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Abstract

Objective: Central-line–associated bloodstream infections (CLABSIs) are a known complication of central venous access. Pulmonary artery
catheters (PAC) are frequently used in pre–heart-transplant patients, but the rate of CLABSI in this population is unknown. We sought to
estimate the rate of CLABSI and identify factors associated with development of infection in patients actively listed for heart transplantation
with a PAC.

Design: Retrospective cohort study.

Setting: This study was conducted in 3 intensive care units at an academic tertiary-care center in Minnesota.

Patients: 61 pre–heart-transplant patients in an intensive care unit with a PAC in place from January 2013 to December 2016, totaling 219
PACs.

Methods: At-risk patients, pertinent risk factors, and demographic data were obtained using Mayo Clinic’s Unified Data Platform. CLABSIs
were identified through internal infection prevention and control data. Characteristics of PAC use and infection rate were collected and
analyzed using Kaplan-Meier estimates and time-dependent Cox models.

Results: Among pre–heart-transplant patients with a PAC, there were 14 CLABSIs, for an infection rate of 5.46 of 1,000 PAC days (95%
confidence interval [CI], 2.98–9.15). The most common causative organism was coagulase-negative Staphylococcus (79%). In unadjusted
analyses, CLABSI was associated with shorter time to transplant (hazard ratio [HR], 2.49; P = .027), but not mortality (HR, 1.79; P = .355).

Conclusions: The rate of CLABSI with PAC is high. Prolonged PAC use in the pre–heart-transplant population should be revisited.

(Received 9 January 2019; accepted 3 April 2019)

The Swan-Ganz, or pulmonary artery catheter (PAC), has fallen
out of favor as a tool for hemodynamicmonitoring for the critically
ill because of potential increases in mortality associated with these
devices1,2 and challenges in interpreting their data. Niche applica-
tions of the PAC persist in intraoperative and cardiac surgical
monitoring, but the PAC has largely been supplanted by noninva-
sive monitoring tools. One specific population in whom the use of
this device persists is pre–heart-transplant patients; the use of a
PAC makes the patient eligible to be actively listed with a high
medical urgency status for heart transplantation. Status 1A
patients have the highest priority for transplantation, requiring
continuous infusion of at least 1 intravenous inotrope and continu-
ous hemodynamic monitoring of left ventricular filling pressures,

performed via an indwelling PAC. The medical urgency statuses
were subcategorized in October 2018, but they have the same qual-
ifications. Due to this requirement, these patients often have PACs
in place for weeks to months while awaiting a suitable organ and
are thus at prolonged risk for infection. In 2016, these patients
accounted for 10% of central-line–associated bloodstream infec-
tions (CLABSIs) at our institution, despite being <1% of the total
at-risk population.

Pioneering work by the Comprehensive Unit Safety Program
has demonstrated that CLABSIs are also largely preventable,
leading to stiff penalties for institutions with more than a handful
of such cases. Several interventions have been associated with
lower infection rates with central lines and are recommended by
a variety of professional organizations.3–7 One of the most strongly
associated risks for line infection is the duration of the line in place,
held true across several different types of catheters.8–11 Although
several interventions have been proven to reduce CLABSI, the
single most important is removing unnecessary lines. Thus, quan-
tifying the risk presented by PACs compared to the benefits from
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the use of this technology is critical in discussing the future role of
the PAC in the pretransplant population.

Methods

We conducted a retrospective, descriptive review of characteristics
of PAC use and infection rate in adult pre–heart-transplant
patients. We collected data from January 2013 to December
2016. Patients were identified by internal transplant center data,
and their characteristics were collected through the institution’s
electronic medical record system.We included patients with active
high medical urgency listing on the heart transplant list and a PAC
in place during the study interval. High medical urgency was
defined as status 1A on the previous United Network for Organ
Sharing (UNOS) medical urgency designations, corresponding
to the current status 1, 2, and 3 designations. We excluded patients
aged <18 years or without research authorization on file. Patients
were followed through end of study period, loss of follow-up, trans-
plantation, or death.

We performed a chart review, gathering data including age,
gender, dates of admission, transplant, and/or death, and Acute
Physiology and Chronic Health Evaluation (APACHE) score.
PAC data included dates of insertion and removal, indication
for placement, location, and associated lines. Infection data
included date of positive blood culture; associated symptoms,
organisms isolated, removal of line, and associated complications.
Data were collected by trained clinicians, and complete data were
available.

CLABSI events were verified by infection prevention and
control staff, using the Centers for Disease Control/National
Healthcare Safety Network definition for infection.12

Rates were computed as number of CLABSIs per 1,000 line days
of follow-up. The 95% confidence intervals (CIs) of rates were
estimated based on the Poisson distribution and were used to infer
potential risk factors. Time to CLABSI was further described with
Kaplan-Meier event rate and quartile estimates. Cumulative
incidence of transplant was estimated over time by taking into
account the competing risk of death. The effect of CLABSI on time
to transplant and death were analyzed in time-dependent Cox
models. Risk factors included for analysis were defined a priori,
including duration of PAC use, location of placement (internal
jugular, subclavian, femoral), number and location of other
concomitant lines, age, gender, APACHE score at line placement,
and total number of previous PACs in place. We also captured
complication data, including CLABSI, infection-related complica-
tions (device infection, infective endocarditis, osteomyelitis due to
same organism), relapse of bacteremia with same organism, as well
as mechanical complications including local infection, compro-
mised sterility, leaking or malfunctioning catheter, and catheter-
associated deep vein thrombosis.

Results

During the study interval, 61 status 1A pre–heart-transplant
patients with a PAC in place were identified. This resulted in
219 individual PACs and 2,566 total line days, with a median
duration of PAC use of 11 days. Table 1 lists patient-level charac-
teristics and Table 2 lists line-level characteristics.

CLABSIs

We identified 14 CLABSIs in the data we collected, resulting in an
infection rate of 5.46 per 1,000 line days (95% CI, 2.98-9.15). Our

institution’s intensive care unit patients had a CLABSI rate of 1.06
per 1,000 line days over the same time frame. Causative organisms
included coagulase-negative Staphylococcus (n = 11 CLABSIs,
79%), Enterobacter (n = 1, 7%), Escherichia coli (n = 1, 7%), and
Klebsiella (n = 1, 7%). Median time to diagnosis of infection from
PAC placement was 29 days (95% CI, 23–49). Table 3 lists the
CLABSI case characteristics.

Longer duration of individual PAC presence was associated
with a higher infection rate per 1,000 line days. Lines in place
for 0–10 days resulted in an infection rate of 3.14 (95% CI,
1.02–7.32); 11–20 days resulted in an infection rate of 6.82 (95%
CI, 2.50–14.85); and >20 days resulted in an infection rate of

Table 1. Patient Characteristics

Variable No. (%)a

Gender, no. (%)

Female 18 (29.5)

Male 43 (70.5)

Age at first PAC insertion, y (IQR) 55.9 (47.2–61.4)

APACHE score in first 24 Hours of ICU admission (IQR) 54 (43–64)

Indication for PAC insertion, no. (%)

Underlying cardiac disorder 34 (55.7)

Titration of pulmonary hypertension medications 13 (21.3)

Postoperative hemodynamic monitoring 9 (14.8)

Other hemodynamics 5 (8.2)

No. of PAC lines exchanged (IQR) 2 (1–5)

NOTE. PAC, pulmonary artery catheter; APACHE, acute physiologic assessment and chronic
health evaluation; IQR, interquartile range.
aExcept where otherwise noted.

Table 2. PAC Characteristics

Variable No. (%)a

SOFA score on insertion date (IQR) 4 (2–8)

PAC Location, no. (%)

Internal jugular 200 (91.3)

Subclavian 15 (6.8)

Arm 3 (1.4)

Femoral 1 (0.5)

Individual PAC line days (IQR) 11 (4–20)

Indication for PAC removal, no. (%)

Routine 155 (70.8)

Infection 14 (6.4)

Transplantation 20 (9.1)

Unintentional 6 (2.7)

Other 24 (11.0)

PICC in place during PAC, no. (%) 68 (31.1)

Internal jugular in place during PAC, no. (%) 60 (27.4)

Subclavian in place during PAC, no. (%) 7 (3.2)

Femoral in place during PAC, no. (%) 37 (16.9)

NOTE. SOFA, sequential organ failure assessment; PAC, pulmonary artery catheter; PICC,
peripherally inserted central catheter; IQR, interquartile range.
aExcept where otherwise noted.
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32.61 (95%CI, 6.72–95.30). Figure 1 demonstrates the risk of infec-
tion as a function of days since last line insertion. Figure 2 displays
the Kaplan-Meier cumulative incidence of infection over time for
all individual lines. We also detected a tendency for higher infec-
tion rates with more concomitant non-PAC central lines used.
Concomitant use of zero other central lines was associated with
an infection rate of 4.57 (95% CI, 1.97–9.01); concomitant use
of 1 other central line was associated with a rate of 6.21 (95%
CI, 1.69–15.90); concomitant use of 2 or more other lines was asso-
ciated with a rate of 11.56 (95% CI, 1.40–41.76). APACHE scores
were analyzed, but these data are not presented because there was
no clear difference in CLABSI rate by APACHE score. Our unad-
justed analysis showed an apparent association between diagnosis
of CLABSI and shorter time to transplant, with a hazard ratio of
2.49 (95% CI, 1.11–5.58; P = .027); however, adjustment for line-
day exposure attenuated the CLABSI hazard ratio to 1.18 (95%
CI, 0.41–3.41; P = .760), suggesting that increased catheter

exposure was driving the association. In addition, infection had
no significant effect on mortality, with a hazard ratio of 1.79
(95% CI, 0.52–6.19; P = .355). Table 4 lists patient and line-specific
outcomes. Figure 3 shows time to transplant and death as compet-
ing events in relation to first PAC insertion. Figure 4 shows the rate
of CLABSI by individual subgroup.

Other complications

During our study period, 6 (2.7%) of the 221 PAC removals were
deemed inadvertent and required replacement with a new catheter
(most commonly due to accidental manipulation by the patient).
Moreover, 3 PACs were removed due to leakage, 6 due to compro-
mised sterility, 3 due to concern for local infection (erythema, ten-
derness, or unexplained fever with negative blood cultures), and 5
due to malfunctioning PAC. There was 1 infection-related compli-
cation attributed to the CLABSI, infection of an implantable

Table 3. CLABSI Characteristics

Group Total Lines Infection Cases Line Days Cumulative Incidence, % Incidence Rate, per 1,000 Line Days (95% CI)

Overall 219 14 2,566.0 6.4 5.46 (2.98–9.15)

Days since insertion

(0, 10] 219 5 1,594.5 2.3 3.14 (1.02–7.32)

(10, 20] 111 6 879.5 5.4 6.82 (2.50–14.85)

(20, 49] 38 3 92.0 7.9 32.61 (6.72–95.30)

Gender

Female 45 2 418.5 4.4 4.78 (0.58–17.26)

Male 174 12 2,147.5 6.9 5.59 (2.89–9.76)

Age at PAC insertion, ya

[19.7, 54.2) 72 2 724.5 2.8 2.76 (0.33–9.97)

[54.2, 61.8) 74 5 839.5 6.8 5.96 (1.93–13.90)

[61.8, 71.3] 73 7 1,002.0 9.6 6.99 (2.81–14.39)

Indication for PAC

Underlying cardiac disorder 172 13 2,328.5 7.6 5.58 (2.97–9.55)

Other 47 1 237.5 2.1 4.21 (0.11–23.46)

PAC location

IJ 200 12 2,314.0 6.0 5.19 (2.68–9.06)

Non-IJ 19 2 252.0 10.5 7.94 (0.96–28.67)

APACHE score in first 24 ha

[2.0, 46.0) 68 4 911.5 5.9 4.39 (1.20–11.24)

[46.0, 62.0) 77 4 887.0 5.2 4.51 (1.23–11.55)

[62.0, 155.0] 74 6 767.5 8.1 7.82 (2.87–17.02)

PAC number

1st 61 4 577.5 6.6 6.93 (1.89–17.73)

2–4 91 6 1,070.5 6.6 5.60 (2.06–12.20)

5–17 67 4 918.0 6.0 4.36 (1.19–11.16)

No. of other central lines

0 : : : 8 1,749.0 : : : 4.57 (1.97–9.01)

1 : : : 4 644.0 : : : 6.21 (1.69–15.90)

2 or more : : : 2 173.0 : : : 11.56 (1.40–41.76)

Note. CLABSI, central-line–associated bloodstream infection; CI, confidence interval; PAC, pulmonary artery catheter; IJ, internal jugular; APACHE, acute physiologic assessment and chronic
health evaluation.
aSeparated as tertiles
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cardioverter-defibrillator. There were no instances of infective
endocarditis or osteomyelitis. In our cohort, 2 line-associated deep
vein thromboses were documented.

Discussion

Our study results show that patients listed with a high medical
urgency status on the pre–heart-transplant list with long-term
PAC use are at high risk for CLABSI. This population’s rate of
CLABSI is noteworthy at 5.46 per 1,000 line days. This is particu-
larly striking in relation to our institution’s overall intensive care
unit CLABSI rate of 1.06 per 1,000 line days in the same period.

Reported rates of PAC colonization and infection have varied in
the literature. A study comparing replacement of PAC every 4 ver-
sus 7 days found a 14.1% rate of PAC tip colonization, a 10.5% rate
of bacteremia, and a 1.1% rate of catheter-related bacteremia
(1.1 episodes per 1,000 catheter-days) in the group with catheter
changes every 7 days.13 CLABSI related to PAC use from a group
utilizing antimicrobial prophylaxis with cefazolin or vancomycin
had a 11.6% colonization rate and a 0.6% rate of bacteremia, rep-
resenting 17.7 and 0.93 episodes per 1,000 catheter days, respec-
tively.14 Studies reviewing CLABSI in patients with central
venous catheters in an ICU overall have shown a range of
CLABSI rate from 0.93 to 4.01 per 1,000 line days.14–16 Despite
these findings, studies have not been able to define an optimal
interval for invasive lines to be routinely exchanged, and there is

Table 4. Patient and Line-Specific Outcomes

Variable No. (%)a

Line-level CLABSI

10-d cumulative incidence, no. (%) 5 (2.9)

20-d cumulative incidence, no. (%) 11 (9.2)

Median time to events, d (95% CI) 29 (23–49)

Patient-level CLABSIb

6-mo cumulative incidence, no. (%) 11 (35.4)

1-y cumulative incidence, no. (%) 12 (44.6)

Median time to event, y (95% CI) 2.0 (0.2–2.0)

Transplant

6-mo cumulative incidence, no. (%) 26 (49.8)

1-y cumulative incidence, no. (%) 32 (63.4)

No. of transplants 33

Median time to events, y (95% CI) 0.5 (0.4–2.2)

Death

6-mo cumulative incidence, no. (%) 10 (20.8)

1-y cumulative incidence, no. (%) 11 (24.6)

No. of deaths 16

Median time to events, y (95% CI) 2.0 (1.1,)c

Postinfection death

6-mo cumulative incidence, no. (%) 2 (20.9)

1-y cumulative incidence, no. (%) 2 (20.9)

No. of postinfection deaths 3

Median time to event, y (95% CI) 1.0 (0.2,)c

aExcept where otherwise noted.
b13 patients due to 1 patient experiencing 2 separate CLABSI events.cUpper limit not
estimable due to very sparse data at or beyond the median survival time estimate.

Fig. 1. Risk of infection since last pulmonary artery catheter (PAC) exchange.

Fig. 2. Cumulative incidence of infection since last pulmonary artery catheter (PAC)
exchange.

Fig. 3. Competing risk analysis of transplantation and mortality since first pulmonary
artery catheter (PAC) insertion.
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no uniform practice across diverse institutions regarding preven-
tion of CLABSI in the PAC population.13,17 Our current clinical
practice does not include antimicrobial prophylaxis, but routine
line exchange with a new line placed at a separate anatomical site
occurs every 21 days. However, there is flexibility in this policy
based on clinical scenario. Additionally, 1 PAC captured during
this window was tunneled, and these devices are not subject to this
policy.

The CLABSI cases were predominantly caused by coagulase-
negative Staphylococcus, part of normal skin flora. The National
Healthcare Safety Network reported the 3 most common causative
organisms as coagulase-negative Staphylococcus (16.4%),
Staphylococcus aureus (13.2%), and Enterococcus faecalis (8.4%),
respectively.18 However, this varies between studies. Pawar
et al19 showed only a 5.8% incidence of coagulase-negative
Staphylococcus. Instead, E. coli was the dominant organism at 47%.

Furthermore, long-term PAC use in this population may place
patients at even higher risk for CLABSI when other lines are in
place simultaneously. Having additional lines in place provides
microorganisms with another nidus through which they can estab-
lish infection and additional areas for access and manipulation.

Existing literature comparing the number of lumens in central
venous catheters in the ICU has not uniformly shown a greater risk
of CLABSI with more lumens.20,21 However, this PAC use pri-
marily in a short duration in which patients have the catheter in
place through an acute illness. Similar but longer-term research
into peripherally inserted central catheters (PICC) has shown
increased infection rates with more lumens present.22–24 In the
pre–heart-transplant population specifically, PICCs with >1
lumen are associated with an earlier time to infection.25 With
the complexity of their illness, the pre–heart-transplant population
often has other lines in place and demonstrates the need to remove
unnecessary catheters. Additionally, findings of this study suggest
higher risk of CLABSI with longer duration of individual PAC use,
which agrees with prior studies showing a correlation in several
different types of intravascular catheters.8–11

CLABSI appeared to be associated with a shorter time to trans-
plant, although this is largely explained by greater catheter use
among cases and may also reflect illness severity in this population.
Some patients were able to be medically optimized, with improved
hemodynamics and being weaned from inotropes. These factors
would result in lowering their UNOS status and a longer wait time.

Fig. 4. Comparison of central-line–associated bloodstream infections (CLABSI) rate by subgroup.
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Furthermore, CLABSI heralded a worsening of hemodynamic sta-
tus in some patients, requiring more aggressive cares such as ven-
tricular assist device implantation. More study into this association
is needed.

The high rate of CLABSI in this population is troublesome for
the excess morbidity and cost associated with it. Although this
study did not show a significant effect on mortality, CLABSI over-
all has been shown to be associated with increased in-hospital mor-
tality.26 The economic burden of CLABSI is significant through
additional ICU length of stay, total hospital length of stay, and
additional therapies.25,27,28

The limitations of this study include its retrospective nature and
inclusion of a single center, allowing for the potential introduction
of selection bias. The study is further limited by the small number
of CLABSI events, and caution should be taken when drawing con-
clusions. Furthermore, the practice of routinely exchanging PAC
every 21 days was limiting as well. These exchanges drastically
reduced data beyond the 21-day point, possibly altering the true
rate of infection past this point. A small number of patients did
retain the PAC beyond the protocol 21 days, typically decided
by a clinician due to specific circumstances that may also increase
the risk of infection.

Whether the act of repeatedly exchanging andmanipulating the
PAC and thus performing more invasive procedures could have
predisposed patients to more complications remains unclear.
However, we did not find a difference in CLABSI rates when evalu-
ating the number of previous PAC catheters per individual.

Recent changes to the UNOS adult heart allocation system,
which took effect onOctober 18, 2018, updated the adult allocation
statuses. The previous status 1A has been divided into statuses 1, 2,
and 3. These statuses are sorted by the degree of pharmacologic or
mechanical support, with statuses 1 and 2 being the highest medi-
cal urgency and including patients on VA-ECMO, intra-aortic bal-
loon pumps, ventricular assist devices, and severe life-threatening
arrhythmias. Patients with PACs for invasive hemodynamic mon-
itoring will now be in status 3 for the priority listing. Whether the
new categorization of heart allocation statuses will impact PAC use
patterns remains to be seen. However, this new subcategorization
is unlikely to change overall PAC use.

In conclusion, our study has demonstrated a high rate of
CLABSI with PAC use pre–heart-transplant population at a time
when presence of a PAC allowed the patient to be listed at the high-
est medical urgency status. Prolonged PAC use in the pre–heart-
transplant population should be revisited, particularly in the age of
noninvasive measures of hemodynamics. In a population at high
risk for complications at baseline, further research is needed to
determine the necessity of invasive monitoring. Institutions work-
ing on decreasing and monitoring their CLABSI rates should be
aware of the high rate of CLABSI noted in patients listed for a heart
transplant with PACs. Similarly, as the National Healthcare Safety
Network reviews various institutions’ CLABSI rates, the propor-
tion of this high-risk population may need to be accounted for.
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