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1 | INTRODUCTION

1.1 | Background

Finn Erland Nielsen MD, DMSc%*

Abstract

Objective: To examine the association between delay of antibiotic treatment and 28-
day mortality in a study of septic patients identified by the Sepsis-3 criteria.

Methods: A prospective observational cohort study of patients (> 18 years) with sepsis
admitted to a Danish emergency department between October 2017 and March 2018.
The interval between arrival to the ED and first delivery of antibiotics was used as time
to antibiotic treatment (TTA). Logistic regression was used in the analysis of the asso-
ciation between TTA and mortality adjusted for potential confounding.

Results: A total of 590 patients, median age 74.2 years, were included. Overall 28-
day mortality was 14.6% (95% confidence interval [Cl], 11.8-17.7). Median TTA was
4.7 hours (interquartile range 2.7-8.1). The mortality in patients with TTA <1 hour was
26.5% (95% Cl, 12.8-44.4), and 15.3% (95% Cl, 9.8-22.5), 10.5% (95% Cl, 6.6-15.8),
and 12.8 (95% Cl, 7.3-20.1) in the timespans 1-3, 3—6, and 6-9 hours, respectively,
and 18.8% (95% Cl, 12.0-27.2) in patients with TTA >9 hours. With patients with low-
est mortality (TTA timespan 3-6 hours) as reference, the adjusted odds ratio of mortal-
ity was 4.53 (95% Cl, 1.67-3.37) in patients with TTA <1 hour, 1.67 (95% Cl,0.83-3.37)
in TTA timespan 1-3 hours, 1.17 (95% Cl, 0.56-2.49) in timespan 6-9 hours, and 1.91
(95% Cl,0.96-3.85) in patient with TTA >9 hours.

Conclusions: The adjusted odds of 28-day mortality were lowest in emergency depart-
ment (ED) patients with sepsis who received antibiotics between 1 and 9 hours and
highest in patients treated within 1 and >9 hours after admission to the ED.

KEYWORDS
Cohort study, emergency department, infection, sepsis, antibiotics, treatment delay, mortality

ment (ED) independently of the severity.! However, the recommended
early administration of antibiotics (AB) has been debated for several
years.2-10

Currently, it is only retrospective, observational, and non-

randomized controlled trials?'1-21 that have concluded survival

Empirical antimicrobial therapy of patients with sepsis is recom-

mended within 1 hour of presentation at the emergency depart-

benefit of early administration of antibiotics during hospital stay.
However, in the study by Husabg et al,’? it was found that patients who
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started antibiotic treatment between 2 and 3 hours after admission
had the lowest mortality.

A systematic review and meta-analysis from 2015 including 11
observational studies reported no significant mortality benefit of
administering antibiotics within 3 hours of ED triage or within 1 hour
of shock recognition in severe sepsis and septic shock.?? A recently
published review and meta-analysis of mainly retrospective studies
showed no difference in mortality between immediate (O to 1 hour
after onset) and early (1 to 3 hours after onset) antibiotics in patients
with severe sepsis or septic shock.2% In a recent review of 20 obser-
vational studies that evaluated timely antibiotic administration in the
ED, it was concluded that early and effective antibiotic is important
for survival, especially for patients with septic shock.2*Included in the
review,2* alarge retrospective study of 35,000 ED sepsis patients from
the United States found that the adjusted odds for hospital mortal-
ity increased 9% per elapsed hour between ED registration and AB
administration, and the effect was largest for patients treated within
the first hour and in patients with septic shock.2* In another large ret-
rospective sepsis study of 10,811 ED patients from the United States, it
was found that adjusted odds for 1-year mortality increased with 10%
per elapsed hour from ED arrival to delivery of antibiotics.1® A single
randomized controlled trial (RCT) of the effect of prehospital admin-
istration of antibiotics compared to usual hospital care did not show

improved survival regardless of illness severity.2>

1.2 | Importance

There are limited data from prospective studies of sepsis patients
investigating the impact of time to treatment with antibiotic (TTA)
on outcome in sepsis patients identified by the updated sepsis crite-
ria (Sepsis-3).2¢ In addition, studies adjusting for confounding factors
affecting mortality are sparse.

1.3 | Goals of this investigation

The aim of this study was to examine the association between TTA and
28-day mortality in a prospective study of septic patients identified by
)2

the Sequential Organ Failure Assessment (SOFA)2¢ score after adjust-

ing for potential confounding factors.

2 | METHODS

2.1 | Study design and setting

This study is a secondary analysis of a prospective cohort study of the
prognostic accuracy of quickSOFA (qSOFA) among all adult patients
with an infection admitted to the ED of Slagelse Hospital between
October 2017 and March 2018.27 The ED has 26,500 visits annually
from an uptake area of 198,000 adults. The Danish healthcare system

The Bottom Line

Despite guidelines recommending prompt administration of
antibiotics in sepsis, the relationship between time to antibi-
otics and outcome remains controversial. In this secondary
analysis of a prospective cohort study that included 590
patients, the adjusted odds of 28-day morality were lowest
among patients who received antibiotics between 1 and 9
hours of emergency department arrival, though potential for

significant confounding exists.

isuniversal and based on free and equal access to health care for all citi-
zens. All acutely hospitalized patients are admitted through the ED of a
public hospital. Most patients are referred to the hospitals by a general
practitioner or arrive to the ED by an emergency ambulance without
any preceding contact with the ED. Privately funded Danish hospitals
have no walk-in clinics for acute care.?®

2.2 | Selection of participants

Every working-day during the study period all electronic records of
ED patients (N = 12,092) were screened for infection defined as doc-
umented or suspected infection diagnosed by the emergency physi-
cian and if either intravenous or oral antibiotics were delivered within
24 hours from arrival (N = 3176). A total of 1066 were excluded in
the primary study leaving an infection cohort of 2112 ED patients (Fig-
ure 1).27 Among patients determined to have infection, we included
patients with > 2 SOFA score on admission and treated with intra-
venous antibiotics for at least 48 hours after arrival to the ED. Patients

(n = 19) with unknown TTA were excluded (Figure 1).

2.3 | Definitions
We have calculated the TTA as the time between arrival to the ED and
the time for the delivery of first dose of intravenous antibiotics.

Sepsis was defined as an increase of 2 or more of the total SOFA
score compared to the patient’s individual baseline value. The calcu-
lations of the SOFA scores were done retrospectively. The definitions
of gSOFA and Systemic Inflammatory Response Syndrome (SIRS) fol-
lowed the original guidelines.2627:30

We have adjusted the baseline SOFA score for chronic diseases.
Patients with chronic diseases (respiratory, kidney, liver) were classi-
fied according to the Charlson Comorbidity Index (CCl).3! The baseline
SOFA score assigned a value from 1 to 4 depending on an assessment
of the severity of the chronic disease after consensus between 2 of the
authors (SMOBA, RHS). This assessment was based on a combination
of information on the degree of chronicity (mild, moderate, or severe
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Admitted to the emergency department
during 01.10.17-31.03.18

n=12,092

l

Documented or suspected infection
and treatment with AB within 24 hours
after admission

n=3,176

]

Documented or suspected infection
and treatment with AB within 24 hours
after admission and continuously
treated for at least 48 hours

n=2112

Excluded (n=1,064)
Foreigner (n=6)

Missing data (n=56) and
registration error (n=10)

AB discontinued within 48
hours (n=174)

Transfer to/from other
hospitals (n=224)

Prophylactic AB treatment
in relation to surgery
(n=240)

Readmission within study

period (n=354)

!

> 2 SOFA score and treated with AB
for at least 48 hours

n=714

Excluded (n=124)

Treatment with peroral AB
1 (n=105)

> 2 SOFA score and treated with
intravenous AB for at least 48 hours

n =590

Unknown time of AB
treatment (n=19)

FIGURE 1 Flowchart
AB, antibiotics; SOFA, sequential organ failure assessment

kidney and liver disease) from the CCl classification and the creatinine
and bilirubin values upon arrival to the ED. We defined 3 comorbidity
levels: low (CCl score 0), moderate (CCl score 1 or 2), or high (CCl score
>3). The adjustment for chronic pulmonary disease was based on infor-
mation on pulmonary disease according to the CCl classification and if
different grades of decreased arrival PaO, values at the ED were con-
sidered to be chronically reduced. Patients with known dementia had
a baseline SOFA score of one. Patients without known chronic disease
had a baseline SOFA value of O.

Altered mental state was defined as either a Glasgow Coma Scale
(GCS) value <15 or AVPU (Alert, Verbal, Pain, Unresponsive) other
than A.

A positive blood culture was defined as at least 1 positive blood
culture during the stay in the ED (coagulase negative staphylococci
excluded).

2.4 | Management of patients with infection

During the study period, the ED nurses performed triage and electronic
registration of all patients according to a standardized procedure. This
included information regarding chief complaints and an assessment of
vital parameters.

The standard sepsis screening protocol in the ED was as follows:
Patients who had a qSOFA score of at least 2 or fulfilled the SIRS

criteria for sepsis, or in other cases where nurses, independently of

WILEY->*®

qSOFA or SIRS, suspected sepsis, were given priority for prompt med-
ical examination by an ED physician. If a physician suspected sepsis a
standard treatment protocol was recommended to be initiated within
1 hour from recognition of sepsis irrespective of disease severity. This
included oxygen administration, arterial blood gas analysis with mea-
surement of lactate, blood tests, an ECG, treatment with intravenous
fluids (rapid administration of 30 mL/kg crystalloid for hypotension)
and intravenous broad-spectrum AB after blood cultures were drawn,
and identification and management of the source of sepsis. Foci of the
infection were specified by bacterial culturing of possibly infected tis-
sues and body fluids. As required, other examinations were performed:
X-ray, ultrasound, computed tomography, gynecological examinations,
etc. The treatment protocol was based on Danish national guidelines
for early recognition and treatment of patients with increased risk of
developing life-threatening infectious diseases®? and the recommen-
dations in the international guidelines for management of severe sepsis
and septic shock.33

If the patients required hospitalization for >48 hours after the ini-
tial treatment, they were transferred to a medical ward. Deteriorating
or critical patients despite adequate treatment were transferred to the
ICU.

2.5 | Data collection

We used a standardized form for data collection in the primary study.?’
Information on medical history, vital parameters on admission, the time
(date, hours, minutes) of initiating intravenous AB treatment, labora-
tory tests on admission, results of other examinations, and informa-
tion about transfers to ICU were obtained by experienced data abstrac-
tors (SMOBA, RHS) from the triage forms and electronic records. The
admission ECG was analyzed for the occurrence of atrial fibrillation
(AF) and registered either as a history of AF before admission or new-
onset AF (episodes of AF documented on a 12-lead ECG on admission
and without a history of prior AF). Information on sources of infections
was based on a review of all records at discharge with specific infor-
mation on infectious source diagnosed and documented in the records
by the physicians during hospital stay. Information about death was
obtained from the Danish Civil Registration System.3*

We performed a 3-day pilot study before the initiation of the study
to ensure the collection of all data defined in the study protocol.?”
Finally, the collected data were entered in an electronic database.
The data collection and data entry process were randomly con-
trolled by the authors (SMOBA, RHS). The researchers met regu-
larly to discuss and clarify disputes regarding the collected data and

analyses.

2.6 | Analysis

The primary outcome was all-cause 28-day mortality. Categorical
data were reported as counts and percentages with 95% confi-

dence intervals (Cl). Continuous data were presented as medians with
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interquartile ranges (IQR). We have compared groups by using
differences within medians within 95% Cl and exact differences of pro-
portions with 95% Cl, the Wilcoxon rank sum test, and the chi-square
test. Differences were assumed significant if the 95% ClI for the median
difference or the 95% CI for the difference of proportions did not
include zero and if P values were < 0.05.

Logistic regression models were used in the analysis of the asso-
ciation between the time to treatment with AB and the outcome
adjusted for potential confounding. TTA was categorized in 5-time
intervals (< 1 hour, and the timespans 1-3 hours, 3-6 hours, 6-9 hours,
and > 9 hours). The potential confounders were chosen based on exist-
ing knowledge of the association between the variables and mortality
or if the variables in the crude analysis were associated with death.
We have adjusted for the following variables in the regression anal-
yses of the association between TTA and mortality: age, gender, CCl,
systolic blood pressure (SBP), mental status, temperature (TP), lactate,
and creatinine. The TTA group (timespan 3-6 hours) with the lowest
mortality was used as a reference group. We used multiple imputa-
tion by the Markov Chain Monte Carlo procedure under missing at
random assumptions to impute missing variables (SBP, TP, lactate) in
the regression analyses.>> The imputation model using 10 imputed
datasets included the outcome variable (death), exposure of interest
(TTA), and the covariates: age, gender, CCl score, temperature, systolic
blood pressure, lactate, creatinine, and mental status.

Stata 15.1 (StataCorp, College Station, Texas, USA) was used for all

analyses.

3 | RESULTS

3.1 | Population

A total of 2112 patients were admitted with infectious diseases (Fig-
ure 1) and 714 (33.8%) fulfilled the criteria for sepsis (SOFA > 2). A
total of 124 (17.4%) were excluded (Figure 1) leaving 590 patients
(55.6% male) with a median age of 74.2 years (IQR 65.8-83.8). A total
of 499 (84.6%) patients met either the gSOFA (n = 124) or SIRS criteria
(n=2375).

3.2 | Baseline characteristics
Baseline characteristics according to survival status are shown in
Table 1. The 28-day mortality and in-hospital mortality were 14.6%
(95% Cl, 11.8-17.7) and 8.0% (95% Cl, 5.9-10.5), respectively.
Twenty-eight-day mortality was significantly associated with age,
the comorbidity score, if previously hospitalized with sepsis, hypoten-
sion, altered mental status, lactate level > 2 mmol/L, and low core tem-
perature on admission (Table 1). Non-survivors admitted to the ICU
were more often treated with vasopressors (Table 1). The number of
patients with a new-onset AF on admission and a gSOFA score >2 was

increased among non-survivors (Table 1).

3.3 | Source of infection
The most common sites of infections were the lungs (62.4%), urinary
tract (19.5%), and abdomen (10.2%). A total of 48 (8.1%) patients had

unknown sites of infection (Table 1).

3.4 | Time to antibiotic treatment

Median TTA was 4.7 hours (IQR 2.7-8.1). The distribution of patients
according to hourly intervals of TTA is shown in Table 2. A total of
34 (5.8%) patients were treated with AB within 1 hour, 137 (23.2%)
within 1-3 hours, 190 (32.2%) within 3-6 hours, 117 (19.8%) within 6-
9 hours, and 112 (19.0%) >9 hours after admission.

Patients with either hypotension (SBP < 90 mmHg) or a lactate
level > 2 mmol/L on admission (n = 122) had a significantly lower TTA
(4.1vs 5.0 hours; 95% Cl for median difference 0.1-1.5; P=0.024) com-
pared to patients with either higher SBP or lower lactate levels. TTA
was significantly lower among patients with a gSOFA score > 2 (3.4 vs
5.0 hours) or SIRS criteria > 2 (3.9 vs 6.2 hours) on admission (Table 3).

3.5 | Mortality

The median TTA was not significantly different between survivors and
non-survivors (4.6 vs 5.2 hours; median difference 0.15 (95% Cl, +1.1-
0.8); P =0.758). The mortality (26.5%; 95% Cl, 12.8-44.4) was highest
in patients treated with AB within 1 hour after admission to the ED and
declining to 15.3% (9.8-22.5) in the TTA timespan 1-3 hours, 10.5%
(6.6-15.8) in the timespan 3-6 hours, 12.8% (7.3-20.1) in the times-
pan 6-9 hours and 18.8% (12.0-27.2) in patients treated >9 hours after
admission (Table 2).

After adjustment for potential confounding, and with patients with
the lowest mortality (TTA timespan 3-6 hours) as reference group,
our analyses showed that odds ratio (OR) for mortality was highest
(OR 4.53; 1.67-3.37) in patients treated with antibiotics within 1 hour
(Table 2). OR for mortality in the timespan 1-3 hours, 6-9 hours,
and > 9 hours was 1.67 (0.83-3.37), 1.17 (0.56-2.49) and 1.91 (0.96-
3.85), respectively (Table 2).

4 | LIMITATIONS

There are some limitations of our study. First, the high mortality rates
among patients treated early with antibiotics may be explained by
confounding by indication. Furthermore, when using arrival time as
time zero and time for study entry, and prescription of first antibi-
otic dose within a varying time period after study entry as exposure
to treatment, immortal time bias3¢37 may also affect the validity. Sec-
ond, increased workload and bustle in the ED could potentially have
caused incorrect and delayed time registrations. However, the risk of
misclassification of TTA was assumed approximately equal among the
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TABLE 1 Baseline characteristics according to 28-day mortality in septic patients identified by the Sequential Organ Failure Assessment

(SOFA) score

Female gender; n (%)
Age; years (IQR)
CCl score; n (%)
0
1-2
3+
History of sepsis; n (%)
Atrial fibrillation?
None, n (%)
New-onset atrial fibrillation; n (%)
History of atrial fibrillation; n (%)
Severity of disease
SBP; mmHg, median (IQR)°
SBP < 90; n (%)

Respiratory rate; min't, median (IQR)

Heart rate; min'!, median (IQR)

0O,-saturation; %, median (IQR)

Core temperature; °Celsius, median

(IQR)

Altered mental state; n (%)
qSOFA score > 2 on admission; n (%)
SIRS criteria > 2 on admission; n(%)
Laboratory results

CRP; median (IQR)

WBC; x107/L, median (IQR)

Creatinine; umol/L, median (IQR)

Bilirubin; mmol/L, median (IQR)

Platelets; x10?/L, median (IQR)

Lactate; mmol/L, median (IQR)¢

Lactate > 2 mmol/L; n (%)

Glucose; mmol/L, median (IQR)
Admission to ICU; n (%)

Vasopressor; n (%)

Mechanical ventilation; n (%)

Dialysis; n (%)

Positive blood cultures; n (%)
Source of infection

Pulmonary; n (%)

Urine; n (%)

Abdominal; n (%)

Non-survivors n = 86

(14.6%)
31(36.1)
79.2(70.3-86.5)

7(8.1)

42(48.8)
37(43.0)
35(40.7)

67 (77.9%)
9(10.5%)
10(11.6)

121(99-145)
11(12.8)
20(17-24)
91.5(77-109)
96 (92-98)
37.0(36.5-37.9)

33(38.4)
24(27.9%)
50(58.1)

91(27-160)
12.7 (8.0-18.6)
131(71-204)
11(8-19)

227 (147-296)
1.8(1.0-3.4)
21(38.9)

7.4

16 (18.6)
7(8.1)

5(5.8)

1(1.2)
15(17.4)

56(65.1)
21(24.4)
6(7.0)

Survivors n = 504 (85.4%)

231(45.8)
73.5(64.7-83.6)

141(28.0)
241 (47.8)
122(24.2)
146 (29.0)

389(77.2)
22(4.4)
93(18.4)

123.5(107-145)
24 (4.8)

20 (18-25)
94(79.5-110)
95(93-97)
37.5(36.8-38.5)

128 (25.4)
100(19.8)
325 (64.5)

89 (35.9-160)
12.1(9.1-16.7)
110.5(77-166)
10(7-17)

209 (147-287)
1.3(0.9-2.1)
80(26.8)

7.2

73(14.5)
9(1.8)

29(5.8)

2(0.4)
58(11.5)

312(61.9)
94(18.7)
54(10.7)

Difference (95% Cl)

9.7 (+1.3-20.7)
4.8(2.2-7.4)

19.9(12.9-26.9)
1.0(+12.4-10.4)
18.8(7.6-30.0)
11.7 (0.6-22.8)

0.7 (+8.8-10.2)
6.1(+0.6-12.8)
6.8(+0.8-14.4)

13.0(2.0-24.0)
8.1(+2.0-18.2)
6.4(+4.8-17.6)

3(+20-14)
0.1(+1.4-1.6)
11(+31-6)
1(+1-1)
5(+31-21)
0.3(+0.7-0)
12.1(1.1-23.1)
0.1(+0.5-0.4)
4.1(+4.7-12.9)
6.3(0.4-12.2)
0

0.8 (+1.6-3.2)
5.9 (+2.5-14.4)

3.2(+7.7-14.2)
5.7 (+4.0-15.4)
3.7 (+2.3-9.7)

P value
0.10
0.002

<0.001
0.90
<0.001
0.03

0.50
0.03
0.07

0.27
0.01
0.31
0.35
0.72
<0.001

0.01
0.11
0.27

0.71
0.89
0.17
0.31
0.66
0.02
0.06
0.67
0.32
0.004
1.00
0.37
0.15

0.63
0.23

0.34
(Continues)
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TABLE 1 (Continued)
Non-survivors n = 86 Survivors n =504 (85.4%) Difference (95% Cl) P value
(14.6%)
Central nervous system; n (%) 1(1.2) 4(0.8) 0.4 (+2.0-2.8) 0.54
Unknown; n(%) 6(7.0) 42(8.3) 1.3(+7.2-4.6) 0.83

CCl, Charlson Comorbidity Index; Cl, confidence interval; CRP, C-reactive protein; IQR, interquartile range; gSOFA, quick Sequential Organ Failure Assess-
ment; SBP, systolic blood pressure; SIRS, Systemic Inflammatory Response Syndrome; WBC, white blood cell.

2A total of 42 patients had missing information on atrial fibrillation on admission.

b7 patients with missing information on blood pressure.

€13 patients without core temperature measurements.

dA total of 32 (37.2%) non-survivors and 205 (40.7%) survivors did not have lactate measured on admission.

eA total of 50 (60.0%) non-survivors and 341 (67.7%) survivors had blood cultures taken on admission.

TABLE 2 Unadjusted and adjusted odds ratio for 28-day mortality among septic patients identified by the Sequential Organ Failure
Assessment (SOFA) score

Time to AB treatment Unadjusted odds Adjusted? odds ratio(95%
(TTA) (hours) Number of patients (%) Mortality N (%; 95% Cl) ratio(95% Cl) Cl)

<1 34(5.8) 9(26.5;12.8-44.4) 3.06 (1.25-7.46) 4.53(1.67-3.37)
1<TTA<3 137(23.2) 21(15.3;9.8-22.5) 1.54(0.80-2.97) 1.67(0.83-3.37)
3<TTA<6 190(32.2) 20(10.5; 6.6-15.8) Reference Reference

6<TTA<9 117(19.8) 15(12.8;7.3-20.1) 1.25(0.61-2.55) 1.17 (0.56-2.49)

>9 112(19.0) 21(18.8;12.0-27.2) 1.96(1.01-3.80) 1.91(0.96-3.85)

AB, antibiotic; Cl, confidence interval; TTA, time to antibiotic treatment.

2Adjusted for age, systolic blood pressure <90 mmHg on admission, Charlson Comorbidity Index, altered mental state, lactate, creatinine, and temperature
on admission.

outcome groups being compared. The risk of misclassification was reflected in our estimates. A larger sample size could have made our
therefore classified as non-differential, which will bias toward the estimates more precise.
null.38 Fourth, our method used to calculate SOFA scores after correc-

tion for chronic diseases has not been validated. We cannot exclude a

DISCUSSION

risk of misclassification of septic patients. However, we assume that 5 |

misclassification may occur similarly in the compared groups. There-

fore, the bias is toward the null. Fifth, the study was performed as a
single-center study. Sixth, a total of 19 patients were excluded because
of missing values to calculate the SOFA score. However, we believe that
the small number of excluded patients did not introduce any bias into
our analyses. Finally, the sample size was relatively small. Sample sizes
in other studies?11:1214-21,2539-44 \ary considerably. In this context,

our study has included a relatively small number of patients, which is

The main finding of our study was that adjusted odds of 28-day mor-
tality were lowest in patients who received antibiotics between 1 and
9 hours. The highest odds of mortality were found in patients treated
early and >9 hours after admission to the ED.

The observational study design used in our study and other stud-
ies may be subject to bias of different types. Because the decision

to initiate treatment with antibiotics is guided by the physician’s

TABLE 3 Time to antibiotic treatment among septic patients admitted to an emergency department

Time? to antibiotic treatment,

Median hours (IQR)

All septic patients (n = 590) 47(2.7-8.1)
qSOFA score on admission
<2(n=466) 5.0(3.0-8.2)
>2(n=124) 3.4(2.2-6.7)
SIRS criteria on admission
<2(n=215) 6.2(4.0-9.2)
>2(n=2375) 3.9(2.2-7.0)

Median difference

(95% Cl) Pvalue
1.2(0.6-1.8) 0.005
2.1(1.5-2.7) <0.001

Cl; confidence interval. IQR; interquartile ranges. gSOFA,; quick Sequential Organ Failure Assessment. SIRS; Systemic inflammatory Response Syndrome.
aTime from admission to the ED and administration of intravenous antibiotics (door-to-needle).
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expectations of the prognosis and the expected effect of the treatment
on outcomes, confounding by indication may be a potential threat to
the internal validity. When acute medical action and treatment with
antibiotics is guided by the expectation of an increased risk of death in
septic patients if not treated, the therapy provided to those at assumed
high risk will appear less effective. Our analyses were adjusted for the
severity of disease on admission. However, we do not know all the fac-
tors that are included in the determination of the prognosis. There-
fore, it may be difficult to perform adequate adjustments of the anal-
yses. Confounding by indication therefore has been described as an
intractable and stubborn bias.#>4¢

When using arrival time as time zero and time for study entry, and
prescription of first antibiotic dose within a varying time period after

study entry as exposure to treatment, immortal time bias3¢:37:47

may
affect the validity of the effect estimates. The time between time zero
and first dose of antibiotics is “immortal.” Patients exposed for antibi-
otic treatment had to be free of events and survive until first admin-
istration of antibiotics. A method to handle immortal time bias is to
replace the time-fixed time of sepsis presentation (ED arrival time)
with the exact time for presentation of signs of sepsis. However, sep-
sis is difficult to define and identify. Expert clinicians often disagree on
whether sepsis is present or absent despite the application of common
definitions, 1248 and there is poor agreement between abstractors for
identifying sepsis time zero.*?

RCTs of time to treatment with antibiotics in patients with sepsis are
limited. The Prehospital Antibiotics Against Sepsis (PHANTASI) trial, 2>
an RCT comparing the effect of giving antibiotics in the ambulance,
did not lead to improved 28-day survival, regardless of illness severity,
compared with usual care. The results of this study are supported by
previous published systematic reviews and meta-analyses.2223

The results of our study and other observational studies that com-
pare outcomes of different time intervals of antibiotic treatments
should be viewed in the light of the risk of bias. Inspired by the PHAN-
TAS:i trial, 2> we suggest that similar large multicenter prehospital RCTs
should be performed among well-defined sepsis populations fulfilling
updated sepsis criteria with relevant and precise definitions of time
zero and randomized into treatment arms with varying degrees of dis-
ease severity.

Until more solid data are available, aframework for timing of antimi-
crobials should be based on simultaneously evaluation of the likelihood
of infection and an assessment of the severity of the illness.>® For the
sickest patients, broad-spectrum antibiotics should be administered
within 1 hour and then narrowed or discontinued as new data on micro-
bial findings or alternative diagnoses are presented.’® Less ill and clini-
cally stable patients can await additional data to confirm the diagnosis
before prescription of antibiotics.”®

In summary, our study found that adjusted odds of 28-day mortal-
ity were lowest in ED patients with sepsis who received antibiotics
between 1 and 9 hours. The highest odds of mortality were found in
patients treated early and >9 hours after admission to the ED. Because
of the observational design, bias may be considered as potential threats

to internal validity. It is recommended to use study design approaches

with low risk of bias in future research of the impact of TTA on outcome
in septic patients.
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