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Summary

Ventilator-associated pneumonia has attracted considerable interest as a subject of clinical efficacy
assessment research. This article summarizes recommendations made by the United States Public
Health Service Panel on Cost-Effectiveness in Health and Medicine and by a panel convened by the
American Thoracic Society to address economic analyses in critical care. The following recommen-
dations are made for the performance of cost-efficacy studies in ventilator-associated pneumonia.
For mortality-based studies, only data from prospective and blinded randomized trials are suitable
for analysis. For cost-minimization studies, observational studies may be useful but should use
rigorous matching schemes. Estimates for the quality of life of patients surviving an episode of
ventilator-associated pneumonia should be based on the disease that required mechanical ventila-
tion or compared to data available for survivors of the respiratory distress syndrome, whichever
diagnosis provides a lessened quality of life. Within an individual intensive care unit the greatest
cost savings come from constructing a cohesive and unified approach to many issues seen in the
unit. Key words: ventilator-associated pneumonia, cost-effectiveness, quality-adjusted life year, QALY.
[Respir Care 2005;50(7):956–963. © 2005 Daedalus Enterprises]

Introduction

There is little doubt that ventilator-associated pneumo-
nia (VAP), pulmonary infection complicating mechanical
ventilation, is a major problem in critical care and a major

cost item. Most physicians take an aggressive therapeutic
approach to suspected infection because of a widely held
belief that infection-related morbidity and mortality can be
reduced by early empiric antimicrobial therapy. Under cur-
rent algorithms requiring expensive and extraordinarily
broad-spectrum therapy for many patients suspected of
having VAP, a large number of patients are treated for
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VAP with little evidence that they indeed have the disease.
This approach has, however, become a driving force in the
evolution of multiresistant bacterial pathogens in the in-
tensive care unit (ICU).1 These organisms themselves have
become an important cause of morbidity and mortality,
and the suggestion has even been made that survival from
ICU residence would improve if VAP were not treated.2

Because of these issues, VAP has attracted considerable
interest as a subject of clinical efficacy assessment re-
search. Assessment of cost efficacy for VAP is, nonethe-
less, a difficult task. The problems relate to center-by-
center variations in criteria for (1) diagnosis, (2)
microbiologic techniques for organism identification
(highly specific bronchoalveolar lavage [BAL] vs endo-
tracheal aspirate), (3) agents selected for empiric therapy,
and (4) criteria for terminating treatment. Subspecialty crit-
ical care units (surgical vs medical vs pulmonary vs car-
diac) see patients with marked differences in well known
risk factors for adverse outcome, including age, background
disease, severity, and immune status.

Furthermore, data on the effectiveness of ICU interven-
tions are often lacking; ICU patients are complex, with
multiple concurrent problems and interventions; most ICU
therapies are only supportive and therefore may not indi-
vidually result in improved outcome expressed as survival;
and accurate cost data are not commonly available. A truly
major hurdle is that typical outcomes measures in ICU
studies (eg, short-term mortality) are not ideal for cost-

effectiveness analyses, while preferred outcomes for cost-
effectiveness analyses (eg, long-term quality-adjusted sur-
vival) are rarely collected.

In 1996 the United States Public Health Service Panel
on Cost-Effectiveness in Health and Medicine published
guidelines for the conduct and reporting of economic anal-
yses.3–6 The American Thoracic Society convened a panel
to address economic analyses in critical care. The goals
were to interpret the Panel’s guidelines in the context of
caring for critically ill patients, to recommend a standard-
ized approach to the conduct and interpretation of cost-
effectiveness analyses in critical care, and to highlight
areas for future research.7 The report endorsed use of the
guidelines for critical care.

This article will summarize the material presented in
those 2 sets of documents. Finally, recommendations will
be made regarding the conduct of such studies, with par-
ticular regard to VAP and mechanisms for application of
these data to the ICU environment.

Types of Economic Analyses

There are 4 types of economic analyses used to compare
alternative technologies: cost minimization, cost/benefit,
cost-effectiveness, and cost/utility (Table 1). Each com-
pares the costs and clinical outcomes associated with al-
ternative interventions, but each uses a different approach
to measure the effects. Cost minimization is often used as

Table 1. Types of Cost-Efficacy Analyses

Study Study Type Numerator Denominator Examples Comment

Singh et al8 Cost minimization Dollars None Antibiotic therapy for intensive-care
patients at low risk of nosocomial
pneumonia. Drug acquisition
costs for a 3-day course of
ciprofloxin are $9,520 more than
costs for unregulated antibiotic
prescription.

No estimate of consequences
on other health care
elements. Clinical
outcomes are assumed to
be equivalent.

Bootman et al9,10 Cost/benefit Dollars Dollars Aminoglycoside dose-monitoring
program for burn patients with
Gram-negative sepsis. Program
led to $8.70 savings per dollar
spent.

All costs and effects are
expressed in monetary
units. Converting clinical
effects, such as lives lost
or gained, into dollar
amounts is controversial.

Mark et al11 Cost-effectiveness Dollars Clinical measure
of effectiveness
(lives saved)

Thrombolysis for acute myocardial
infarction. Tissue plasminogen
activator costs an additional
$32,678 per additional life saved,
compared to streptokinase.

It is not clear whether “lives
saved” are equivalent to
other lives saved in other
settings and other
diseases.

Stal et al12 Cost/utility Dollars QALYs Prophylaxis against esophageal
strictures. Omeprazole costs
$49,600 more per additional
QALY, compared to ranitidine.

Cost per QALY allows
comparison with other
therapies in other diseases.

QALY � quality-adjusted life year (Adapted from Reference 7.)
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the basis for decisions in the ICU. It assumes each technology
is equally effective and identifies the option associated with
least cost.8 Cost/benefit measures costs and consequences in
the same units (eg, expresses a life saved as a monetary gain),
is difficult to conduct, and is now rarely used. Cost-effective-
ness and cost/utility analyses are the preferred approaches to
evaluate medical care technologies today. A cost-effective-
ness analysis produces a ratio, such as the cost per year of life
gained, where the denominator reflects the gain in health
from a specific intervention (eg, life years gained, number of
additional survivors, or number of pneumonias averted) and
the numerator reflects the cost in dollars of obtaining that
gain. Cost/utility is a type of cost-effectiveness analysis, where
effects are expressed as utilities, such as quality-adjusted sur-
vival, facilitating comparisons across different diseases and
interventions (eg, quality-adjusted life years [QALYs]). Cost-
effectiveness analysis refers to both cost-effectiveness and
cost/utility analyses.

What Is a Reasonable Price for a QALY?

A central issue in any analysis becomes previous expe-
rience with other interventions and the cost/QALY. This
provides some sense of acceptable boundaries. Tables 1
and 2 provide data from representative cost-effectiveness
analyses across different areas.13–15 If one looks at the
intervention and its consequences, and recognizes that it
seems appropriate, most analyses come in between $25,000
and $50,000 United States dollars. Above that, acute care
interventions are not widely supported.

Standardization of Reporting Across Different
Cost-Effectiveness Analyses

One key contribution of the Public Health Service Panel
on Cost-Effectiveness in Health and Medicine was to rec-
ommend that future cost-effectiveness analyses at a min-
imum produce a reference case, where the cost-effective-
ness ratio is generated by a standardized approach to
important elements of the analysis, including the perspec-
tive chosen, the determination of costs and effects, the
study time horizon, and the assessment of uncertainty and
sensitivity analyses. This standardized approach facilitates
comparability among cost-effectiveness analyses. For ex-
ample, by comparing the reference cases from different
cost-effectiveness analyses, one can make inferences about
whether one therapy for one disease has a better or worse
cost-effectiveness ratio than another therapy used in an-
other field of medicine.

Problems With Available Data
on Outcomes From VAP

Because the purpose of a cost-effectiveness analysis is
to provide insight into the cost incurred per effect gained,

a lack of evidence regarding effect diminishes the value of
a cost-effectiveness analysis. ICU outcome measurements
are often physiological variables (eg, arterial oxygenation
or cardiac ejection fraction), which are types of outcomes
that are not well suited for efficacy analyses. Furthermore,
ICU care is often supportive rather than curative. The
goals of many ICU interventions are to stabilize and sup-
port patients (eg, mechanical ventilation), rather than to
cure or improve an underlying condition. In such instances,
isolating the clinical and economic consequences of indi-
vidual interventions can be difficult.

There are other confounding variables. ICU interven-
tions are often applied to heterogeneous patient popula-
tions with different underlying comorbidities and proba-
bilities of survival. ICU patients can also develop
complications, which themselves have multisystem mani-
festations. Determining the effect of a particular therapy in
such situations is difficult, complicating both clinical trials
and cost-effectiveness analyses.

In regards to VAP, making a definitive diagnosis of VAP
is often quite difficult. While many believe that quantitative
cultures of BAL or brush specimens provide a high degree of
diagnostic certainty, this remains an area of great contro-
versy. The diagnostic picture is confusing because the disease
states requiring mechanical ventilation typically are associ-
ated with abnormalities of plain chest radiographs, an impre-
cise if commonly used indicator of pulmonary infection.16

Patients at risk for such infections typically have multiple
reasons for fever and leukocytosis, including extra-pulmo-
nary infection, and noninfectious diseases that elicit an in-
flammatory response, such as major trauma, pancreatitis, or
thrombophlebitis. Mechanical ventilation by itself is now rec-
ognized as an inducer of intra-pulmonary inflammation.17

The Case for Careful Matching in Case-Controlled
(Observational or Record Review) Studies

It becomes apparent that the technique of “matched”
case control studies to determine attributable mortality re-
sults in highly variable control groups from study to study,
and may substantially overestimate the effect of an acute
event such as VAP. The problem becomes even more
complicated because the degree of acute physiologic de-
rangement varies greatly across patient populations at risk
for VAP (eg, trauma/surgical ICU patients vs medical ICU
patients). Finally, most studies have utilized data from
single centers and have therefore introduced both recog-
nized and unrecognized unit-specific and hospital-specific
determinants into their findings and conclusions. There is
considerable variation from center to center in such im-
portant variables as the affected patient population, diag-
nostic strategies employed, causative organisms, and ther-
apeutic approaches. These issues may well preclude
translating conclusions from one study into clinical prac-
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tice at another facility. This is not for lack of trying. Hey-
land et al screened 4,167 papers manually and � 450
abstracts and titles in a computer search.18 One hundred
fifty-one papers were retrieved for further evaluation; 29
papers met their inclusion criteria. Of these 29 papers,
only 14 (48%) adequately described competing health-
care interventions, 17 (59%) provided sufficient evidence
of clinical efficacy, 6 (21%) identified, measured, and val-
uated costs appropriately, and 3 (10%) performed a sen-
sitivity analysis. None of the papers met all 4 of these
criteria for a minimum level of methodologic soundness.
Four (14%) of 29 studies that adequately dealt with issues
of cost and efficacy were evaluated using our generaliz-
ability criteria.19–22 Different costing methods precluded
the application of the results of 3 of the 4 studies to their
intensive care unit.12,18

Can Mortality Be Used As an End Point for Cost
Efficacy Analysis of Treatments for VAP?

It is difficult, if indeed not impossible, to define the impact
of an episode of VAP on mortality from intensive care. It
therefore follows that it is equally difficult to identify an
improvement in mortality with a specific therapy. The rea-
sons for this have to do with the intertwining of variables
predicting risk of death and also risk of developing VAP.
Patients who die in the ICU typically do so after a protracted
illness and with progressive organ failure. Such patients have
often suffered prior infection, and it is not obvious whether
infection accompanies or causes death. The standard approach
to this problem is to attempt to define an “attributable” mor-
tality figure. This is arrived at by comparing a cohort of
patients diagnosed as having (in this case) VAP, and then
comparing their outcomes to those of other patients matched
in various and varying ways from the same historical cohort.
Diverse study designs, modest sample sizes, and different
definitions of VAP have made interpretation of this literature
challenging.

The central issue is what criteria for matching patients are
used in a given study. Typically, these include age, sex, di-
agnosis, and duration of hospitalization. In many studies, pa-
tients are not, however, matched for such key issues as du-
ration of mechanical ventilation or antecedent infection and
antimicrobial treatment. In some cases, matching does not
even include residence in the intensive care unit.

The Canadian Critical Care Study Group performed a
careful study of attributable mortality in VAP.23 They an-
alyzed case records from a multicenter trial examining the
effect of ranitidine versus sucralfate on the incidence of
VAP.24 These therapies had no effect, so the patient pop-
ulations were pooled. Of 1,014 patients, 250 (24.7%) de-
veloped clinically suspected VAP. Of these, 186 (74.4%)
underwent bronchoscopy and had a specimen collected
with protected-specimen-brush technique or underwent

BAL. After a review of pertinent patient data by an expert
panel, 177 patients were judged to have VAP. The median
duration from admission to the onset of VAP was 7 days.

To determine attributable mortality and length of stay, 10
criteria were used to determine the best match for a case. This
will be described in some detail because it is an outstanding
model of how case-matched studies should be performed. It
is important to note that all observational studies are effec-
tively case-matched studies. A control had to match a patient
in 4 of the following 6 criteria to be considered a possible
match: mortality status, medical/surgical status, time in ICU
prior to the development of VAP, duration of mechanical
ventilation prior to VAP, day-1 Acute Physiology and Chronic
Health Evaluation (APACHE II) score (�4 points), and mul-
tiple organ dysfunction (MOD) score on the day prior to
development of VAP (�3 points).

For each possible matched control, the remaining 4 cri-
teria were weighted with regard to their importance in
influencing outcome: (1) ICU admitting diagnosis: 8 points;
(2) age �15 years: 4 points; (3) center at which treated: 2
points; and (4) gender: 1 point. The overall score was the
sum of the points for which the control matched the char-
acteristics of the case. Among the potential control sub-
jects who met the “must match” criteria, the subject with
the highest score was matched to the case. Thus, if one
potential control subject had the same admission diagnosis
as a case (8 points) and another matched the case on all the
less important criteria (a total of 7 points), the control
subject matching by admission diagnosis status had the
higher score. In the case of a tie, the control subject with
the closest APACHE II score was chosen. If there was still
a tie, the control closest in age to the case was chosen.

Of 1,014 patients, 250 (24.7%) developed clinically sus-
pected VAP. Of these, 186 (74.4%) underwent bronchos-
copy and had a specimen collected with the protected-
brush-catheter technique or underwent BAL. After a review
of pertinent patient data, 177 patients were judged to have
VAP. The median duration from admission to the onset of
VAP was 7 days.

Pertinent outcomes data are presented in Table 2, and they
demonstrate an absence of attributable mortality in either
medical or surgical ICU populations. There was a significant
increase in length of stay for medical patients with infection,
but not for a smaller cohort of surgical patients.

The findings of that study were supported by an analysis
of a large United States multi-hospital database.25 The
MediQual-Profile database contains information on ap-
proximately 750,000 in-patient admissions annually, to
more than 100 United States acute-care hospitals. Of 9,080
patients meeting study entry criteria, VAP developed in
842 patients (9.3%). Patients with VAP were matched with
2,243 control subjects without VAP. Hospital mortality
did not differ significantly between cases and matched
control subjects (30.5% vs 30.4%). Nevertheless, patients

COST-EFFECTIVENESS ISSUES IN VENTILATOR-ASSOCIATED PNEUMONIA

960 RESPIRATORY CARE • JULY 2005 VOL 50 NO 7



with VAP had a significantly longer duration of mechan-
ical ventilation (14.3 � 15.5 d vs 4.7 � 7.0 d), ICU stay
(11.7 � 11.0 d vs 5.6 � 6.1 d), and hospital stay (25.5 �
22.8 d vs 14.0 � 14.6 d). Development of VAP was also
associated with an increase in mean hospital charges per
patient ($104,983 � $91,080 vs $63,689 � $75,030).

More likely, there is a mortality effect, but the statistical
techniques used may be insufficiently robust. In published
models that consider mortality and nosocomial infections
and the risks for both, each event—death and infection—
undergoes separate statistical analysis; infections are most
often treated as an adjustment factor or as a variable for
subgroup analyses.26–29 These studies have all used stan-
dard statistical analyses such as Cox or logistic regression
model fitting. However, the relationship between death in
the ICU and nosocomial infection acquired there is closely
linked, and many variables may be risk factors for both. It
is therefore difficult to evaluate the fraction of ICU mor-
tality rate that is attributable to nosocomial infections. These
questions can be addressed only by more complex mod-
eling that takes into account the various events of a pa-
tient’s ICU stay.30

An Example Study of Cost-Efficacy Analysis
for Respiratory Failure/Pneumonia in the ICU

Recently, Hamel et al reported a cost-effectiveness study
of aggressive ICU/ventilator care for patients with respi-
ratory failure and pneumonia. The patients were identified
from a multicenter study of outcomes, preferences, and
decision making for seriously ill adult patients.31

Using a prognostic model based on the entire phase I
SUPPORT (Study to Understand Prognoses and Prefer-
ences for Outcomes and Risks of Treatment) cohort of
4,301 patients, the authors estimated the probability of
surviving at least 2 months from the time of diagnosis with
acute respiratory failure for each patient. The model is
based on patient age, diagnoses, comorbid illnesses, and
11 physiologic variables.32 High-risk patients were defined
as those with � 50% probability of surviving at least 2
months, medium-risk patients as those with 51–70% prob-
ability of surviving at least 2 months, and low-risk patients
as those with � 70% probability of surviving at least 2
months. We also determined actual 2-month survival for
each of these 3 groups. The actual mortality curves for
these groups are provided in Figure 1.31

Patients were considered to have acute respiratory
failure if they required treatment in the intensive care
unit, had a diagnosis of pneumonia or acute respiratory
distress syndrome, and had an Acute Physiology and
Chronic Health Evaluation (APACHE II) score � 10.
Patients were not included if they also met the criteria
for severe congestive heart failure or severe chronic

obstructive pulmonary disease. The results of that anal-
ysis are presented in Table 3.31

For severely ill patients (1-year mortality � 90%), the cost
per QALY was $310,000. In 2-way sensitivity analyses that
varied year-1 health-care costs, annual health-care costs after
year 1, and annual mortality after year 1, values did not
exceed $50,000 per QALY for low-risk patients.

These authors found that ventilator support and aggres-
sive care are economically worthwhile for patients with
relatively good short-term prognoses (expected 2-month
survival � 50%). More than 70% of SUPPORT patients
with acute respiratory failure met this criterion, and the
incremental cost per QALY was between $29,000 and
$44,000 for these patients. However, for patients with less
than a 50% probability of surviving at least 2 months,
aggressive intervention cost more than $100,000 per
QALY, which does not compare favorably with other com-
monly used medical interventions.

For example, in 1998 dollars, coronary artery bypass
surgery rather than medical therapy for patients with left
main coronary artery disease cost about $9,500 per
QALY,33 medical therapy for severe hypertension cost
about $28,000 per QALY,34 and treatment with tissue plas-
minogen activator (t-PA) rather than streptokinase for myo-
cardial infarction cost about $39,000 per year of life saved.11

Fig. 1. Survival among low-risk patients (70% probability of sur-
viving 2 months), medium-risk patients (51–70% probability of sur-
viving 2 months), high-risk patients (� 50% probability of surviving
2 months), and patients with whom ventilator support was with-
held in anticipation of death (comfort care). The numbers of pa-
tients at risk at time 0 were 292 for the low-risk group, 385 for the
medium-risk group, 286 for the high-risk group, and 42 for the
comfort-care group. At year 2 the numbers at risk were 136 in the
low-risk group, 95 in the medium-risk group, and 36 in the high-
risk group. At year 4 the numbers at risk were 47 in the low-risk
group, 30 in the medium-risk group, and 11 in the low-risk group.
(From Reference 31, with permission.)
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Summary

Based on these studies, the following recommendations
can be made for the performance of cost efficacy studies in
VAP.

For mortality-based studies, only data from prospective
and blinded randomized trials is suitable for analysis. For
cost minimization studies, observational studies may be
useful but should use rigorous matching schemes similar
to those described by Heyland et al.23

Estimates for the quality of life of patients surviving an
episode of VAP should be based upon the disease that
required mechanical ventilation or compared to data avail-
able for survivors of the respiratory distress syndrome,
whichever diagnosis provides a lessened quality of life.

It is probable, in any case, that the greatest cost savings
will come from altering treatment strategies. It must also
be noted that cost-efficacy data in the ICU generally re-
quire a cohesive group with shared goals and agreed-upon
diagnostic and treatment strategies. Several cost-effective
measures may become ineffective if used in disparate ways
by different team members. Considerable focus should be
put on building a cohesive and unified approach to many
issues seen in the ICU.
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Discussion

Niederman: Joe, I agree with some
of your concerns about the literature,
but there have been some studies—
although not methodologically per-
fect—that looked at the timing of ap-
propriate therapy and concluded that
there is a time point when appropriate
therapy matters and a time point when
it doesn’t. That would imply that it
may make a difference whether you
do it, and when you do it.

The other thing that is inherently
problematic in this whole question is
that I think it’s virtually impossible to
study attributable mortality. I don’t
think that any of the designs can ad-
dress it appropriately, because what

you’re comparing is the mortality of
patients with pneumonia to those with-
out pneumonia, but you’re comparing
the mortality with pneumonia in pa-
tients given therapy. If you truly
wanted to know the attributable mor-
tality of pneumonia, it would be un-
ethical to ask the question, but the
question you really want to know is
whether a patient with pneumonia who
got no therapy had a higher mortality
than a patient without pneumonia. That
would tell you the natural history of
the disease.

So what we’re really looking at is
the excess mortality with therapy, and
ultimately if you came up with the
ideal therapy, there should be no at-
tributable mortality. This doesn’t mean

it’s not an important disease, and it
doesn’t mean it’s not cost-effective
and so forth to treat it. I think that
there are inherently, by design and by
necessity, limitations on how we are
ever going to address this issue.

Solomkin: I share your concerns that
defining attributable mortality with
commonly used statistical devices is
not possible. The larger issue, which
covers VAP and other infections, is to
understand the broader framework of
assessing efficacy in the ICU. I also
tried to define an intermediate ground
between not treating patients and the
position of very aggressive broad-
spectrum therapy, a therapeutic ap-
proach Dave Park outlined.
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One approach would be to do a study
where patients with relatively low
APACHE II score, of less than 10 or
less than 15, would not be started on
antimicrobial therapy until cultures are
available. For such a study, some out-
come other than mortality would be
needed, since there would be no at-
tributable mortality. One could use
time-to-recovery of some physiologic
variable. The question this study would
answer is not, does therapy help, but
rather, how quickly you need to give
it. The real driver of resistance in the
ICU, as has been mentioned many
times here, is that many people start
broad-spectrum therapy and then don’t
stop it. If it is demonstrated that the
best strategy is to not start therapy
until you know specifically what
you’re treating—

Niederman: I still have concerns
about defining attributable mortality
in the context in which it’s been de-
fined. I guess with the study design
you’ve talked about it would be really
tough to get anybody to agree to par-
ticipate through informed consent. If
you ask somebody, “Would you mind
if we don’t treat you, if we think you
have an infection, until we’re sure you
have an infection?” I don’t think peo-
ple would agree to that.

Solomkin: That’s a separate issue
that has to do with rapport with the
patient and your own belief in the im-
portance to that patient of not expos-
ing them to the serious problems of
unnecessary antimicrobial therapy.

Kollef: There actually have been
some trials where that has occurred.
They’ve not been published. One was
the daptomycin versus ceftriaxone trial
for community-acquired pneumonia.
One could argue that there were is-
sues in that whole study overall, but
that they showed a mortality differ-
ence favoring the comparators, as op-
posed to the intervention drug, which
was daptomycin. That study was never
published, but it would have been in-

teresting to try to do something like a
cost-effectiveness or attributable mor-
tality analysis based on it.

Solomkin: In what way did they do
this? They withheld therapy?

Kollef: It was daptomycin versus
ceftriaxone; it was a multi-national
study. They reported it to the FDA
[Food and Drug Administration], but
it’s one of those trials that has led to
registering studies through the New
England Journal of Medicine and other
journals, because there is an opportu-
nity to learn from them and we don’t
get that opportunity.

There was also a study done that
was looking at low-dose linezolid ver-
sus high-dose linezolid, 200 versus 600
mg twice a day, which was done at
the FDA’s request for VRE [vanco-
mycin-resistant enterococci] infec-
tions, which had a strong trend toward
a mortality difference, but that data
was never published. One could look
at meta-analyses of some of the ran-
domized trials of therapies where pa-
tients actually got inadequate treat-
ment in one arm versus the other, but
I guess sometimes that data is just not
available when these studies are done.
It’s hidden somewhere.

Solomkin: That’s an important point,
but I am not advocating that a study be
done where inadequate therapy be given
for the duration of the illness. There was
a very nice review by Rex et al,1 where
they tried to come up with a numerical
benefit of effective therapy. They ar-
gued that effective therapy gave a 70–
80% cure rate, while ineffective therapy
gave a 50–60% cure rate. So there are
a lot of factors, and you get to a certain
level—particularly, if you’re looking at
something like day-1 therapy versus
day-2orday-3 therapy—whereyousim-
ply may not be able to see a difference.
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Rello: I agree with you that severity
of illness is the most important prog-
nostic factor identified in epidemio-
logical studies. But VAP usually is
developing several days after intuba-
tion, particularly in episodes of late-
onset pneumonia developed after one
week of ICU admission. My question
is, should we control for severity of
illness at ICU admission or severity
of illness at pneumonia onset?

Solomkin: I think you need to do
both, because I think they predict sep-
arate events. One is the acute injury
itself, where the acute septic injury or
dramatic injury that brought them to
the ICU, and then the later APACHE
score, basically tell you the immedi-
ate physiologic consequences of the
infection that you’re acutely treating.
There are 2 prices that the host has
been asked to pay, which are sepa-
rately measured. So, ideally, what
you’d want to compare would be the
APACHE II admission score to the
unit and then the same APACHE II
score when they’re entered into a trial.

Chastre: But in doing that it is also
possible to over-control for confound-
ing factors. For example, using the se-
verity of the disease at time of infec-
tion, you can increase the severity of
the disease, and maybe the best solu-
tion would be to use the severity of
the disease 2 or 3 days before the on-
set of infection. Do you agree?

Solomkin: The subject that this dis-
cussion addresses is how to match pa-
tients in case-controlled trials. Yes,
and I think you can get to such a type
match. We did a matched study [un-
published data] using surgical ICU pa-
tients suspected of having VAP at iden-
tical APACHE II scores, and the only
difference was whether their protect-
ed-catheter lavage was positive or neg-
ative. There was absolutely no differ-
ence in outcomes.
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