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Lyme borreliosis, or Lyme disease, is a globally occurring, systemic
disease caused by the spirochete Borrelia burgdorferi and transmitted by
the Ixodes tick. The disease classically is divided into three stages. Stage
1, the early localized stage, generally occurs several days or up to 1 month
after the initial tick bite. It is notable for an inﬂuenza-like illness and often is
accompanied by the erythema migrans (EM) rash. Stage 2, the early dissem
inated stage, occurs weeks to months after EM. Neurologic symptoms and
musculoskeletal complaints are the hallmarks of this stage. Cardiac abnor
malities, predominantly involving the conduction system and myocardium,
also may manifest at this time. Stage 3 occurs several months to years after
EM and is characterized by a monoarthritis or oligoarthritis aﬀecting the
large joints, and the development and progression of neurologic sequelae.
Steere and colleagues ﬁrst described the cardiovascular complications of
Lyme disease nearly 30 years ago in a retrospective report of 20 North
American cases. Australian and European cases were reported in the early
to mid-1980s. The principal manifestation of Lyme carditis is self-limited
conduction derangement, most commonly involving the atrioventricular
node. Additionally, pericarditis, endocarditis, myocarditis, pericardial
eﬀusion, myocardial infarction, coronary artery aneurysm, QT-interval
prolongation, tachyarrhythmias, and congestive heart failure have been
reported. Although the number of reported cases and knowledge of the
disease have increased since Steere’s initial case series, most reports of
Lyme carditis are case reports with few large retrospective or prospective
studies.
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Epidemiology
Lyme disease, caused by the spirochete B burgdorferi, is transmitted by
the Ixodes tick [1–6]. It is the most commonly reported vector-borne disease
in the United States. Between 2003 and 2005, 64,382 cases were reported
to the Centers for Disease Control and Prevention (CDC) [7]. The number
of reported cases has remained relatively stable since 2002 (23,763 cases
reported in 2002, 21,273 in 2003, 19,804 in 2004, and 23,305 in 2005)
[7,8]. The overall incidence of Lyme disease in the United States in 2005
was 7.86 cases per 100,000, but, while 46 states and the District of Columbia
have reported cases, there is substantial regional variation, and most cases
are reported in the northeast and northern midwestern United States. In
2005, the highest rates of infection were reported in:
•
•
•
•
•
•
•
•
•
•

Delaware (76.6 cases per 100,000 population)
Connecticut (51.6 cases per 100,000 population)
New Jersey (38.6 cases per 100,000 population)
Massachusetts (36.5 cases per 100,000 population)
Pennsylvania (34.5 cases per 100,000 population)
New York (28.9 cases per 100,000 population)
Wisconsin (26.3 cases per 100,000 population)
Maryland (22.1 cases per 100,000 population)
New Hampshire (20.2 cases per 100,000 population)
Minnesota (17.9 cases per 100,000 population)

Lyme borreliosis is also common in forested areas in Europe, with the
highest reported incidence in middle Europe and Scandinavia, particularly
in Germany, Austria, Slovenia, and Sweden [6,9]. The infection also is found
in Russia, China, and Japan.
The median age of infected patients in the United States was 41 years, but
there was a bimodal distribution, with peaks at 5 to 9 years and 44 to 59
years. There was a slight male predominance (54% of all cases and 61%
of cases among children 5 to 14 years old).
Among the 49,157 cases for which date of illness onset was available from
2003 to 2005, the summer months predominate, with a peak in July (29% of
cases). This correlates with a delay from infection to presentation, as the
nymph form of Ixodes ticks generally arises in May and June.
The most common reported symptoms from 2003 to 2005 were a history
of EM (70%), arthritis (30%), facial palsy (8%), radiculopathy (3%), menin
gitis or encephalitis (2%), and heart block (less than 1%). This array of
presenting symptoms is similar to those observed in a report from 2001 to
2002 [8]. The incidence of late manifestations of Lyme disease, such as arthri
tis, neurologic complications, or cardiovascular manifestations, is likely to
decrease, because patients more frequently are treated with antibiotics.
The ﬁrst reported cases of Lyme carditis came in 1980, when Steere and
colleagues [2] described 20 North American cases. These were followed
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closely by reports of Lyme carditis in Australia and Europe [3–5]. Most
reports of Lyme carditis are case reports, with few large retrospective or
prospective studies.
It is estimated that between 4% and 10% of patients in the United States
who have untreated Lyme disease develop carditis [2,10,11], but some have
estimated the prevalence of asymptomatic carditis to be as high as 30% [12].
The incidence is lower in Europe, where it is thought to be 0.3% to 4.0% [13].
The reason for this diﬀerence is unclear but may be related to a diﬀerence in
virulence of the North American and European B burgdorferi isolates [14,15].
Some authors have suggested that the North American incidence is
overestimated, and one series of 187 patients with stage 2 disease character
ized by neurologic manifestations had no clinical evidence of cardiac
involvement [16]. Another prospective study of 61 patients with early-local
ized Lyme disease who were treated with antibiotics found only one patient
who developed atrioventricular block [17]. Interestingly, despite the fact that
there is only a slight male-to-female predominance for Lyme disease [7],
there is a 3:1 male-to-female predominance for Lyme carditis [18,19].
Pathology and experimental evidence
Pathology
B burgdorferi can aﬀect all layers of the heart [20–22]. Histologically,
there is typically a transmural, inﬂammatory inﬁltrate composed nearly
entirely of macrophages [23–25]. Very early in the disease process, small
inﬂammatory nodules composed primarily of neutrophils and macrophages
have been reported [22]. This is followed by inﬁltration of lymphoid cells,
which create a characteristic band-like or plaque-like pattern. Myocyte
necrosis also can occur, and subsequent endocardial and interstitial ﬁbrosis
has been reported [26].
Vasculitis involving the small and large intramyocardial vessels can take
place. The small vessels frequently show endothelial cell edema, whereas
large vessels show adventitial inﬁltrates with loose reticulin and increased
collagen deposition [22,27]. The latter ﬁnding is one of the distinguishing
characteristics that separates Lyme carditis from myocarditis caused by
Treponema palladium. When the heart or great vessels are involved in syph
ilitic disease, the arteritis, aortitis, and valvular dysfunction are more prom
inent [18,19,28]. Although valvular dysfunction is one of the hallmarks of
rheumatic disease, valvular dysfunction-related Lyme carditis is extremely
rare [29]. Also, in rheumatic myocarditis, the inﬂammation is more focal
and granulomatous [27].
Spirochetal forms have been found in endocardial biopsy [20] and autopsy
specimens [30] showing the forms inside and near cellular inﬁltrates, between
muscle ﬁbers, and in the myocardium [20,22,31]. They also have been cultured
from biopsy specimens of several patients [21]. Whether the presence of live
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spirochetes is required for continued disease or whether the disease results
from immune-mediated mechanisms remains to be determined [32].
Mouse models and experimental evidence
The pathophysiology of Lyme disease has been characterized best in
animal models. In mice with severe combined immunodeﬁciency syndrome,
B burgdorferi induces progressive polyarthritis and carditis [33–35]. Anti
bodies are critical for protective immunity and arthritis modulation, but
immune serum resolves arthritis and not carditis, spirochetemia, or spiro
chete clearance from tissues [36–38].
Mice with T cell deﬁciency, defective B cell maturation, and absent
natural killer cells are susceptible to progressive infection with B burgdorferi,
resulting in pancarditis, synovitis, and skeletal myositis [39]. A potential
deleterious role of cytokines and T cell immunity has been suggested. In
one study, early infection was characterized by up-regulation of the proinﬂam
matory cytokines interleukin (IL)-1b and tumor necrosis factor a (TNF-a).
Interferon-g appeared after the expression of these cytokines and remained
elevated for 6 weeks [40].
Another group compared B burgdorferi inoculation in immunocompetent
and B cell-deﬁcient mice. Results showed that immunodeﬁcient mice devel
oped myocarditis, implying that innate immunity mediated initial clearance
of infection. Cell transfer experiments using infected knock-out mice showed
that transferring naive T cells and B cells induced resolution of carditis, and
infected mice reconstituted with T cells developed myocarditis. CD4þ T cells
were responsible for the observed immune-mediated pathology [41]. Con
versely, a subsequent study reported that CD4þ T cells promoted resolution,
rather than exacerbation, of Lyme carditis [42].
There is evidence that autoimmunity may play a role in Lyme carditis,
and that antibodies directed toward B burgdorferi react with myosin. This
was shown in a murine model of autoimmunity and suggested that persistent
symptoms among some patients with underlying autoimmune disorders may
not be caused by persistent infection [43].
Because extravasation of immune cells into tissues plays a large role in
inﬂammatory processes, it is not surprising that b2 integrins, a group of
adhesion molecules, play an important role in Lyme carditis. Disruption
of the b2 integrin pathway, however, did not abrogate the eﬀects of B burg
dorferi on the myocardium completely [44]. Rather, dendritic cells secrete
higher levels of chemoattractant proteins in the setting of b2 integrin deﬁ
ciency. Thus, although b2 integrins may mediate the severity of disease,
they are not essential for its expression.
The importance of macrophages in the clearance of spirochetes from the
myocardium is evidenced by the fact that in mice lacking the macrophage
receptor CCR2, there is an increased burden of B burgdorferi compared
with wild-type mice in resistant mouse models [23]. In contrast, in a sensitive
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mouse model, the absence of CCR2 leads to a compensatory mechanism of
increased neutrophil recruitment.
A mouse model has been developed to study the electrophysiologic prop
erties of Lyme carditis. These mice exhibit conduction abnormalities that are
reversible after inoculation [45]. The resolution closely parallels resolution
of inﬂammation on pathology. It is hoped that this model will provide useful
insight into the pathophysiologic mechanisms of the conduction disorders in
this disease.

Clinical ﬁndings
Lyme carditis typically occurs between June and December, with a range
of 4 days to 7 months after tick bite or EM [2,28,46]. The cardiac manifes
tations of early disseminated Lyme disease are usually coincident with other
features of the disease (eg, EM, arthritis, or neurologic disease). One series
found EM in 67%, joint complaints in 51%, and early neurologic sequelae
in 27% of patients who had Lyme carditis [31]. There are, however, case
reports of patients presenting with complete heart block as the sole manifes
tation of their Lyme disease with no recollection of antecedent tick bite or
rash [47]. Patients who have cardiac involvement may be asymptomatic,
thus clouding the true incidence of cardiac involvement. Common com
plaints include light-headedness, syncope, dyspnea, palpitations, and/or
chest pain. In a review by the CDC of 84 patients who had Lyme carditis,
69% reported palpitations; 19% had conduction abnormalities. Ten percent
had myocarditis; 5% had left ventricular systolic dysfunction, and 21% of
the patients were hospitalized [10]. The principal manifestation of Lyme
carditis is self-limited conduction derangement, most commonly varying
degrees of atrioventricular conduction delay. Less frequently, pericarditis,
endocarditis, myocarditis, pericardial eﬀusion, myocardial infarction, coro
nary artery aneurysm, QT-interval prolongation, tachyarrhythmias, and
congestive heart failure have been reported.
The spectrum of disease is variable, with some patients remaining asymp
tomatic and unaware of any underlying cardiac dysfunction, while others
experience severe manifestations, including cardiac tamponade and perma
nent heart block [48]. Lyme carditis is a rare cause of mortality; however,
there is a report of a patient with coexistent Babesia microtii infection
who died unexpectedly. The patient was found to have spirochetes on
endomyocardial biopsy specimen and a positive serologic test for B burgdor
feri [30]. A fatal case of Lyme carditis in an English farm worker also has
been reported [26].
Conduction disease
Multiple studies suggest that the conduction disturbances associated with
Lyme carditis, while predominantly atrioventricular nodal in nature, are
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variable and rapidly ﬂuctuating. On occasion, patients may progress from
having a prolonged PR interval to complete heart block within minutes,
with alternating tachycardias and bradycardias as the signs most strongly
suggestive of cardiac involvement [2]. A retrospective analysis by McAlister
and colleagues [46] showed that 45 of 52 patients who had Lyme carditis had
documented atrioventricular block; Wenckebach and complete heart block
were present in 40% and 50% of subjects, respectively. Similar ﬁndings
were reported by van der Linde [31]. In an analysis of 105 reported cases
of Lyme carditis from 1977 through 1990, approximately 50% progressed
to complete heart block, 13% developed bundle-branch block or intraven
tricular conduction delay, and 18% had rhythm disturbances, most com
monly supraventricular. It was hypothesized that these supraventricular
rhythm disturbances may have been secondary to pericarditis, which was
observed in 16% of patients. Rarely, ventricular and fascicular tachycardias
have been reported [19,49]. Seslar and colleagues [50] reported two cases of
prolongation of the corrected QT-interval, a previously unreported manifes
tation of Lyme carditis, which resolved after 6 to 7 weeks with 4 weeks of
intravenous ceftriaxone.
Classic Wenckebach periodicity has been noted in some reports, and
although the preponderance of data supports that the level of conduction
disturbance in Lyme carditis is most commonly at the atrioventricular
node, other reports show classic Wenckebach periodicity or narrow complex
escape rhythms. The lack of response of most patients to atropine sulfate
administration is further suggestive of a direct eﬀect of Lyme disease on
the atrioventricular node, rather than an indirect vagotonic eﬀect. Electro
physiologic studies performed in 19 patients from van der Linde’s [31] series
suggest diﬀuse conduction system involvement in the acute phase of the
disease. Ten patients (53%) had prolonged A-H intervals, but only three
(16%) had H-V prolongation, and six (31%) had increased intra-atrial,
H-V, and A-H conduction times.
The aforementioned data, and reports of patients who had prolonged
A-H and H-V intervals [31,51] and alternating bundle-branch blocks and
escape rhythms that are wide, slow, or absent [52] highlight that, although
Lyme disease can aﬀect the conduction system diﬀusely, the atrioventricular
node appears to be the most vulnerable.
Although there are case reports showing the need for permanent pacing for
Lyme carditis despite antibiotic therapy, this is rare [13,20,46,53–55]. Com
plete heart block is transient and generally resolves within 1 week. Lesser
conduction disturbances resolve within 6 weeks [46]. Goldings and Jericho
[56] reported a need for temporary pacing in 38% of patients. In van der
Linde’s [31,55] retrospective study of 105 cases, temporary pacing was em
ployed in 35% of cases. A permanent pacemaker was implanted in ﬁve pa
tients, four of whom had complete resolution of their conduction
disturbances; one patient had persistent complete heart block. Overall, 94%
of patients recovered completely. A 1990 study by Peeters and colleagues
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[57] suggested that despite its relative rarity, Lyme disease may be an unrec
ognized cause of persistent complete heart block with cases having an
increased incidence of anti-B burgdorferi antibodies versus controls.
Seropositive patients were also more likely to have resolution of their heart
block with appropriate antibiotic therapy.
Myocardial disease
Although nonspeciﬁc, the most common manifestation of B burgdorferi
induced myocardial disease is the presence of diﬀuse ST segment and T wave
changes on surface electrocardiogram, indicating diﬀuse myocardial
involvement. These were noted in 65% of patients in Steere’s series [2].
Myocardial involvement may lead to cardiomegaly, left ventricular dysfunc
tion, or clinical congestive heart failure and is thought to be present in 10%
to 15% of patients with Lyme carditis [31,46]. In most cases, myocardial
dysfunction is mild and self-limited [2,58,59].
These ﬁndings are in contrast to cardiac manifestations of Rocky Moun
tain spotted fever. As in Lyme carditis, dysrhythmias are common, but myo
cardial involvement may be extensive and fulminant [60]. Rickettsia
rickettsii has been shown on immunoﬂuorescent staining of the myocardial
capillaries, venules, and arterioles [61]. In fatal Rocky Mountain spotted
fever, interstitial mononuclear myocarditis and vascular injury-induced
myocardial edema are common autopsy ﬁndings. Echocardiographically
detected cardiac function abnormalities may persist after resolution of other
manifestations of the disease [62].
Although relatively rare, it has been suggested that B burgdorferi may
play a causative role in chronic heart failure. This hypothesis originated
from a 1990 European case report of a 54-year-old man with a 4-year
history of dilated cardiomyopathy, high levels of serum B burgdorferi
IgG, and a B burgdorferi culture-positive endomyocardial biopsy specimen
[21]. These same investigators studied 72 patients who had idiopathic dilated
cardiomyopathy, 55 patients who had coronary artery disease, and
61 healthy controls. Positive ELISA values were present in 26.4%, 12.7%,
and 8.2% of subjects, respectively [63].
Further evidence suggesting a role of Lyme disease in the subsequent
development of clinical congestive heart failure came from several other
observational studies by European investigators. In Italy, two patients
who had idiopathic dilated cardiomyopathy grew B burgdorferi from endo
myocardial biopsy specimens. Both had complete resolution of their
myocardial dysfunction after treatment with angiotensin converting enzyme
inhibitors, digoxin, and penicillin [64]. A Dutch group noted improvement
in left ventricular ejection fraction in eight of nine B burgdorferi-seropositive
patients with idiopathic dilated cardiomyopathy who were treated with
antibiotics. Six of the nine subjects sustained a complete recovery of
myocardial function [65].
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Interestingly, the ability to grow B burgdorferi from biopsy specimens
and clinical improvement after antibiotic treatment in seropositive patients
has not been replicated in the United States. A prospective study of 175
patients in the United States who had chronic heart failure showed a high
false-positive ELISA rate and no improvement in heart failure with appro
priate antibiotic therapy [66]. Seropositivity was higher among patients who
had severe heart failure compared with blood donor controls, although not
statistically signiﬁcant (8.0% versus 3.0%; P ¼ .07). Of 77 patients who had
idiopathic dilated cardiomyopathy, 6 (7.8%) had positive ELISA tests with
no signiﬁcant diﬀerence according to cause of heart failure. Of these, ﬁve of
six patients had negative conﬁrmatory Western blot results. Six seroreactive
patients were treated with antibiotics. None of the subjects had improve
ment in heart failure symptoms [46].
The diﬀerent outcomes of these studies may be caused, at least in part, by
diﬀerences in patient and control populations or in the serologic assays
used. Additionally, as was stated previously, the causative organism of
Lyme disease diﬀers between the two regions, with infection by B burgdor
feri sensu stricto and B burgdorferi sensu lato occurring more frequently in
the United States and Europe, respectively.
Clinical diﬀerences in the seroreactive patients from Europe and North
America may underlie the diﬀering response to therapy. It has been pro
posed that the European patients may have had a self-limited illness unre
lated to Lyme disease, or the North American patients may have had
late-stage disease that was no longer responsive to antibiotics. The former
is unlikely, given that most patients had EM, a history of tick bites, or
both [66].
Further studies are warranted to clarify the role that B burgdorferi plays in
acute and chronic congestive heart failure. Nevertheless, it is reasonable to
consider B burgdorferi infection in the diﬀerential diagnosis of dilated
cardiomyopathy. False-positive ELISA assays are common in patients
who have severe cardiomyopathy; therefore conﬁrmatory Western blot anal
ysis should be performed. Screening and treatment should be reserved for
patients who have a speciﬁc clinical history suggestive of prior Lyme disease.
Diagnosis
Appropriately diagnosing Lyme carditis is challenging, requiring conﬁr
mation of the association between a patient’s historical, clinical, and labora
tory data. It is diagnosed most accurately in cases in which there is historical
evidence of borreliosis (tick bite, EM, arthritis, neurologic dysfunction)
accompanied by cardiac manifestations (such as electrocardiographic
conduction abnormalities, cardiomegaly, and congestive heart failure) in
the setting of positive serologic testing for B burgdorferi antibodies. As
mentioned, Lyme carditis can occur in the absence of EM, and patients
may not recall a rash or tick bite. Therefore, the diagnosis should be
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considered in a patient who has light-headedness, syncope, dyspnea, palpi
tations, and chest pain, especially when seen in conjunction with neurologic
sequelae and electrocardiographic or echocardiographic abnormalities.
A positive ELISA serologic test for the presence of antibodies to B burg
dorferi supports the diagnosis of Lyme carditis, but is not suﬃcient. Simi
larly, a negative result does not rule out the diagnosis, as serologic tests
can be negative in the ﬁrst 6 to 8 weeks of disease [28]. Positive or equivocal
results should prompt conﬁrmatory Western blot analysis, because 5% or
more of the normal population and patients who have severe heart failure
are positive in many assays [17,28]. The presence of IgM (rather than
IgG) antibodies is more suggestive of recent infection with B burgdorferi,
making it the most likely etiologic agent [6].
Echocardiography may provide evidence of myocardial dysfunction,
guiding management and treatment decisions [67]. Characteristic ﬁndings
on endomyocardial biopsy, such as the bandlike endocardial inﬁltrate and
isolation of B burgdorferi in culture may support the diagnosis in the appro
priate clinical setting [22,27]. Current guidelines do not recommend routine
biopsy for diagnosis given the potential focality of myocarditis and the high
risk of the procedure [68]. MRI plays a supportive role in the assessment and
diagnosis of Lyme carditis, typically displaying nonspeciﬁc epicardial
contrast enhancement rather than the subendocardial enhancement often
appreciated in acute coronary syndromes [69]. Gallium-67 myocardial scan
ning and Indium-111 antimyosin antibody imaging are nonspeciﬁc tests that
have been used in several series to document myocardial inﬂammation.
Diﬀuse, intense uptake that normalizes with resolution of the carditis has
been shown [70–75].
Treatment
Antibiotic therapy in the early stages of Lyme disease has been reported
to prevent or attenuate later complications of the disease. In a retrospective
study, Sanga and colleagues [76] demonstrated no increase in cardiac
manifestations compared with controls in 176 patients who were treated
with appropriate antibiotic therapy for Lyme disease at the time of initial
presentation. Although antibiotics are recommended to clear the infection,
there are no randomized controlled clinical trials that have studied the
eﬃcacy of antibiotics in the treatment of Lyme carditis, speciﬁcally.
Common antibiotic regimens for the treatment of Lyme carditis include
amoxicillin 500 mg orally three or four times daily for 30 days, doxycycline
100 mg orally twice daily for 30 days, and ceftriaxone 2 g intravenously daily
for 2 to 4 weeks [77]. Cefotaxime 3 g intravenously twice daily for 2 to 4
weeks is reportedly as eﬀective as ceftriaxone in patients who have other
late manifestations of Lyme disease, although its eﬃcacy in Lyme carditis
has not been proven [78,79]. Patients who have minor cardiac involvement
(eg, prolongation of the PR interval no more than 0.30 seconds) and no
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other symptoms should receive oral antibiotic therapy with amoxicillin or
doxycycline as for early disease. Patients who have more severe conduction
system disease, such as second- or third-degree atrioventricular conduction
delay with a PR interval greater than 0.30 seconds, or clinical evidence of
congestive heart failure should be hospitalized and administered intravenous
ceftriaxone or high-dose penicillin G. A combination of intravenous and
oral antimicrobial therapy should be continued for 4 weeks, although
shorter courses of 14 to 21 days may be as eﬃcacious. Some have advocated
the addition of corticosteroids or salicylates if conduction disease does not
improve over 24 to 48 hours [46]; however, there is no evidence that this
speeds recovery of conduction disease. Additionally, steroids may precipi
tate recurrent central nervous system symptoms or joint symptoms or
both upon withdrawal [27]. Given the increased risk of complete heart block
and asystole these patients should be placed on telemetry [27]. Prophylactic
transvenous pacing is not recommended. A transcutaneous pacemaker,
however, should be accessible until it is clear the patient has an adequate
escape rhythm [54]. Indications for pacing are the same as in other causes
of heart block [54]. As mentioned, complete heart block generally resolves
within 1 week, with resolution of lesser conduction disturbances within
6 weeks [46].
Summary
Lyme disease is a globally occurring vector-borne illness caused by the
spirochete B burgdorferi. It can aﬀect multiple organ systems during the
early disseminated phase, including the heart. The cardinal manifestation
of Lyme carditis is self-limited conduction system disease at the level of
the atrioventricular node. Temporary pacing may be necessary in up to
one third of patients, but permanent heart block rarely develops. Myocar
dial and pericardial involvement also occurs commonly, but tends to be
mild and self-limited. Endocarditis, pericardial eﬀusion, myocardial infarc
tion, coronary artery aneurysm, QT interval prolongation, tachyarrhyth
mias, and congestive heart failure also have been reported.
The diagnosis requires conﬁrmation of the association between a patient’s
historical, clinical, and laboratory data. It is diagnosed most accurately in
cases in which there is historical evidence of borreliosis (prior tick bite,
EM, arthritis, neurologic dysfunction) accompanied by cardiac manifesta
tions (such as electrocardiographic conduction abnormalities, cardiomegaly,
and congestive heart failure) and symptoms (such as chest pain, palpita
tions, syncope, and dyspnea). The presence of B burgdorferi antibodies in
serologic studies can support the diagnosis in the appropriate clinical
setting. Given the signiﬁcant false-positive ELISA rate in patients with
chronic congestive heart failure and the unclear beneﬁt of antimicrobial
therapy, however, conﬁrmatory Western blot analysis is recommended.
Echocardiography and MRI may be useful in selected circumstances.
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Endomyocardial biopsy revealing bandlike endocardial inﬁltrate and isola
tion of B burgdorferi in culture may support the diagnosis further, but
should be reserved for patients who have a clear history of antecedent
Lyme disease or tick bite, given the inherent risks of the procedure. No
treatment has been proven to attenuate or prevent the development of
Lyme carditis. Mild carditis generally is treated with oral antibiotics and se
vere carditis with intravenous antibiotics in an eﬀort to eradicate the infec
tion and prevent late complications of Lyme disease. The clinical course of
Lyme carditis is usually benign, with most patients recovering completely. In
rare instances, death from Lyme carditis has been reported.
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