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imely administration of empiric antibiotics that cover

the potential pathogen(s) in patients with severe infec-

tions remains the mainstay of successful treatment.
Over a decade of research indicates that when such treatment
is not timely, the patient’s outcomes, including hospital mor-
tality and length of stay (LOS), worsen significantly (1-9). In
the setting of sepsis specifically, the Surviving Sepsis Campaign
guideline recommends starting broad-spectrum coverage
within the first hour of recognition of severe sepsis or septic
shock (10). Despite this aggressive evidence-driven thresh-
old of 1 hour, the sepsis bundle liberalizes this timeframe to
3 hours. A review of actual prescribing practices in this area
suggests that fully one third of patients requiring aggressive
initial therapy are left without appropriate coverage beyond
even this 3-hour limit (11). This is a missed opportunity, given
the well-characterized relationship indicating that for every
hour’s delay in administration of appropriate antimicrobials,
there is a substantial penalty in patient mortality (12, 13). The
relationship between antibiotic treatment delay and hospital
resource use, however, has been less reliably characterized. In
the current issue of Critical Care Medicine, Dr. Zhang et al (14)
attempt to do just that.

In this single-center retrospective cohort study, the inves-
tigators hypothesized that time to appropriate antimicrobial
treatment in the setting of culture-positive severe sepsis and/or
septic shock would prolongboth ICU and hospital LOS. Despite
the shortcomings of this retrospective single-center project,
such as limited generalizability, the authors used appropriate
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enrollment and analytic techniques to address bias, misclassi-
fication, and confounding, all issues that can plague observa-
tional, and particularly retrospective, studies. In the end, the
authors reported a small increase in LOS of about 0.1 days per
each 1-hour delay in the administration of appropriate ther-
apy. In other words, waiting 6 hours to institute appropriate
antibiotic treatment following identification of severe sepsis or
septic shock increased LOS on average by more than half of
a_day. Notably, this estimate remained durable across several
sensitivity analyses.

It is true that this does not appear to be a particularly large
attributable increase in the LOS for each individual patient.
However, given that 30% of the patients in the study by Zhang
etal (14) received appropriate therapy 18 hours or longer after
the recognition of their sepsis, in aggregate this small indi-
vidual hourly delay can quickly add up to a gargantuan total.
In this cohort alone, one would estimate that the additional
days in the hospital associated with a delay in therapy totaled
over 600 days. Applying this estimate in turn to the national
burden of sepsis, estimated at 1 million annually in the United
States, with one third of cases subject to an over 3-hour delay
in therapy, would yield well over 99,000 extra days in the ICU
and the hospital each year. When looked at in aggregate, the
seemingly small individual impact of a delay in treatment is
astounding.

What are the barriers to eliminating or at least contracting
this delay in treatment? Because the pathway to inappropriate
selection of empiric coverage is at least partly through anti-
microbial resistance of organisms, a clinician who is unaware
of current local patterns of resistance lacks a crucial tool for
stratifying his/her patient’s risk of harboring a resistant organ-
ism (15). Complicating the situation further is the fact that
clinicians encounter both rare examples of resistance among
common organisms, such as carbapenem-resistant Enterobac-
teriaceae, and relatively uncommon organisms with very high
rates of resistant, such as Acinetobacter spp., where carbapenem
resistance is seen in over 60% of all isolates. Because both cases
represent a rare event, a clinician is less likely to cover these
organisms empirically. The fact that Zhang et al (14) identi-
fied Candida albicans infection, a relatively infrequent cause of
sepsis, to have the longest delay in treatment is consistent with
this observation.

Despite these significant barriers to reducing the harm due
to delays in appropriate antibiotic coverage, there are poten-
tial strategies that can be applied. Sepsis bundles represent one
way to assure that no important and timely therapies are for-
gotten. Knowing local organisms and their resistance patterns
can go a long way to tailoring empiric sepsis therapies. Beyond
that, several instruments have been developed to aid in clini-
cal identification of patients at high risk for resistant patho-
gens (16, 17). Although none is perfect, each may be of help in
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reducing the burden of treatment delay. Although molecular
diagnostics have held promise in this area of prompt pathogen
identification, several hurdles remain to their adoption, one of
which is their considerable costs. However, given that a delay
in treatment may also carry considerable costs, additional
studies need to examine the balance between these two cost
centers. Finally, in some cases, it may be sensible to start cov-
erage with the broadest possible agents with a rigid protocol
for de-escalation upon receiving culture results. Although such
a radical strategy raises questions regarding accelerating rates
of antimicrobial resistance, there is little evidence that a brief
exposure to a broad-spectrum antibiotic regimen would result
in any rise in the risk for antimicrobial resistance. Regardless
of which approach or combination of approaches are adopted,
the study by Zhang et al (14) establishes a potential benchmark
for measuring the cost-effectiveness of such approaches.
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The Case of Dopamine*

Society of Intensive Care medicine to provide physicians,
patients and their family, and health policy makers with evi-
dence-based recommendations for the care of patients with
sepsis. There is a continuing effort to maintain the guide-
lines updated. One major modification between the second
(2008) and third (2012) revisions is the recommendation
for the use of vasopressor therapy. The 2008 recommenda-
tions left at the discretion of physicians the choice between
dopamine and norepinephrine as the first-line vasopres-
sor for the management of patients with septic shock (1).
The 2012 revisions strongly recommended (grade 1B) only
norepinephrine as the first option for vasopressor therapy
and restricted the use of dopamine to a very specific group
of patients at low risk of arrhythmias and presenting with
abnormal low heart rate (2). Indeed, a meta-analysis of six
studies (2,043 patients) showed a relative risk of short-term
mortality of 0.91 (95% CI, 0.83-0.99) in favor of norepi-
nephrine when compared with dopamine (2). In this issue
2259
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Time to Appropriate Antibiotic Therapy Is an
Independent Determinant of Postinfection ICU and
Hospital Lengths of Stay in Patients With Sepsis®

David Zhang, MD'; Scott T. Micek, PharmD? Marin H. Kollef, MD’

Objective: To assess the timing of appropriate antibiotic therapy
as a determinant of postinfection hospital and ICU lengths of stay
in patients with sepsis.
Design: Single-center
2008-December 2012).
Setting: One thousand two hundred fifty—bed academic hospital.
Patients: One thousand fifty-eight consecutive blood culture posi-
tive patients.

Interventions: We retrospectively identified adult patients with
severe sepsis or septic shock. Timing of appropriate antibiotic
therapy was determined from blood culture collection time to the
administration of the first dose of antibiotic therapy with docu-
mented in vitro susceptibility against the identified pathogen. We
constructed generalized linear models to examine the determi-
nants of attributable lengths of stay.

Measurements and Main Results: The median (interquartile
range) time from blood culture collection to the administration of
appropriate antibiotic therapy was 6.7 hours (0.0-23.3hr). Linear
regression analysis adjusting for severity of illness and comorbid
conditions identified time to appropriate antibiotic therapy to be
an independent determinant of postinfection ICU length of stay
(0.095-d increase per hr of time to deliver appropriate antibiotic
therapy; 95% CI, 0.0567-0.132 d; p < 0.001) and postinfection

retrospective cohort study (January

*See also p. 2258.
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hospital length of stay (0.134-d increase per hr of time to
deliver appropriate antibiotic therapy; 95% CI, 0.074-0.194 d;
p < 0.001). Other independent determinants associated with
increasing ICU length of stay and hospital length of stay were
mechanical ventilation (both ICU and hospital lengths of stay)
and incremental peak WBC counts (hospital length of stay only).
Incremental changes in severity of illness assessed by Acute
Physiology and Chronic Health Evaluation Il scores and comor-
bidity burden assessed by the Charlson comorbidity score were
independently associated with decreases in ICU length of stay
and hospital length of stay.

Conclusions: We identified time to appropriate antibiotic ther-
apy in patients with sepsis to be an independent determinant of
postinfection ICU and hospital lengths of stay. Clinicians should
implement local strategies aimed at timely delivery of appropriate
antibiotic therapy to improve outcomes and reduce length of stay.
(Crit Care Med 2015; 43:2133-2140)

Key Words: antibiotics; length of stay; septic shock; severe sepsis

evere sepsis and septic shock are common causes of mor-

bidity and mortality in hospitalized patients account-

ing for significant hospital expenditures (1, 2). The
cornerstones of sepsis management revolve around timely
administration of antimicrobial therapy, adequate infection
site source control, and appropriate hemodynamic support
focused on preserving organ function (3). It is well established
that delayed administration of appropriate antibiotic therapy
(AAT) targeting the causative pathogen(s) of sepsis results
in excess mortality (4—6). Escalating antibiotic resistance has
resulted in the administration of empiric antibiotic regimens
that are often not effective against the bacterial pathogens
responsible for severe infections (7-9). The clinical impact
of delayed AAT, especially in patients with severe sepsis and
septic shock, has been an important impetus for the develop-
ment of new antibiotics directed against antibiotic-resistant
bacterial strains and rapid diagnostic methods for pathogen
and susceptibility identification (10). However, the develop-
ment of novel therapeutics and diagnostics for sepsis is associ-
ated with increased upfront costs and must be balanced with
2133

www.ccmjournal.org

Copyright © 2015 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.


mailto:mkollef@dom.wustl.edu
iAnnotate User
Highlight


Zhang et al

clinical and long-term economic benefits in order to promote
their continued advancement (11). Given the lack of data relat-
ing the timeliness of AAT to economic markers of sepsis, we
conducted a study with the aim of assessing the relationship
between the time to AAT administration and ICU and hospi-
tal lengths of stay (LOS). Multivariate analyses were used to
account for severity of illness and comorbidities, which have
previously been shown to be important outcome determinants
in the critically ill needing to be controlled for in attributable
outcomes analyses (12).

MATERIALS AND METHODS

Study Location and Patient Population

This study was conducted at a university-affiliated, urban
teaching hospital: Barnes-Jewish Hospital (1,250 beds). Over
a 5-year period (January 2008—December 2012), all hospital-
ized patients with severe sepsis or septic shock and a positive
blood culture obtained while admitted to an ICU were eligi-
ble for inclusion. Patients with polymicrobial infections were
excluded. This study was approved by the Washington Univer-
sity School of Medicine Human Studies Committee and the St.
Louis College of Pharmacy Investigational Review Board, both
granting a waiver of patient consent.

Study Design and Data Collection

Using a retrospective cohort study design, patients with cul-
ture positive severe sepsis or septic shock were identified by
the presence of a blood culture positive for Gram-negative
bacteria, Gram-positive bacteria, or fungi combined with pri-
mary or secondary International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) codes indicative
of acute organ dysfunction and/or the need for vasopressors.
The primary endpoint for the analysis was attributable ICU
and hospital LOS. Patient-specific baseline characteristics and
process of care variables were collected from the automated
hospital medical record, microbiology database, and pharmacy
database of Barnes-Jewish Hospital. Data collection for all
patients was uniform regardless of the initial location of their
hospitalization (ICU or general hospital ward). Only the first
episode of severe sepsis or septic shock was evaluated. Baseline
characteristics collected included: age, gender, location prior
to admission, and the Charlson comorbidity score. The Acute
Physiology and Chronic Health Evaluation (APACHE) II (13)
score was calculated based on clinical data present during
the 24 hours after the blood cultures were obtained. This was
done to accommodate patients with community-acquired and
healthcare-associated community-onset infections who only
had clinical data available after blood cultures were drawn.

Definitions

All definitions were prospectively selected prior to initiation of
the study. To be included in the analysis, patients had to meet
the criteria for severe sepsis or septic shock based on discharge
ICD-9-CM codes for acute organ dysfunction as previously
described (14). Patients were classified as having septic shock if
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vasopressors (norepinephrine, dopamine, epinephrine, phen-
ylephrine, or vasopressin) were initiated within 24 hours of the
blood culture collection date and time. Attributable LOS was
defined as the time from blood culture collection to discharge
from the ICU or the hospital. For the purposes of this inves-
tigation, the time of death was equal to the time of discharge
in nonsurvivors. Antimicrobial treatment was classified as
appropriate if the antibiotic regimen administered was active
against the identified pathogen based on in vitro antimicrobial
susceptibility testing results. For extended-spectrum beta-lac-
tamase (ESBL)-producing Gram-negative bacteria, initial use
of a carbapenem was required to be classified as appropriate
treatment. Multidrug resistance (MDR) was defined as meth-
icillin-resistant Staphylococcus aureus (MRSA), vancomycin-
resistant enterococci (VRE), and Gram-negative bacteria that
were nonsusceptible to at least one antimicrobial agent from at
least three different antimicrobial classes (15).

Antimicrobial Monitoring

During the study, cefepime, gentamicin, vancomycin, and flu-
conazole use was unrestricted. Use of ciprofloxacin, imipenem,
meropenem, piperacillin/tazobactam, linezolid, daptomycin,
or micafungin was restricted and required preauthorization.
Each ICU had at least one clinical pharmacist who reviewed
antibiotic orders for approval to insure that dosing and inter-
val of administration was adequate for patients based on body
size, renal function, and resuscitation status. After daytime
hours, the on-call clinical pharmacist reviewed and approved
the antibiotic orders. The initial antibiotic dosages used for
the treatment were as follows: cefepime, 1-2 g every 8 hours;
piperacillin-tazobactam, 4.5 g every 6 hours; imipenem 0.5-1¢g
every 6 hours; meropenem, 1-2 g every 8 hours; ciprofloxacin,
400 mg every 8 hours; gentamicin, 5mg/kg once daily; van-
comycin, 15mg/kg every 12 hours; linezolid, 600 mg every 12
hours; daptomycin, 6-8 mg/kg every 24 hours; fluconazole,
800 mg on the first day followed by 400 mg daily; and micafun-
gin, 100 mg daily.

Starting in June 2005, with regular updates, a sepsis order
set was implemented in the emergency department, general
wards, and the ICUs with the intent of standardizing empiric
antibiotic selection for patients with sepsis based on the infec-
tion type (i.e., community-acquired pneumonia, healthcare-
associated pneumonia, and intra-abdominal infection) and
the hospital’s antibiogram (16, 17). However, antimicrobial
selection, dosing, and de-escalation of therapy were still opti-
mized by the treatment team including clinical pharmacists in
these clinical areas. Given the relatively high rates of infection
attributed to MRSA and antibiotic-resistant Gram-negative
bacteria within the ICUs of Barnes-Jewish Hospital, primarily
due to the high prevalence of healthcare exposure in this local
population, empiric coverage for these pathogens was typically
provided (4, 16, 17).

Antimicrobial Susceptibility Testing
The microbiology laboratory performed antimicrobial sus-

ceptibility of the bacterial and fungal isolates according to
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guidelines and breakpoints established by the Clinical Labora-
tory and Standards Institute and published during the inclu-
sive years of the study (18, 19). All classifications of antibiotic
resistance were based on in vitro susceptibility testing using
these established breakpoints.

Data Analysis

Continuous variables were reported as means with sps or
medians with 25th and 75th percentiles according to their dis-
tribution. The Student ¢ test was used when comparing nor-
mally distributed data, and the Mann-Whitney U test was used
to analyze nonnormally distributed data. Categorical data were
expressed as frequency distributions and the chi-square test or
Fisher exact test for small samples was used to determine if
differences existed between groups. Spearman rank correla-
tion was used to assess the statistical dependence of time to
AAT and LOS. We constructed generalized linear models to
examine the determinants of attributable LOS. The Akaike
Information Criterion was used to assess the functional shapes
of the covariates, and residual diagnostics were conducted to
verify model assumptions (20). All tests were two-tailed, and a
p value of less than 0.05 was determined to represent statistical
significance. The analysis was repeated for hospital survivors
and patients with septic shock. The former was done in order
to remove the influence of hospital death on LOS and the latter
to assess a cohort of patients where the clinical assessment of
infection was more objectively accessible.

RESULTS

One thousand fifty-eight patients with severe sepsis or septic
shock and positive blood cultures met the inclusion criteria.
Three hundred ninety-nine patients (37.7%) died during their
hospitalization and 319 (30.2%) died while in the ICU. Baseline
characteristics of the patients are listed in Table 1. Most patients
were admitted to the hospital from home. More than half of the
study cohort received prior antibiotics in the 30-day period before
the index infection. Infection-related characteristics are shown in
Table 2. The most common sites of infection included the lung,
intra-abdominal, and urinary tract. Community-acquired infec-
tion was present in 129 patients (12.2%), healthcare-associated
community-onset infection in 235 patients (22.2%), and health-
care-associated hospital-onset infection in 694 patients (65.6%).
Infection attributed to Staphylococcus aureus was most common
followed by Candida species, Escherichia coli, Klebsiella species,
Enterococcus faecalis, and Pseudomonas aeruginosa. MDR bacte-
rial infection was significantly more likely to be associated with
prior antibiotic exposure compared with non-MDR bacterial
infection (80.0% vs 56.5%; p = 0.001).

The most common antibiotic resistance phenotype identified
was resistance to ciprofloxacin in Gram-negative bacteria fol-
lowed by methicillin resistance in S. aureus, cefepime resistance,
and piperacillin-tazobactam resistance in Gram-negative bacte-
ria, carbapenem resistance and presence of ESBL production in
Gram-negative bacteria, and vancomycin resistance in entero-
cocci (Table 2). Seven hundred thirty-eight patients (69.8%)

Critical Care Medicine

Clinical Investigations

TABLE 1. Baseline Characteristics of Study
Cohort

Variable n=1,058

Age (mean = sp, yr) 61.7+16.6
Male gender, n (%) 617 (58.3)
Race? n (%)
White 667 (63.0)
African-American 317 (30.0)
Hospital admission source,> n (%)
Home 574 (54.3)
Skilled nursing facility 81 (77)
Transfer from outside hospital 373 (35.3)
Charlson comorbidity score, median (IQR) 4.0 (2.0-7.0)

Acute Physiology and Chronic Health 18.0 (14.0-23.0)

Evaluation Il score, median (IQR)

Hemodialysis, n (%) 148 (14.0)
Immunosuppression, n (%) 274 (25.9)
Total parenteral nutrition, n (%) 61 (5.8)
Surgery, n (%)
Abdominal 158 (14.9)
Nonabdominal 154 (14.6)
Central vein catheter, n (%) 604 (57.1)
Prior hospitalization,® n (%) 587 (65.5)
Prior bacteremia,® n (%) 147 (13.9)
Prior antibiotics, n (%) 611 (57.8)
Duration of hospitalization prior 1.4 (0.0-9.3)
to bacteremia, d, median (IQR)
Septic shock, n (%) 747 (70.6)
Mechanical ventilation, n (%) 433 (40.9)
Comorbidities, n (%)
Congestive heart failure 257 (24.3)
Chronic obstructive pulmonary disease 280 (26.5)
Cirrhosis 159 (15.0)
Diabetes 277 (26.2)
Chronic kidney disease without dialysis 144 (13.6)
Underlying malignancy 265 (25.0)

HIV 13(1.2)

Peak WBC count, median (IQR) 19.0 (11.0-34.0)

IQR = interquartile range.

2Race: unknown or other; 7.00%.

bAdmission source: unknown or other; 2.80%.
°Within 90 d.

4Within 30 d including antibiotics administered during the index hospitalization
and prior to the index hospitalization.
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TABLE 2. Infection-Related Characteristics of Study Cohort

Time to Appropriate

Variables Antibiotic Therapy (Hr)

Infection source

CNS 11 (1.0) 5.0 (1.0-12.0)
Intra-abdominal 150 (14.9) 6.0 (0.0-26.3)
Vascular catheter related 99 (9.4) 9.0 (1.0-26.0)
Lung 224 (21.2) 3.5 (0.0-170)
Skin structure 66 (6.2) 9.0 (1.8-22.8)
Urinary tract 2926 (21.4) 9.0 (1.0-24.0)
Unknown 350 (33.1) 8.0 (0.3-25.3)
Pathogens
Acinetobacter species 33 (3.1) 15.5 (4.0-58.0)
Bacteroides species 41 (3.9) 12.0 (3.0-42.0)
Burkholderia cepacia 7 (0.7) 3.0(0.0-10.0)
Candida albicans 65 (6.1) 32.0(10.0-40.0)
Other Candlida species 79 (75) 30.0 (4.5-41.5)
Enterobacter species 44 (4.9) 45 (0.0-16.0)
Enterococcus faecalis 70 (6.6) 13.0 (0.0-26.0)
Enterococcus faecium 59 (5.6) 30.0 (20.0-46.0)
Escherichia coli 105 (9.9) 3.0 (0.0-9.0)
Klebsiella species 74 (7.0) 3.0 (0.0-13.0)
Proteus species 15 (1.4) 6.0 (0.0-170)
Pseudomonas aeruginosa 60 (5.7) 5.4 (0.0-19.3)
Serratia marcescens 20 (1.9 12.0 (0.0-29.0)
Staphylococcus aureus 248 (23.4) 4.0 (0.0-125)
Stenotrophomonas maltophilia 10(0.9) 28.0 (4.0-65.0)
Streptococcus pneumonia 22 (2.1) 6.5 (0.8-9.3)
Other streptococcal species 41 (3.9) 4.0 (0.0-15.0)
Resistance phenotypes
Methicillin-resistant S. aureus 122 (11.5) 5.0 (0.0-16.3)
Vancomycin-intermediate S. aureus 19 (1.8) 0.0 (0.0-14.0)
Vancomycin-resistant enterococci 61 (5.8) 30.0 (20.5-49.5)
Aminoglycoside resistant? 49 (4.6) 13.0 (4.0-58.0)
Cefepime resistant® 119 (11.9) 16.0 (3.0-58.0)
Carbapenem resistant® 63 (6.0) 16.0 (3.0-568.0)
Piperacillin-tazobactam resistant? 119 (11.9) 12.0 (1.0-29.0)
Ciprofloxacin resistant? 220 (20.8) 7.1 (0.0-20.0)
Extended-spectrum beta-lactamase resistant? 64 (6.0) 85 (1.0-16.0)
Multidrug resistant? 55 (5.9) 20 (5.8-60.0)
Appropriate initial empiric antibiotic regimen 738 (69.8)
Time to appropriate therapy, median (IQR, hr) 6.7 (0.0-23.3)

2Applies to infection with Gram-negative bacteria.
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TABLE 3. Generalized Linear Model of Determinants of Attributable ICU Length of Stay (Days)

Variable

Time to appropriate antibiotic therapy
(1-hr increments)

Charlson comorbidity score (1-point increments)

Acute Physiology and Chronic Health Evaluation Il
score (1-point increments)

Mechanical ventilation

Point Estimate 95% CI P
0.095 0.057-0.132 < 0.001
-0.493 -0.769 to -0.218 < 0.001
-0.276 -0.434 t0 -0.118 0.001
6.228 4.263-8.193 <0.001

Akaike Information Criterion = 8766.7.

TABLE 4. Generalized Linear Model of Determinants of Attributable Hospital Length of

Stay (Days)
Variable

Time to appropriate antibiotic therapy (1-hr increments)
Charlson comorbidity score (1-point increments)

Acute Physiology and Chronic Health Evaluation Il score
(1-point increments)

Peak WBC count (1-unit increments)

Mechanical ventilation

Point Estimate 95% CI p
0.134 0.074-0.194 < 0.001
-0.674 -1.117 t0 —0.232 0.003
-0.501 -0.755 to -0.248 < 0.001
0.122 0.034-0.210 0.007
8.482 5.319-11.646 < 0.001

Akaike Information Criterion =9811.1.

received an initial empiric antibiotic regimen that was active
against the causative pathogen, whereas 320 patients (30.2%)
received an initial empiric antibiotic regimen that did not cover
the causative pathogen. Patients receiving an initial empiric anti-
biotic regimen had significantly lower mortality compared with
those who did not (35.1% vs 43.8%; p = 0.008). Time to AAT was
longest for infection attributed to Candida albicans followed by
other Candida species, Enterococcus faecium, Stenotrophomonas
maltophilia, Acinetobacter species, and E. faecalis. Vancomycin
resistance in enterococci was the phenotype with the longest
time to AAT followed by MDR in Gram-negative bacteria, car-
bapenem or cefepime resistance in Gram-negative bacteria, and
aminoglycoside resistance in Gram-negative bacteria.

The median (interquartile range) time from blood cul-
ture collection to the administration of AAT was 6.7 hours
(0.0-23.3 hr). The durations of postinfection ICU and hospital
LOS were directly related to the timing of AAT (Figs. 1 and 2).
Time to AAT was an independent determinant of attributable
ICU LOS (Table 3). For each hour delay in the administration
of AAT, there was a 0.095-day increase in the attributable postin-
fection ICU LOS. Similarly, time to AAT was an independent
determinant of attributable hospital LOS (Table 4). For each
hour delay in the administration of AAT, there was a 0.134-day
increase in the attributable postinfection hospital LOS. Tables 3
and 4 show that severity of illness markers (APACHE II score,
peak WBC count, mechanical ventilation) and comorbid con-
ditions indicated by the Charlson comorbidity score were also
independent determinants of LOS, with increasing Charlson
comorbidity scores and APACHE II scores being associated with
shorter LOS. Repeating this analysis in the cohort of hospital

Critical Care Medicine

survivors (1 = 659) produced similar results. For each hour delay
in the administration of AAT, there was a 0.049-day increase
in the attributable postinfection ICU LOS. Similarly, for each
hour delay in the administration of AAT, there was a 0.085-day
increase in the attributable postinfection hospital LOS. A sensi-
tivity analysis was performed in the subgroup of patients with
septic shock (n = 747), demonstrating that for each hour delay
in the administration of AAT, there was a 0.107-day increase
in the attributable postinfection ICU LOS. Similarly, for each
hour delay in the administration of AAT, there was a 0.130-day
increase in the attributable postinfection hospital LOS.

DISCUSSION

Our study demonstrated that timing of AAT is an independent
determinant of ICU and hospital LOS in blood culture positive
patients with severe sepsis and septic shock. We also identified
established severity of illness markers (mechanical ventilation,
APACHE II score, and WBC count) and the Charlson comor-
bidity score as independent predictors of LOS. Not unexpect-
edly, we found that greater severity of illness and comorbidity
burden were associated with reduced LOS. This appeared to be
due to the greater mortality associated with increased illness
severity and comorbidity burden. Although small, the quanti-
tative increases in ICU and hospital LOS were most significant
for patients with more prolonged delays in the administration
of AAT. Individuals with a 24-hour delay in the administra-
tion of AAT would be expected to have ICU and hospital LOS
increased by 2.3 days and 3.2 days, respectively. The longest
delays in AAT observed in our study were attributed to infec-
tion with pathogens not covered by the typically prescribed
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Figure 1. Box plots for attributable ICU stay (d) according to the delivery
of appropriate antibiotics (hr). The lines within the boxes represent the
median values, the boxes represent the 25th and 75th percentiles, and
the whisker lines represent the bth and 95th percentiles. Attributable
ICU stay was determined from the blood culture collection time to ICU
discharge or death. p <0.001 for trend.

N=513 126 9 63 258

S a

o

L)

= a2 NN W W
2]

°

Hospital Length of Stay

- T I I 1

<6 6-11.9 12-179 18-23.0 >24
Time to Appropriate Therapy (Hours)

o @

Figure 2. Box plots for attributable hospital stay (d) according to the
delivery of appropriate antibiotics (hr). The lines within the boxes
represent the median values, the boxes represent the 25th and 75th
percentiles, and the whisker lines represent the 5th and 95th percentiles.
Attributable hospital stay was determined from the blood culture collection
time to hospital discharge or death. p < 0.001 for trend.

empiric antimicrobial regimens for critically ill patients at
Barnes-Jewish Hospital, encompassing predominantly anti-
biotic-resistant Gram-negative nonfermenters, VRE, and
Candida species. This explains the distributions observed in
Figures 1 and 2, indicating that the greatest increases in LOS
were driven by this important group of antibiotic-resistant
pathogens that accounted for about 25% of the population.
Delayed administration of AAT has been linked to excess
mortality in a variety of serious infections, including severe
sepsis or septic shock, pneumonia, intra-abdominal infection,
meningitis, and bacteremia (3-6). Several studies in patients
with severe sepsis or septic shock have found that delays of 1-2
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hours in the delivery of antibiotics can significantly increase
the risk of mortality (5, 21, 22). This increased risk of death
with delayed AAT has been the impetus for the development
of various treatment strategies that have included the use of
combination antibiotic therapy, empiric treatment based on
surveillance cultures, and consultation by experts in infectious
diseases in order to improve antibiotic utilization and patient
outcomes (23-26). Within the ICUs of our own hospital, the
use of combination antibiotic therapy, with the addition of an
aminoglycoside to a carbapenem or antipseudomonal beta-
lactam, for the empiric treatment of septic shock has become
the norm in order to provide better coverage in patients with
hospital-acquired and healthcare-associated infections (26).
We previously showed that prior antibiotic exposure was
associated with prolonged hospital LOS for patients with
Gram-negative sepsis (27). This was presumably related to the
greater likelihood of infection with antibiotic-resistant patho-
gens and thus greater risk for delayed AAT in patients receiving
prior antibiotics. Our current study supports this hypothesis
by identifying prior antibiotic exposure to be more common in
infections attributed to MDR bacteria. Our results are consis-
tent with those of Muszynski et al (28) who found that pediat-
ric patients with severe community-acquired pneumonia had
longer hospital LOS and duration of mechanical ventilation
when AAT was not initially prescribed. Similarly, Geerlings
et al (29) demonstrated that the initial use of AAT was associ-
ated with shorter hospital LOS in a multicenter study from the
Netherlands. These data, along with our current findings, sug-
gest that ICU and hospital LOS could potentially be reduced if
improvements in the delivery of AAT could be achieved. The
development of novel antibiotics (10) in parallel with rapid
diagnostics (30) offers future hope for achieving improved
administration of AAT while minimizing the unnecessary use
of broad-spectrum antibiotics. Furthermore, reductions in
ICU and hospital LOS, along with clinical improvements, can
be used as economic justifications for the development of new
therapeutics and diagnostics for the management of sepsis.
Our study has a number of significant limitations. First,
its retrospective design opens it up to various forms of bias.
However, we focused on ICU and hospital LOS as the pri-
mary endpoint, which are not prone to ascertainment or
recall bias. Second, the data derive from a single center and
this necessarily limits the generalizability of our findings. As
such, our results may not reflect what one might see at other
institutions. For example, our use of empiric combination
therapy using aminoglycosides may be an uncommon prac-
tice in other centers. Furthermore, Barnes-Jewish Hospital
has a referral pattern that includes community hospitals,
regional long-term acute care hospitals, nursing homes,
and chronic wound, dialysis, and infusion clinics. Patients
transferred from these settings are more likely to be infected
with potentially antibiotic-resistant bacteria. Third, despite
being a rather large cohort, we nevertheless may have lacked
power to adjust for certain confounders that could affect
our LOS endpoints. Fourth, we did not capture antibiotics
administered at the referring skilled nursing facilities and
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outside hospitals for transferred patients. Therefore, we may
have missed the earlier administration of AAT at these sites.
However, this is unlikely given that all transferred patients
in this cohort were bacteremic either at presentation to our
hospital or at a later point in their hospitalization when
the infection occurred. Fifth, we assessed severity of illness
after the blood cultures were obtained. This may have intro-
duced a bias as some patients may have started to improve
at this time resulting in lower severity of illness. Sixth, we
excluded patients with polymicrobial infections. Another
limitation of our study is that we used blood culture collec-
tion time as the point from which to assess timing of AAT
as opposed to using a clinician driven time point of when
infection was first considered to be present. This may have
biased our determination of the timing of AAT, especially if
delays occurred in obtaining blood cultures after suspicion
for infection occurred. However, the analysis in the subgroup
of patients with septic shock, presumably an infection that
can be clinically assessed more objectively, produced similar
results. Additionally, it is important to note that mechanical
ventilation was a more important determinant of attributable
LOS compared with timing of AAT. Finally, we cannot draw
causality from our study. Prospective studies are required to
determine the actual relationship between timing of AAT and
LOS. Ideally, this would be done as part of clinical trials eval-
uating novel antibiotics or diagnostics in patients with severe
sepsis and septic shock.

In summary, time to AAT appears to be an independent
determinant of postinfection ICU and hospital LOS in blood
culture positive patients with severe sepsis and septic shock.
Unfortunately, severe sepsis and septic shock are increasingly
caused by antibiotic-resistant pathogens, including Gram-
negative nonfermenters, VRE, and Candida species, which
promote delays in the delivery of AAT. Moving forward, ICU
clinicians need to develop novel approaches for the treatment
of patients with severe sepsis and septic shock that achieve
timely application of AAT while avoiding the unnecessary use
of antibiotics, especially broad-spectrum agents. Advances in
new antibiotic development along with rapid diagnostics offer
approaches for achieving this important balance.
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