endocarditis suggests embolic or
suppurative complications or a more virulent or-
ganism than S. viridans. The circulating poly-
morphonuclear leukocytes appear to have an
acquired intracellular killing defect when com-
pared with those of patients with other forms of
acute bacterial infections or of persons used as
controls.64 This defect resolves with the initiation
of antibiotic therapy.

Thrombocytopenia with platelet counts as low
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as 3,000 to 5,000 per cu mm can occur in SBE,51'65
and counts under 100,000 per cu mm may be as
frequent as 34 percent to 39 percent.29 The symp-
tom complex of endocarditis with fever, renal
insufficiency, neurological manifestations and
anemia may suggest a diagnosis of thrombotic
thrombocytopenic purpura.26'66 The bone marrow
in instances of thrombocytopenia is normal, show-
ing normal or increased number of megakaryo-
cytes.29'51"66 Circulating immune complexes are
highest at the platelet nadir and decrease when
the platelet count returns to normal.64'66

Of patients with endocarditis, 75 percent have
an anemia.67 Most commonly, anemia of chronic
infection with normocytic normochromic red cells
exists but splenomegaly may cause a hemolytic
anemia through sequestration,68 or occasionally
a deformed valve may promote intravascular
hemolysis.66

Coagulopathies are not common associates of
Gram-positive infections but the occurrence of
disseminated intravascular coagulation (DIC) in
S. aureus endocarditis may be more common than
suspected.2932 In two series of cases of staphy-
lococcal sepsis in which coagulation profiles were
attained, the incidence of DIC was 15 percent.69'70

Musculoskeletal Manifestations
Musculoskeletal manifestations of endocarditis

occur in 17 percent to 50 percent of patients and
usually develop early in the course of the dis-
ease.7' Arthralgias and arthritis are the most
common complaints and most frequently involve
the large joints of the lower extremities.7' They
are fleeting in nature and can affect several joints
in an asymmetrical pattern; however, a sym-
metrical polyarthritis may mimic a collagen vas-
cular disease.74

The synovitis is almost uniformly sterile with
only rare instances of positive findings on cultures
of synovial fluid.72 Analysis of synovial fluid is
not revealing, with 1,200 to 16,500 leukocytes
per cu mm with variable predominance of poly-
morphonuclear cells, negative cultures, negative
latex agglutination, normal complement and non-
specific biopsy results showing acute inflamma-
tion.73 The arthritis resolves with antibiotic treat-
ment of the endocarditis.

Other manifestations include myalgias,7' severe
back pain,71 75 disc space infections,7' and hyper-
trophic osteoarthropathy.33 The cause of the
musculoskeletal complaints is probably immune
mediated. The common occurrence of monoar-

ticular complaints suggests that a generalized im-
mune complex process does not play a role but
rather that an embolus laden with antigen lodges
in a periarticular area and initiates a localized
immunologic event.7'

Renal Manifestations
Endocarditis commonly initiates an active uri-

nary sediment with red cells, leukocytes, protein-
uria and red-cell casts. Three forms of renal
involvement are recognized in endocarditis: (1) in-
farctions of portions of the kidney from large
arterial emboli,65 which are found in 56 percent
of autopsies done in cases of endocarditis;18
(2) focal glomerulonephritis, which probably is
due to either small emboli12'65 or immune com-
plexes,"'76 and (3) diffuse glomerulonephritis,
which is an immune complex nephritis.'2 Of the
three forms, the only one that causes renal in-
sufficiency is the diffuse glomerulonephritis.'2'34

Renal infarction is usually asymptomatic; but
when it is present, flank pain- is the major symp-
tom, with hematuria and pyuria.4' The histology
of the immune complex nephritis is the "lumpy
bumpy" type of immunofluorescence12 and is not
specific for endocarditis.65 Deposits of C3 and
immunoglobulins are found in the glomerular
tufts10-'2 along with bacterial antigen'0 and anti-
body specific for the invading organism.77 Elec-
tron dense deposits are noted on electronmicros-
copy,'2 and peripheral serum complement is
depressed.'0-'2 Renal histology and function gen-
erally improve with antibiotic therapy for the
endocarditis.'0
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