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Sixty-five consecutive patients were examined at autopsy for the
presence of right-sided endocardial lesions. Twenty-eight patients
(43%) had undergone flow-directed pulmonary artery catheteriza-
tion during their final hospital stay; of these, 10 (36%) had hem-
orrhagic and/or thrombotic lesions involving the right side of the
heart and the pulmonary outflow tract. Lesions were rarely ob-
served in patients who had not had indwelling catheters (P <
0.025). There were no cases of infective endocarditis. Of the 16
right-sided endocardial lesions identified, seven (44%) involved
the right atrium, one (6%) the tricuspid valve, six (38%) the right
ventricle, and two (12%) the pulmonic valve. Six patients (60%)
had multiple lesions. A bacteremia/fungemia developed in seven
patients (25%) with flow-directed pulmonary artery catheters and
correlated with the duration of insertion (P < .005). Fatal Staphy-
lococcus aureus septicemia with left ventricular abscess formation
occurred in two patients. The authors conclude that endocardial
trauma to the right side of the heart is not infrequent in patients
with flow-directed pulmonary artery catheters. Systemic infection
is also seen in this group, and, although secondary infection of the
endocardium is uncommon, its potential occurrence must not be
overlooked. The indication(s) for insertion of a pulmonary artery
catheter must be carefully considered in each individual case.

Index terms: Catheters, indwelling * Endocarditis *+ Pul-
monary artery
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The flow-directed, balloon-tipped pulmonary artery
(Swan-Ganz) catheter is a common and, at times, vital
component of both diagnostic and therapeutic critical care.
Since its introduction for clinical use in 1970,' the Swan-
Ganz catheter has gained widespread popularity and is
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used routinely to monitor critically ill patients.
Although it is usually well tolerated, a number of
complications have been observed.>*’ The po-
tential for catheter-induced endocardial injury
was recognized by early investigators,' and has
been the focus of subsequent reports.?®-*

Swan-Ganz catheters are frequently used in
The Cleveland Clinic Foundation’s medical and
surgical intensive care units. Therefore, we
sought to define the incidence, anatomic site,
morphologic characteristics, and overall clinical
relevance of Swan-Ganz catheter-related endo-
cardial injury.

Methods

During the period from January 1, 1986
through April 1, 1986, hearts obtained from 65
consecutive autopsies at The Cleveland Clinic
Foundation were examined by members of the
Department of Pathology. The presence of en-
docardial lesions was determined, including
right atrial hemorrhage/thrombosis, tricuspid
valve hemorrhage/thrombeosis, right ventricular
hemorrhage/thrombosis, and pulmonic valve
hemorrhage/thrombosis. Documented areas of
thrombosis were sectioned and examined histo-
logically for evidence of infective endocarditis.
The diagnosis required identification of organ-
isms in an area of inflammation. Positive post-
mortem blood cultures and/or growth from the
isolated region of inflammation were not re-
quired. Cardiac lesions including thrombosis,
hemorrhage, and/or endocarditis involving left-
sided heart structures were also noted.

Clinical records for each patient entered into
the study were obtained and critically reviewed
by two coauthors. The following information was
recorded: age, sex, admitting diagnosis, insertion
of a Swan-Ganz catheter or central venous cath-
eter within 1 month before death, duration of
catheter placement, documented bacteremia/
fungemia or other blood-borne infection while
the catheter was in place, antemortem diagnosis
of infective endocarditis, and cardiac events dur-
ing the final hospitalization. The cause of death
was established following review of final patho-
logic reports.

Results
Patient characteristics

Specimens obtained from the hearts of 65 con-
secutive patients coming to autopsy at The Cleve-
land Clinic Foundation form the basis of this
study. There were 44 men, and 21 women, with
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an average age of 49.2 years (range 4 months—
89 years). Admitting diagnoses included: accel-
erated hypertension, unstable angina pectoris,
acute myocardial infarction, congestive heart fail-
ure, orthotopic heart transplantation, complex
congenital heart disease, acquired immunodefi-
ciency syndrome, sepsis, disseminated neoplasm,
pulmonary embolism, chronic lung disease, pri-
mary pulmonary hypertension, subarachnoid
hemorrhage, mesenteric ischemia, and Addison-
ian crisis. There were no patients with an admit-
ting diagnosis of infective endocarditis.
Pathologic causes of death included: cardi-
ogenic shock, cardiac tamponade, septic shock,
clostridial sepsis with massive intravascular he-
molysis, necrotizing pneumonia, pulmonary Ka-
posi’s sarcoma, pulmonary embolism, acute graft
versus host disease, acquired immunodeficiency
syndrome with opportunistic infection, dissemi-
nated neoplasm, and massive gastrointestinal
bleeding. There were no cases in which infective
endocarditis was considered the cause of death.

Infection

Of the 65 patients studied, 28 (43%) had flow-
directed pulmonary artery (Swan-Ganz) catheters
inserted during their final hospitalization. Cath-
eters were in place an average of 9.9 days (range
6 hours—68 days) before death. Seven of 28 pa-
tients (25%) had bacteremia and/or fungemia
while the catheter was in place. Organisms iso-
lated included: Staphylococcus epidermidis, Staphy-
loccus aureus, Streptococcus faecalis, Escherichia
coli, Candida albicans, and Aspergillus fumigatus.
Patients in whom a blood-borne infection devel-
oped had a catheter in place for an average of
17.2 days. The incidence of infection directly
correlated with increasing length of catheter in-
sertion (P < .005). A blood-borne infection de-
veloped in 11 of 37 patients (29%) without Swan-
Ganz catheters. Four patients suffered from ac-
quired immunodeficiency syndrome; other dis-
eases within the group included non-Hodgkins
lymphoma (1 patient), chronic myelogenous leu-
kemia in blast crisis (1 patient), renal transplant
and immunosuppressive therapy (1 patient), and
dermatopolymyositis during immunosuppressive
therapy (1 patient). Therefore, eight of 11 pa-
tients (73 %) were severely immunocompromised;
in addition, six patients (55%) had central venous
pressure catheters in place at the time of death.

Autopsy findings

The cardiac lesions identified at autopsy in
patients with Swan-Ganz catheters are outlined

Downloaded from www.ccjm.org on September 10, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

386 Cleveland Clinic Journal of Medicine

in Table 1. Ten patients (36%) had lesions involv-
ing the right side of the heart and pulmonary
outflow tract. Six (60%) had multiple lesions,
including two at three locations and four at two
locations. Seven (44%) of the 16 lesions identified
involved the right atrium, one (6%) the tricuspid
valve, six (38%) the right ventricle, and two
(12%) the pulmonic valve. None of the lesions
were classified as infectious based on established
criteria. There was a trend toward an increased
incidence of endocardial lesions with increasing
catheter placement time (Table 2); however, it
failed to reach statistical significance. There were
two patients with Swan-Ganz catheters in whom
Staphylococcus aureus septicemia and left ventric-
ular myocardial abscesses developed and contrib-
uted directly to their deaths.

Discussion

Flow-directed pulmonary artery (Swan-Ganz)
catheters have become an integral part of the
therapeutic and diagnostic regimen used in the
care of critically ill patients. Indications for their
use include: cardiogenic shock,?” septic shock,?***
decompensated chronic obstructive lung disease
with cardiac dysfunction,*® acute drug over-
dose,”' adult respiratory distress syndrome
(ARDS),**** and perioperative hemodynamic
monitoring of high-cardiac-risk surgical pa-
tients.*>*°

The potential for catheter-related endocardial
damage within the right side of the heart and
pulmonary outflow tract is readily apparent.
Early studies concerning the pathogenesis of in-
fective endocarditis performed by Garrison and
Freedman*’ used polyethylene catheters to in-
duce the formation of sterile platelet-fibrin
thrombi in the hearts of rabbits. Subsequent con-
tamination of the catheters with Staphylococcus
aureus resulted in the production of infective
endocarditis at the site(s) of previous endocardial
damage.

Durack and Beeson*® inserted polyethylene
catheters into the hearts of rabbits via the exter-
nal jugular vein and sutured them in place for
7-10 days. The animals were then killed and
their hearts carefully examined. Sterile vegeta-
tions involving the right atrium, tricuspid valve,
and/or a right ventricle were observed in each
animal. The procedure was repeated in a second
group of rabbits, who, in addition, received an
intravenous injection of Streptococcus viridans. In-
fective lesions were observed in areas of catheter-
induced endocardial injury.

Vol. 54, No. b

Table 1. Endocardial lesions in patients with flow-
directed pulmonary artery catheters

Locsion Hemorshage _yele e
Right atrium 3 4 0
Tricuspid valve 0 1 0
Right ventricle 4 2 0
Pulmonic valve 2 0 0

Multiple:
Right atrial hemorrhage and thrombus: 3 patients
Right atrial hemorrhage and thrombus, plus tricuspid
valve thrombus: 1 patient
Right ventricular hemorrhage and thrombus: 1 patient
Right atrial hemorrhage and thrombus, plus right ven-
tricular hemorrhage: 1 patient

Table 2. Right-sided heart lesions and duration of
catheter placement

No. Days Catheter Lesions

in Place P'No' B —
before Death atients No. %
0-7 16 3 19
8-14 6 2 33
15-21 3 3 100
>21 3 2 67

Many critically ill patients with hemodynamic
instability have Swan-Ganz catheters in place for
an extended period. A major concern in this
setting is the development of catheter-induced
endocardial disruption,* which, in the presence
of bacteremia, may become secondarily infected.
Greene and Cumming®® reviewed the clinical rec-
ords from 294 consecutive autopsies and found
that 24 of the patients had had a Swan-Ganz
catheter inserted during their final hospitaliza-
tion. Eight (33%) of these patients were found to
have right-sided endocardial lesions at postmor-
tem examination.

Pace and Horton®' in a study of 413 autopsies
found a 3.4% incidence of aseptic (bland) endo-
carditis in 3[(_‘))altients with Swan-Ganz catheters.
Green et al™ reported a case of fatal Staphylococ-
cus aureus endocarditis involving the right atrium
and tricuspid valve along the path of a Swan-
Gangz catheter.

The postmortem finding of acute right-sided
infective endocarditis in a burn patient moni-
tored with a Swan-Ganz catheter prompted Ehrie
et al®® to examine the hearts of burn patients
coming to autopsy in whom a Swan-Ganz catheter
was in place at the time of death. Right-sided
endocardial lesions were observed in the majority
of cases, many of them secondarily infected with
Staphylococcus aureus.
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In a prospective study of 81 patients in whom
Swan-Ganz catheters were inserted for hemody-
namic monitoring in the intensive care setting,
Elliot et al®® found a 21% incidence of aseptic
right-sided endocarditis. Ford and Manley®* iden-
tified endocardial lesions in 75% of ;)atients with
Swan-Ganz catheters. Lange et al** observed a
31% incidence of tricuspid valve hemorrhage and
an 8% incidence of aseptic thrombosis.

In a recent study by Rowley et al*® of 142
consecutive autopsies, 55 patients (38%) had
Swan-Ganz catheters inserted within a month of
death.’® Of these, 29 (53%) had one or more
right-sided cardiac lesions, including four (7%)
with infective endocarditis.

The Cleveland Clinic Foundation is a tertiary-
care facility, and, like other major medical cen-
ters, cares for a large number of patients in
unstable condition. Therefore, information con-
cerning cardiovascular hemodynamics is fre-
quently sought in diagnostic and therapeutic de-
cision making. Almost 50% of the patients in-
cluded in our prospective study had Swan-Ganz
catheters inserted during their final hospital stay.
As is evident from the inclusion criteria for this
study, all patients were critically ill, and the ma-
jority spent time in one or more intensive care
units before death. Endocardial lesions involving
the right side of the heart and pulmonary outflow
tract were documented at necropsy in more than
one third of patients with Swan-Ganz catheters.
Multiple lesions were observed in almost two
thirds. An obvious trend favoring the develop-
ment of endocardial lesions with increasing cath-
eter placement time was seen; however, this was
not statistically significant. Although three pa-
tients without Swan-Ganz catheters were found
to have right-sided lesions, it was of interest that
each had right atrial endocardial thrombi and
triple-lumen CVP catheters in place at the time
of death.

Infective endocarditis was not observed, de-
spite a high incidence of endocardial lesions.
There are a number of possible explanations.
The size of our study population was small,
thereby limiting our ability to observe its occur-
rence. Secondly, of all endocardial lesions, ap-
proximately one-third were hemorrhagic, and
therefore may have failed to provide an adequate
substrate for bacterial or fungal adherence.
Thirdly, many of the lesions we observed in-
volved the atrial and/or ventricular endocar-
dium, which, for hemodynamic reasons (most
notably, the lack of a direct venturi effect), may
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provide a less than ideal environment for the
development of infective endocarditis.

The incidence of blood-borne infection was
high in both groups. Patients with Swan-Ganz
catheters mainly had cardiogenic shock second-
ary to acute myocardial infarction, cardiomyop-
athy, or cardiothoracic surgery. In contrast, the
group of patients without Swan-Ganz catheters
consisted largely of immunocompromised hosts.
Exclusion of these “high risk” individuals from
the second group yielded a significant difference
between the study groups. Although the inci-
dence of infection was shown to correlate with
the length of catheter placement, we cannot ex-
clude the length of intensive care unit stay as an
independent or additive risk factor.

In conclusion, flow-directed pulmonary artery
catheters are frequently used in acute care. Pa-
tients with catheters are at risk for endocardial
trauma involving the right side of the heart and
pulmonary outflow tract. The immediate and
long-term clinical manifestations remain to be
fully elucidated. Prolonged intravascular place-
ment increases the risk of serious systemic infec-
tion.
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