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Abstract
Background: Systemic inflammatory responses mimicking infectious complications are often
present in surgical patients.
Methods: The objective was to assess the association between withholding early antimicrobial
therapy while investigating alternative diagnoses and worse outcomes in nonseptic patients with
suspected nosocomial infection in a retrospective cohort of critically ill surgical patients. The
initiation of antibiotic therapy within 24 h of the suspicion of infection was defined as the Early
Empirical Antibiotic strategy (EEA) group and the initiation after 24 h of suspicion or not pre-
scribed was defined as the Conservative Antibiotic strategy (CA) group. Primary outcome was
composite: death, sepsis, or septic shock within 14 days. Main exclusion criteria were sepsis or
an evident source of infection at inclusion.
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IF, Variance Inflation Factor; WBC, White Blood Cell.
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Results: Three hundred and forty patients were eligible for inclusion (74% trauma patients). Age,
sex, reason for hospital admission, SAPS3 score, SOFA score, and use of vasopressors or mechanical
ventilation were not different between the groups. Within 14 days of inclusion, 100% (130/130) of
EEA patients received antibiotics compared to 57% (120/210) of CA patients. After adjusting for
confounding variables, there was no association between primary outcome and the groups. In a
post hoc subgroup analysis including only patients with a posteriori confirmed infection (by microbi-
ological cultures), delay in initiation of adequate antimicrobial therapy was independently associ-
ated with the primary outcome (Odds Ratio = 1.19 per day of delay; 95% CI 1.05−1.37).
Conclusions: Withholding early empiric antibiotic therapy was not associated with progression of
organ dysfunction within 14 days in nonseptic surgical patients with suspected nosocomial infec-
tion without an obvious source.
© 2023 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Early antimicrobial drugs are the cornerstone of treatment
of bacterial infections.1 In patients with sepsis or septic
shock, delays in antibiotic therapy are strongly associated
with worse outcomes.2-5 The Surviving Sepsis Campaign
Guidelines advocate “immediate” empirical antimicrobial
therapy, ideally within 1h of recognition, in patients with a
high likelihood of sepsis or septic shock.6

On the other hand, the evidence for early empirical anti-
microbial therapy is not strong in stable surgical patients with
suspected infections.7 The causal inference for this strict
time-dependent benefit in this situation lacks robust causal
association.8 Early empiric antibiotic treatment is often pre-
scribed to these patients, even in the absence of a clear
infectious source, driven by the belief that antibiotics could
prevent stable patients from deteriorating or by fear of liti-
gation.9 Antibiotic overuse is associated with an increase in
the rate of systemic adverse effects,10 and colonization and
infection by multidrug resistant microorganisms.11-14 Millions
of deaths are estimated to be caused by or associated with
multidrug-resistant bacteria.12 Critically ill surgical patients
admitted to the Intensive Care Unit (ICU) commonly have a
persistent inflammatory response that mimics nosocomial
infection,15,16 which influences clinical reasoning and may
contribute to the excessive use of antibiotics.

Our study aimed to evaluate the impact of withholding
early empirical antibiotics during diagnostic workup on clini-
cal outcomes in nonseptic surgical patients with suspected
nosocomial infections.
Methods

We retrospectively evaluated a cohort of adult patients
admitted to an emergency surgical Intensive cCare Unit
(ICU) in a tertiary university hospital in S~ao Paulo, Brazil
between 2012 and 2016. The analysis plan, study design,
and definition of the groups and outcomes were defined
before data extraction and mining from the Electronic Medi-
cal Record (EMR) database. The study was approved by the
institutional research ethics board (CAPPesq − CAAE
44661615.7.0000.0068). Due to the retrospective nature of
the study, the requirement for informed consent was waived
by the ethics board. This article was written based on the
2

Reporting of Observational Studies in Epidemiology (STROBE)
statement to assess the reporting of cohort studies (Supple-
mental Fig. 1).17

The inclusion criteria were as follows: stable postsurgical
or trauma (irrespective of the mechanism or site or surgery)
patients who were admitted to the ICU, who were older
than 14 years, and who had a suspected nosocomial infection
during ICU stay. Suspected nosocomial infection was defined
when microbiological cultures were drawn after 48 hours of
hospital admission due to a suspicion of infection, as docu-
mented in the EMRs. Stable patients were those with no
significant increase in their Sequential Organ Failure Assess-
ment (SOFA) score (< 2 points) within the previous
24 hours.18 Surveillance cultures (rectal, nasal, and axillary
swabs) were excluded. The exclusion criteria were as fol-
lows: a) Rapid progression of organ dysfunctions with an
increase in the SOFA score that is > 1 (sepsis) or hyperlacta-
temia, hypotension and vasopressor use (septic shock)
according to the Sepsis 3.0 definitions19 within 24 hours of
inclusion; b) Hemodynamic deterioration within the first
24 hours of the suspected infection defined as an increase >
0.1 mcg.kg�1.min�1 in the norepinephrine dosage; c) An
obvious infectious source identified in the EMR (e.g., antibi-
otics initiated for pneumonia, urinary tract infection, men-
ingitis); d) An ICU length of stay less than 48 hours after
inclusion; e) Missing data on the primary outcome; f)
Patients in palliative care; and g) Predicted death within
48 hours of inclusion. Vasopressor use was not an exclusion
criterion per se if the patient did not meet the sepsis, septic
shock, or hemodynamic deterioration definitions. All
patients who fulfilled the inclusion criteria without any of
the exclusion criteria during the period were included in the
analysis. Time zero was defined as the moment in which the
first microbiological cultures were drawn led to suspicion for
the presence of a nosocomial infection.

Data collection and patient management

We divided the study population into two groups: 1) The
Early Empirical Antibiotic strategy (EEA) group, in which the
patients received antibiotic therapy within 24 hours of the
clinical suspicion of infection, and 2) The Conservative Anti-
biotic strategy (CA) group, in which the patients received
antibiotics 24 hours or later after the clinical suspicion of
infection or did not receive antibiotics within 14 days of
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inclusion. The physiological and laboratory variables up to
24 hours after inclusion were considered the baseline values
and included the following variables: the use of mechanical
ventilation or vasopressors, highest and lowest heart rate,
highest and lowest body temperature, serum lactate, white
blood cell count, and C-reactive protein levels. When more
than one measure of these variables were available, the
most abnormal value within this time window was chosen.
Respiratory rate was not available in all patients and was
not used in this study. Sustained tachycardia was defined
when the lowest heart rate in the first 24 h of inclusion was
≥ 90 bpm. Blood cultures were drawn if there was any suspi-
cion of infection. Respiratory, urinary, or cerebral spine fluid
samples were collected when infection was suspected. Pre-
sumed infection was defined when a specific source of infec-
tion (e.g., lung, abdomen, central nervous system, etc.) was
diagnosed more than 24 hours after inclusion and within
14 days according to the EMR. Confirmed infection was
defined by the isolation of a pathogenic microorganism from
the presumed source during the study period. Infection was
defined when positive microbiological data were used to
guide antibiotic treatment; otherwise, it was considered
colonization. Whether antibiotic treatment was indicated,
the timing of the initiation of antibiotics and the choice of
the specific drug were defined at the discretion of the
attending physician. Time to adequate antibiotic treatment
was defined as the time from inclusion in the study up to the
first day when an active antibiotic against the isolated
Figure 1 Direct acyclic graph for causal inference. The direction
was between variables “Timing of antibiotic therapy” (independent
in 14 days” (dependent variable). Variables included in the model
trauma or surgery. ** Sex, age, comorbidities, Simplified acute physi
temperature (hypothermia or hyperthermia), white blood cell count
dia (heart rate above 90 bpm in 24 h); Organ Dysfunctions: defined
Alternative Diagnostics to nosocomial infection: such as inflamma
thromboembolic events, heart failure etc. ***** Timing of Antibiotic
presumed or confirmed infection, according to different analyses th
net/dags.html.20-22. Minimal adjustment sets for estimating the tota
were: Reason for Intensive Care Unit admission*, Inflammatory respo
mial Infection******
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microorganism was administered, according to the suscepti-
bility on the antibiogram.

Outcomes

The primary outcome was defined a priori as a composite
outcome including death, hypotension, hyperlactatemia and
vasopressor use (septic shock) or worsening of organ dys-
function (an increase > 1 in the SOFA score − sepsis) within
14 days of inclusion, according to the Sepsis 3.0 defini-
tions.19 The secondary outcomes were ICU and hospital
length of stay, and in-hospital mortality. Follow-up was per-
formed until the end of hospitalization.

The timeline with the time points of the study is pre-
sented in Supplemental Figure 2.

Statistical analysis

All patients admitted to the ICU during the period were
evaluated for inclusion in the study. Continuous variables
were expressed as the mean and Standard Deviation (SD)
or the median and Interquartile Range (IQR), according
to data distribution. Discrete variables were reported as
counts and percentages. Differences between the groups
were compared using Welch’s t-test, irrespective of the
distribution of the numeric data,20 or chi-square when
appropriate. Confounding variables were evaluated using
a Direct Acyclic Graphic (DAG), as shown in Figure 1.21-23
of the arrows indicates potential causality. The inference tested
variable) and “Primary outcome: worsening organ dysfunctions
were the following: *Reason for Intensive Care Unit admission:
ology score-3. *** Inflammatory Response: dysregulation of body
alteration (leucocytosis or leukopenia) and sustained tachycar-
as the SOFA (Sequential Organ Failure Assessment) score. ****

tory response to trauma or surgery, intracranial hypertension,
: defined as the group (CA or EEA). ****** Nosocomial Infection:
at were performed. Data were imputed at http://www.dagitty.
l effect of “Timing of antibiotic therapy” on “Primary Outcome”
nse and organ dysfunctions at inclusion***, Presence of Nosoco-
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Following the guidance of the DAG, a multivariate analy-
sis was performed. The potential confounding variables
in the association between time point of starting antibi-
otics and the primary outcome were dysregulation of
body temperature (hypothermia or hyperthermia), white
blood cell count alteration (leukocytosis or leukopenia),
sustained tachycardia (heart rate above 90 bpm in 24 h),
baseline SOFA score and diagnosis of a presumed nosoco-
mial infection within the 14 days after inclusion. A sensi-
tivity analysis was performed using univariate logistic
regression to assess the variables potentially associated
with the primary outcome. Clinically relevant variables
with a p-value of less than 0.2 were included in a step-
wise backward logistic regression model. A post hoc sub-
group analysis including only the patients with confirmed
infection was also performed. In this case, the variable
“Timing to antibiotic therapy” had two components:
group (CA or EEA) and time to adequate antibiotic treat-
ment, as described above. Multicollinearity was evalu-
ated through the variance inflation factor. VIF > 5 was
considered to have significant multicollinearity.24 Associa-
tions were expressed using the Odds Ratio (OR) with 95%
Confidence Intervals (CIs). A p-value < 0.05 was consid-
ered significant. Statistical analyses were performed
using R free source software.25
Figure 2 Flowchart. Flow diagram for the study population and n
according to the STROBE statement.25 Patients were selected to con
48h of Intensive Care Unit admission. STROBE, Strengthening for Re
antibiotic strategy group: patients received antibiotics after 24 hour
receive antibiotics within 14 days from the inclusion. early empirica
within 24 hours from the initial clinical suspicion of infection. *Witho
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Results

Of the 2007 ICU admissions, 751 patients had suspected
nosocomial infections and were screened. As shown in
Figure 2, 340 patients were included in the cohort. The
most common reasons for exclusion were sepsis (221
patients), septic shock (81 patients) or an obvious infec-
tious source (51 patients) at inclusion. The group alloca-
tion was as follows: 210 patients to the CA group and 130
to the EEA group. The median ICU length of stay before
study inclusion was 5 days in the CA group and 6 days in the
EEA group (p = 0.8).

In Table 1, patients’ characteristics at ICU admission and
time of infection suspicion (inclusion) are shown. The groups
had a similar mean age (44§18 years in both). Male sex was
predominant in both groups. Seventy-four percent of the
ICU admissions were due to trauma, and most of the trauma
patients had a traumatic brain injury. The mean SAPS 3 score
(55§14 vs. 56§12), median SOFA (5, IQR 3−7 vs. 5, IQ 4−7),
rate of mechanical ventilation (119/210, 57% vs. 82/130,
63%) and vasopressor use (43/210, 21% vs. 28/130, 22%)
were similar in the CA and EEA groups, respectively. Body
temperature was also similar in both groups: the highest
body temperature was 37.8 § 0.7°C vs. 37.8 § 0.8°C, and
the lowest body temperature was 35.6 § 0.8°C vs. 35.6 §
umber of patients analysed for suspected nosocomial infection,
stitute the study population based on suspected infection after
porting of Observational Studies in Epidemiology. Conservative
s or later from the initial clinical suspicion of infection or did not
l antibiotic strategy group: patients received antibiotic therapy
ut other exclusion criteria.



Table 1 Baseline patients’ characteristics at Intensive Care Unit admission and at infection suspicion (study inclusion).

CA group EAA group p-value

N (% of total) 210 (62%) 130 (38%)
Age (years) 44§18 44§18 0.81
Male, n (%) 166 (79%) 91 (70%) 0.08
Reason for Hospital Admission, n (%)
Trauma 155 (74%) 97 (75%) 0.94
Brain Trauma Injury 109 (52%) 75 (58%) 0.35
Surgerya 55 (26%) 32 (26%) 0.38
Neurosurgery 31 (57%) 15 (47%)
Abdominal 15 (27%) 15 (47%)
Vascular 6 (11%) 1 (3%)
Other 3 (6%) 1 (3%)
Number of Comorbidities, n (%) 0 (0‒1) 0 (0‒0) 0.45
Arterial Hypertension 49 (23%) 24 (19%)
Alcohol Abuse 28 (13%) 16 (12%)
Diabetes Mellitus 19 (9%) 10 (8%)
SAPS-3 55§14 56§12 0.48
Baseline at infection suspicion
Previous Length of Stay at ICU (days) 5 (3‒10) 6 (3‒10) 0.80
SOFA score 5 (3‒7) 5 (4‒7) 0.18
On antibiotics, n (%): 108 (51%) 61 (47%) 0.49
Ceftriaxone ou Cefuroxime, n (%) 68 (32%) 43 (33%) 0.99
Clindamycin, n (%) 43 (21%) 30 (23%) 0.67
Other antibiotics, n (%) 41 (20%) 19 (15%) 0.31
On vasopressors, n (%) 43 (21%) 28 (22%) 0.92
Lactate (mmoL.L�1) 1.8-2.8 (2.2) 1.8-3.2 (2.4) <0.01
On Mechanical Ventilation, n (%) 119 (57%) 82 (63%) 0.29
Highest Heart Rate (bpm) 113§20 119§21 <0.01
Highest Body Temperature (°C) 37.8§0.7°C 37.8§0.8°C 0.80
Lowest Body Temperature (°C) 35.6§0.8°C 35.6§0.9°C 0.62
White Blood Cell count (per mL) 12625 (10095‒16282) 15870 (10960‒20140) <0.01
C-Reactive Protein (mg.L�1) 16 (10‒24) 22 (11‒30) <0.01

Data are presented as mean § standard deviation, median (interquartile range), or N of group (%) as appropriate.
CA, Conservative Antibiotic sStrategy group ‒ patients received antibiotics after 24 hours or later from the clinical suspicion of infection or
did not receive antibiotics within 14 days from the inclusion; EEA, Early Empirical Antibiotic strategy group ‒ patients received antibiotic
therapy within 24 hours from the initial clinical suspicion of infection. ICU, Intensive Care Unit; LOS, Length Of Stay; SAPS-3, Simplified
Acute Physiology Score-3; SOFA, Sequential Organ Failure Assessment score.
Values within 24 hours on the day of infection suspicion.
a Value of p for differences in types of surgery in the groups.

** Hypertension, diabetes, alcohol abuse, coronary artery disease, heart failure, chronic pulmonary obstructive disease, chronic kidney
disease, HIV, or cancer.
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0.9°C in the CA and EEA groups, respectively. Other markers
of inflammation, such as heart rate, white blood cell count,
and C-reactive protein, were slightly but significantly higher
in the EEA group than in the CA group (Table 1).

In both groups, patients with neurologic and respiratory
organ dysfunction were prevalent at baseline (Supplemental
Fig. 3).

The composite primary outcome of death, sepsis or septic
shock within 14 days after inclusion occurred in 40% of the
patients in the CA group and 56% of the patients in the EEA
group, p < 0.01. There was no difference in the incidence of
14 day death or septic shock between the groups. Length of
stay in the ICU or hospital and hospital mortality were not
significantly different between the groups (Table 2). The
main organs that had worsening dysfunction within the first
14 days after study inclusion were cardiovascular and renal
(Supplemental Fig. 3).
5

During the 14 days of observation, 57% of the patients in
the CA group had received antibiotics (vs. 100% of the
patients in the EEA group). The patients in the EEA group
had more suspected lung (50% vs. 24%) and abdominal infec-
tions (9% vs. 3). The EEA group had a higher a posteriori pro-
portion of patients with presumed (88% vs. 53%) and
microbiologically confirmed infections (70% vs. 45%) (p <
0.01). The median time to adequate antibiotic treatment
was 3 days (IQR 2−5 days) in the CA group vs. 1 day (IQR 0−3
days) in the EEA group (p < 0.01) (Supplemental Table 1).

The multivariate analysis, which was adjusting with con-
founding variables according to the DAG model, showed that
EEA was no longer associated with the primary outcome
(OR = 1.27; 95% CI 0.77−2.08) (Table 3). A sensitivity analysis
was performed using stepwise backward logistic regression
based on the univariate analysis (Supplemental Table 2) and
yielded similar results (Supplemental Table 3).



Table 2 Primary and secondary outcomes.

CA group EAA group Odds Ratio (95% CI) p-value

Primary Outcomea 85 (40%) 73 (56%) 1.88 (1.21‒2.93) <0.01
Sepsisa 76 (36%) 67 (52%) 1.88 (1.20‒2.92) <0.01
Septic Shocka 28 (13%) 21 (16%) 1.25 (0.68‒2.31) 0.58
Mortalitya 24 (11%) 20 (15%) 1.41 (0.74‒2.67) 0.37
Cause of deathb 0.56
Infection associated 9 (4%) 11 (8%)
Intracranial Hypertension/Brain death 9 (4%) 6 (5%)
Other causes 6 (3%) 3 (2%)
Length of ICU stay (days) 18 (13‒29) 24 (14‒37) ‒ 0.27
Length of hospital stay (days) 36 (21‒76) 44 (24‒68) ‒ 0.40
In-hospital mortality 68 (32%) 54 (42%) 1.48 (0.94‒2.33) 0.11

Data are presented as median (interquartile range) or n (%) as appropriate.
CA, Conservative Antibiotic strategy group ‒ patients received antibiotics after 24 hours or later from the clinical suspicion of infection or
did not receive antibiotics within 14 days from the inclusion; EEA Early Empirical Antibiotic strategy group ‒ patients received antibiotic
therapy within 24 hours from the initial clinical suspicion of infection; ICU, Intensive Care Unit.
The Primary Outcome, Mortality in 14 days, Septic Shock in 14 days, Sepsis in 14 days, and In-hospital mortality were evaluated with Chi-
Square.
ICU length of stay and hospital length of stay were evaluated with Welch’s t-test.
a In the timeframe of 14 days, as defined in the primary outcome.
b According to Electronic Medical Record analysis.
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A subgroup analysis including only patients with con-
firmed infection (by cultures) also did not detect an associa-
tion between the groups (CA or EEA) and the primary
outcome. However, delays in initiating appropriate antibi-
otic therapy in these patients were associated with worse
outcomes, irrespective of the group (Table 4), with an Odds
Ratio of 1.19 per day of delay with 95% CI 1.05−1.37 (p-value
< 0.01).
Discussion

In this study, withholding early empirical antibiotics during
diagnostic workup in nonseptic surgical patients with sus-
pected nosocomial infections was not associated with death,
worsening of organ dysfunction, or shock. In critically ill
patients, signs indicating the presence of infection are
Table 3 Multivariate Analysis Association of early empiric antibio

Presumed infectionb

Sustained tachycardiac

Reason for admission: surgical (non-trauma)
Abnormal WBC countd

SOFA at inclusion (per point)
Early Empirical Antibiotic strategy (EEA) group
Hyperthermia or Hypothermiae

OFA, Sequential Organ Failure Assessment; WBC, White Blood Cell; EEA,
otic therapy within 24 hours from the initial clinical suspicion of infectio
Variance Inflation Factor varied between 1.03 and 1.25 for all variables,
a Variables were selected from the Direct Acyclic Graphic depicted in
b Probable infection site diagnosed according to Electronic Medical R

unknown), confirmed or not by cultures
c Lowest Heart Rate > 90 bpm within 24 hours of inclusion.
d WBC count > 12000 cells.mm�2 or WBC count < 4000 cells.mm�2.
e Body Temperature > 38°C and/or < 36°C.
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nonspecific and may occur in many noninfectious conditions,
particularly in trauma and surgical patients,16,26 making a
definitive diagnosis harder to achieve. In this setting, antibi-
otics are often prescribed, even to nonseptic patients who
do not have an identifiable infectious source.

However, the adverse effects of antimicrobials are
significant10,27 and, in noninfected patients, may not be
counterbalanced by the benefits. The present findings sug-
gest that widespread administration of early empiric antimi-
crobials to a heterogeneous group of nonseptic surgical
patients with and without a true infection (diagnosed poste-
riorly) does not translate into an overall clinical benefit.
Efforts should be made to establish a diagnosis as soon as
possible. In the meantime, antimicrobial therapy should be
promptly administered to septic or deteriorating patients.
Additionally, stable patients with a high likelihood of infec-
tion with a probable source who have been diagnosed based
tic strategy and primary outcome.a

Odds ratio 95% CI p-value

2.57 1.48‒4.56 <0.01
1.74 1.02‒2.98 0.04
1.69 1.00‒2.88 0.05
1.39 0.82‒2.37 0.22
1.04 0.97‒1.12 0.29
1.27 0.77‒2.08 0.35
1.01 0.62‒1.65 0.96

Early Empirical Antibiotic strategy group: patients received antibi-
n.
indicating no significant multicollinearity.
Figure 1.
ecords within 14 days (as opposed to a source of infection none or



Table 4 Multivariate Analysis Association of timing of antibiotic therapy and primary outcomea. Post-hoc subgroup analysis in
patients with confirmed infection by microbiological cultures.

Odds ratio 95% CI p-value

Time until adequate antibiotic therapy (per day)b 1.19 1.05‒1.37 <0.01
Reason for admission: Surgical (non-trauma) 2.11 1.01‒4.53 0.05
Sustained Tachycardiac 2.07 0.95‒4.70 0.07
Early Empirical Antibiotic strategy (EEA) group 1.82 0.91‒3.71 0.09
Abnormal WBC countd 1.67 0.82‒3.47 0.16
Hyperthermia or Hypothermiae 0.73 0.37‒1.43 0.36
SOFA at inclusion (per point) 1.02 0.92‒1.13 0.74

Post-hoc analyses including only patients with confirmed infection (by cultures).
WBC, White Blood Cell; EEA, Early Empirical Antibiotic strategy group: patients received antibiotic therapy within 24 hours from the initial
clinical suspicion of infection.
Variance Inflation Factor varied between 1.04 and 1.28 for all variables, indicating no significant multicollinearity.
a Variables were selected from the Direct Acyclic Graphic depicted in Figure 1.
b As defined in Methods.
c Lowest Heart Rate > 90 bpm within 24 hours of inclusion.
d WBC count > 12000 cells.mm�2 or WBC count < 4000 cells.mm�2.
e Body Temperature > 38°C and/or < 36°C.
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on clinical, radiologic and laboratory criteria should not
have therapy withheld, since nonseptic patients who have a
confirmed infection a posteriori also have a time-dependent
benefit from therapy according to our data and others.3,28

Similar to our findings, in a multicentric, open-label, ran-
domized trial, Alam et al did not find better outcomes of
early antimicrobial therapy in 2672 prehospital patients
with suspicion of infection and with various degrees of sever-
ity.29 A before and after observational cohort study in criti-
cally ill surgical patients also did not observe an association
of better outcomes when using a strategy of early antibiotic
therapy in patients with suspected nosocomial infections
without septic shock before the results of the microbiologic
exams were available.7 However, even when an infection is
present, early administration of antibiotics may not be the
main factor associated with better outcomes in critically ill
nonseptic patients.11,30-32

An apparent paradox merits further discussion in our
study. Delays in initiating appropriate therapy were associ-
ated with worse outcomes in the subgroup of patients with
confirmed infections. The patients in the early empiric anti-
biotic group were prescribed adequate therapy faster in
cases of confirmed infection (median 1 day vs. 4 days in CA,
Table 1 Supplement); however, this was not sufficient to
translate into better outcomes for the group. Two possible
explanations are provided below.

First, despite our best efforts to adjust for confounding
factors in the multivariate analysis, the patients included in
the EEA group may have been more severely ill than the
patients in the CA group as perceived by the attending physi-
cian but were not captured by the registered standard clini-
cal data. In addition to the multivariate analysis, a paired
analysis of the SOFA score and the associated subcompo-
nents, as shown in Supplemental Figure 3, functioned as an
additional way to adjust for the baseline organ dysfunction
severity. This analysis also did not detect a benefit for early
antibiotic therapy regarding any organ dysfunction or total
SOFA.

Second, the uncertainty of the diagnosis of infection in
stable patients is very common in nosocomial settings.33
7

Large observational studies showed an association between
the timing of antibiotic therapy administration and worse
outcomes in septic patients in a time-dependent fashion.2-4

Nevertheless, nonseptic surgical patients and patients with
suspected infections (not confirmed posteriorly) are often
excluded from most of the studies. The benefit of earlier
appropriate therapy obtained in some patients may not be
valid for a heterogeneous group including infected and non-
infected patients, simulating real-life situation scenarios
when a confirmed infection is only granted a posteriori.

We opted to perform a multivariate analysis based on a
direct acyclic graphic model to control for the confounders
as the primary analysis. This kind of analysis takes into
account clinically relevant variables that can be inappropri-
ately removed from the model due to insufficient power
related to a small sample size and avoids the impact of col-
lider variables.21-23 Furthermore, direct acyclic graphic
models bring transparency to the proposed causal inference.
We also performed a sensitivity multivariate analysis based
on a more traditional stepwise backward regression model
with data derived from the univariate analysis. The variables
included in the sensitivity analysis were different from those
used in the primary analysis, but both these analyses yielded
similar results. Therefore, we can hypothesize that our
results are consistent and have internal validity.

Our study has limitations. It was a single-center observa-
tional trial, and confounders such as selection and informa-
tion biases might have influenced the results. There was no
standardization in the criteria for the initiation of antibiotic
therapy, with the attending physician being responsible for
the decision. This might explain the higher number of cul-
ture-confirmed infections in the EEA group. Although there
was no difference between the groups in the markers of
severity of disease, we cannot underestimate the impor-
tance of the clinical impression of the treating physician,
who takes into account numerous known and intangible fac-
tors in the process of decision-making. Finally, since 74% of
our cohort was trauma patients and the mean age was
44 years, our results are valid only for a strict number of crit-
ically ill patients.



E. Bassi, B.M. Tomazini, B.V. Carneiro et al.
Conclusions

In critically ill nonseptic surgical patients with a suspected
nosocomial infection without an obvious source, withholding
early empiric antibiotic therapy was not associated with the
progression of organ dysfunction in 14 days. In the subanaly-
sis including only confirmed infection patients, delays in the
administration of active therapy against the isolated patho-
gens were associated with worse outcomes. Our results only
apply to a strict number of critically ill surgical patients.
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