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ABSTRACT

BACKGROUND
Patients who are treated with targeted temperature management after out-of-hospital The authors’ full names, academic de-
cardiac arrest with shockable rhythm are at increased risk for ventilator-associated grees, and affiliations are listed in the

. he benefit of . h ibiotic th h b h Appendix. Address reprint requests to
pneumonia. The benefit of preventive short-term antibiotic therapy has not been shown. 5 "¢, qis at Reanimation Polyvalente,
CHU de Limoges, 2 Ave. Martin Luther

METHODS . .
. . . L. King, 87042 Limoges, CEDEX, France, or
We conducted a multicenter, double-blind, randomized, placebo-controlled trial involv-  at b francois@unilim.fr.

ing adult patients (>18 years of age) in intensive care units (ICUs) who were being me- A list of investigators in the ANTHARTIC
chanically ventilated after out-of-hospital cardiac arrest related to initial shockable  study Group is provided in the Supple-
rhythm and treated with targeted temperature management at 32 to 34°C. Patients with ~ mentary Appendix, available at NEJM.org.
ongoing antibiotic therapy, chronic colonization with multidrug-resistant bacteria, or N gngl) Med 2019;381:1831-42.
moribund status were excluded. Either intravenous amoxicillin—clavulanate (at doses of DOI: 10.1056/NEJMoal812379

1 g and 200 mg, respectively) or placebo was administered three times a day for 2 days, et © 2019 Massachusetts Medical Society.
starting less than 6 hours after the cardiac arrest. The primary outcome was early

ventilator-associated pneumonia (during the first 7 days of hospitalization). An indepen-

dent adjudication committee determined diagnoses of ventilator-associated pneumonia.

RESULTS
A total of 198 patients underwent randomization, and 194 were included in the analysis.
After adjudication, 60 cases of ventilator-associated pneumonia were confirmed, includ-
ing 51 of early ventilator-associated pneumonia. The incidence of early ventilator-associ-
ated pneumonia was lower with antibiotic prophylaxis than with placebo (19 patients
[19%] vs. 32 [34%]; hazard ratio, 0.53; 95% confidence interval, 0.31 to 0.92; P=0.03). No
significant differences between the antibiotic group and the control group were observed
with respect to the incidence of late ventilator-associated pneumonia (4% and 5%, respec-
tively), the number of ventilator-free days (21 days and 19 days), ICU length of stay (5 days
and 8 days if patients were discharged and 7 days and 7 days if patients had died), and
mortality at day 28 (41% and 37%). At day 7, no increase in resistant bacteria was
identified. Serious adverse events did not differ significantly between the two groups.

CONCLUSIONS
A 2-day course of antibiotic therapy with amoxicillin—clavulanate in patients receiving a
32-t0-34°C targeted temperature management strategy after out-of-hospital cardiac arrest
with initial shockable rhythm resulted in a lower incidence of early ventilator-associated
pneumonia than placebo. No significant between-group difterences were observed for
other key clinical variables, such as ventilator-free days and mortality at day 28. (Funded
by the French Ministry of Health; ANTHARTIC ClinicalTrials.gov number, NCT02186951.)
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ESPITE IMPROVED MANAGEMENT, OVER-

all survival rates at hospital discharge

among patients with out-of-hospital car-
diac arrests do not exceed 20%, and neurologic
outcomes remain poor.! Even though controver-
sies persist, targeted temperature management
at 32 to 36°C remains recommended in patients
with out-of-hospital cardiac arrest with initial
shockable rhythm,? since it has beneficial effects
on morbidity and mortality.> However, targeted
temperature management is associated with an
increased risk of secondary infections*® and
constitutes an independent risk factor for early
ventilator-associated pneumonia.>®

The key early study suggesting the benefit
of single-day administration of cefuroxime in
patients with coma was performed more than
20 years ago.” Few studies have been conducted
since, including one single-center, small, un-
blinded, prospective, randomized, controlled
trial® and one prospective, nonrandomized co-
hort study.” Moreover, several retrospective stud-
ies showed a decreased incidence of infectious
complications and decreased related morbidity
when antibiotic therapy was given early to pa-
tients receiving targeted temperature manage-
ment after cardiac arrest.?

Therefore, we hypothesized that systematic
administration of empirical 2-day antibiotic ther-
apy could prevent early ventilator-associated
pneumonia and related complications in patients
with out-of-hospital cardiac arrest treated with
targeted temperature management, without clini-
cally or biologically significant adverse effects,
and could reduce intensive care unit (ICU) and
hospital lengths of stay and medical costs re-
lated to ventilator-associated pneumonia. With
consideration of the most frequently isolated bac-
teria in early ventilator-associated pneumonia after
out-of-hospital cardiac arrests® and treatment du-
ration in previous studies™ and to avoid the de-
velopment of antibiotic resistance with prolonged
antibiotic therapy,!®* 2-day treatment with amoxi-
cillin-clavulanate was chosen for the Antibio-
therapy during Therapeutic Hypothermia to Pre-
vent Infectious Complications (ANTHARTIC) trial.

METHODS

TRIAL DESIGN

This was a randomized, double-blind, placebo-
controlled trial conducted in 16 ICUs in France

(university and nonuniversity hospitals). The trial
was approved by the Limoges Ethics Committee.
Written informed consent was obtained from a
relative of each patient or through an emergency
consent procedure. The authors vouch for the
accuracy and completeness of the data and for
the fidelity of the trial to the protocol, which
is available with the full text of this article at
NEJM.org.

PATIENTS

Adult patients (>18 years of age) hospitalized in
the ICU after an out-of-hospital cardiac arrest
with shockable rhythm and treated with 32-to-34°C
targeted temperature management were eligible;
eligibility criteria were based on previous ran-
domized, controlled trials.'**> Exclusion criteria
were out-of-hospital cardiac arrest with non-
shockable rhythm, in-hospital cardiac arrest, on-
going pneumonia or gross aspiration identified
during direct laryngoscopy for tracheal intuba-
tion and confirmed by the presence of lung in-
filtrates on chest radiographs at admission, preg-
nancy, previous lung disease precluding accurate
interpretation of chest radiographs, the use of
extracorporeal life support, ongoing antibiotic
therapy or during the week before admission,
known chronic colonization with multidrug-
resistant bacteria, known allergy to beta-lactam
antibiotics, contraindications to amoxicillin or
clavulanate, predictable decision of early care
limitation (within 7 days), moribund status, and
participation in another trial within the previous
30 days. Patients had to undergo randomization
within 6 hours after the return of spontaneous
circulation to uniformly start antibiotics early
enough to prevent early ventilator-associated
pneumonia.

INTERVENTIONS

Patients in the antibiotic group received a 2-day
antibiotic therapy (amoxicillin—clavulanate at a
dose of 1 g and 200 mg, respectively, with three
injections per day), whereas patients in the con-
trol group received saline at the same frequency
(three injections per day for 2 days). Targeted
temperature management was maintained at
32 to 34°C for 24 to 36 hours, and body tem-
perature was monitored hourly. Although the
sedation protocol, the use of neuromuscular
blockade agents, and the method of targeted
temperature management were left to the inves-
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tigators’ discretion, rapid initiation of targeted
temperature management was required (e.g.,
infusion of iced saline). When indicated and af-
ter careful documentation, all patients who had
a secondary infection received curative antibiotic
therapy according to local guidelines.

RANDOMIZATION AND BLINDING

Patients were randomly assigned by means of a
secure, computer-generated, Web-response sys-
tem in a 1:1 ratio. Randomization was stratified
according to center, and the sequence was com-
puter generated by a statistician not involved in
recruitment using a fixed block size of four
units. Patients, care providers, and members of
the adjudication committee were unaware of the
trial-group assignments. (For details on the pro-
cedure for adjudicating ventilator-associated
pneumonia, see the Supplementary Appendix,
available at NEJM.org.)

OUTCOMES
Daily during the ICU stay, patients were evalu-
ated for nosocomial infections, especially venti-
lator-associated pneumonia. Patients’ vital status
and scores on the Cerebral Performance Category
scale were followed during 12 months (months
3, 6, and 12). The primary outcome was the
onset of early ventilator-associated pneumonia
(during the first 7 days of hospitalization). Be-
cause there is no universally accepted cutoff
value to differentiate early from late ventilator-
associated pneumonia,’® we purposely used
7 rather than 5 days of hospitalization to better
assess the potential benefit of a 2-day antibiotic
treatment and to best document microbiologi-
cally the cases of ventilator-associated pneumo-
nia. The main secondary outcomes were late
ventilator-associated pneumonia (after day 7 of
hospitalization through ICU discharge or death),
other nosocomial infections (bloodstream and
urinary tract infections), mortality at day 28,
intestinal acquisition of multidrug-resistant bac-
teria on day 7 according to solid selective media
for the detection of such bacteria in stool sam-
ples (enterobacteria resistant to third-generation
cephalosporins, carbapenemase-producing entero-
bacteria, methicillin-resistant Staphylococcus aureus,
and vancomycin-resistant enterococcus on the
Drigalski-MacConkey BLSE, the chromID CARBA
SMART, the chromID MRSA, and the chromID
VRE agar plates, respectively [bioMérieux]), per-

centage of days with antibiotic use (outside the
trial intervention) during the ICU stay, length of
stay in the ICU, number of ventilator-free days
until day 28, and costs consequence analysis.

DIAGNOSIS OF VENTILATOR-ASSOCIATED
PNEUMONIA AND ADJUDICATION PROCESS

Routine use of a bundle of measures for the
prevention of ventilator-associated pneumonia
(elevation of the head of the bed, daily “sedation
vacations” and assessment of readiness to extu-
bate, and deep-vein thrombosis prophylaxis) and
daily oral care were highly recommended, and
specific attention was given to standardize pa-
tient care.”” In cases of suspected ventilator-
associated pneumonia, the Clinical Pulmonary
Infection Score and Sequential Organ Failure
Assessment score were assessed, and bedside
anteroposterior chest radiography, arterial blood
gas analysis, blood cultures, and quantitative
sampling of the lower respiratory tract® (by either
bronchoalveolar lavage or endotracheal aspira-
tion, at the discretion of the attending physician)
were performed before any antibiotics were
administered. An adjudication committee, com-
posed of three senior intensivists who had expe-
rience in trials of ventilator-associated pneumo-
nia and who were unaware of the trial-group
assignments, reviewed all patients’ medical charts
and adjudicated all respiratory tract infections.
Such infections were defined as early if they oc-
curred within 7 days after randomization and as
late if they occurred after 7 days, according to
an adjudication charter (see the Supplementary
Appendix) and the definition of ventilator-asso-
ciated pneumonia.

To confirm reported clinical ventilator-asso-
ciated pneumonia, the events were defined in a
standardized approach with the use of criteria
from 2010 Food and Drug Administration guid-
ance for diagnosis and confirmation of ventilator-
associated pneumonia,'® which relies on clinical,
radiologic, and microbiologic criteria (patients
had to meet all three types of criteria). Clinical
criteria were documented fever or hypothermia
(with fever defined as an oral or tympanic tem-
perature >38°C and hypothermia defined as a
core body temperature <35°C), an abnormal total
peripheral white-cell count (>10,000 per cubic
millimeter or >15% immature neutrophils [bands],
regardless of white-cell count, or leukopenia
with a white-cell count <4500 per cubic milli-
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meter), new-onset purulent sputum or change in
the character of sputum, and a Clinical Pulmo-
nary Infection Score of more than 6 (scores
range from 0 to 10, with higher scores associ-
ated with a greater probability of pneumonia)
plus at least one of the following two features:
auscultatory findings on pulmonary examina-
tion of rales or evidence of pulmonary consoli-
dation, or acute changes made in the ventilator
support system to enhance oxygenation, as de-
termined by arterial blood gas analysis, or a
worsening ratio of partial pressure of arterial
oxygen to the fraction of inspired oxygen. Radio-
graphic criteria were the presence of new or
progressive and persistent infiltrate characteris-
tic of bacterial pneumonia or new consolidation.
Microbiologic criteria were a respiratory culture
that was positive and at the specified thresholds
to be considered clinically significant amounts,
as determined by standard culture (endotracheal
aspirate, 10° colony-forming units [CFU] per
milliliter; bronchoalveolar-lavage specimen, 10*
CFU per milliliter).

The intensivists had access to all monitored
data, chest radiographs obtained during the ICU
stay, and microbiologic documentation. Two of
them analyzed data from every patient indepen-
dently, and in case of disagreement, the third
one arbitrated the diagnosis of ventilator-associ-
ated pneumonia. All secondary infections that
occurred during the ICU stay were also recorded.
To document the potential emergence of multi-
drug-resistant bacteria, a rectal swab was ob-
tained on day 0 and day 7 for central laboratory
analysis.

STATISTICAL ANALYSIS

In the control group, we assumed that the inci-
dence of ventilator-associated pneumonia on day
7 would reach 68%, since other trials showed an
incidence of 63%?¥ and 65%.° Hypothesizing a
25% lower incidence of early ventilator-associated
pneumonia in the antibiotic group than in the
control group on the basis of previous random-
ized, controlled trials”™® and considering a two-
sided, 5% type I error rate and 90% power, we
calculated that the required number of events to
be observed was 91 and the required number of
patients to be included was 163. Because death
was a competing event relative to ventilator-
associated pneumonia, the sample size was ad-

justed with the use of Schulgen’s approach.?
Considering a mortality of 15% (without previ-
ous occurrence of ventilator-associated pneumo-
nia), we calculated that 192 patients (163 +0.85)
were needed.

Patients who did not receive any dose of
amoxicillin—clavulanate or placebo were exclud-
ed from the analysis.?> Cumulative incidence
curves of the primary outcome were estimated
and compared with the use of the Fine—Gray ap-
proach.” No adjustment for multiple testing on
secondary outcomes was performed. The between-
group difference in mortality at day 28 was esti-
mated on the basis of the two-sided 95% confi-
dence interval. For the percentage of days with
antibiotic use during the ICU stay and the num-
ber of ventilator-free days until day 28, two-sided
95% confidence intervals of median differences
were estimated on the basis of the Hodges—
Lehmann estimator.* Safety data were assessed
with the use of chi-square tests. Statistical analy-
ses were performed with the use of SAS soft-
ware, version 9.4 (SAS Institute), and R software,
version 3.3.1. Additional information is provided
in the Supplementary Appendix.

RESULTS

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

From August 18, 2014 to September 14, 2017, a
total of 1116 patients were screened in the emer-
gency departments of the trial centers, and 198
were included and underwent randomization
(median age, 61 years [interquartile range, 50 to
73]; 80% men). The main reasons for screening
failure were out-of-hospital cardiac arrest with
nonshockable rhythm, in-hospital cardiac arrest,
an interval of 6 hours or longer between the re-
turn of spontaneous circulation and randomiza-
tion, aspiration pneumonia, and moribund status.
Four patients (all assigned to receive placebo)
were excluded after randomization because they
did not receive any injection or they withdrew
their consent. Finally, 194 patients were included
in the analysis (99 in the antibiotic group and
95 in the control group) (Fig. 1). Targeted tem-
perature management was initiated a median of
5.4 hours (interquartile range, 4.3 to 6.1) after
out-of-hospital cardiac arrest. External cooling
was used in 87% of the patients in each group.
Patients’ characteristics are presented in Table 1.
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1116 Patients were assessed for eligibility

918 Were excluded
329 Had nonshockable rhythm
224 Had an in-hospital cardiac arrest
105 Had an interval of =6 hr between return
of spontaneous circulation and randomization
102 Had concomitant pneumonia
73 Had moribund status
30 Were already included in another trial
22 Did not give consent
17 Underwent cardiopulmonary bypass
7 Had a contraindication to amoxicillin—clavulanate
5 Were under guardianship or legal protection for
vulnerable adults
2 Had renal failure
1 Was pregnant
1 Had known colonization by multidrug-resistant
bacteria

198 Underwent randomization

99 Were assigned to receive
amoxicillin—clavulanate

99 Were assigned to receive
placebo

4 Discontinued trial
2 Withdrew consent
2 Did not receive placebo

99 Completed the trial

95 Completed the trial

Figure 1. Screening and Randomization.

CLINICAL OUTCOME

A total of 80 cases of ventilator-associated pneu-
monia were reported by the investigators (31
[31% of the patients] in the antibiotic group and
49 [52%] in the control group), of which 60 cases
were assessed as ventilator-associated pneumo-
nia by the adjudication committee (23 [23%] in
the antibiotic group and 37 [39%] in the control
group). The adjudication committee only reported
cases with pathogen documentation. Respiratory
sampling was performed with the use of bron-
choalveolar lavage and mini-bronchoalveolar la-
vage in 31 patients and endotracheal aspiration
in 29 patients. The initial rate of agreement be-
tween the two adjudicators was 78%, and for the
remaining cases with disagreement, a decision
was made by the referee adjudicator. There were

51 cases of early ventilator-associated pneumo-
nia and 9 cases of late ventilator-associated
pneumonia.

The incidence of early ventilator-associated
pneumonia was lower among patients who re-
ceived amoxicillin—clavulanate than among those
who received placebo (cumulative incidence on
day 7, 19% vs. 34%; hazard ratio, 0.53; 95% con-
fidence interval [CI], 0.31 to 0.92; P=0.03)
(Fig. 2A), whereas the occurrence of late ventila-
tor-associated pneumonia was similar in the two
groups (4 of 99 patients and 5 of 95 patients,
respectively). Similar results were obtained when
we used the 5-day cutoff value to distinguish
early from late ventilator-associated pneumonia
(cumulative incidence on day 5, 17% in the anti-
biotic group vs. 31% in the control group; haz-
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Table 1. Characteristics of the Patients at Baseline.*
Antibiotic Group Control Group
Characteristic (N=99) (N=95)
Median age (IQR) —yr 61 (50-73) 60 (51-72)
Male sex — no. (%) 76 (77) 80 (84)
Median body-mass index (IQR){ 26 (24-29) 27 (24-29)
Medical history
Median score on the Charlson Comorbidity Index (IQR) 2 (1-4) 2 (1-4)
Chronic lung disease — no. (%) 6 (6) 9 (9)
Immunosuppression — no. (%) 3(3) 0
Chronic heart disease — no. (%) 23 (23) 28 (29)
Diabetes — no. (%) 10 (10) 6 (6)
Out-of-hospital cardiac arrest
Witnessed — no. (%) 94 (95) 90 (95)
Median no-flow time (IQR) — min§ 2 (0-5) 3 (0-6)
Median low-flow time (IQR) — min§ 20 (10-28) 18 (12-25)
Median time to intubation (IQR) — min 20 (12-34) 22 (13-33)
Initial shockable rhythm — no. (%)
Ventricular fibrillation 4 (85) 74 (78)
Ventricular tachycardia without pulse 13 (13) 10 (11)
Other 2(2) 11 (12)
Median no. of electric shocks (IQR) 3 (2-4) 2 (1-3)
Catecholamine support — no. (%) 73 (74) 67 (71)
Antiarrhythmic drugs — no. (%) 39 (39) 45 (47)
Suspected aspiration — no. (%) 3(3) 8 (8)
Median baseline temperature (IQR) — °C 35 (35-36) 36 (35-36)
Median score on the Glasgow Coma Scale (IQR)q 3(3-3) 3(3-3)
Median SOFA score (IQR)| 8 (7-12) 9 (6-11)
Median APACHE Il score (IQR)** 24 (22-28) 24 (20-28)
Mild therapeutic hypothermia
Median interval between out-of-hospital cardiac arrest 6 (4-6) 5 (5-6)
and hypothermia (IQR) — hr
Median duration of hypothermia (IQR) — hr 30 (24-34) 29 (23-33)
Median target temperature (IQR) — °C 34 (33-35) 34 (33-34)

Percentages may not total 100 because of rounding. IQR denotes interquartile range.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.

I Scores on the Charlson Comorbidity Index range from 0 to 37, with higher scores indicating more coexisting condi-
tions.

§  No-flow time refers to the period without any cardiopulmonary resuscitation procedure, and low-flow time refers to
the total period with active cardiopulmonary resuscitation but without sustained spontaneous circulation.

Scores on the Glasgow Coma Scale range from 3 to 15, with lower scores indicating a reduced level of consciousness.
|  Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24 (from 0 to 4 for each of six organ sys-
tems), with higher scores indicating more severe organ dysfunction.

Scores on the Acute Physiology and Chronic Health Evaluation (APACHE) Il range from 0 to 71, with higher scores
indicating a higher risk of death.
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A Early Ventilator-Associated Pneumonia B Any Ventilator-Associated Pneumonia
100+ 100+
90 Hazard ratio in the antibiotic group, 90 Hazard ratio in the antibiotic group,
— 0.53 (95% Cl, 0.31-0.92) —_ 0.55 (95% Cl, 0.33-0.91)
& 80+ P=0.03 & 804
S 704 8 704
< <
S 60 £ 60
v v
£ 504 £ 504
[ o
£ 407 Control group 2 40+ - Control group
© | e e © -
S 304 o= S 304 [
E Pt E e
S 207 o S 209 _ Antibiotic group
104 | Antibiotic group 104 !
0 | T T T 1 0 T T T 1
0 1 2 3 4 5 7 0 7 14 21 28
Days Days
No. at Risk No. at Risk
Control group 95 93 82 65 48 38 29 18 Control group 95 18 2 0 0
Antibiotic group 99 96 86 63 48 33 28 22 Antibiotic group 99 22 6 1 0
Figure 2. Cumulative Incidence of Ventilator-Associated Pneumonia.
Cumulative incidence curves of early ventilator-associated pneumonia (during the first 7 days of hospitalization) (Panel A) and any ven-
tilator-associated pneumonia (Panel B) were compared with the use of the Fine—Gray approach between patients assigned to receive
amoxicillin—clavulanate (1 g and 200 mg, respectively) three times a day for 2 days (antibiotic group) and those assigned to receive pla-
cebo (control group).

ard ratio, 0.53; 95% CI, 0.30 to 0.95; P=0.03). No
significant difference in the incidence of ventila-
tor-associated pneumonia was observed when the
method of targeted temperature management
was considered (P=0.49 for interaction), and no
effect of trial center was noted. Overall, the risk
of ventilator-associated pneumonia was lower
among patients who received antibiotics than
those who received placebo (hazard ratio, 0.55;
95% CI, 0.33 to 0.91) (Fig. 2B).

Nonpulmonary secondary infectious compli-
cations were equally distributed between the two
groups (Table 2). The median percentage of days
with antibiotic use (outside the trial interven-
tion) during the ICU stay tended to be lower in
the antibiotic group than in the control group
(23% [interquartile range, 0 to 64] vs. 50% [0 to
70]; median difference, 0 days; 95% CI, —15 to
0). The trial procedure did not significantly in-
fluence the median number of ventilator-free
days (21 [interquartile range, O to 26] and 19
[interquartile range, 0 to 25], respectively; me-
dian difference, 0 days; 95% CI, 0 to 0). The
median ICU length of stay did not differ signifi-
cantly between the two groups, regardless of
whether patients were discharged (5 days [inter-

quartile range, 3.5 to 8.5] in the antibiotic group
and 8 days [interquartile range, 3 to 11] in the
control group) or had died (7 days [interquartile
range, 4 to 12] and 7 days [interquartile range,
5 to 9], respectively). Mortality at day 28 was
39% and did not differ significantly between the
two groups (41% in the antibiotic group and
37% in the control group; difference, 4 percent-
age points; 95% CI, —10 to 18) (Table S1 in the
Supplementary Appendix). No death was attrib-
utable to ventilator-associated pneumonia or
sepsis. More than half the patients who were
enrolled had a good neurologic outcome (Cere-
bral Performance Category of 1 or 2, on a scale
from 1 [good cerebral performance] to 5 [death
or brain death]) on day 28. This percentage was
similar at 3 months and 12 months (Table S2).

MICROBIOLOGIC FINDINGS

Microbiologic documentation of early and late
ventilator-associated pneumonia in each group
is presented in Table 3 and Table S3, respec-
tively. Colonization cases were excluded from
the analysis by the adjudication committee and
are not reported. Most cases of ventilator-associ-
ated pneumonia were polymicrobial (60%), with
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Table 2. Infectious Complications.*

Ventilator-associated pneumoniafi 23 (23)
Early: 19 (19)
Late 4(4)

Catheter-related bloodstream infection 1(1)

Urinary tract infection 4 (4)

Other infections§ 0

Antibiotic Group
Complication (N=99)

number (percent)

Control Group Hazard Ratio
(N=95) (95% Cl) P Value

37 (39) 0.55 (0.33-0.91)
32 (34) 0.53 (0.31-0.92) 0.03
509
1(1)
30)
2(2)

* Unless otherwise indicated, no statistical test was performed, owing to small sample size.

T Ventilator-associated pneumonia that occurred during the first 7 days of hospitalization was defined as early, and venti-
lator-associated pneumonia that occurred after the first 7 days of hospitalization was defined as late.

I Outcomes that are reported as cumulative incidence were analyzed with the use of a competing-risk approach.

§ In the control group, infectious endocarditis occurred in one patient, and purulent pleural effusion occurred in another

patient.

two bacteria per sample and a majority of gram-
negative bacilli. In the control group, the main
causative microorganisms were Haemophilus
influenzae (16 cases [24% of the pathogens in
this groupl) and Escherichia coli (8 cases [12%])
with respect to gram-negative bacilli, and S. au-
reus (8 cases [12%]) and Streptococcus pneumonide
(6 cases [9%]) with respect to gram-positive
cocci. In the antibiotic group, S. aureus had the
highest incidence for gram-positive cocci (4 cases
[10%]). The main relevant difference in terms
of microbiologic pattern was for gram-negative
bacilli, with more cases of enterobacteria such
as Serratia marcescens (4 cases [10%]), Hafnia alvei
(3 cases [7%]), and Kklebsiella species (4 cases
[10%)]) in the antibiotic group than in the con-
trol group.

Two strains were resistant to the third-gener-
ation medication cephalosporin, one Enterobacter
cloacae in the control group and one Klebsiella
pneumoniae in the antibiotic group among pa-
tients with early ventilator-associated pneumo-
nia. Pseudomonas aeruginosa was documented in 6
(6%) of the samples, half of them from patients
who had late ventilator-associated pneumonia.
The microbiologic pattern of late ventilator-asso-
ciated pneumonia was predominantly gram-
negative bacilli (13 cases [81%]) and especially
enterobacteria. Rectal swabbing before and after
the trial intervention did not show an emergence
of multidrug-resistant bacteria, with seven pa-

tients documented with such bacteria (five in the
control group and two in the antibiotic group) at
day 0 and eight patients (seven in the control
group and one in the antibiotic group) at day 7.

SAFETY

Of 309 adverse events reported, 107 (35%) were
reported as serious, without a significant differ-
ence between the antibiotic group and the con-
trol group (55 serious adverse events in 48 pa-
tients and 52 serious adverse events in 42 patients,
respectively; difference in incidence, 4 percent-
age points; 95% CI, —10 to 18). Most serious
adverse events involved the nervous system (59
events), with the majority of such events being
postanoxic encephalopathy (37). A total of 10
recurrences of cardiac arrest and 7 cases of mul-
tiple organ failure were also reported. None of
the serious adverse events was considered by
investigators to be related to the trial interven-
tion (Table S4).

DISCUSSION

In patients treated with targeted temperature
management after resuscitation of out-of-hospi-
tal cardiac arrests with shockable rhythm, we
found that a 2-day treatment with amoxicillin—
clavulanate resulted in a lower incidence of early
ventilator-associated pneumonia than placebo.
The overall 31% incidence of ventilator-associated

1838 N ENGL) MED 381,19 NEJM.ORG NOVEMBER 7, 2019

The New England Journal of Medicine
Downloaded from nejm.org at UNIVERSITY OF WASHINGTON on January 7, 2020. For personal use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.



VENTILATOR-ASSOCIATED PNEUMONIA AFTER CARDIAC ARREST

Table 3. Microbiologic Documentation of Confirmed Early Ventilator-Associated Pneumonia.*
Antibiotic Group Control Group Total
Pathogen (N=33) (N=59) (N=92)
number of cases (percent of pathogens)
Gram-negative bacilli
Haemophilus influenzae 5 (15) 15 (25) 20 (22)
Escherichia coli 3(9) 7 (12) 10 (11)
Citrobacter koseri 2 (6) 1(2) 3(3)
Citrobacter freundii 2 (6) 0 2(2)
Klebsiella pneumoniae 2 (6) 2 (3) 4 (4)
Klebsiella oxytoca 0 1(2) 1(1)
Enterobacter cloacae 1(3) 2 (3) 3(3)
Enterobacter aerogenes 1(3) 1(2) 2(2)
Serratia marcescens 3(9) 0 3(3)
Hafnia alvei 3(9) 0 3(3)
Pseudomonas aeruginosa 1(3) 2(3) 3(3)
Proteus vulgaris 1(3) 1(2) 2(2)
Proteus mirabilis 0 1(2) 1(1)
Raoultella species 0 2 (3) 2(2)
Acinetobacter species 0 1(2) 1(1)
Other 103) 3 (5) 4 (4)
Gram-positive cocci
Staphylococcus aureus 3(9) 8 (14) 11 (12)
Streptococcus pneumoniae 0 6 (10) 6 (7)
Streptococcus species 0 3 (5) 3(3)
Gram-negative cocci
Neisseria species 1(3) 1(2) 2(2)
Moraxella species 1(3) 0 1(1)
Gram-positive bacilli: corynebacterium species 0 2 (3) 2(2)
Fungi: candida species 3(9) 0 3(3)

* A total of 33 pathogens were observed in samples from the antibiotic group, and 59 pathogens were observed in sam-

ples from the control group. Percentages may not total 100 because of rounding.

pneumonia that was observed in the current
trial was lower than that previously reported in
similar ICU populations.>?*?>?¢ It is important
that patients with overt aspiration were not en-
rolled in our trial and that systematic implemen-
tation of bundles known to decrease the inci-
dence of ventilator-associated pneumonia in the
ICU was highly recommended.”

The diagnosis of ventilator-associated pneu-
monia remains complex owing to considerable
heterogeneity in its definition,”®* especially in
patients with out-of-hospital cardiac arrest receiv-

ing targeted temperature management. To mini-
mize a potential reporting bias, a central adjudi-
cation committee whose members were unaware
of the trial-group assignments diagnosed venti-
lator-associated pneumonia on the basis of pre-
defined criteria. One fourth of the cases of ven-
tilator-associated pneumonia that were initially
reported by investigators were not subsequently
confirmed during adjudication. Despite the poten-
tial eradication of microorganisms in the treat-
ment group (complicating the diagnosis of ven-
tilator-associated pneumonia), the between-group
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difference in the incidence of ventilator-associated
pneumonia after adjudication tended to be small-
er than the difference in the incidence of pneu-
monia reported by investigators during the trial
period (16 percentage points after adjudication
vs. 20 percentage points before adjudication).
Overall, these specific factors presumably ac-
count for the lower incidence of ventilator-asso-
ciated pneumonia in this trial than in previous
trials, despite the fact that the characteristics
were similar among the trial populations.

A randomized trial has previously shown that
short-term treatment with amoxicillin—clavula-
nate failed to prevent ventilator-associated pneu-
monia in patients with out-of-hospital cardiac
arrest as compared with placebo (50% in both
groups).>® Nevertheless, this single-center trial
was underpowered and limited by the absence of
adjudication of secondary infections. Less than
10% of screened ICU patients were excluded for
having an interval of 6 hours or longer between
the return of spontaneous circulation and ran-
domization. In the present trial, the absence of
effects of short-term antibiotic therapy on the
incidence of other secondary infections (the in-
cidence of which increases with targeted tem-
perature management*?’) may have been related
to the sample size and the lower incidence of
these complications.

Microbiologic documentation of ventilator-
associated pneumonia in the control group was
similar to that previously described in European
ICUs,>1020253031 with a predominance of gram-
negative bacteria susceptible to amoxicillin—clavu-
lanate.®> Some authors suggested that such a
therapeutic strategy could alter the microbiota
and the epidemiology of secondary infections.**3*
In our limited sampling, we noted a higher fre-
quency of enterobacteria among patients who
received amoxicillin—clavulanate than among
those who received placebo; however, the im-
plications are unclear (e.g., similar incidence of
P. aeruginosa and methicillin-resistant S. aureus).>*
No Clostridium difficile infection was reported. In
our trial, the 2-day course of amoxicillin—clavu-
lanate that was used was not associated with the
emergence of difficult-to-treat microorganisms,
as suggested previously,*® although the number
of events was fairly limited.

The trial treatment did not affect mortality at
day 28 or the number of ventilator-free days,
findings that are consistent with that of previous
research.” This is presumably related to the low
mortality attributable to ventilator-associated
pneumonia (<10%) among ICU patients.>”*® As
expected, the prognosis of our population was
mainly driven by neurologic outcome due to
hypoxic ischemic brain injury*#’; most of the
deaths were related to care withdrawal. Never-
theless, more than 50% of the patients had a
good neurologic outcome (Cerebral Performance
Category of 1 or 2 at month 12). The incidence
of late ventilator-associated pneumonia was not
influenced by our intervention, a finding consis-
tent with that of previous studies,®® since late
ventilator-associated pneumonia is mostly driven
by prolonged mechanical ventilation with a dis-
tinct microbiologic epidemiology.

Our trial has some limitations. First, even if
risk factors for the development of ventilator-
associated pneumonia are not related to initial
rhythm,>® we cannot extend the benefit of the
trial treatment to patients with an in-hospital
cardiac arrest or out-of-hospital cardiac arrest
with nonshockable rhythm. Second, patients with
overt aspiration were not included in the trial.
Third, microbiota analysis was designed to de-
tect multidrug-resistant bacteria only and was
not repeated after day 7. It could be informative
to better analyze the consequences of a short-
term antibiotic treatment on microbiota that play
a role in the protective, structural, and meta-
bolic gut function. Fourth, whether the present
results apply to patients with out-of-hospital
cardiac arrest whose condition is managed with
a different targeted temperature remains to be
determined.
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