Commentary

Nosocomial Coagulase Neggtive Staphylococcal (CoNS)

Catheter-Related Sepsis in
Prophylaxis, and Prevention

Alissa Craft, DO
Neil Finer, MD

Nosocomial infections with coagulase negative staphylococcus (CoNS) are
a frequent and significant cause of morbidity in the preterm infant.
Infections diagnosed after the first 72 hours of life are arbitrarily deemed to
be “nosocomial.” There are many difficulties encountered in efforts to
evaluate and compare nosocomial sepsis in the NICU. An issue of primary
concern is the lack of uniformity in the definition of sepsis in the NICU.
Based on the frequency of positive blood cultures in infants less than 1000 g,
it appears reasonable to evaluate methods for the prevention of nosocomial
sepsis. These include prophylactic antibiotic administration, antiseptic
impregnated catheters, and the use of an antibiotic lock technique.
Journal of Perinatology 2001; 21:186—192.

INTRODUCTION

Nosocomial infections are a frequent and significant cause of
morbidity in the preterm infant. Infections diagnosed after the first 72
hours of life are arbitrarily deemed to be “‘nosocomial,” and are
often associated with clinical deterioration, including increased
apnea, temperature instability, abdominal distension, lethargy, septic
shock, necrotizing enterocolitis, meningitis, and death. Preterm
infants are at higher risk of infection than more mature infants
because of immature immune responses, such as reduced
phagocytosis, opsonisation and intracellular killing,'* decreased
immunoglobulin concentrations,’ and poor skin‘ and gut barrier
function. The risk of sepsis is further increased by the use of central
venous catheters to administer parenteral nutrition® and lipids.”
Freeman et al.* in a case cohort study, demonstrated that infants
with CoNS were 5.8 times as likely as controls to have received
intravenous lipids, and that 56.6% of all of the cases of nosocomial
bacteremia could be attributed to lipid administration. Infants with
CoNS were also 3.5 times as likely as controls to have had a
percutaneously inserted central venous catheter (attributable risk,
14.9%) . This group repeated their evaluation in a more current
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cohort of premature infants and reported, using conditional logistic
regression to adjust for indicators of severity of illness, two factors,
intravenous lipid and central catheters, were independently associated
with subsequent risk of CONS bacteremia at any time during
hospitalization. The highest odds ratio (OR) =9.4 [95% confidence
interval (CI) 1.2 to 74.2] was found for lipid use; the OR for central
lines was 2.0 (95% CI 1.1 to 3.9) . They additionally reported that
85% of bacteremias were attributable to lipid therapy and that the
time to infection was much shorter when intravenous lipid was used.

There are many difficulties encountered in efforts to evaluate and
compare nosocomial sepsis in the NICU. An issue of primary concern
is the lack of uniformity in the definition of sepsis in the NICU. If we
are to encourage the development of a consistent approach to
management of neonatal nosocomial infection, a uniform definition
is needed. Based on the frequency of positive blood cultures in infants
less than 1000 g, it appears reasonable to evaluate methods for the
prevention of nosocomial sepsis. These include prophylactic
antibiotic administration, antiseptic impregnated catheters, and the
use of an antibiotic lock technique.

DEFINITION

Coagulase negative staphylococci (CoNS) have emerged as the most
common cause of late bacteremia in the neonatal intensive care
unit.*~ There are difficulties in the diagnosis of CoNS septicemia as
the organism is a common skin commensal, which often results in
contamination of blood cultures, either at the time of blood draw or
during the blood-handling process. Common diagnostic schemes,
such as that of the National Nosocomial Infections Surveillance
System, have as one of many definitions of sepsis, the presence of
clinical signs of sepsis with a single positive blood culture to confirm
the diagnosis. However, clinical signs are often subtle and blood
cultures are rarely drawn in the absence of clinical signs. Additional
diagnostic schemas have been developed by the NICHD Neonatal
Research Network and the Vermont Oxford Network. The NICHD
employs a definition of one positive blood culture drawn after 72
hours of age, in the presence of signs of infection.> The Vermont
Oxford Network defines CoNS sepsis as one positive blood culture with
signs of generalized infection in a neonate, greater than 72 hours of
age, and treated with at least 5 days of antibiotic therapy.* Although
more stringent requirements do exist for the diagnosis of “true
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sepsis,” they often involve the use of two positive blood cultures.”
Usual practice in most neonatal intensive care units is to obtain only
a single blood culture, minimizing both blood volume removed and
skin punctures to the infant.

None of these definitions adequately differentiates between true CoNS
sepsis, catheters colonized with CoNS, and contaminated blood cultures.
Therefore, decisions regarding the need to treat and the length of
treatment of a positive blood culture for CoNS remain empiric, at best.

DIAGNOSIS

The diagnosis of septicemia, as opposed to line colonization or
culture contamination, can be aided through the use of ancillary
tests, such as white blood cell counts. Although blood cultures remain
the gold standard, the culture results are affected by the volume of
blood in the culture bottle, the length of time allowed for the culture
to grow, and the site of culture.

As many as 60% of culture results will be falsely negative if only
0.5 ml of blood is obtained for culture in low colony count sepsis.'
With the blood-culture systems currently available in most hospital
laboratories, 48 hours of incubation will result in growth of
approximately 98% of all cultures that will become positive.

The site from which the blood culture is drawn continues to be a
source of significant controversy. In a study by Atela et al.,” of 45
catheters studied, 138 isolates of 27 different species were obtained
from the catheter hub. Only 11 catheters had negative quantitative
cultures from the hub. Therefore, positive blood cultures drawn
through a central line may reflect bacteremia, line colonization, or
contamination of the culture. Peripherally drawn blood cultures also
may represent bacteremia or culture contamination.

In hospitalized critically ill patients, line colonization may be as
important to treat as bacteremia, if the line is to remain in place. For
this reason, it is recommended that when a central venous catheter is
present, a blood culture should be obtained both from the line and
using a peripheral stick. Positive blood cultures for the same
organism through both sites almost certainly represents “true
infection,” whereas a positive peripheral blood culture for CoNS with
a negative central line culture is more likely to represent skin
contamination. A positive central line culture for CoNS with a
negative peripheral blood culture may represent contamination of the
culture at the time of the blood draw, or colonization of the central
line, which may require treatment or line removal.

The sensitivity and specificity of the blood culture can be increased
using quantitative cultures. St. Geme et al.” found greater than 50
cfu/ml from a quantitative culture was consistently associated with
sepsis, where sepsis was defined as >2 positive blood cultures with
identical antibiotic susceptibilities in an infant with clinical signs of
illness. However, some neonates with fewer colony-forming units and
a central venous line still met the definition of sepsis applied in this
article. Therefore, it becomes prudent to consider the report by
Ruderman et al» which defined contamination as any blood culture,
regardless of the site or organism, with less than 30 cfu/ml.
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Neonatologists frequently rely on one or more ancillary tests to
guide them in differentiating a “true infection” from contamination
or colonization. In a study evaluating the use of the neutrophil count
to determine the presence of bacteremia, Kite et al.* found the
neutrophil count to be 70.6% sensitive and only 57.8% specific. The
same study found the immature to total neutrophil ratio to be 29.4%
sensitive and 82.5% specific, with a positive predictive value of 27%.
Thrombocytopenia has been found a useful marker for bacteremia,
with much greater accuracy in Gram-negative sepsis as opposed to
Gram-positive infections, such as CoNS.» An elevated mean platelet
volume and high platelet distribution width have high specificity for
detecting bacteremia and good negative predictive value.*

Between 24 and 48 hours after the onset of clinical symptoms, the
(-reactive protein appears to be a reasonable marker of bacteremia
with a sensitivity of 84% and a specificity of 96%.2 The same study
demonstrated that interleukin-6 had the highest sensitivity and a
negative predictive value of 91%. Interleukin-6 levels, like tumor
necrosis factor levels, are rarely available in hospital laboratories,
leaving neonatologists with the ongoing dilemma of how to
differentiate a “true infection,” while subjecting the infants to the
smallest amount of bloodletting possible.

TREATMENT

The majority of infants with CoNS sepsis are treated with
vancomycin, as the sensitivity pattern typically demonstrates
resistance to other agents. Specifically, many hospital - acquired CoNS
are methicillin resistant. Thus, many preterm infants experience
substantial exposure to vancomycin. Newer alternatives, such as
teicoplanin, are not currently widely used.»

Good outcomes have been demonstrated with very restricted use of
vancomycin, where infants with cultured CoNS, sensitive only to
vancomycin, demonstrated clinical improvement without vancomy-
cin therapy.” These findings lend further credence to the belief that
not every positive blood culture represents “true infection” requiring
therapy. It is crucial, however, to address the issue of line
colonization. Although a positive blood culture from a central line
may not represent bacteremia, it either represents line colonization or
contamination during sampling. In the preterm infant, where the
central line may be the only means of vascular access, it may be
necessary to treat the “line colonization” to prevent a future
bacteremia, if the catheter will not immediately be removed.

The ongoing difficulty in determining when treatment is
necessary, along with the appropriate length of time to treat, suggests
the need for more relevant definitions of sepsis and line
contamination and consideration toward the prevention of
nosocomial CoNS sepsis in the neonate.

PREVENTION

Precautions During Insertion of Central Lines

Central venous catheter hubs may become colonized with CoNS
within 24 hours of insertion. This makes the insertion process
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critical in the prevention of nosocomial infection, despite most
infections occurring greater than 7 days after insertion of the line.
Raad et al.* demonstrated that the use of maximal sterile barrier
precautions for insertion of central venous catheters minimized
infections. Maximal precautions include sterile gown, gloves, cap,
and mask.

Preparation and Use of Intravenous Fluids for Central
Administration

Intravenous fluids for administration using central venous catheters
should be prepared in a sterile environment to prevent contamination
of the fluid. This is especially crucial with intravenous lipid
preparations. A prospective study of contamination of infusion sets for
hyperalimentation compared infusion sets changed every 24, 48, or
72 hours* The bacteriologic examination of the infusion set was
always negative in sets changed every 24 hours, but contaminated
6.7% of the time when changed every 72 hours. Based on these
findings, it is recommended that infusion sets be changed every 24
hours when administering total parenteral nutrition.

Vancomycin Prophylaxis

Five prospective randomized trials of vancomycin for prophylaxis
against neonatal nosocomial sepsis have been published in the
past 10 years.»-* Three of the five studies administered
vancomycin as a continuous infusion of 25 pg/ml in
hyperalimentation.®-* The remaining two studies evaluated the
administration of 5 mg/kg of vancomycin twice a day through
the central venous catheter.”

All five studies noted a decrease in the incidence of both overall
sepsis events and CoNS sepsis events in neonates receiving
prophylactic vancomycin.¥ The meta-analysis of the five studies
demonstrated a decrease in overall sepsis, RR 0.11 (95% CI
0.05,0.24) and CoNS sepsis, RR 0.33 (95% CI 0.19,0.59) . There
was no effect on mortality or length of hospital stay, and no toxic
effects of vancomycin were reported. Although there is a concern
regarding the theoretical development of resistant organisms with the
administration of prophylactic antibiotics, there is insufficient
evidence available to determine the risk of development of resistant
organisms. However, for this reason, the routine use of prophylactic
vancomycin cannot be routinely recommended until a randomized
controlled trial is completed that properly assesses for the
development of resistant organisms.

Impregnated Catheters

Multiple studies in adults have demonstrated that catheters
impregnated with antibiotics and/or antibacterials reduce nosoco-
mial catheter-related infections. A study by Maki et al.* randomized
adults to receive either a standard triple lumen polyurethane catheter
or one impregnated with chlorhexidine and silver sulfadiazine.
Patients with antiseptic impregnated catheters were five-fold less
likely to have bacteremia and seven-fold less likely to develop line
colonization. A similar trial by Raad et al.» demonstrated a reduction
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in catheter colonization from 26% to 8% using a catheter
impregnated with tridodecylmethyl -ammonium chloride and
minocycline and rifampin. Unfortunately, antibiotic- and anti-
septic-coated catheters have not yet become a viable option in the
neonate.

Antibiotic Lock Techniques

Another approach to the prevention of catheter colonization and
resultant bloodstream infection is the antibiotic flush or antibiotic
lock technique. The use of a heparin and vancomycin flush (25
pg/ml of vancomycin) for prevention of sepsis was initially
described by Schwartz et al. in immunosuppressed pediatric
patients. Not only was the incidence of sepsis decreased from 20% in
the control group to none in the study group; the study patients had
fewer septic evaluations as well. A similar study by Carratala et al.
in adult patients with malignancies demonstrated a complete
elimination of catheter colonization and catheter-related bacter-
emia in the study group receiving a 25 pg/ml flush of vancomycin
plus heparin. Most recently, Henrickson et al.* evaluated the use of a
vancomycin/ciprofloxacin/heparin flush solution in immune
compromised pediatric oncology patients. Both vancomycin and
heparin and vancomycin/ciprofloxacin/heparin flush solution
significantly decreased the incidence of Gram-positive, Gram-
negative, and total line infections. No antibiotic could be detected in
the patient after the flush was completed and there was no increased
incidence of vancomycin resistant organisms causing colonization
or disease.

The benefit of the antibiotic lock technique over prophylactic
administration of vancomycin is the avoidance of any concentration
of antibiotic appearing in the patients. By administering only
enough vancomycin plus heparin solution to flush the catheter,
levels of vancomycin would be undetectable in even the smallest
infant. Therefore, the risk of the development of resistant organisms
should be eliminated. Prospective trials of the antibiotic lock
technique should be conducted in the high-risk population in the
NICU.

Avoidance of Central Lines

The most certain way to avoid catheter colonization and subsequent
infection is to minimize the use of central venous catheters. There is
a certain reluctance to encourage enteral feedings in the extremely
low-birth-weight infant (<1000 g), yet it is precisely these infants
at greatest risk of nosocomial infection. The benefits of early,
aggressive enteral nutrition and the avoidance of prolonged use of
central venous catheters must be assessed against the risk of
necrotizing enterocolitis (NEC). There is, however, no evidence to
suggest that a more rapid feeding advancement is associated with
increased risk of necrotizing enterocolitis.® In fact, the most recent
randomized trial of “‘slow versus rapid” feeding in neonates was not
associated with an increased risk of NEC* in keeping with results of
previous randomized trials.“# There does remain literature to the
contrary, The association of more rapid feeding advancement with an
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Figure 1:CoNS Management Decision Tree

Signs & Symptoms of Illness

Draw a Peripheral and Central Line Blood Culture, Start Vancomycin and Gram Negative Coverage

Both Negative Peripheral Positive, Central Negative Both Positive

DC Abx L 48 Hours Presumed Contamination

DC Abx at 48 Hrs., Repeat Peripheral Cx
to confirm contamination

Repeat Positive

DC Line,

Treat 24 Hrs. after
Line DCd

Central Positive, Peripheral Negative

Presumed Line Colonization “True Infection”

Repeat Central Line Culture,
Continue Vancomycin

Repeat Both Cultures,
Continue Vancomycin

Repeat Negative Repeat Positive Repeat Neg.
DC Vancomycin DC Line, Treat 7-10
Treat 7-10 Days Days via

Central Line

Figure 1. A proposed decision tree for the diagnosis and treatment of nosocomial CoNS sepsis in preterm infants.

increased risk of NEC has been reported in restrospective case cohort
and chart review studies. * A more recent meta-analysis reviewing
the rate of feeding advancement demonstrated a reduction in days to
full enteral feeds and days to regain birth weight with a more rapid
feeding - advancement schedule. There was no increase in necrotizing
enterocolitis.®

DISCUSSION

Based on a thorough review of the available literature, in
combination with consideration for the difficulty in effecting change
in the NICU environment, we have proposed a diagnostic scheme and
suggested a treatment paradigm for presumed CoNS sepsis (Figure
1). Diagnosis of “true infection” is based on the clinical
presentation, and the results of blood cultures after a 48-hour
incubation period. Blood cultures should always contain 1 ml of
blood and be drawn from both the central line, if present, and a
peripheral site. The following definition for CoNS positive blood
cultures is therefore proposed:

Bacleremia, or “true infection”: Simultaneous positive blood cultures
for the same organism through the central line and a peripheral site. If
colony counts are available, greater than 50 cfu/ml is significant.
Line colonization: A positive blood culture through the central venous
line, with a simultaneous negative peripheral blood culture, or fewer
than 30 cfu/ml, if colony counts are available. This applies to an
infant who appears stable at the time of the culture result, without
other clinical and laboratory evidence to suggest ongoing infection,
such as continuing thrombocytopenia or neutropenia.

Contaminated blood culture: A positive peripheral blood culture, with
a colony count <30 cfu/ml if available, and a simultaneous negative
central line blood culture. This applies to an infant who appears stable
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at the time of the culture result, without other clinical and laboratory
evidence to suggest ongoing infection such as continuing thrombo-
cytopenia or neutropenia.

This diagnostic scheme eliminates the need for ancillary tests,
which lack a great deal of sensitivity and specificity, and often serve to
only increase the amount of blood withdrawn from the neonate.
However, ancillary tests may be useful in the infant who remains ill
despite negative blood cultures, and in whom other sources of
infection are being considered (i.e., osteomyelitis, necrotizing
enterocolitis) .

Treatment of the neonate pending blood culture results should
include broad-spectrum antibiotics, with coverage for CoNS. The
antibiotic therapy for suspected central venous line infection should
always be administered through the central line. This empiric therapy
is necessary only for 48 hours, or the return of a positive blood
culture, whichever occurs first. At the time the culture become
positive, a repeat blood culture should be obtained based on the
following:

Bacleremia (fwo positive cultures): Repeat both the central line
culture and the peripheral blood culture.

Line colonization (positive central line culture): Repeat only the
central line culture.

Contamination (positive peripheral blood culture): Repeat a
peripheral blood culture to verify that it is negative.

Treatment is also based on the culture results as follows:
Bacleremia: Continue antibiotic coverage against CoNS pending the

results of the second set of blood cultures. If the second set remains
positive, discontinue the central venous line, and treat for a total of 7 to
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10 days. If the second set is negative, treat through the central line a
total of 7 to 10 days.

Line Colonization: Continue antibiotic coverage against CoNS pending
the results of the second set of blood cultures. If the second set remains
positive, discontinue the central venous line, and treat for 24 hours
following discontinuation of the line. A peripheral blood culture should
be obtained following the short course of therapy to confirm adequacy
of therapy. If the second set of cultures is negative, discontinue therapy.
Contamination: Discontinue therapy when the 48-hour incubation
results of the blood cultures are available.

At this time, we do not recommend prophylactic use of
vancomycin in the hyperalimentation fluids. Studies of a modified
antibiotic lock technique in neonates are indicated. In an effort to
reduce nosocomial CoNS bacteremia, the following techniques are
recommended, based on a critical review of the literature:

1. Use of good hand-washing techniques, preferably with chlorhexidine
products.*

2. Maximal sterile barrier precaution for insertion of central venous
lines.”

3. Sterile preparation of fluids administered through central venous
catheters.”!

4. Minimize the duration of intravenous lipid administration, preferably
discontinuing this caloric source when the infant tolerates 80 to 100
calories/kg per day enterally.s

5. Minimize the need for central venous access through early aggressive
enteral nutrition and early extubation to noninvasive forms of
ventilatory support.’*

6. Use an umbilical venous catheter for up to 7 to 10 days, as opposed to
placing a peripherally inserted central catheter (PICC) for a brief
period of time. This avoids exposing the neonate to multiple central
venous lines. A retrospective chart review recently demonstrated an
increased incidence of infection in PICC lines, when compared to UVCs
left in place for up to 7 days.”

CONCLUSION

Neonatal nosocomial sepsis remains a persistent and perplexing
problem for neonatologists. Each episode of sepsis impacts on
mortality, morbidity, and significantly increases length of stay in the
neonatal intensive care unit. Unfortunately, nosocomial CoNS sepsis
has become so prevalent in infants less than 1000 g that some see
infection as an entitlement, not a complication.

The variety of definitions of nosocomial sepsis, combined with
differing criteria for performing sepsis evaluations, suggests that
neonatologists have little comfort in establishing a diagnosis of
“true infection.” This discomfort impacts on treatment policies,
potentially exposing neonates to unnecessary and excessive
antibiotic therapy.

The goal of the neonatal community should be the
establishment of a method to distinguish contamination from
“true infection” and a definition for line colonization and
catheter-related bacteremia. This requires diagnostic tests with

190

both high specificity and sensitivity with a minimal amount of
blood withdrawal. After a uniform definition of neonatal
nosocomial sepsis has been established further studies can be
performed to evaluate the most effective treatment strategies,
including the potential use of antibiotic prophylaxis or antibiotic
lock techniques.
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