
Secretion Buildup in Closed
System Catheters: A Risk Factor?

A B S T R A C T  &  C O M M E N T A R Y

Glass and colleagues examined the extent, prevalence,
and distribution of narrowing related to secretion buildup in

endotracheal tubes (ETT) following removal from 40 patients (18
males, 22 females) who had been intubated for an average of 6.6
days (range, 3-20 days) in a medical-respiratory ICU. The ETT
were examined within four hours following extubation. Each tube
was weighed on a gram scale (accurate to 0.1 mg) and then cut lon-
gitudinally on the lesser curvature. Areas containing debris were
recorded at the closest 1-cm mark throughout the entire tube for
each of 28 centimeter markings. Depth of debris was measured
using a periodontal dental probe marked in 1-mm increments. The
ETT were then cleaned, dried, and weighed again to determine
weight of the debris.

Two ETT (5%) had no measurable debris. In the remaining
tubes, the mean overall depth of debris was 0.64 mm (range, 0-2.36
mm). The entire length of the ETT was affected, with the greatest
depth of debris at the 6-9 cm and 13-14 cm markings. The greatest
depth of debris of each ETT was also calculated; this ranged from
0-5 mm (mean, 2.0 mm). The mean weight of debris was 1.16 g. A
significant positive correlation was found between the duration of
intubation and mean overall depth of debris (r = 0.48; P < 0.01),
mean greatest depth of debris (r = 0.37; P < 0.05), and mean weight
of debris (r = 0.38; P < 0.05). No significant relationship was found
among these variables and patient age, size of the ETT, ventilator
humidification temperature, a secretion score that considered con-
sistency, and amount of secretions, fluid balance, number of suc-
tioning episodes, or rhonchi on chest auscultation. Stepwise multi-
ple regression resulted in a model that included only duration of
intubation, with this model predicting 23% of the variance in over-
all depth of debris. (Glass C, et al. Am J Crit Care 1999;8:93-100.)

■ COMMENT BY LESLIE A. HOFFMAN, RN, PhD
In this study, most ETT had a substantial buildup of debris. With

a mean depth of 0.64 mm, this buildup was sufficient to, in essence,
reduce the internal diameter of the tube to the next smaller size (e.g.,
from 8.0 to 7.5), assuming an eccentric buildup. To determine if the
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buildup was eccentric or concentric, Glass et al exam-
ined five additional ETT, which they cut in a cross-sec-
tional manner. Of six cuts on each of five tubes (30
observations), only two observations in the same ETT
showed a concentric distribution. Thus, for the majority
of ETT, secretion buildup appeared to be eccentric.

The findings from this study have several important
clinical implications. Patients who are intubated for longer
intervals are typically more difficult to wean from
mechanical ventilation. Any factor that decreases airway
diameter will increase work of breathing, making wean-
ing more difficult. In this study, a longer duration of intu-
bation was associated with a greater buildup of debris.
When patients require suctioning, this debris and any bac-
teria it contains will be dislodged into the lungs, increas-
ing the risks of ventilator-associated pneumonia (VAP).

Numerous studies have examined potential risk fac-
tors for VAP, including oral colonization, gastric pH, and
adequate cuff pressures. Findings of this study suggest
that secretion buildup inside the ETT may be an addi-
tional risk factor. Early tracheotomy, if indicated, may
avert or minimize this problem, as a tracheostomy tube
is shorter and an inner cannula can be used if secretion

buildup is a concern. Since all patients in this study were
suctioned using a closed suctioning system, the findings
may not apply to patients suctioned with an open sys-
tem. Ventilator humidification temperature was main-
tained at 34.8 ± 1.04°C (range, 33-36°C), but no infor-
mation was provided regarding the type of system. The
number of suctioning episodes per day (6.98 ± 2.31) was
reported, but not the type of ETT. The methodology used
in this study is simple to replicate.

Further studies are indicated to assess risk factors for
secretion buildup and interventions to minimize this
problem. It would be interesting to examine ETT in
patients who extubate themselves, but do not require intu-
bation, to determine the extent of secretion buildup.   ❖

Is Pulse Oximetry Accurate
in Sickle Cell Disease?
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: As long as strong and regular photoplethys-
mographic waves are present, pulse oximetry is clinical-
ly accurate in patients with sickle cell disease.

Source: Ortiz FO, et al. Am J Respir Crit Care Med
1999;159:447-451.

In 17 adult patients with sickle cell disease (scd)
who were hospitalized with acute vasoocclusive crises,

Ortiz and colleagues compared 22 pulse oximetry readings
(SpO2) with oxygen tension and arterial oxyhemoglobin
saturation (SaO2, oxyhemoglobin divided by oxyhemoglo-
bin plus reduced hemoglobin), determined from simulta-
neously drawn arterial blood specimens. SpO2 readings
were accepted only when they were stable and character-
ized by strong and regular photoplethysmographic waves
on the oximeter screen. Ortiz et al also plotted arterial and
venous oxygen saturation against oxygen tension to pro-
duce oxyhemoglobin dissociation curves and p50, the satu-
ration at which half the hemoglobin was saturated.

All of the patients in this study were anemic (mean
hemoglobin level, 7 g/dL) and had mildly to moderately
elevated carboxyhemoglobin levels. Most of them were
hypoxemic. Their oxyhemoglobin curves were right-shift-
ed, with p50 values of 28-38 mmHg (normal, 27 mmHg).
Pulse oximetry generally overestimated FaO2Hb (the ratio
of oxyhemoglobin to total hemoglobin) by an average of
3.4 ± 3.4 percentage points. On the other hand, it general-
ly underestimated SaO2, on average by 1.1 ± 0.8 percent-
age points. The error in SpO2 was never of sufficient mag-
nitude to classify a hypoxemic patient erroneously as nor-
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moxemic, or a normoxemic patient erroneously as hypox-
emic. Ortiz et al conclude that, as long as strong and regu-
lar photoplethysmographic waves are present, pulse
oximeters can be relied on not to misdiagnose either
hypoxemia or normoxemia in patients with SCD.

■ COMMENT BY DAVID J. PIERSON, MD, FACP, FCCP
Patients with SCD may develop pulmonary infiltrates

and/or hypoxemia, both acutely during crises and on a
chronic basis. Because hypoxia facilitates sickling and
vasoocclusion, its prevention and detection when pre-
sent are important. Measurements of oxyhemoglobin
saturation may suggest hypoxemia even when the latter
is not present, since sickled red blood cells have a
strongly right-shifted oxyhemoglobin saturation curve.
Previous studies of SpO2 in SCD have yielded conflict-
ing results, reporting that the pulse oximeter gives read-
ings that are either correct, too high, or too low in this
condition. This carefully done study demonstrates that,
as long as a good signal can be obtained, pulse oximetry
is clinically accurate in patients with SCD, detecting sig-
nificant hypoxemia when present and avoiding falsely
diagnosing hypoxemia when it is absent.   ❖

Noninvasive Pressure
Support Ventilation
with PEEP in Acute
Pulmonary Edema
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Noninvasive pressure support ventilation
is a highly effective technique used to treat patients
with severe cardiogenic pulmonary edema from
rapidly reversible causes, particularly when they are
hypercapnic.

Sources: Hoffmann B, Welte T. Intensive Care Med
1999;25:15-20; Rusterholtz T, et al. Intensive Care Med
1999;25:21-28.

Two studies have been recently carried out
evaluating the use of noninvasive pressure support

ventilation (NIPSV) for severe respiratory insufficiency
due to acute cardiogenic pulmonary edema (ACPE).
Both studies showed that NIPSV was generally well tol-
erated and that its application was followed by a rapid
and significant improvement of pulse oximetry satura-
tion (SpO2) with progressive normalization of heart rate
and blood pressure.

Hoffmann and Welte enrolled 29 patients with con-
firmed ACPE. Underlying diseases were arterial hyper-
tension (n = 8), myocardial infarction (MI) (n = 5), mitral
valve insufficiency (n = 1), renal failure (n = 2), pneumo-
nia (n = 1), and left ventricular failure (n = 13) without
specification. All patients received oxygen, intravenous
furosemide, continuous infusion of nitroglycerine if the
systolic blood pressure was above 120 mmHg (n = 17),
or continuous infusion of catecholamines if mean blood
pressure was below 60 mmHg (n = 5). Inclusion criteria
were respiratory rate greater than 25 breaths per min, use
of accessory respiratory muscles and SpO2 below 85%
with at least 5 L/min supplemental oxygen requirement
or an observed decline in saturation of more than 10 per-
centage points during a 10-min period. NIPSV was
applied via a tight-fitting face mask delivering between
13-24 cm H2O (mean, 16.6 cm H2O) inspiratory airway
pressure and 2-8 cm H2O (mean, 5.5 cm H2O) expiratory
airway pressure. Changes of the main respiratory and cir-
culatory parameters within the first 30 min of NIPSV are
shown in the table.

Table

Effects of NIPSV in Acute Cardiogenic
Pulmonary Edema

Before NIPSV After 30 min

Pulse oximetry saturation (%) 73.8 ± 11 90.3 ± 4.0*

Venous pH 7.22 ± 0.1 7.29 ± 0.08**

Venous PCO2 (mmHg) 62 ± 18.5 48.1 ± 13.1**

Oxygen (L/min) 7.3 ± 3.7 5.1 ± 3.0*

Heart rate (b/min) 123.7 ± 26.1 110.2 ± 21.3*

Systolic blood pressure (mmHg) 145.7 ± 36.7 126 ± 22.1*

*p < 0.01 **p < 0.05

The mean duration of NIPSV in these patients was 6
h 9 min (range, 120 min to 16 h). Only one patient with
both pulmonary edema and pneumonia had to be intu-
bated because of an insufficient improvement of SpO2

with NIPSV.
In the second study, Rusterholtz and colleagues also

enrolled patients with ACPE who had been treated con-
ventionally with oxygen and diuretics without improve-
ment. Twenty-six consecutive patients were studied.
NIPSV was started with a pressure support of 20.5 ± 4.7
cm H2O and a PEEP of 3.5 ± 2.3 cm H2O. There was a
rapid general improvement of SpO2 in addition to a
reduction of respiratory rate and arterial blood pressure.
However, five out of 26 patients (21%) required intuba-
tion between 1 h 30 min and 17 h after admission. These
patients were intubated because of a subsequent
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decrease of SpO2 with exhaustion or associated with
shock and/or a decrease in their level of consciousness.
Rusterholtz et al compared the initial clinical parameters
of the group of patients who improved with NIPSV
(success group) with those who finally required intuba-
tion (failure group). The only differences between the
patient groups were in the arterial PCO2 and the number
of patients who had had an acute MI. Arterial PCO2 was
significantly higher in the success group than in the fail-
ure group (54.2 ± 15 vs 32 ± 2.1 mmHg; P < 0.001), and
the number of patients with acute MI was significantly
lower in the success group than in the failure group
(2/21 vs 4/5; P < 0.05). Rusterholtz et al also noted that
all patients with acute MI in the failure group died.

■ COMMENT BY FRANCISCO BAIGORRI, MD, PhD
Acute cardiogenic pulmonary edema is a frequent

cause of respiratory failure, and many patients with this
condition require endotracheal intubation and mechanical
ventilation. Mechanical ventilation can markedly improve
cardiovascular status while decreasing global oxygen
consumption, independent of any beneficial effects that
mechanical ventilation may have on gas exchange. These
effects of positive-pressure ventilation need not be con-
fined to patients whose tracheas are intubated. 

Continuous positive airway pressure (CPAP) has
been shown to be a form of noninvasive ventilatory
assistance useful as a method to improve oxygenation
and to avoid mechanical ventilation in patients with
ACPE (Bersten AD, et al. N Engl J Med 1991;
325:1825-1830; Lin M, et al. Chest 1995;107:1379-
1386). The results of the two present studies suggest that
NIPSV can also prevent endotracheal intubation in this
kind of patient. Moreover, there are data showing that
NIPSV may improve hemodynamic and physiological
respiratory parameters more rapidly than CPAP in
patients with ACPE (Mehta S, et al. Crit Care Med
1997;25:620-628). In practice, some ACPE patients
may have underlying chronic respiratory diseases and in
these patients NIPSV may be better than CPAP. Conse-
quently, it is not a matter of what modality is best for use
in ACPE patients. Actually, both modalities should be
considered as complementary in clinical practice when
we should treat patients with the clinical characteristics
described by Hoffmann and Welte.

It would seem appropriate to start noninvasive venti-
latory assistance with NIPSV, adjusting pressure levels
to improve patient comfort, minimizing inspiratory
efforts, and avoiding relevant leakage. In this manner,
some patients can move from NIPSV to CPAP and oth-
ers can move from CPAP to NIPSV when the clinical
condition evolves. However, the intriguing observation

of Rusterholtz et al regarding patients with acute MI
raises an important doubt about the use of NIPSV in
patients with ACPE due to MI. A previous study com-
paring NIPSV vs. CPAP in ACPE patients (Mehta S, et
al. Crit Care Med 1997;25:620-628) also reported a high
proportion of MIs in the NIPSV group (71%) compared
to the CPAP group (31%). Unfortunately, there was no
clear explanation of whether MI was present at admis-
sion or occurred during the study. Why NIPSV rather
than CPAP might be harmful to patients with coronary
heart disease is unclear to me.   ❖

Sedating Children
in an Adult ICU
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Over a 10-year period, 295 procedures were
performed in 127 children using the monitoring and
clinical management resources of an adult ICU. Seda-
tion using intravenous midazolam and ketamine
administered by an adult intensivist resulted in a 3%
complication rate and no deaths.

Source: Slonim AD, Ognibene FP. Crit Care Med
1998;26:1900-1904.

Slonim and ognibene report their experience of
providing a sedation service in an adult ICU for chil-

dren with cancer undergoing painful or frightening proce-
dures. They used intravenous midazolam and ketamine for
295 procedures performed in 127 children over a 10-year
period. Ketamine was chosen for its analgesic and amnes-
tic effects and the fact that airway reflexes are preserved at
sedative levels. Midazolam reduces the frequency of dys-
phoric reactions to the ketamine. The sedation team con-
sisted of a senior adult intensivist, an ICU nurse, and a crit-
ical care fellow. The clinician performing the procedure
was not part of the sedation team. Complications were
identified from notes in the medical record. Data for this
study were collected retrospectively by chart review.

Children were kept nothing by mouth (NPO) for six
hours prior to the procedure, all had an intravenous line in
place, and all were monitored with continuous ECG and
pulse oximetry, and intermittent blood pressure determi-
nations. Oxygen was provided by flowby in all patients.
The average age of the patients was 7.7 years, with a
range of 1-18 years. Procedures included bone marrow
aspiration (43%), lumbar puncture (27%), bone biopsy
(13%), and central venous line placement (9%). Ketamine
dose was 2.0 ± 1.1 mg/kg, with one patient receiving 10
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mg/kg. Midazolam dose was 0.05 ± 0.06 mg/kg. The
average duration of the procedure was 144 ± 95 min.

Nine patients experienced complications attributable
to sedation (3%). These included wheezing requiring
treatment in a 2-year-old; two cutaneous rashes; pro-
longed oxygen desaturation in one child; hypotension
requiring volume resuscitation; hypertension and tachy-
cardia (two patients); and emergence reaction (two
patients). The procedure was prolonged in the children
experiencing a complication (264 ± 98 min), mostly due
to a longer monitoring period following the complica-
tion. No patient was believed to have significant, persis-
tent morbidity from any complication.

■ COMMENT BY CHARLES G. DURBIN, Jr., MD, FCCM
The significance of this paper is several-fold: the

demand for sedation and anesthesia outside the operating
room is expanding, and anesthesiologists will probably not
routinely be available to provide it due to a growing
national shortage. Using ICU space and personnel may be
a viable alternative to taking the patient to the operating
room. While the use of ketamine and midazolam was the
thrust of this paper, the important issue of the qualifica-
tions of the person performing sedation was incompletely
discussed. An adult intensivist has many important skills,
such as monitoring gas exchange and vital signs. However,
airway management and intubation of the child requires
additional experience. Although none of the children in
this series appeared to require intubation, if this were to
occur, a system to provide this level of skill must be avail-
able. This problem could be addressed by having an agree-
ment with the operating room to provide backup.

Was the outcome of sedation in this group as good as
Slonim and Ognibene suggest? What is not reported is
how many children were unable to be adequately sedat-
ed to be able to perform the required procedure. No fol-
low-up visits were reported to assess the patients’ and
their parents’ satisfaction with the sedation. Prolonged
and delayed reactions to ketamine are frequent. A 3%
complication rate seems high, although most complica-
tions were minor. The two respiratory complications—
wheezing and prolonged desaturation—could have been
unrecognized aspiration. The consequence of limiting
the choice to sedation without an airway rather than
including the option of general anesthesia with endotra-
cheal intubation always includes the risk of pulmonary
aspiration during the procedure. A 1% incidence of aspi-
ration during an elective procedure is unacceptable.

The complication rate reported in this study proba-
bly underestimates the actual frequency of problems.
Since it was a retrospective chart review, only those
occurrences that reached a high level of concern

would have been written down. No continuous
records were kept and there was no requirement for
reporting specific events, such as airway obstruction
or desaturation.

This paper correctly stresses the important point that
the person sedating and monitoring the patient cannot be
the person performing the procedure. The model sug-
gested by Slonim and Ognibene involves three additional
individuals: an ICU attending, a critical care fellow, and
an ICU nurse. If all three individuals provide continuous
attendance to the patient, this is an expensive model to
adopt. I suspect that the nurse and the critical care fellow
stayed at the child’s side while the ICU attending partici-
pated at the start and end of the procedure and was avail-
able in close proximity at other times. This model for
sedation and anesthesia should not be considered a less
expensive alternative to having an anesthesiologist pro-
vide care, although using an ICU location rather than the
operating room may generate institutional savings. Other
models for sedation of adults or children might include
an experienced respiratory therapist and a nurse instead
of the intensivist. The importance of this paper is to stim-
ulate ICUs and hospitals to look at underused resources
to improve care to poorly or underserved patients in the
hospital system.   ❖

Special Feature

Special Feature
Preventing IV
Catheter-Related
Bloodstream Infection
By Jun Takezawa, MD

Approximately 3 million central venous
catheters (CVC) are inserted annually in the United

States, and an average of 5% of them (150,000 cases)
are associated with catheter-related bloodstream infec-
tion (CR-BSI).1 Most nosocomial BSIs are related to the
use of intravascular devices. CVCs account for an esti-
mated 90% of all CR-BSIs, 45% of which occur in criti-
cal care settings.

CR-BSIs are associated with an increased mortality
of 10-20%, prolonged hospital length of stay (mean of
7 days), and increased medical costs in excess of
$6000 per hospitalization.2 To foster the prevention of
CR-BSI, the Centers for Disease Control and Preven-
tion (CDC) guideline for CVC management was
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developed by the CDC’s Hospital Infection Control
Practices Advisory Committee (HICPAC).2 An
overview of the content of this guideline is as follows.
The organisms most frequently associated with CR-
BSI are four pathogens—coagulase-negative staphylo-
cocci, particularly Staphylococcus epidermidis; Can-
dida species; enterococci; and Staphylococcus aureus.
Among them, BSI caused by vancomycin-resistant
enterococci (VRE) have significantly increased and
require special attention in terms of drug-resistant
nosocomial infection.

Laboratory Test for Diagnosis
of Catheter Colonization

Most CR-BSI results from migration of skin organ-
isms at the insertion site into the cutaneous catheter
tract, leading to colonization of the catheter tip. Contam-
ination of the catheter hub is also responsible for intralu-
minal colonization. (See Figure.)

The semiquantitative roll-plate culture method is
most widely used for the diagnosis of catheter colo-
nization. In this technique, the catheter segment after
removal is rolled across the surface of an agar plate,
and growth of 15 CFU or more from a proximal or dis-
tal catheter segment is considered to be indicative of
catheter colonization. The most sensitive method for
the diagnosis of colonization is the quantitative culture.
Here, the catheter segment is flushed and immersed in
broth or placed in broth and sonicated. Growth of 103
CFU or more from a catheter by quantitative culture is
indicative of catheter colonization. Sonication releases
microorganisms from both the luminal and external

surfaces of the catheter and may be most sensitive for
diagnosis of catheter colonization.

Definition of CR-BSI
The CR-BSI is defined as the isolation of the same

organism in terms of identical antimicrobial susceptibili-
ty and/or DNA fingerprint patterns from the colonized
catheter and from the peripheral blood in a patient with
clinical manifestations of sepsis and no other apparent
source of bloodstream infection.2

Strategy for Prevention of BSI
The following factors should be taken into account in

preventing CR-BSI:
1. Strict handwashing and aseptic technique are

required in inserting a catheter.
2. A risk of site infection increases as follows: femoral

veins > jugular veins > subclavian veins.
3. Teflon and polyurethane catheters are associated

with less incidence of CR-BSI than those made of
polyvinyl chloride and polyethylene.

4. Routine and scheduled replacement of CVC and
infusion sets does not reduce catheter colonization
or CR-BSI.

5. Stopcock contamination ranges between 45-50%,
and a closed-needle (connecting) port significantly
reduces contamination.

6. The effect of transparent dressing on prevention of
CR-BSI has been contradictory. However, meta-
analysis revealed that CVCs with transparent dressing
had a significantly higher incidence of catheter-tip
colonization, but no significant increase in CR-BSI.

7. The routine use of inline filter may increase cost,
personnel time, and possible infection.

8. The effect of prophylactic antimicrobial administra-
tion, either systemically or by continuous low-dose
administration through the CVC line, is inconclusive.

9. Two percent aqueous chlorhexidine, which is supe-
rior to either 10% povidone-iodine or 70% alcohol,
should be used for skin preparation before CVC
insertion.

10. Although the application of antimicrobial ointments
such as mupirocin to the catheter site during routine
dressing changes has been used, the use has not
been demonstrated.

Antimicrobial- or Antiseptic-
Impregnated Catheters?

Recently, the effect of antimicrobial or antiseptic-
impregnated catheters on the reduction of bacterial
colonization on the CVC catheter, as well as subse-
quent CR-BSI, has been evaluated. Kamel and col-
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Figure

Potential Sources for Contamination
of Intravascular Devices

Source: Pearson ML. Am J Infect Control 1996;24:262-277.



leagues conducted a randomized control trial (RCT)
on catheters coated with cephazolin (CEZ) and
reported that CVC coated with CEZ reduced the risk
of catheter-related colonization.3 Pemberton and
associates conducted a prospective randomized trial
evaluating the efficacy of CVC with a surface coating
of chlorhexidine and silver sulfadiazine (CCS).4 The
control group (40 patients) received a standard CVC
and the treatment group (32 patients) received a CVC
with a coating of chlorhexidine and silver sulfadi-
azine (CCS). There was no significant difference in
the incidence of site infection and CR-BSI between
the groups.

Tennenberg and associates5 reported another RCT
on CCS. The CCS group (137 patients) had a signifi-
cantly decreased rate of catheter site colonization in
comparison with the standard group (145 patients),
with incidences of 49% and 28%, respectively. CR-BSI
was less in the CCS group than the standard CVC
group (3.8% vs 6.4%, respectively); however, this dif-
ference was not significant. Tennenberg et al speculat-
ed that these negative results were due to a relatively
greater importance of catheter hub contamination
rather than catheter site infection, or alternatively to the
short duration of catheterization (5.2 days).

Maki and colleagues6 reported an additional RCT
in the blinded fashion on prevention of BSI by CCS.
Catheter colonization was found in 47 CVCs (triple-
lumen 16-G polyurethane catheter) in the control
group (n = 195) as compared with 25 CVCs (out of
208) in the treatment group. Relative risk (RR) of
catheter colonization for CCS was 0.56 (95% CI
0.36-0.86). The CR-BSI was identified in nine and
two catheters in the control and treatment groups,
respectively, and RR of BSI for CCS was 0.21 (95%
CI 0.03-0.95).

Heard and associates7 also reported a similar RCT,
with a similar result. Patients were divided into two
groups and received either a standard CVC or a CCS.
Although the catheter colonization rate was significantly
less in the CCS group, no significant difference was
found in the incidence of CR-BSI in the two groups.

Raad and colleagues,8 in a blinded RCT carried out at
five university-based medical centers, evaluated the effica-
cy of CVC coated with minocycline and rifampin (CMR).
One hundred fifty-one catheters were used as controls, and
147 catheters coated with minocycline and rifampin was
used for the treatment group. Colonization occurred in 36
uncoated catheters and 11 in CMR (P < 0.001). CR-BSI
occurred in seven patients in the control group and no CR-
BSI occurred in the treatment group (P < 0.05).

The latest RCT comparing the efficacy of prevention

of both catheter colonization and BSI between the CCS
and CMR was reported by Darouiche and associates.9

This study was an open trial at 12 university-affiliated
hospitals. The patients in whom CVC were expected to
be placed for more than three days were randomized to
receive either CCS (n = 382) or CMR (356). In this large-
scale study, catheter colonization was significantly less
(P < 0.001) in the CMR group (28 vs 87, CCS vs CMR,
respectively). The incidence of BSI was also less (P <
0.002) in the CMR group (13 vs 28, CMR vs CCS,
respectively). Although this study looks promising for
routine use of antibiotic-impregnated catheters in ICU
settings, several concerns are present. The manufacturer
that developed CMR also funded the study, and the
patents of the CMR belong to some of the authors of the
current paper. Additionally, the study was carried out as
an open trial. Thus, it is quite difficult to eliminate
Darouiche et al’s bias confounding the result of the study.
It is strongly recommended to conduct another blinded
RCT to confirm this result.

According to the recent statement of Durbin,10 the
cost of a conventional CVC is about $20. Additional
costs for CMR and CCS were $66 and $50, respectively.
It is also recommended to evaluate the overall hospital
cost in taking both additional costs due to the nosocomi-
al CR-BSI and the excessive cost of newer antimicro-
bial- or antiseptic-impregnated catheters into account.

Summary
In summary, antimicrobial- or antiseptic-impregnated

catheters look promising in preventing CR-BSI in criti-
cal care settings. However, further study is needed to
confirm their efficacy using a cost-benefit analysis. Even
in the absence of such further investigations, however,
CVC management should be strictly observed following
the CDC guideline.2 This should be especially empha-
sized because actual practice of intravascular site care
varied significantly among hospitals and between units
in a given same hospital.11 ❖
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CME Questions
11. The extent of buildup of debris in endotracheal tubes was relat-

ed to:
a. size of the endotracheal tube.
b. duration of intubation.
c. number of suctioning passes.
d. volume and tenacity of secretions.
e. All of the above

12. When endotracheal tubes were examined, debris was found:
a. at the proximal end.
b. at the distal end.
c. at the greater and lesser curvature.
d. throughout the entire length of the tube.
e. between 6-9 cm and 16-19 cm from the distal end.

13. In patients with sickle cell disease:
a. the oxyhemoglobin curve is shifted to the left.
b. p50 is lower than normal.
c. erythrocyte sickling is facilitated by hypoxemia.
d. pulse oximetry usually gives readings that are falsely low.
e. All of the above

14. Pulse oximetry in patients with sickle cell disease:
a. does not correlate with arterial blood gases.
b. accurately detects hypoxemia when present but falsely classifies

normoxemic patients as hypoxemic 20% of the time.
c. misses hypoxemia when present 20% of the time.
d. may be inaccurate if strong and regular photoplethysmographic

waves are not present.
e. None of the above

15. Noninvasive pressure support ventilation in patients with acute
cardiogenic pulmonary edema:
a. does not improve hemodynamic or physiological respiratory

parameters.
b. causes a late improvement of physiological respiratory parame-

ters but does not prevent endotracheal intubation.
c. causes a rapid improvement of hemodynamic and physiological

respiratory parameters avoiding endotracheal intubation in most
of these patients.

d. rapidly worsens hemodynamic and physiological respiratory
parameters.

e. causes a rapid improvement of hemodynamic and physio-
logical respiratory parameters but does not prevent endo-
tracheal intubation.

16. The use of noninvasive pressure support ventilation for severe
respiratory insufficiency due to pulmonary edema seems to be
more useful:
a. in patients with acute myocardial infarction.
b. in patients who are hypercapnic.
c. in hypoxemic nonhypercapnic patients.
d. in patients without hypoxemia.
e. in patients with shock.

17. Ketamine is an excellent drug:
a. for intubating children in respiratory failure.
b. for sedating children for painful procedures.
c. to restore circulation following cardiac arrest.
d. to prevent withdrawal in crack cocaine abusers.
e. to achieve muscle relaxation during general anesthesia.

18. An advantage of using an adult ICU to sedate children is:
a. reduced cost in personnel compared to the ward.
b. lower complication rate compared to the OR.
c. the availability of an anesthesiologist.
d. the presence of monitors and experienced personnel.
e. to avoid creating more beds in the pediatric ICU.

19. With respect to intravascular device-related infection:
a. hand washing does not reduce the incidence of BSI.
b. scheduled replacement of CVC reduces the incidence of BSI.
c. the transparent dressing reduces the incidence of BSI.
d. antimicrobial-impregnated CVC reduces the incidence of BSI.
e. the inline filter reduced the incidence of BSI.

20. Which of the following is recommended by the CDC to prevent
IV catheter-related intravascular infections?
a. Use of strict handwashing and aseptic technique on insertion
b. Routine use of inline filters
c. Routine use of topical mupirocin ointment at catheter insertion

sites
d. Routine administration of systemic antibiotics as prophylaxis
e. Routine and scheduled replacement of all central venous

catheters.
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