Editorial

Epidemic Bloodstream Infections From
Hemodynamic Pressure Monitoring:

Signs of the Times

Leonard A. Mermel, DO, ScM; Dennis G. Maki, MD

but can ye not discern the signs of the times.

Matthew 16:3

It was ordained at the beginning of the world that certain signs should
prefigure certain events.

D. DE Divinatione |
Marcus Tullius Cicero

Arterial pressure monitoring is an essential feature
of the care of approximately 80% of the millions of
patients cared for in hospital intensive care units in
this country each year.!>2 Despite numerous reports
of epidemic bloodstream infection traced to pressure
monitoring3-?! and published guidelines for safe use
of hemodynamic monitoring,22-23 outbreaks of noso-
comial bacteremia have continued to plague unwary
users of this special application of infusion therapy.
In this issue of Infection Control and Hospital Epidemiol-
ogy (pp 54-59), Beck-Sague and lJarvis report eight
outbreaks of nosocomial bloodstream infection
traced to contamination of transducers used for
arterial pressure monitoring investigated by the Cen-
ters for Disease Control (CDC) during the past
decade.?* Whereas contamination of pressure
monitoring systems accounted for 11% of 97 epi-
demics of nosocomial bacteremia reported in the
world literature between 1968 and 1978,2% fully 33%
of CDC-investigated outbreaks of nosocomial bac-
teremia between 1977 and 1987 derived from arterial
infusions used for pressure monitoring.?*

The continued occurrence of these epidemics
might well be regarded as a “sign of the times” that
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unfortunately has not yet been widely recognized.
Invasive devices of all types, which are an integral
feature of the sophisticated high-tech care rendered
in modern intensive care units (ICUs), are associated
with an awesome capacity to cause iatrogenic infec-
tion 26-30 not just sporadic endemic infections, but
clusters, outbreaks, and in the case of pressure
monitoring, prolonged and insidious epidemics of
life-threatening bacteremia or fungemia stemming
from inadequate infection control practices.?®

There are two potential sources of invasive infection
associated with any intravascular device: infection of
the catheter wound, causing catheter-related sepsis,
and contamination of the infusate administered
through the cannula.23 Most physicians now keenly
appreciate the hazard of catheter-related infection
and the need to limit the period of cannulation in one
site. In contrast, it has been our collective personal
experience that very few physicians, including most
intensivists and infectious disease specialists, realize
that the fluid used in infusions for hemodynamic
monitoring is vulnerable to contamination and com-
prises the most important cause of epidemic hospital-
acquired gram-negative bacteremia in ICU patients.
How often does a seasoned clinician or nurse con-
fronting a septic patient in an ICU consider the fluid
column of the pressure-monitoring infusion as the
cause of fever or gram-negative septicemia? How
many physicians or nurses have cultured fluid from a
patient’s pressure-monitoring system?

Beck-Sague and Jarvis’s finding that epidemics
associated with pressure monitoring last four times
longer on the average before being recognized and
controlled than nosocomial epidemics deriving from
other sources (11 versus 3 months)24 attests to the
insidious nature of nosocomial bloodstream infec-
tions from this source and the need for greater
awareness of the unigue microbiologic hazards of
hemodynamic monitoring in modern ICUs. In this
editorial we strive to point out the features of these
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infusions that make them more vulnerable to con-
tamination, and the microbiologic profile and
reported sources of epidemic infection to enable
users and epidemiologists to better recognize these
infections and more expeditiously undertake appro-
priate investigations. We also review basic control
measures for preventing contamination of these sys-
tems.

An infusion designated for arterial pressure
monitoring consists of the intra-arterial catheter, an
extended length of tubing connecting to a chamber
that interfaces with an electromechanical transducer,
and a continuous-flow device in the line, to permit
periodic flushes that maintain patency of the system,
connected to a pressurized bag of heparin-containing
flush solution. It further differs from most other
types of infusions used in clinical practice: the fluid
characteristically runs very slowly—the infusion can
almost be thought of as a stagnant stream; the fluid
column interfaces with the electromechanical trans-
ducer through the diaphragm of the chamber-dome;
the system contains multiple stopcocks and character-
istically is heavily manipulated by caregivers for cal-
ibrations and for drawing blood specimens; and in
many centers, most of the apparatus above the
catheter, particularly the chamber-dome and trans-
ducer, is attached to the patient’s arm. Moreover, infu-
sions for pressure monitoring are used in the sickest
patients, almost exclusively in ICU or operating room
patients who are intubated and receiving mechanical
ventilatory support and who have urinary catheters
and other intravascular lines. These patients are more
likely to be heavily colonized by nosocomial organ-
isms and are much more vulnerable to nosocomial
infections of all types.25-30

Because the extra components needed for infu-
sions designated for hemodynamic monitoring are
relatively expensive, during the first decade of wide-
scale arterial pressure monitoring in this country,
chamber-domes were routinely reused. When it was
recognized that failure to reliably decontaminate
chamber-domes between patients was causing epi-
demics of gram-negative septicemia, manufacturers
developed disposable chamber-domes which became
widely used. Following recognition that the perma-
nent transducers that interface with disposable
chamber-domes also could become contaminated
and lead to contamination of infusate and epidemic
bacteremias, manufacturers developed modular sys-
tems incorporating a continuous-flow device, cham-
ber-dome, and electronic transducer that are com-
pletely disposable. Whereas many hospitals yet use
permanent transducers that must be decontaminated
between patients, increasing numbers of hospitals
have moved toward exclusive use of disposable trans-
ducer systems.

During the first decade of hemodynamic monitor-
ing in this country, the most common cause of epi-
demic nosocomial bacteremia was failure of chemical
disinfection of reusable plastic chamber-domes (Table
1),%-4.7-%.15 primarily because of use of dilute quatern-
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ary ammonium solutions that are ineffectual against
many nosocomial gram-negative bacilli. However,
despite the availability and wide acceptance of dis-
posable chamber-domes, which were believed to cir-
cumvent the need for reprocessing and resterilization
of transducer assembly components, epidemics con-
tinued to occur. Two epidemics were linked to reuse
of disposable chamber-domes!!-?#; despite the afore-
mentioned reports and available guidelines to the
contrary, a 1986 survey found that approximately
40% of Canadian hospitals regularly reused medical
devices meant for single use and nearly 10% reused
disposable chamber-domes.*

An epidemic investigated by Donowitz et al in 1979
demonstrated the presence of epidemic organisms on
the metal transducer heads,™ pointing out that a
transducer might become a veritable microbial “tro-
jan horse”¥2—a reservoir of gram-negative organisms
that ultimately gain access to fluid in the monitoring
circuit. Since that outbreak, there have been nine addi-
tional outbreaks in which transducer heads were found
to be contaminated with the epidemic organism in sys-
tems that used disposable domes, 11-13.16,19,20,24
including those reported by Beck-Sague and Jarvis,?*
and measures aimed at assuring reliable decontam-
ination of transducers between patients curtailed epi-
demic infections (Table 1). In 1982, the CDC's infec-
tion control guidelines recommended as a Category |
preventive measure that reusable transducer compo-
nents be subjected to high-level disinfection or ster-
ilization with ethylene oxide after each use.??

Because centralized reprocessing of reusable trans-
ducers and particularly, using high-level disinfection
or sterilization is logistically complex and expensive,
many centers have relied upon chemical disinfection
of transducer heads by nurses or other technical per-
sonnel in patient care units. Talbot et al®3 and Platt et
al** have reported studies of the efficacy of decon-
taminating transducer heads with 70% alcohol, with
or without the addition of cleansing with a phenolic
solution. Although these authors found that trans-
ducer heads can be reliably decontaminated with
alcohol pledgets, which appeared to be as effective as
sterilization with ethylene oxide, all transducers in
these studies were reprocessed and disinfected in a
hospital central supply department. The numerous
outbreaks since 1980, investigated by the CDC, associ-
ated with disinfection of transducers with alcohol,
phenolics, or benzalkonium?* in our minds raise
serious questions as to the safety of decontaminating
pressure transducers chemically, especially on busy
patient care units where harried personnel may have
had little formal training in reprocessing and decon-
tamination. The advantage of centralized reprocess-
ing and decontamination of transducers is that very
few items fail to be subjected to a rigorous decon-
tamination procedure and reprocessing is routinely
done by trained personnel. The studies of Talbot et
al®® and Platt et al3* suggest, however, that in an
emergency, when the supply of reusable transducers
is short, it may be acceptable for ICU or operating
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room personnel to decontaminate transducers with
an alcohol wipe. We have reservations, however, about
the practice of aIIowing users on patient care units to
carry out reprocessing and decontamination of trans-
ducers on a routine basis.

Eight epidemics have been traced to introduction
of organisms into closed monitoring svstems from
external sources of contamination in the hospital:
contaminated ice used to chill syringes used for draw-
ing arterialized blood for blood gas measurements,?
contamination of heparinized saline from multidose
vials,> %17 and use of contaminated external devices
to calibrate the pressure-monitoring system (Table
1).%%.* Relatively few epidemics, however, particularly
those implicating contaminated transducer heads as
the source of epidemic organisms, have satisfactorily
delineated the mechanism by which microorganisms
on transducer heads gain access to fluid within the
monitoring circuit. Only one study has demonstrated
actual breaks in the integrity of the chamber-dome.!!
Donowitz et al provide sonic evidence that organisms
can be transmitted from the hands of nurses handling
the system into the fluid column during manipula-
tions of the system,!® and Beck-Sague and Jarvis
report that epidemic strains were found ou the hands
ot caregivers in most of their eight outbreaks.>! Most
reports, however, do not provide sufficient data to
establish dearly the actual mechanism of fluid con-
tamination.

We believe a contaminated transducer is a “sentinel

canary,” 1c[le([mgy heavy environmeuntal contamina-
tion in the vicinity of* the m()m[(nmg system, includ-
ing the hands of personnel caring for the infusion,
and these environmental contaminants gain access
during the numerous manipulations of the system.
Future studies. however, must strive to better deline-
ate the actual mechanisms by which microorganisms
gain access to the fluid columm from the external
environment, including from contaminated trans-
ducer heads.

Many 1CU personnel have intuitive concerns about
the presence of stopcocks in infusions tor pressure
monitoring and their potential for facilitating entry of
microorganisms into the system. At least tour studies
have examined the frequency of stopcock contamina-
tion in hemodynamic monitoring,*>*% and two have
attempted further to ascertain its clinical relevance as
regards stopcock-associated infection in patients.
Shinozaki et al®7 found that 16.2% of stopcock
cultures were positive tor microbial growth and that
the rate of contamination rose with prolonged contin-
uous use of the infusion; in only a single case, how-
ever, did they identify the same microorganism in a
stopcock culture that was tound in percutaneous
blood cultures from a patient with documented pri-
mary bacteremia. In contrast, Walrath et al*® found
that 48% of intravenous and intra-arterial stopcock
cultures showed microbial contamination and that

4% of* the organisms recovered trom blood cultures
appeared to be the same species isolated from a stop-
cock used in the paticnt’s infusion. The frequency
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and, more important, the relevance of stopcock con-
taminaton in the pathogenesis of fuid contamina-
tion and particularly. pressure-monitoring-associated
bacteremia, remains unknown because of the lack of
sufficiently large, well-designed studies.

Whether cleansing of stopcocks atter or before use
should be done is also unknown, although muny
nurses wipe off’ the stopcock with an alcohol pledget
after entering the system. However, Abbott et al*®
tailed to demonstrate in a small study that cleansing
stopcocks with povidone-iodine after entry had an
mfluence on the rate of contamination. There are
simply no guidelines for using stopcocks in pressure
monitoring that are based on scientific study.

The availability of disposable transducers as well as
chamber-domes—viz, totally disposable monitoring
crcuits—should in theory eliminate contamination of
transcducer heads as a potential reservoir of nosoco-
mial bacteremia. "To our knowledge, there have been
no epidemics of nosocomial bloodstream infection
traced t 0 contaminated infusions for pressure
monitoring in a hospital exclusively utilizing disposa-
ble transducers, but this most recent technologic
imnovation to prevent infection will probably not pre-
vent epidemics traced to organisms introduced from
external sources, such as contaminated heparin solu-
tions, calibration devices, or especially. nosocomial
organisms carried on the hands of nursing and medi-
cal personnel handling these systems.

The importance of handwashing before handling
any part of the pressure-monitoring svstem cannot be
overemphasized. Nine epidemics in the past decade
have been linked to carriage of epidemic organisms
on the hands of 1CU personnel managing the infu-
stons (Table 1),9:19:17-20.24 including the three epi-
demics of Candida septicemia in pressure monitot-
ing"120aall of which occurred in neonates, two in
part because of the practice of using umbilical
catheters for administration of parenteral hyperah-
mentation as well as for pressure monitoring.'9-2¢
Whether the current wide use of disposable gloves in
paticnt care as part of universal precautions will
reduce the risk of contamination of pressure-
monitoring infusions is unknown; we are doubtful.

The mere occurrence of cryptogenic gram-negative
rod bacteremia in an ICU patient who has an arterial
infusion for pressure monitoring should always raise
the question of’ possible sepsis from the arterial infu-
sion. But the identity of the bloodstrcam pathogen is
even more useful clinically; certain organisms should
sound a loud alarm.

Table 2 lists the microbial pathogens implicated in
23 epidemics 0o f nosocomial bloodstream infection
traced to arterial pressure monitoring and reported
between 1 97 1 and 1988. Pseudomonas cepacia and
Seratia marcescens account for nearly halt ol the
reported epidemics. Comparing the microbial profile
of C[)I(ICII]I( bacteremia traced to hemodynamic
momtmmg systems with epidemics traced to other
sources,?? 1t is clear that bloodstreamintection caused
by S marcescens or non-aeruginosa pseudomonads—
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Table 1
Epidemiology of Epidemic Bloodstream Infections
Traced to Arterial Pressure Monitoring
Epidemics
Epidemiology* (No.)
Faulty decontamination of transducer
components:““ 57-10,12,13,16 17,19 16
Reusable transducer heads, used with
disposable chamber-domesg?1-13 16.19.20.24 10
Reusable chamber-domes34 7-9 15 5
Reuse of disposable chamber-domes?!.24 2
Carriage of epidemic organisms on hands of
USeFS13*‘7'20'24 9
Contaminated heparinized saline
solutions3.6 17 3
Use of dextrose-containing fluids instead of
saling12 19 20 3
Contaminated disinfectant solution4.8 2
Contaminated calibration system16 21 2
Contaminated ice used to chill syringes for
blood-gas specimens® 1
* in many of the oubreaks, more than one source or probable
mechanism of contamination was /mplicated

particularly P cepacia, but also Pseudomonas acid-
ovorans of Pseudomonas maltophilia—or by Enterobacter
species, Flavobacterium, Citrobacter, or Acinetobacter
should immediately make ICU and operating, room
nurses, critical care physicians, and hospital infection
control personnel highly suspicious that the bac-
teremia derived trom an infusion used for pressure
monitoring. A single bacteremia may reflect a spo-
radic endemic case, but two or more bacteremias
should prompt immediate investigations to discern
the etiology and, if due to infusions used for pressure
monitoring, to identify the hospital reservoir and
mechanism of introduction of organisms into the
monitoring systems.

Probably the major reason for the preeminence of
gram-negative bacilli in these epidemics lies in the
differential growth abilities of these organisms in
heparinized saline solutions.'”-* Glucose-containing
solutions support luxurious growth of micro-
organisms that grow poorly, if at all, in normal
saline, ' and at least three epidemics have been
ascribed in part to use of dextrose-containing solu-
tiongy'2-1-29 rather than saline, in pressure-monitor-
ing infusions.

Comprehensive guidelines are now available to
guide workup of a suspected epidemic by hospital
infection control personnel.?>t! Probably most
important immediately, even with a single, cryp-
togenic nosocomial bacteremia, is to retrieve the iso-
late or isolates of* the bloodstream pathogen from the
laboratory for further testing and later subtyping.
Laboratory personnel should be requested to con-
tinue to save all clinical isolates of the same species.
Thereafter, the investigation is directed toward con-
firming the existence of an epidemic, defining the
reservoirs and modes of transmission and, most
important, controlling it.

50

https://doi.org/10.2307/30146456 Published online by Cambridge University Press

Table 2

Microbial Profile of Epidemic Nosocomial Bacteremias
Deriving from Contamination of Arterial Pressure-
Monitoring Systems

Epidemics (No.)

Multiple-
Single Organisms

Pathogens Pathogen Outbreaks
Serratia marcescensd. 11 1317.18.24 6
Pseudomonas cepacias 8.15.24 4 —
Pseudomonas acidovorans? @ 2
Pseudomonas flucrescensd.8 2
Pseudomonas aeruginosa® 1
Pseudomonas mailtophilia'e 1
Pseudomonas spp'4 1
Enterobacter cloacae?© 1?2 1 2
Enterobacter aerogenes?’ 1
Enterobacter spp'4 |
Acinectobacter calcoaceticus?* 1
Acinectobacter spp'# 1

Kiebsiella oxytoca?4 1 -

Citrobacter diversus4 |

Flavobacterium sp group b3 1
Candida parapsilosis'® 20 2
Candlda spp® |

We believe the 23 reported epidemics reaffirm the
importance of a number of control measures to pre-
vent invasive infection in hemodynamic pressure
monitoring, exclusive of those measures aimed at pre-
venting catheter-related infection:

1. Arterial pressure monitoring should only be
used with clear-cut indications, in patients in
whom it is necessary to continuously monitor
the arterial pressure, who have respiratory
failure and for whom it is necessary to obtain
frequent arterialized blood specimens for
blood gas measurements, or critically ill
patients requiring frequent blood specimens
for hour-to-hour clinical management (eg,
severe diabetic ketoacidosis).

The use of noninvasive transcutaneous
PaO, and PaCO, monitors may obviate some
of the need ftor drawing frequent arterial
blood gas specimens. 2

2. All infusions, including those used for pres-
sure monitoring, should be manipulated as
little as possible. Persons handling or entering
the system should first wash their hands o1
don clean gloves. Efforts should be made to
limit entry into the monitoring circuit for the
purpose of drawing blood tor other tests.

3. The number of stopcocks in the system should
be kept to an absolute minimum. Wiping the
stopcock, after entering it, with an alcohol- or
povidone-iodine-impregnated pledget may be
of value.

Rubber diaphragms are now available to use
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in place of stopcocks, permitting entry into the
system through the diaphragm with a sterile
needle. In an unpublished study these devices
were found to hold promise for significantly
diminishing the risk of contaminating fluid in
the monitoring circuit (personal communica-
tion, Sue Crow, RN).

4. Whereas we are not aware of published data

dealing with the issue, we have concerns
regarding the practice of attaching the contin-
uous flow device or transducer assembly to the
patient’s arm or elsewhere on the patient’s
body, as is done in many hospitals.

We think that these infusion components,
which are highly vulnerable to contamination
that can introduce organisms directly into the
patient’s bloodstream, should be attached to a
stand next to the bed, and should not be in
direct contact with the patient.

. The use of totally disposable transducer
assemblies seems preferable, if economically
feasible. 3

. If reusable transducers are used, the trans-
ducer should be cleaned and subjected to
high-level chemical disinfection or sterilization
with ethylene oxide at periodic intervals,??
alwavs between patients and for patients
requiring prolonged monitoring, each time
the monitoring circuit. including the cham-
ber-dome and continuous-flow device, is
replaced.

We believe centralized decontamination
provides more consistent quality control and is
most desirable. Reprocessing and decon-
tamination of reusable transducers on patient
care units with 70% alcohol should he done
only in emergencies.

7. The entire monitoring system—including the

tubing, continuous flow device, bag of flush
solution, chamber-dome and transducer—
should be replaced at periodic intervals. The
1981 CDC guidelines recommend every 48
hours as a Category 11 measure.??

With disposable transducers, Luskin et al
have shown that it is not necessary to replace
the monitoring system-including the tubing,
flush solution, and continuous flow device—
more frequently than every four days.*

In an ICU using permanent, reusable trans-
ducers, Maki and Hassemer found a high rate
of in-use contamination of pressure-monitor-
ing infusate, often associated with concordant
bacteremia, when the entire delivery system of
arterial infusions was used continuously for
more than 48 hours; a policy requiring rou-
tine change of the system every 48 hours
reduced the prevalence of contamination and
eliminated septicemias caused by extrinsically
contaminated fluid.*> Three more recent
studies,?7-+4-16 however, suggest that if the
mfusion for hemodynamic monitoring is set
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up so that a long, blind, stagnant column of
fluid is eliminated, extrinsic contamination
can be greatly reduced, and it may be unneces-
sary to replace the administration set, cham-
ber-dome, and other components of the
monitoring circuit at such frequent intervals.
However. the optimal interval for replacement
of the monitoring circuit when reusable trans-
ducers are used has not been determined.
Although CDC guidelines recommend that
the container of heparinized flush solution be
changed every 24 hours,”? very low contami-
nation rates have been reported i intravenous
therapy with changing delivery systems at 48-
or 72-hour intervals,*7* and’ Luskin et al*®
found very low rates of contamination in their
study of’ disposable transducers with flush
solutions changed at 48-hour intervals. We can
see no reason to require flush solutions to be
changed more frequently than the monitoring
circuit, which is far more heavily manipulated
than the bag of flush solution.

If disposable transducers are used, we
believe flush solutions can be replaced with the
transducer every four days. If reusable trans-
ducers are used, the flush solution should he
replaced when the monitoring circuit is
replaced, such as every 48 hours.

Terminal in-line microfilters have been
advocated as an additional means of reducing
the hazard of contaminated infusate. However,
filters must be changed at periodic intervals,
are expensive, and we are unaware of con-
trolled studies that have demonstrated clear-
cut benefit in a reduction of morbidity associ-
ated with hemodynamic monitoring using
these devices.

. Calibration devices, heparinized solutions,

and other apparatus that comes into direct
contact with fluid within the monitoring cir-
cuit must be reliably sterile.

Heparinized normal saline should always he
used, rather than dextrose-containing solu-
tions, in infusions for pressure monitoring.

Similarly, hypertonic glucose solutions for
total parenteral nutrition should never be
given through an infusion used for pressure
monitoring.

In many hospitals, blood cultures are often
drawn through arterial lines. We believe this
practice should be discouraged.

Whereas drawing blood cultures through
lines eliminates the need for uncomfortable
venipunctures, especially in patients with lim-
ited sites for percutaneous venous access, and
has sensitivity for detecting true bacteremia
comparable to percutaneously-drawn
cultures, 33 catheter-drawn cultures are also
associated with a higher rate of contamination
(poorer specificity in diagnosis of bactereniia).
But our greatest concern about the practice
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bears on the risk of contaminating fluid in the
monitoring circuit by blood-borne micro-
organisms if the patient has true bacteremia
unrelated to the infusion—eg, Enterobacter in
blood, originating from a urinary tract infec-
tion, can contaminate the catheter? ! or fluid
within the monitoring circuit.®- ! resulting in
a later “rebound” bacteremia or perpetuation
of the original bloodstream infection even
though the urinary tract infection has been
successfully treatecf.

12. Similarly, in pressure-monitored patients
found lo have bacteremia originating from a
remote, unrelated source of infection, we
believe that the arterial catheter and entire
monitoring system should bhe replaced 24 to 48
hours after treatment has begun and the
bloodstream is presumably cleared of micro-
organisms, to prevent later “rebound” bac-
lterermias. 2+

In sum, the outbreaks reported by Beck-Sague and
Jarvis and others in the past decade must be regarded
as “signs of the time.” It it is possible to better educate
users of pressure monitoring of the unique micro-
biologic risks of this form ol infusion therapy, we
think that contaminated fluid from intusions used for
pressure monitoring will be found to be a major cause
of sporadic endemic nosocomial bacteremias in [CU
patients. Equally important, epidemics ought to
become less frequent and detected much earlier.

We believe that technologic advances wilt ultimately
greatly reduce the risks of contamination and infec-
tion associated with hemodynamic monitoring: incor-
poration of nontoxic antiseptics into the catheter
material or onto its surtace holds promise for reduc-
ing the incidence ot catheter-related intection;>9->%
addition of nontoxic biodegradable or easily metabo-
lized antiseptics 1o infusate might eliminate the risk of
tHhuid contamination altogether and obviate the need
for periodic replacement of monitoring systems.”

All things are filfed with signs. and it is a wise man who can learn about
one thing from another.

Enneads, Book Il

Plotinius
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