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Abstract

Objective: To evaluate the rate of and potential risk factors for bloodstream infections (BSIs) using data from the
REVEAL (Registry to Evaluate Early and Long-term Pulmonary Arterial Hypertension [PAH] Disease Management)
REGISTRY®, which provides current information about patients with PAH.
Patients and Methods: Patients were enrolled from March 30, 2006, through December 8, 2009, and data on reported
BSIs were collected through the third quarter of 2010. Bloodstream infection rates were calculated per 1000 patient-
days of risk.
Results: Of 3518 patients enrolled, 1146 patients received intravenous (IV) prostanoid therapy for more than 1 day
(no BSI, n�1023; �1 BSI, n�123; total BSI episodes, n�166). Bloodstream infections rates were significantly in-
creased in patients receiving IV treprostinil vs IV epoprostenol (0.36 vs 0.12 per 1000 treatment days; P�.001),
primarily due to gram-negative organisms (0.20 vs 0.03 per 1000 treatment days; P�.001). Multivariate analysis
adjusting for age, causes of PAH, and year of BSI found that treatment with IV treprostinil was associated with a
3.08-fold increase (95% confidence interval, 2.05-4.62; P�.001) in BSIs of any type and a 6.86-fold increase
(95% confidence interval, 3.60-13.07; P�.001) in gram-negative BSIs compared with treatment with IV
epoprostenol.
Conclusion: Compared with IV epoprostenol therapy, treatment with IV treprostinil is associated with a significantly
higher rate of gram-negative BSIs; observed differences in BSI rate did not seem to be due to any other analyzed factors.
Trial Registration: clinicaltrials.gov Identifier: NCT00370214
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(9):825-834
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P ulmonary arterial hypertension (PAH), clas-
sified as group 1 pulmonary hypertension, is
a progressively fatal disease characterized by

increased pulmonary vascular resistance (PVR) due
to proliferation and remodeling of the pulmonary
arterioles, leading to right ventricular failure and
death.1,2 At present, PAH is defined as a resting
mean pulmonary artery pressure of 25 mm Hg or
higher, pulmonary capillary wedge pressure or left
ventricular end-diastolic pressure of 15 mm Hg or
lower, and PVR of 240 dyn/s per cm5 or more, based
on right-sided heart catheterization (RHC), and in
some cases, left-sided heart catheterization.2-4 The
goals of therapy are to improve symptoms, quality of
life, and survival.2,4,5

Parenteral prostanoids remain the most potent
and effective therapies for PAH and have improved
long-term outcomes and quality of life.2,4-6 Intrave-
nous (IV) treprostinil and IV epoprostenol are ad-
ministered via continuous infusion, with the associ-
ated risk of development of bloodstream infections

(BSIs).7 Current guidelines emphasize the effect of
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BSIs on morbidity and mortality in patients with
PAH and stress the importance of good clinical
practice and patient education about catheter
care.6

The risk of BSIs with long-term IV epoprostenol
dministration, most commonly caused by gram-
ositive pathogens, is well known.8,9 However, lim-

ited data are available on the rate and nature of
BSIs in patients receiving IV treprostinil. Retro-
spective analyses comparing BSIs in patients re-
ceiving IV epoprostenol and IV treprostinil sug-
gest higher overall BSI rates and an increased risk
of gram-negative BSIs in patients receiving IV
treprostinil.10,11

Using data from the REVEAL (Registry to Eval-
ate Early and Long-term PAH Disease Manage-
ent) REGISTRY®, we calculated the rates and

characteristics of BSIs and investigated potential risk
factors for development of BSIs in patients with PAH
receiving IV prostanoid therapy. We also compared
BSI rates and the pathogens in patients receiving IV

epoprostenol vs those receiving IV treprostinil.
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PATIENTS AND METHODS

Study Design
REVEAL is a 55-center, observational, US-based,
longitudinal registry designed to provide current in-
formation on the demographic characteristics,
course, and management of patients with PAH con-
firmed via RHC.12,13 Between March 30, 2006, and
December 8, 2009, 3518 consecutive patients with
PAH meeting enrollment criteria were enrolled in
REVEAL. All patients were followed up for at least 5
years from enrollment. The enrollment date was the
date of obtaining informed consent, and time of di-
agnosis was the date of diagnostic RHC. The design
of REVEAL, baseline characteristics of enrolled pa-
tients, and survival after enrollment have been pub-
lished previously.12-14 Data on BSIs were collected
prospectively from enrollment in REVEAL through
the last follow-up.

Study Participants
For the purposes of REVEAL, as previously re-
ported, PAH was defined as mean pulmonary artery
pressure of more than 25 mm Hg at rest or more
than 30 mm Hg with exercise, pulmonary capillary
wedge pressure or left ventricular end-diastolic
pressure of 18 mm Hg or lower, and PVR of 240
dyn/s per cm5 or more.12,13

In the present analysis, 1146 patients with 1 or
more IV prostanoid patient-days of risk from enroll-
ment to September 20, 2010 (data collection end
point), were included. Patients were either already
receiving an IV prostanoid (including generic IV
epoprostenol) at enrollment or IV prostanoid ther-
apy was initiated during the study period. The IV
prostanoid agents available during the observation
period included IV epoprostenol (Flolan, epoprost-
enol sodium for injection; GlaxoSmithKline, Re-
search Triangle Park, NC; and Veletri, epoprostenol
for injection; Actelion Pharmaceuticals US, Inc,
South San Francisco, CA, which was commercially
available for the last 6 months of the study); and IV
treprostinil (Remodulin; United Therapeutics Corp,
Research Triangle Park, NC).

Microbiologic Methods
Bloodstream infections were defined by a culture
result that was gram-positive; gram-negative, with
or without a gram-positive coinfection; or un-
known. Unknown organisms were blood samples
that were positive for an organism but did not grow
in culture and were further unidentifiable by the

laboratory.

Mayo Clin Proc. � September 2012;8
Statistical Analyses
Most of the data were collected for all patients en-
rolled in REVEAL, and a subset of data was collected
only for patients with BSIs. For data available for all
patients, characteristics of patients with 1 or more
BSIs were compared with characteristics of patients
with no BSIs. The �2 test was used for categorical
variables, and the 2-sample t test was used for con-
tinuous variables. For characteristics that were col-
lected only during a BSI, comparisons were made
between gram-positive and gram-negative BSIs us-
ing �2 tests and 2-sample t tests.

Rates of BSIs for all patients, patient subgroups,
nd at-risk periods of interest were reported per
000 treatment days, calculated by dividing the
umber of events by the total exposure days; rates,
ather than percentages, were reported because of
ariable durations of exposure. Poisson regression
as used to estimate confidence intervals (CIs) for

ates and rate ratios and to assess the significance of
ifferences in BSI rates according to exposure and
atient subgroups. All variables associated with BSIs

n the univariate analysis were included in a multi-
ariate Poisson regression generalized estimating
quations model. The generalized estimating equa-
ions model was used because patients may have
ontributed multiple risk periods to the analysis that
ay not be independent.15 P values were obtained

from the Wald �2 statistic assessing model beta co-
efficients. All analyses were conducted using com-
mercially available software (SAS version 9.1.3; SAS
Institute, Inc, Cary, NC).

RESULTS

Enrollment Characteristics
Of the 1146 patients who had 1 or more patient-
days at risk and were included in the analysis, 1023
did not have a BSI, and 123 patients had 1 or more
BSIs during follow-up (Figure 1). Ninety-four of
123 patients with a BSI (76.4%) had only 1 BSI after
enrollment in REVEAL, and 29 of 123 patients
(23.6%) had 2 or more BSIs during follow-up. In
total, 166 BSI episodes were reported. Coinfections
with both gram-negative and gram-positive organ-
isms were reported in 6 patients; these patients were
included in the gram-negative analyses. Of patients
with 1 or more BSIs, most (105 of 123; 85.4%) were
hospitalized because of the BSI. The mean age of
patients in the REVEAL cohort with 1 or more pa-
tient-days at risk was 47.8 years at enrollment, and
most patients (79.0%) were female (Table 1). The
non-BSI group (mean � SD age, 48.4�16.2 years)
was significantly older than the group with 1 or
more BSIs (mean � SD age, 43.6�14.6 years)
(P�.002). There were no other significant differ-

ences in patient demographic characteristics or clin-
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BSIs IN PATIENTS WITH PAH RECEIVING IV PROSTANOIDS
ical characteristics between those without a BSI and
those with 1 or more BSIs, including New York
Heart Association functional class or 6-minute walk
test distance (Table 1). Of the 1146 patients in-
cluded in the analysis, 83 (7.2%) were pediatric pa-
tients aged 18 years or younger at enrollment. No
differences in BSI rates were found in the REVEAL
pediatric patient population compared with the
REVEAL adult patient population (data not shown).
Approximately half of the patients (51.0%) had id-
iopathic PAH, 4.4% had familial PAH, and 44.1%
had PAH associated with other conditions (Table 1).

BSI Rates
The overall BSI rate was 0.20 per 1000 treatment
days (166 BSIs in 832,881 total days of drug expo-
sure). The overall BSI rate was 3-fold greater in pa-
tients treated with IV treprostinil than in those
treated with IV epoprostenol (P�.001; Figure 2, A).
The difference in the overall rate of BSIs between the
2 IV prostanoid agents was primarily accounted for
by differences in the rates of gram-negative BSIs,
although the rates of both gram-negative and gram-
positive BSIs were higher with IV treprostinil ther-
apy than with IV epoprostenol therapy (P�.04 for
gram-positive BSIs and P�.001 for gram-negative
BSIs; Figure 2, A). For each full year of analysis, the
rate of gram-negative BSIs was significantly greater
in patients receiving IV treprostinil than in patients
receiving IV epoprostenol (P�.001; Figure 2, B);
however, the rate of gram-negative BSIs decreased
over time for each full year of analysis in patients
receiving IV treprostinil.

Multivariate Analysis of Infection Rates
Adjusted for age, etiologic factors, and year of infec-
tion, compared with IV epoprostenol, IV treprostinil
administration was associated with a 3.08-fold in-
crease (95% CI, 2.05-4.62; P�.001) in BSIs of any
type (Table 2). Younger patients were marginally
less likely to have BSIs than were patients aged 18 to
40 years (P�.06), and patients older than 65 years
were significantly less likely to have BSIs than were
younger adults (P�.004). Patients with connective
tissue disease associated with PAH were also less
likely to have BSIs than were patients with other PAH
subgroups (rate ratio, 0.52; 95% CI, 0.28-0.96;
P�.04). Infections were marginally less likely in 2010
(P�.08); however, the differential rate of infection be-
tween IV epoprostenol and IV treprostinil did not dif-
fer across years (P�.87).

For gram-negative infections, IV treprostinil
therapy was associated with a 6.86-fold increase
(95% CI, 3.60-13.07; P�.001) in BSIs compared
with IV epoprostenol therapy (Table 2). Signifi-

cantly fewer gram-negative infections occurred in w

Mayo Clin Proc. � September 2012;87(9):825-834 � http://dx.doi.or
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010 than in 2007 (rate ratio, 0.29; 95% CI, 0.11-
.76; P�.01); however, the rate ratio for the medi-
ation difference remained constant over time
P�.86).

SI Organisms Reported
he most frequently reported gram-positive organ-

sm was Staphylococcus aureus. Other gram-positive
rganisms included, but were not limited to, Staphy-

ococcus epidermidis, Enterococcus, and Corynebacte-
ium jeikeium (Table 3). Although the percentage of
atients who had a gram-positive BSI treated with IV
poprostenol was significantly greater than the per-
entage of patients treated with IV treprostinil
P�.001), the number of patients infected with each
pecific gram-positive organism was similar in the
V epoprostenol and IV treprostinil groups. The
train of gram-positive organisms was not reported
or 4 BSIs in IV epoprostenol recipients and for 2
SIs in IV treprostinil recipients.

The most frequently reported gram-negative or-
anism was Pseudomonas aeruginosa (Table 3). Other
eported gram-negative organisms included, but
ere not limited to, Escherichia coli, Stenotrophomo-
as maltophilia, Klebsiella oxytoca, and Enterobacter
loacae. A significantly greater percentage of pa-
ients treated with IV treprostinil experienced
ram-negative BSIs than did patients treated with
V epoprostenol (P�.001). The number of pa-
ients in the IV treprostinil group was greater for
ach specific gram-negative organism compared

September 2010
     (N=3518)

Study population: patients
with ≥1 day of exposure

to IV prostanoid
(n=1146)

Patients with
≥1 BSI

(n=123)

Total numbe
BSI episode

(n=166)

Exc
exp

Patients with
no BSIs

(n=1023)

FIGURE 1. The REVEAL (Registry to Evaluate Ear
monary Arterial Hypertension Disease Managem
comprising patients exposed to intravenous (IV) p
�1 day. BSI � bloodstream infection.
r of
s

lusions: patients with no
osure to IV prostanoids

(n=2372)

ly and Long-term Pul-
ent) study population
rostanoid therapy for
ith those in the IV epoprostenol group; the
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strain of gram-negative organism was unknown in
1 patient in each group.

Effects of Drug Characteristics and Drug Delivery
System on BSI Type
In the 123 patients with a BSI, other than the specific
prostanoid agent administered, there were no signif-
icant differences between the gram-positive and
gram-negative BSIs insofar as prostanoid dosage
(P�.17), pump rate (P�.65), or concentration
(P�.18). Bloodstream infections led to discontinua-
tion of IV therapy in 6.4% of all episodes (10 of 156),
4.7% of gram-positive BSIs (3 of 64), and 7.5% of
gram-negative BSIs (5 of 67) (gram-positive vs gram-
negative, P�.51). Most patients were using the CADD-
Legacy infusion pump (Smiths Medical, St Paul, MN).
Likewise, there were no differences in catheter type or
number of lumens between gram-positive and gram-
negative BSIs at the time of infection (data not shown).

REVEAL Enrollment in Patients Exposed to >1 Day of Intr

haracteristic All patients

1146

� SD 48�16

y) at diagnosis , No. (%) 83 (7.2)

241 (21.0)

905 (79.0)

llment (mo), mean � SD 38�42

ent, No. (%)

585 (51.0)

50 (4.4)

ease 89 (7.8)

sease 258 (22.5)

61 (5.3)

23 (2.0)

67 (5.8)

8 (0.7)

e disease 2 (0.2)

rollment, No. (%)

65 (6.2)

318 (30.3)

542 (51.7)

123 (11.7)

nrollment (meters), No. (mean � SD) 898 (358.3�124

BSI � bloodstream infection; HIV � human immunodeficiency virus;

as not limited to, diagnoses of non–sickle cell hemoglobinopath
chronic myeloproliferative disorder.
The most common type of catheter was a Hickman

Mayo Clin Proc. � September 2012;8
line, most of the lines had a single lumen, and most
patients used a closed-hub system and kept their med-
ication refrigerated (data not shown).

Of the BSIs in which the type of catheter system
was known, most occurred in patients using a
closed, split-septum hub system (91.4% overall [64
of 70], 93.8% of gram-positive BSIs [30 of 32], and
88.0% of gram-negative BSIs [22 of 25]; gram-pos-
itive vs gram-negative, P�.45).

Survival in Patients With BSIs
Patient mortality from the time of first on-study BSI
was determined (Figure 3). In patients with gram-
negative infections, an elevated risk of death was
observed during the 1- to 3-month period after a
BSI. At 3 months after infection, both gram-positive
and gram-negative infections were associated with
more than 10% mortality (Figure 3); however, an
insufficient number of BSIs precluded detection of

ous Prostanoid Therapya

No BSI �1 BSI P value

1023 123 NA

48�16 44�15 .002

75 (7.3) 8 (6.5) .74

.98

215 (21.0) 26 (21.1)

808 (79.0) 97 (78.9)

38�42 38�39 .94

.07

507 (49.6) 78 (63.4)

46 (4.5) 4 (3.3)

81 (7.9) 8 (6.5)

244 (23.9) 14 (11.4)

54 (5.3) 7 (5.7)

22 (2.2) 1 (0.8)

58 (5.7) 9 (7.3)

7 (0.7) 1 (0.8)

2 (0.2) 0 (0.0)

.34

59 (6.3) 6 (5.1)

274 (29.5) 44 (37.3)

485 (52.2) 57 (48.3)

112 (12.0) 11 (9.3)

791 (356.0�126.5) 107 (374.9�110.0) .14

not applicable; NYHA � New York Heart Association; PAH �

kle cell disease, thyroid disorder, Gaucher disease, hereditary
TABLE 1. Characteristics at aven

C

No. of patients

Age at enrollment (y), mean

Pediatric patients (age �18

Sex, No. (%)

Male

Female

Time from diagnosis to enro

Group 1 diagnosis at enrollm

Idiopathic PAH

Familial PAH

APAH

Congenital heart dis

Connective tissue di

Drugs and toxins

HIV

Portal hypertension

Other APAHb

Pulmonary veno-occlusiv

NYHA functional class at en

I

II

III

IV

6-Minute walk distance at e .7)

a APAH � associated with PAH; NA �

pulmonary arterial hypertension.
b Other APAH included, but w y, sic
differences in survival at later time points.
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FIGURE 2. Bloodstream infection (BSI) rates in the study population per 1000 treatment days for all BSIs (A) and by year per 1000
treatment days for all prostanoids (B). Numbers in parentheses represent number of BSIs. †Data for 2010 extend to the end of
the third quarter. Epo � epoprostenol; IV � intravenous; Trep � treprostinil; � � positive; � � negative.
TABLE 2. Multivariate Model: BSI Rate Ratioa,b

Variable

All BSIs Gram-negative BSIs

Rate ratio (95% CI) P valuec Rate ratio (95% CI) P valuec

IV treprostinil (vs IV epoprostenol) 3.08 (2.05-4.62) �.001 6.86 (3.60-13.07) �.001

Age at enrollment (y)

�18 (vs �18 to �41) 0.46 (0.20-1.04) .06 0.25 (0.06-1.07) .06

�41 to �65 (vs �18 to �41) 0.62 (0.41-0.93) .02 0.53 (0.28-1.00) .05

�65 (vs �18 to �41) 0.28 (0.12-0.66) .004 0.37 (0.14-1.02) .06

CTD-APAH (vs all other PAH subgroups) 0.52 (0.28-0.96) .04 0.54 (0.26-1.14) .10

Year of infection

2008 (vs 2007) 1.17 (0.76-1.80) .49 0.66 (0.33-1.32) .24

2009 (vs 2007) 0.78 (0.49-1.25) .30 0.57 (0.29-1.14) .12

2010 (vs 2007) 0.56 (0.30-1.06) .08 0.29 (0.11-0.76) .01

Year of infection by medication interaction NA .87d NA .86d

a BSI � bloodstream infection; CI � confidence interval; CTD-APAH � connective tissue disease–associated PAH; GEE � generalized
estimating equations; IV � intravenous; NA � not available; PAH � pulmonary arterial hypertension.
b All numbers were reported from the main effects–only multivariate Poisson regression GEE model. The GEE model was used because
patients may contribute multiple risk periods to the analysis, which may not be independent.15

c P values were obtained using the Wald �2 statistic assessing model beta coefficients.
d P values were obtained from a supplementary GEE model that was fit including an interaction term. The interaction was not included

in the final model because there was no evidence that year was associated with the size of the medication effect.
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DISCUSSION
In the present study, the overall BSI rate was 3.08-
fold higher in patients with PAH receiving IV
treprostinil compared with those receiving IV
epoprostenol. The rates of gram-positive and gram-
negative BSIs were also higher in patients receiving
IV treprostinil when compared with IV epoprost-
enol (1.84-fold and 6.86-fold, respectively).

The Centers for Disease Control and Prevention
conducted a retrospective pooled data analysis from
2003 to 2006 of patients with PAH treated with
either IV treprostinil or IV epoprostenol using data
available from 7 pulmonary hypertension centers
for IV treprostinil and 5 centers for both drugs.11

Their initial report suggested that BSI rates, partic-
ularly gram-negative infections, were higher in pa-
tients treated with IV treprostinil than in those re-
ceiving IV epoprostenol (all BSI episodes, 1.11 vs
0.43 per 1000 treatment days, respectively; and
gram-negative BSIs, 0.76 vs 0.06 per 1000 treat-
ment days, respectively).11 The authors specu-
lated that the disparity could be due to differences

TABLE 3. Types of Organism(s) in Patients With BSIs

Characteristic
All BSI episode

(N�166)

Gram-positive organism, No. (%) 73 (44.0)

Staphylococcus aureus 46

Staphylococcus epidermidis 5

Enterococcus species 5

Corynebacterium jeikeium 1

Unknown 6

Otherc 15

Gram-negative organism, No. (%) 72 (43.4)

Pseudomonas aeruginosa 20

Moraxella catarrhalis 0

Escherichia coli 3

Stenotrophomonas maltophilia 2

Klebsiella oxytoca 9

Enterobacter cloacae 10

Unknown 2

Otherd 32

a BSI � bloodstream infection; IV � intravenous.
b BSIs are not mutually exclusive; �1 infection can be counted p
the number of organisms may sum to more than the number o
c Other gram-positive organisms included coagulase-negative Sta
and Staphylococcus capitis; gram-positive rods such as diphtheroid
Staphylococcus aureus; Micrococcus species; Candida albicans; and
d Other gram-negative organisms included Acinetobacter such as Acinetob
Stenotrophomonas species; Roseomonas species; Pseudomonas species su
Aeromonas hydrophila; Pantoea species such as Pantoea agglomerans; E
species; Salmonella species; Citrobacter freundii; mixed gram-negative flor
in (1) preparation and storage of the 2 prostanoid m

Mayo Clin Proc. � September 2012;8
agents; (2) type of diluent used, including differ-
ences in pH; (3) anti-inflammatory activity of the
2 agents; or (4) catheter care practices. At multi-
variate analysis, IV treprostinil was the only sig-
nificant predictor of developing a BSI, and more
specifically, a gram-negative BSI.10 In a separate
pediatric population, the overall rates of BSI epi-
sodes were 2.7-fold higher in patients receiving IV
treprostinil than in those receiving IV epoprost-
enol (1.38 vs 0.51 BSIs per 1000 catheter days, re-
spectively; P�.01);16 the difference between gram-

egative pathogens was even higher (0.91 vs 0.08
ram-negative BSIs per 1000 catheter days, respec-
ively; P�.01).16

The potential complication of BSIs associated
ith continuous IV administration of prostanoids
ay be a significant cause of morbidity and mortal-

ty in patients with PAH.6 The present retrospective
REVEAL analysis indicated that there is a higher
rate of BSIs in patients receiving IV treprostinil vs
IV epoprostenol. However, since the initiation of
REVEAL,10,11 2 changes have occurred in IV ad-

me of BSIa,b

IV epoprostenol
(n�66)

IV treprostinil
(n�100) P value

39 (59.1) 34 (34.0) .001

23 23

3 2

4 1

1 0

4 2

7 8

17 (25.8) 55 (55.0) �.001

2 18

0 0

0 3

0 2

1 8

1 9

1 1

12 20
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2008, the package insert for Remodulin (IV trepro-
stinil; United Therapeutics Corp) was changed to
include the recommended use of Flolan Sterile Dil-
uent for Injection (GlaxoSmithKline; used with
brand and generic IV epoprostenol); and (2) the use
of a closed-hub catheter system was recommended.6

The data in this REVEAL analysis were collected
before and after implementation of these 2
changes. A more recent prospective study of pa-
tients receiving IV treprostinil has reported that
use of Flolan Sterile Diluent for Injection seems to
decrease the overall rate of BSIs in patients receiv-
ing IV treprostinil from 0.90 to 0.32 per 1000
treatment days (P�.06) and significantly de-
creased the number of gram-negative BSIs from
0.71 to 0.08 per 1000 treatment days in the same
cohort of patients receiving IV treprostinil
(P�.01).17 Evaluation of the effect of diluent type
on BSI rate could be useful. However, in addition
to not collecting diluent type, catheter care was
also changed during the study,6 both of which
could have contributed to the overall decrease in
BSIs and the decrease in gram-negative BSIs.
Catheter system recommendations now include
the use of a closed-hub system (split-septum
clave) and waterproofing of catheter hub connec-
tions. These current recommendations have re-
sulted in a significant decrease in the risk of cath-
eter-related BSIs in patients with PAH, from 0.89
per 1000 catheter days with a non– closed-hub
system to 0.10 per 1000 catheter days with a
closed-hub system.16,18

Recent reports of this decrease in the number of
BSI episodes16,18 may also be related to ongoing
improvement in management of all patients with
indwelling catheters but may also result from
changes in clinical practice insofar as the diluent
used with IV treprostinil. However, according to
data obtained from REVEAL, most of the BSI epi-
sodes occurred in patients using a closed-hub sys-
tem (64 of 70 BSIs; 91.4%), and the percentage of
patients using a closed-hub system was similar re-
gardless of whether the organism responsible was
gram-positive or gram-negative (93.8% and 88.0%,
respectively). For BSIs recorded in patients who
were not using a closed-hub system, the rate of
gram-positive BSIs was approximately half that of
gram-negative BSIs (6.3% vs 12.0%). Further anal-
ysis is required to determine whether the overall risk
of BSIs and the risks related to treatment with IV
epoprostenol and/or IV treprostinil therapy are in-
fluenced by the use of a closed-hub system.

In addition to specific drug therapy, other fac-
tors that may be related to the risk of BSI are pros-
tanoid dosage, pump rate, infusion concentration,
pump type, catheter type, and number of lumens.

However, the data from REVEAL do not demon-

Mayo Clin Proc. � September 2012;87(9):825-834 � http://dx.doi.or
www.mayoclinicproceedings.org
strate relationships between any of these factors and
the rates of either gram-positive or gram-negative
BSIs.

Several limitations of this analysis, in addition to
the general limitations inherent in an uncontrolled
observational study, should be noted. First, the
overall BSI rate was low, resulting in insufficient
power in the subgroup analyses. Second, whether
the BSI was the cause of hospitalization or occurred
during hospitalization from another cause remains
unknown. Third, neither the diluent type at the time
of the BSI nor drug administration interruptions
were collected in REVEAL, precluding evaluation of
their potential effect(s) on BSI rates in patients
treated with IV prostanoids. Fourth, REVEAL did
not capture BSI types or rates for patients who were
not receiving an IV prostanoid. Fifth, whether the
responsible causative organisms were specifically
gram-positive or gram-negative could not be deter-
mined in 27 of 166 BSIs (16.3%).

A correlation between prostanoid and BSI type
in patients with multiple BSIs remains to be estab-
lished. Such analyses could provide important in-
formation about the prevalence of gram-negative vs
gram-positive infections, as well as the antimicrobial
and anti-inflammatory properties of the specific
drugs, which could facilitate implementation of in-
dividualized treatment plans in patients at greater
risk of development of a BSI. However, the power
required to generate such an analysis would neces-
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CONCLUSION
Overall BSI rates have decreased from previous re-
ports. However, the present data suggest that the
risk of a gram-negative BSI is greater with IV treprost-
inil therapy than with IV epoprostenol therapy. In
addition, the data suggest that initial antibiotic ther-
apy in a patient receiving IV treprostinil suspected of
having a BSI should be initiated with a broad-spec-
trum antibiotic(s) with coverage for both gram-neg-
ative and gram-positive organisms, at least until spe-
ciation and sensitivities of the organism(s) have
been identified. Furthermore, we emphasize the im-
portance of following recommended best practice
guidelines in patients receiving IV prostanoids, in
particular, use of Flolan Sterile Diluent, a closed-
hub catheter system, and implementation of infec-
tion control measures.

Further investigation of the clinical effects of these
findings is warranted, in particular in those patients
with PAH with a history of BSI who continue treatment
with an IV prostanoid. Corroboration of the present
results is paramount to improving patient morbidity,
mortality, and overall quality of life.
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