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Key messages

The Norwegian Directorate of Health requested the Division for
Health Services at the Norwegian Institute of Public Health to con-
duct a systematic review of effect and safety of empiric treatment
with antibiotic combination therapy compared with monotherapy
for adult patients with septic shock of unknown pathogen and

origin.

We conducted a systematic review according to the protocol. Our
systematic search identified 4086 references. We considered 15 of
those as potentially relevant, and read them in full text.

We did not identify any studies comparing empiric antibiotic com-
bination with monotherapy for adult patients with septic shock of
unknown pathogen and origin. Therefore, we do not know if em-
piric treatment with antibiotic combination therapy is more effec-
tive than monotherapy for adult patients with septic shock of un-

known pathogen and origin
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Executive summary (English)

Background

The 2013 Norwegian National Guidelines for antibiotic treatment of sepsis and septic
shock has been debated due to uncertainty about the effectiveness and safety of cur-
rently recommended combination therapy. There is additional uncertainty among med-
ical doctors in Norway about which alternative empiric antibiotic treatment is right or
most plausible for adult patients suffering from septic shock of unknown origin, includ-
ing possible consequences for antimicrobial resistance. Patients with septic shock must
have immediate treatment, including rapid onset of antibiotic treatment. In the absence
of a confirmed pathogen or clinical signs of the origin of the infection, empiric antimi-
crobial therapy becomes necessary. Empirical treatment is based on clinical reasoning
in the absence of complete information.

As part of the preparation for an update of this guideline, the Norwegian Directorate of
Health asked the Division for Health Services at the Norwegian Institute of Public
Health to conduct a systematic review of available research about empiric treatment
with antibiotic combination therapy compared with monotherapy for adult patients
with septic shock of unknown pathogen and origin.

Objective

The objective of this systematic review is to compare the effect and safety of empiric
antibiotic combination therapy with that of monotherapy for adult patients with septic
shock of unknown pathogen and origin.

Method

We conducted a systematic literature search 02.12.2019 in the following databases:
Medline, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL) and for
planned and ongoing trials in clinicaltrials.gov and WHO ICTRP. We considered publica-
tions in Danish, English, German, Norwegian, and Swedish. Two persons independently
read titles and abstracts to identify possibly relevant articles. We evaluated the rele-
vance of selected publications based on our inclusion criteria:

Population Adult patients with septic shock or suspected septic shock, with
unknown origin of infection before start of treatment
Intervention Empiric antibiotic combination therapy including the following:

e Macrolide + any betalactam

e Genta-/tobramycin (single daily dose) + betalactam (ampi-
cillin or (benzyl) penicillin)

e (enta-/tobramycin (single daily dose) + betalactam (except
ampicillin or (benzyl) penicillin)
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e Amikacin (single daily dose) + betalactam (ampicillin or
(benzyl) penicillin)

¢ Amikacin (single daily dose) + betalactam (except ampicillin
or (benzyl) penicillin)

Planned aminoglycoside treatment should include daily doses

Comparison Antibiotic monotherapy

Outcomes Mortality (30 days)

Serious adverse events (including organ damage)
Length of stay in hospital (days)

Length of stay in ICU (days)

Bacterial eradication (negative blood culture)

Design Prospectively controlled studies including randomized con-
trolled trials, non-randomized controlled trials, controlled co-
hort studies

Results

Of the 4086 identified references, we (two persons independently) assessed all titles
and abstracts against the inclusion criteria and considered 15 as possibly relevant. We
read these 15 studies in full text. None of them met the inclusion criteria. Reasons for
exclusion were not relevant interventions (n=11), only abstract available (n=1), bacte-
rial aggregated data (n=1), no primary data (n=1) and aggregated data (n=1). We ex-
cluded no studies because of language.

We did not identify any studies that compared empiric antibiotic combination therapy
to that of monotherapy for adult patients with septic shock of unknown pathogen and
origin.

Discussion

We did not identify published research on empiric antibiotic treatment for septic shock
of unknown origin. For other patient groups there exists research on double-coverage
antibiotic agents compared to monotherapy. This is reflected in the 2016 international
guidelines for management of sepsis and septic shock, the foremost comprehensive evi-
dence review of clinically relevant aspects of septic shock. This guideline reviews dou-
ble-coverage antibiotic agents compared to monotherapy for septic shock collectively
for origin, yet not specifically for unknown origin and unknown pathogen. We confirm
with our findings that there remains a gap in available evidence.

More stratified documentation and analyses may prove useful for future research. Fur-
thermore, our identified knowledge gap encourages new studies specifically looking at
empiric treatment choices for septic shock without known origin or pathogen. A differ-
ent research approach of interest may be an evaluation of local epidemiological data in-
cluding resistance patterns and their possible importance for guiding empiric treat-
ment.
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Conclusion

There is an absence of published research evidence for empiric treatment with antibi-
otic combination therapy compared with monotherapy for adult patients with septic
shock of unknown pathogen and origin. Therefore, we do not know if empiric treat-
ment with antibiotic combination therapy is more effective than monotherapy for adult
patients with septic shock of unknown pathogen and origin.
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Hovedbudskap

Helsedirektoratet anmodet omréde for helsetjenester ved
Folkehelseinstituttet om a utarbeide en systematisk oversikt om
effekt og sikkerhet ved empirisk kombinasjonsbehandling med
antibiotika sammenliknet med monoterapi for voksne pasienter
med septisk sjokk forarsaket av ukjent patogen og ukjent
opprinnelse.

Vi utarbeidet en systematisk oversikt i henhold til protokollen.
Vart systematiske sgk identifiserte 4086 referanser. Vi vurderte
15 av dem som potensielt relevante, og leste dem i fulltekst.

Vi identifiserte ingen studier som sammenlignet empirisk
kombinasjonsbehandling med antibiotika med monoterapi for
voksne pasienter med septisk sjokk av ukjent patogen og
opprinnelse. Derfor vet vi ikke om empirisk behandling med
kombinasjonsbehandling med antibiotika er mer effektivt enn
monoterapi for voksne pasienter med septisk sjokk forarsaket
av ukjent patogen og ukjent opprinnelse.

8 Hovedbudskap
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opprinnelse: en systematisk oversikt

Publikasjonstype:
Systematisk oversikt

En oversikt av et klart formulert spgrsmal
som bruker systematiske og eksplisitte
metoder for & identifisere, velge og
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Svarer ikke pa alt:

- Ekskluderer studier som faller utenfor
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- Ingen anbefalinger
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Sak etter studier ble avsluttet i
desember 2019.

Eksterne fagfeller:
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Solligard, Erik, Overlege, St. Olavs
Hospital HF/ professor NTNU



Sammendrag

Innledning

De norske nasjonale retningslinjene fra 2013 for antibiotikabehandling av sepsis og
septisk sjokk har blitt diskutert pa grunn av usikkerhet omkring effekt og sikkerhet av
navaerende anbefalt kombinasjonsbehandling. Det er ytterligere usikkerhet blant leger
i Norge om hvilken alternativ empirisk antibiotikabehandling som er best for voksne
pasienter med septisk sjokk med ukjent opprinnelse, og mulige konsekvenser for anti-
mikrobiell resistens. Pasienter med septisk sjokk ma fa behandling umiddelbart, dette
inkluderer rask oppstart av antibiotikabehandling. Dersom man ikke vet hva som forar-
saker infeksjonen, ma man starte med empirisk behandling. Empirisk behandling er ba-
sert pd klinisk erfaring og antagelser man gjgr nar ngdvendig informasjon ikke er til-

gjengelig.

Som et ledd i forberedelsene til en oppdatering av denne retningslinjen ble omrade for
helsetjenester ved Folkehelseinstituttet bedt av Helsedirektoratet om a lage en syste-
matisk oversikt over tilgjengelig forskning om empirisk behandling med antibiotisk
kombinasjonsbehandling sammenlignet med monoterapi for voksne pasienter med
septisk sjokk av ukjent patogen og opprinnelse.

Metode

Vi gjennomfgrte et systematisk litteratursgk 02.12.2019 i fglgende databaser: Medline,
EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), og for planlagte og
pagaende studier i clinicaltrials.gov og WHO ICTRP. Vi vurderte publikasjoner pa
dansk, engelsk, norsk, tysk og svensk. To personer screenet uavhengige av hverandre
titler og abstrakter for a identifisere mulige relevante artikler. Vi evaluerte relevansen
til utvalgte publikasjoner basert pa inkluderingskriteriene vare:

Populasjon Voksne pasienter med septisk sjokk eller mistanke om septisk
sjokk, med ukjent infeksjonsopprinnelse fgr behandlingsstart

Intervensjon Empirisk kombinasjonsbehandling med antibiotika inkludert fgl-
gende:

e Macrolide + betalactam (alle typer)

e (Genta-/tobramycin (enkel daglig dose) + betalactam (ampicillin
eller (benzyl) penicillin)

e Genta-/tobramycin (enkel daglig dose) + betalactam (untatt
ampicillin eller (benzyl) penicillin)

e Amikacin (enkel daglig dose) + betalactam (ampicillin eller
(benzyl) penicillin)

e Amikacin (enkel daglig dose) + betalactam (untatt ampicillin el-
ler (benzyl) penicillin)
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Planlagt behandling med aminoglykosid ma inkludere dagligdose

Komparator Monoterapi med antibiotika

Utfall Dgdelighet (30 dager)

Alvorlige bivirkninger (inkludert organskader)
Liggetid pa sykehus (dager)

Liggetid i ICU (dager)

Bakteriell utryddelse (negativ blodkultur)

Studie design Prospektive kontrollerte studier inkludert randomiserte kontrol-
lerte studier, ikke-randomiserte kontrollerte studier, kontrollerte
kohortstudier

Resultat

Av de 4086 identifiserte referansene vurderte vi (to personer uavhengig av hverandre)
alle titler og abstrakt mot inklusjonskriteriene og vi vurderte 15 som mulig relevante.
Vi leste disse 15 studiene i fulltekst. Ingen av dem oppfylte inklusjonskriteriene. Arsa-
ken til eksklusjon var ikke relevante intervensjoner (n = 11), kun abstrakt (n = 1), ag-
gregerte data, det vil si at resultatene var presentert samlet pa en slik mate at vi ikke
kunne isolere kun de relevante resultatene (n = 1), ingen primardata (n = 1) og aggre-
gerte data (n = 1). Ingen studier ble ekskludert pa bakgrunn av sprak.

Vi identifiserte ingen studier som sammenlignet empirisk kombinasjonsbehandling
med antibiotika og monoterapi for voksne pasienter med septisk sjokk av ukjent pato-
gen og opprinnelse.

Diskusjon

Vi fant ikke publisert studier om empirisk kombinasjonsbehandling med antibiotika for
septisk sjokk av ukjent opprinnelse. Det finnes imidlertid forskning om antibiotisk
kombinasjonsbehandling sammenliknet med monoterapi for andre pasientgrup-

per. Dette gjenspeiles i de internasjonale retningslinjene fra 2016 for behandling av
sepsis og septisk sjokk, en omfattende oversikt av klinisk relevante aspekter ved sep-
tisk sjokk(1). Den retningslinjen gjennomgar dokumentasjon for effekt av kombina-
sjonsbehandling med antibiotika sammenlignet med monoterapi for septisk sjokk sam-
let, men ikke spesifikt for ukjent opprinnelse og ukjent patogen. Vare funn bekrefter at
det fortsatt er et kunnskapshull i tilgjengelig dokumentasjon.

Mer stratifisert dokumentasjon og analyser kan vere av nytte for fremtidig forskning.
Var gjennomgang av forskningslitteraturen bekrefter behov for nye studier som ser
spesifikt pa empirisk behandlingsvalg for septisk sjokk uten kjent opprinnelse eller pa-
togen. En annen forsknings-tilnaerming av interesse kan vaere a evaluere lokale epide-
miologiske data inkludert resistensmgnstre og deres mulige betydning for d informere
empirisk behandling.

Konklusjon

Det mangler publiserte studier om empirisk behandling med kombinasjonsbehandling
med antibiotika sammenlignet med monoterapi for voksne pasienter med septisk sjokk
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av ukjent patogen og opprinnelse. Derfor vet vi ikke om empirisk behandling med kom-
binasjonsbehandling med antibiotika er mer effektivt enn monoterapi for voksne pasi-
enter med septisk sjokk forarsaket av ukjent patogen og ukjent opprinnelse. Uten til-
gjengelige studier, vil klinisk resonnement med hensyn til lokal epidemiologi veere ngd-

vendig for a informere behandlingen.
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Preface

The 2013 Norwegian National Guidelines for antibiotic treatment of sepsis and septic
shock are currently being updated. The Directorate of Health has commissioned this
systematic review to compare antibiotic combination therapy with monotherapy for
adult patients with septic shock of unknown pathogen and origin.

In collaboration, the Directorate of Health and the Division for Health Services at the
Norwegian Institute of Public Health have developed an accelerated process providing
relevant up-to-date systematic reviews of direct usefulness to a specific recommenda-
tion for a National Guideline in Norway. This agreement focuses on defining a narrow
question (specific populations, intervention, comparison and main outcomes) that can
be systematically addressed in a robust manner to inform the guideline recommenda-
tion process. The introduction and discussion chapters are accordingly brief. The Nor-
wegian Institute of Public Health follows a common methodology as described in the
handbook "How we summarize research”. This means, among other things, that stand-
ard formulations are used when describing the method, the results and the discussion
of the findings. Clinical experts from the guideline group are asked to perform peer re-
view of these systematic reviews.

The authors certify that they have no affiliations with or involvement in any or-
ganization or entity with any financial interest, or non-financial interest in the subject
matter or materials discussed in this review. In addition, consulted experts have de-
clared no conflict of interest.

The Norwegian Institute of Public Health thanks Steinar Skrede, ass. dep. director /
professor, Med. dep. Haukeland University Clinic and Erik Solligard, Senior physician St.
Olavs Hospital HF/ professor NTNU who have supported this project with peer re-
views. The authors also thank their colleagues Signe Flottorp and Hege Korngr whom
have supported this project with their constructive feedback.

Kare Birger Hagen Hege Korngr Jan PW Himmels
Research director Department director Project coordinator
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Introduction

Sepsis (blood poisoning) is a clinical condition that reflects a patient's systemic re-
sponse to infection. Septic shock is defined as a subset of sepsis in which particularly
profound circulatory, cellular, and metabolic abnormalities are associated with a
greater risk of mortality than with sepsis alone (2). A 2017 Norwegian registry study
estimated that sepsis constituted 1% of the total number of somatic hospital admis-
sions, whereof ~4% were identified to have suffered from septic shock. With a hospital
mortality for sepsis admissions at an estimated 19%, septic shock admission mortality
can be assumed even higher (3). Rapid and targeted treatment of sepsis, especially sep-
tic shock, is crucial towards reducing mortality. Inmediate action is required, consist-
ing of identification of the origin of the infection, securing microbiological specimens,
starting effective antibiotics and providing organ supportive treatment. Patients with
septic shock and organ failure must have immediate life-saving treatment specifically
aimed at the circulatory and respiratory failure. In addition, antibiotics should be ad-
ministered as soon as possible, preferably after blood cultures have been taken. More
timely initiation of effective antibiotic treatment has been linked to decreased mortality
(4, 5). Early volume/infusion therapy and oxygen therapy has not been shown to de-
crease mortality. In 2018, a Norwegian report found that patients with life-threatening
organ failure were put at risk due to longer initiation time for antibiotic treatment than
according to standard hospital routines (6, 7). Yet, with uncertainty in microbiological
origin of symptoms early initiation of antimicrobials for not infected patients is contro-
versial (8).

Besides rapid treatment initiation of antibiotic treatment, administering the right anti-
biotic, dose and dosage is essential for the eradication of the bacterial pathogen, and
therefore a prerequisite for tackling the underlying cause of sepsis. In the absence of a
confirmed pathogen or clinical signs of the origin of the infection, empiric antimicrobial
therapy becomes necessary. Empirical treatment is based on clinical reasoning in the
absence of complete information. Empiric antimicrobial therapy aims to cover all plau-
sible bacterial pathogens, including their regional resistance patterns; it will inherently
be broader than necessary for the individual patient and yet not be broad enough for
all. The acute nature of septic shock requires rapid initiation of empiric treatment with
no time to await microbiological test results. Empiric therapy may fail when there is a
mismatch between antimicrobial agent and bacterial sensitivity (9).
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There is no universally correct antibiotic choice, antibiotics differ from each other in
their mechanism of action, spectrums of effectivity, tissue distribution, pharmacokinet-
ics and pharmacodynamics. Bacterial diversity is even greater and brings with it the in-
herent necessity for different antibiotics. Besides intrinsic resistance to antimicrobial
agents, bacteria are also capable of developing/acquiring broader resistance. This ad-
aptation process contributes to bacterial survival, and is accelerated under bacterial
stress (such as exposure to antibiotics) (10). Since the initiation of antibiotic treatment,
antimicrobial resistance (AMR) has accompanied their use and reduced their effectivity
with time. Wide use favours further AMR. Treatment choice is influenced by effective-
ness, risk of side effects and the risk for increased antimicrobial resistance. Broader or
combination antibiotics may be more effective, without necessarily causing more side
effects, but may contribute disproportionally to AMR. Balancing these aspects is ulti-
mately an ethical question (11). AMR begins locally, spreads regionally and may remain
country specific, yet in a globalising world, these boundaries become blurred (12).

bial use, is within Europe | 25"

[ No data reported or fewer than 10 isolates
one of the countries with | ="
the least AMR (13). This

is fortunate for Norway,

Norway Wlth its gerlEr' Staphylococcus aureus. Percentage (%) of invasive Isolates with resistance to meticlllin (MRSA), by
country, EU/EEA countrles, 2017

ally careful and prudent — o L
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approach to antimicro- e 0% Aoad T |
. 10% t0 ¢ 25% y o

%

in contrast to declining
effects in most of Europe
and the rest of the world

many antibiotics con-
tinue to be effective (14). | tomisiviecouties

1 Liechtenstein
J Luxembourg

Other Scandinavian coun- | m i i ! AT ' I’

tries have similarly fa- Figure 1. Exemplary map for Norway’s low percentage of resistant isolates
(MRSA); ECDC, Surveillance Atlas of Infectious Diseases,
http://ecdc.europa.eu/en/data-tools/atlas/pages/atlas.aspx, Stockholm

vourable conditions.
Therefore, the most plau-
sible choice for empiric antibiotic treatment/ septic shock treatment for patients in
Norway is reliant on the epidemiological situation of Norway/ possibly Scandinavia.
Evidence from other epidemiological settings beyond Scandinavia may nonetheless
provide beneficial insights into treatment tolerance, side effects and a broader under-
standing of probable future treatment options in a more AMR afflicted Norway.

There is uncertainty among medical doctors in Norway about which empiric antibiotic
treatment is right or most plausible for adult patients suffering from septic shock of un-
known origin. The release of the 2013 national clinical guideline for antibiotic use in
hospitals recommending “Benzylpenicillin iv 3g x 4 + Gentamicin iv 5-7 mg/kg x 1”, were
met with claims of “unjustifiable guidelines for antibiotic use in hospitals” (1, 15). The
guideline recommendations did not differentiate between “sepsis” and “septic shock”.
The critique did not address differing regional resistance patterns or varying patient
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population needs. A major concern communicated was the known possible risk of kid-
ney damage with aminoglycoside treatment. Nordgy and Laake claimed that many pa-
tients were referred to Oslo University Hospital, Rikshospitalet with pulmonary and
kidney failure post guideline treatment (15). A 2018 study looking at adherence to the
guideline in Norway found that only Rikshospitalet refrained from the use of aminogly-
cosides in all patients with sepsis and septic shock (16). This controversial and possibly
outdated recommendation in the guidelines requires revision. This review focuses on
comparing currently recommended combination therapy to antibiotic monotherapy
(17). The results of this review will contribute to the update process of the Norwegian
national guideline for the empiric treatment of septic shock with unknown origin.

This systematic review aims to compare combination therapy with a macrolide/gen-
tamycin (qd)/tobramycin (qd) /amikacin (qd) + any betalactam/ (ampicillin or (ben-
zyl) penicillin) /betalactam except (ampicillin or (benzyl) penicillin) versus any type of
antibacterial monotherapy for the empiric treatment of septic shock of unknown origin.
The following outcomes were considered: 30-day mortality, length of hospital/and in-
tensive care unit (ICU) stay, bacterial eradication and serious adverse effects (including
organ damage).
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Method

This systematic review was conducted according to «Slik oppsummerer vi forskning»
for conducting systematic reviews and the published protocol (18).

Inclusion criteria

Population Adult patients with septic shock or suspected septic shock, with
unknown origin of infection before start of treatment

Intervention Antibiotic combination therapy including the following:

e Macrolide + any betalactam

e Genta-/tobramycin (single daily dose) + betalactam (ampi-
cillin or (benzyl) penicillin)

e Genta-/tobramycin (single daily dose) + betalactam (except
ampicillin or (benzyl) penicillin)

e Amikacin (single daily dose) + betalactam (ampicillin or
(benzyl) penicillin)

e Amikacin (single daily dose) + betalactam (except ampicillin
or (benzyl) penicillin)

Planned aminoglycoside treatment should include daily doses

Comparison Antibiotic monotherapy

Outcomes Mortality (30 days)

Serious adverse events (including organ damage)
Length of stay in hospital (days)

Length of stay in ICU (days)

Bacterial eradication (negative blood culture)

Design Prospective controlled studies including randomized controlled
trials, non-randomized controlled trials, controlled cohort stud-
ies

Language Danish, English, German, Norwegian, and Swedish
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Literature search

The search strategy was developed via a series of brainstorming sessions among re-
search team members—two researchers (GV, JH), the librarian (GH), the two individu-
als from the the Directorate of Health (Wang, Hege; Akselsen, Per Espen). An initial
search strategy was conceptualized via expert consensus coupled with the gathering of
previous literature. The search strategy is shown in Appendix 1.

We conducted a systematic literature search 02.12.2019 in the following databases:
- Medline
- EMBASE
- Cochrane Central Register of Controlled Trials (CENTRAL)
For planned and ongoing trials, we searched in clinicaltrials.gov and WHO ICTRP.

Additionally, we checked the reference lists of included studies and other relevant
literature.

Article selection

Title selection was conducted by two reviewers of the team independently, and any dis-
agreement would have been resolved by a consensus-based discussion or by the in-
volvement of a third independent reviewer. We utilized Rayyan for the study selection
process (19). Reasons for a full text article not being selected were recorded.

Any selected studies would have been assessed by an expert in the field, in order to en-
sure that the included studies are applicable in the current Norwegian setting (issues
such as dosage, length of treatment, therapeutic drug monitoring (TDM) and AMR epi-
demiology are of paramount importance to consider).

Assessing risk of bias in included studies

Two researchers would have independently assessed the risk of bias for each of the in-
cluded studies in accordance with the recommendations by the Cochrane Collabora-
tion. RCTs would have been assessed for risk of bias in respect to: sequence generation,
concealment of allocation, blinding of participants and personnel, blinding of outcome
assessor, incomplete outcome data, and selective outcome reporting and other risk of
bias. Non-randomized controlled trials and other studies with a control group would
also have been assessed for risk of bias in respect to: similarity of baseline characteris-
tics, similarity of baseline outcome data, and contamination. All items would have been
rated as high risk of bias, unclear, or low risk of bias (20).
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Data extraction

One researcher would have extracted information from the included studies; another
researcher would have independently checked the extraction for accuracy and rele-
vance. Data on the following would have been extracted: full reference, location and
date of study. The following patient data would have been extracted: clinical history (if
available), age, sex and co-morbidities. The following intervention/comparison data
would have been extracted: pharmaceutical agent/s, dose, dose regiment, treatment
length (for empiric treatment and the treatment following pathogen identification) and
type of monotherapy (comparison). Outcomes measured and follow-up times would
also have been extracted.

Dichotomous outcomes would have been presented as risk ratios (RRs) with 95% con-
fidence intervals (Cls). Continuous outcomes would have been presented as mean dif-
ference between the groups with 95% Cls. Where different scales had been used to
measure the same outcome, we would have calculated standardized mean difference
with a 95% CI. We planned to use Review Manager (RevMan 5.3) software to generate
forest plots and conduct meta-analysis. Attrition would have been handled using inten-
tion-to-treat analysis. We would have used the random effects model and evaluated sta-
tistical heterogeneity using the Q test and 12 statistic.

Analyses

Population: First, we would have performed a combined analysis including all patients
with septic shock or suspected septic shock. We planned to collect information about
the patients in each study, anonymize this information (remove link to which study),
and ask the above mentioned microbiological expert to categorize the populations into
different groups of similar patients that we would have sub grouped in analysis for:

e morbidity groups (co-morbidity, immunocompromised, etc.), would have been

used as proxy for expected/assumed resistance pattern
e place of acquiring the infection (hospital acquired or not)
e sepsis definitions (SOFA, SIRS or others)

Intervention: First, we had planned a combined analysis with all combination therapy
compared to monotherapy, and then the plan was to look at subgroups separately ac-
cording to the categories presented in the inclusion criteria.

Grading
We had planned to grade our confidence in the available evidence using the GRADE ap-
proach (20).
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Results

Of the 4086 identified references, we considered 15 possibly relevant (21-35). We read
these 15 in full text. None matched the inclusion criteria. We were unable to identify
any studies that compared empiric antibiotic combination therapy to that of monother-
apy for adult patients with septic shock of unknown pathogen and origin.

Results of the literature search

Records identified through Additional records identified through
database searching other sources
(n= 4128) (n=8)

} }

Records after duplicates removed

(n =4086)
Records screened ‘ Records excluded
(n = 4086) o (n= 4071)

.

Full-text articles assessed

Full-text articles excluded,

for eligibility » Different intervention (n =11)
(n=15) Aggregated data (n = 2)
No primary data (n = 1)
l Other (n=1)

Included studies
(n=0)

Figure 2 PRISMA flow diagram of study inclusion

Additional records identified through other sources

Eight studies were identified through other sources (reference searching of relevant ar-
ticles), none of these matched the defined inclusion criteria.
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Included studies

For one study we suspected that additional non-published supplementary information
could have been of relevance (33). We were not able to obtain this information for rig-
orous evaluation from the author.

Excluded studies

The table of excluded studies is presented in appendix 2 with reasons for exclusion.
Reason for exclusion were different interventions (n=11)(22, 24-32, 34), abstract only
(n=1)(35), no primary data available (n=1)(21) and aggregated data only (n=2)(23,
33).
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Discussion

Key findings

We did not identify relevant published studies addressing our research question: to
compare the effect and safety of empiric antibiotic combination therapy with that of
monotherapy for adult patients with septic shock of unknown pathogen and origin.

Although we identified 15 studies we thought potentially relevant for full text screen-
ing, none of these matched our inclusion criteria.

Strengths and weaknesses of this systematic review

Our narrowly defined research question and its strong specificity to local settings may
have limited the external validity of any conclusions drawn thereof. Furthermore our
research question focuses on a specific patient population with unidentified origin of
infection, which may be underreported as clinical interpretations may favour a sus-
pected origin over unknown origin.

Although we conducted a broad search, it is always possible that not all studies have
been identified within our search. New studies published after our search in December
2019 would have been missed.

A thorough protocol with systematic and transparent methodology and analysis plan
was compiled prior to initiation of the research. Strict quality standards were followed,
two independent reviewers performed the screening process.

This systematic review has a strict focus on the exact research question (PICO), we

could have considered exploding the search to look for safety information from any use
of aminoglycosides for all potentially relevant patient populations.

Consistency with other reviews

There are no equivalent reviews in existence (possibly due to the lack of available evi-
dence). The 2016 international guideline for management of sepsis and septic shock is
the foremost comprehensive evidence review thoroughly addressing clinically relevant
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aspects of septic shock (36). The 2016 document reviews double-coverage antibiotic
agents compared to monotherapy for septic shock, yet not specifically for empiric treat-
ment in the case of unknown origin or unknown pathogen. Therefore, their findings are
not directly comparable to ours. Consistency exists so far as that the authors were
equally unable to identify relevant studies for their recommendations that is directly
relevant to ours. The 2016 international guideline recommends clinical judgement as
follows “several factors must be assessed and used in determining the appropriate anti-
microbial regimen at each medical center and for each patient”.

Need for further research

Existing published research has not studied the specific population that our review fo-
cused on, although there has been research more generally on double-coverage antibi-
otic agents compared to monotherapy. Possibly more stratified documentation and
analyses may provide useful evidence in the future. Our results support a call for stud-
ies looking specifically at empiric treatment options for septic shock without known
origin or pathogen. Another research approach of interest may be an evaluation of local
epidemiological data including resistance patterns and their possible importance for
guiding empiric treatment.
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Conclusion

There is an absence of evidence for empiric treatment with antibiotic combination ther-
apy compared with monotherapy for adult patients with septic shock of unknown path-
ogen and origin. Therefore, we do not know if empiric treatment with antibiotic combi-
nation therapy is more effective than monotherapy for adult patients with septic shock
of unknown pathogen and origin. Without robust studies available, clinical reasoning
with consideration of local epidemiology will need to guide treatment.
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Appendices

Appendix 1. Search strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-In-
dexed Citations, Daily and Versions(R) <1946 to November 27, 2019>

Search date: 2019-12-02

1 Shock, Septic/ or (sept*adj6 shock or toxic shock or endotox* shock or bacter*
shock or toxic forward failure).ti,ab,kw,kf. (25566)

2 empiric*.ti,ab,kw,kf. or exp aminoglycosides/ or exp macrolides/ or anti-bacterial
agents/ or amikacin/ or amoxicillin/ or amoxicillin-potassium clavulanate combina-
tion/ or ampicillin/ or azithromycin/ or azlocillin/ or aztreonam/ or carbenicillin/ or
carfecillin/ or cefaclor/ or cefadroxil/ or cefamandole/ or cefatrizine/ or cefazolin/ or
cefdinir/ or cefepime/ or cefixime/ or cefmenoxime/ or cefmetazole/ or cefonicid/ or
cefoperazone/ or cefotaxime/ or cefotetan/ or cefotiam/ or cefoxitin/ or cefsulodin/ or
ceftazidime/ or ceftibuten/ or ceftizoxime/ or ceftriaxone/ or cefuroxime/ or cephace-
trile/ or cephalexin/ or cephaloglycin/ or cephaloridine/ or cephalosporins/ or cepha-
lothin/ or cephamycins/ or cephapirin/ or cephradine/ or cilastatin, imipenem drug
combination/ or ciprofloxacin/ or clarithromycin/ or cloxacillin/ or cyclacillin/ or di-
cloxacillin/ or doripenem/ or enoxacin/ or enrofloxacin/ or ertapenem/ or erythromy-
cin/ or erythromycin estolate/ or erythromycin ethylsuccinate/ or floxacillin/ or fluo-
roquinolones/ or gatifloxacin/ or gemifloxacin/ or gentamicins/ or imipenem/ or lac-
tams/ or levofloxacin/ or meropenem/ or methicillin/ or mezlocillin/ or moxalactam/
or moxifloxacin/ or nafcillin/ or netilmicin/ or norfloxacin/ or ofloxacin/ or oxacillin/
or pefloxacin/ or penicillin g/ or penicillins/ or piperacillin/ or piperacillin, tazobactam
drug combination/ or roxithromycin/ or ticarcillin/ or tobramycin/ or beta-lactams/
or (aminoglycoside* or macrolide* or amikacin or amoxicillin* or amoxycillin* or ampi-
cillin or azithromycin or azythromycin or azlocillin or aztreonam or azthreonam or car-
benicillin or carfecillin or carphecillin or cefaclor or cefadroxil or cephadroxyl or
cefamandole or cephamandole or cefatrizine or cefazolin or cephazolin or cefdinir or
cefepime or cefixime or cefmenoxime or cefmetazole or cefonicid or cefoperazon* or
cefotaxim™ or cephotaxim*or cefotetan or cefotiam or cefoxitin or cefsulodin or
ceftazidime or ceftibuten or ceftizoxime or ceftriaxon* or cefuroxime or cephuroxime
or cephacetrile or cefacetrile or cephalexin or cephalexin or cephaloglycin* or cefalo-
glycin* or cephaloridin®* or cefaloridin* or cephalosporin* or cephalothin or cefalotin or
cephamycin* or cephapirin or cefapirin or cephradine or cefradine or cilastatin or
ciprofloxacin or clarithromycin or cloxacillin or chloroxacillin or cyclacillin or ciclacillin
or dicloxacillin or dichloroxacillin or dicloxaycline or dicloxaciclin or doripenem or
enoxacin or enrofloxacin or endrofloxicin or ertapenem or erythromycin or floxacillin
or fluorochloroxacillin or flucoxacillin or fluoroquinolone* or gatifloxacin* or gemiflox-
acin or gentamicin*® or gentamycin* or imipenem or lactam™* or levofloxacin or mero-
penem or methicillin or methicillin or mezlocillin* or meslocillin or moxalactam or la-
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moxactam or moxifloxacin or nafcillin or naphthamidopenicillin or netilmicin or netro-
mycin* or netromicin* or norfloxacin or ofloxacin* or oxacillin or oxazocilline or peflox-
acin®* or penicillin* or piperacillin or pipercillin or roxithromycin or ticarcillin or tobra-
mycin or beta-lactam* or empiric*.ti,ab,kw,kf.).ti,ab,kw,kf. or (anti-bacterial or antibac-
terial or antibiotic* or bacteriocidal or bacteriocide*).ti,ab,kw,kf. or Drug Therapy,
Combination/ or (dual therap* or dual treatment* or drug combination* or combina-
tion therap* or combination treatment* or combination drug* or polytherap* or poly-
therap™ or multi-drug or multidrug or multiple drug*).ti,ab,kw,kf. (1213632)

3 (quasi experimental design or quasi experimental study or quasi experimental
study design).kw. or non-randomized controlled trials as topic/ or controlled before-
after studies/ or randomized controlled trial.pt. or controlled clinical trial.pt. or multi-
center study.pt. or pragmatic clinical trial.pt. or (randomis* or randomiz* or ran-
domly).ti,ab. or groups.ab. or (trial or multicenter or multi center or multicentre or
multi centre).ti. or (intervention? or effect? or impact? or controlled or control group?
or (before adj5 after) or quasiexperiment® or quasi experiment* or pseudo experi-
ment* or pseudoexperiment* or evaluat*).ti,ab. (10267702)

4 1land2and3(1470)

Database: Embase <1974 to 2019 November 27>

Search date: 2019-12-02

1 Shock, Septic/ or (sept*adj6 shock or toxic shock or endotox* shock or bacter*
shock or toxic forward failure).ti,ab,kw. (32099)

2 exp aminoglycosides/ or exp macrolides/ or anti-bacterial agents/ or amikacin/ or
amoxicillin/ or amoxicillin-potassium clavulanate combination/ or ampicillin/ or
azithromycin/ or azlocillin/ or aztreonam/ or carbenicillin/ or carfecillin/ or cefaclor/
or cefadroxil/ or cefamandole/ or cefatrizine/ or cefazolin/ or cefdinir/ or cefepime/
or cefixime/ or cefmenoxime/ or cefmetazole/ or cefonicid/ or cefoperazone/ or cefo-
taxime/ or cefotetan/ or cefotiam/ or cefoxitin/ or cefsulodin/ or ceftazidime/ or ceft-
ibuten/ or ceftizoxime/ or ceftriaxone/ or cefuroxime/ or cephacetrile/ or cephalexin/
or cephaloglycin/ or cephaloridine/ or cephalosporins/ or cephalothin/ or cephamy-
cins/ or cephapirin/ or cephradine/ or cilastatin, imipenem drug combination/ or
ciprofloxacin/ or clarithromycin/ or cloxacillin/ or cyclacillin/ or dicloxacillin/ or dor-
ipenem/ or enoxacin/ or enrofloxacin/ or ertapenem/ or erythromycin/ or erythromy-
cin estolate/ or erythromycin ethylsuccinate/ or floxacillin/ or fluoroquinolones/ or
gatifloxacin/ or gemifloxacin/ or gentamicins/ or imipenem/ or lactams/ or levofloxa-
cin/ or meropenem/ or methicillin/ or mezlocillin/ or moxalactam/ or moxifloxacin/
or nafcillin/ or netilmicin/ or norfloxacin/ or ofloxacin/ or oxacillin/ or pefloxacin/ or
penicillin g/ or penicillins/ or piperacillin/ or piperacillin, tazobactam drug combina-
tion/ or roxithromycin/ or ticarcillin/ or tobramycin/ or beta-lactams/ or aminoglyco-
side*.mp. or macrolide*.mp. or amikacin.mp. or amoxicillin*.mp. or amoxycillin*.mp. or
ampicillin.mp. or azithromycin.mp. or azythromycin.mp. or azlocillin.mp. or aztre-
onam.mp. or azthreonam.mp. or carbenicillin.mp. or carfecillin.mp. or carphecillin.mp.
or cefaclor.mp. or cefadroxil.mp. or cephadroxyl.mp. or cefamandole.mp. or cephaman-
dole.mp. or cefatrizine.mp. or cefazolin.mp. or cephazolin.mp. or cefdinir.mp. or
cefepime.mp. or cefixime.mp. or cefmenoxime.mp. or cefmetazole.mp. or cefonicid.mp.
or cefoperazon*.mp. or cefotaxim*.mp. or cephotaxim*or cefotetan.mp. or cefotiam.mp.
or cefoxitin.mp. or cefsulodin.mp. or ceftazidime.mp. or ceftibuten.mp. or ceftizox-
ime.mp. or ceftriaxon*.mp. or cefuroxime.mp. or cephuroxime.mp. or cephacetrile.mp.
or cefacetrile.mp. or cephalexin.mp. or cephalexin.mp. or cephaloglycin*.mp. or cefalo-
glycin*.mp. or cephaloridin*.mp. or cefaloridin*.mp. or cephalosporin*.mp. or cepha-
lothin.mp. or cefalotin.mp. or cephamycin*.mp. or cephapirin.mp. or cefapirin.mp. or
cephradine.mp. or cefradine.mp. or cilastatin.mp. or ciprofloxacin.mp. or clarithromy-
cin.mp. or cloxacillin.mp. or chloroxacillin.mp. or cyclacillin.mp. or ciclacillin.mp. or di-
cloxacillin.mp. or dichloroxacillin.mp. or dicloxaycline.mp. or dicloxaciclin.mp. or dor-
ipenem.mp. or enoxacin.mp. or enrofloxacin.mp. or endrofloxicin.mp. or ertapenem.mp.
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or erythromycin.mp. or floxacillin.mp. or fluorochloroxacillin.mp. or flucoxacillin.mp. or
fluoroquinolone*.mp. or gatifloxacin*.mp. or gemifloxacin.mp. or gentamicin*.mp. or
gentamycin*.mp. or imipenem.mp. or lactam*.mp. or levofloxacin.mp. or mero-
penem.mp. or methicillin.mp. or methicillin.mp. or mezlocillin*.mp. or meslocillin.mp.
or moxalactam.mp. or lamoxactam.mp. or moxifloxacin.mp. or nafcillin.mp. or naph-
thamidopenicillin.mp. or netilmicin.mp. or netromycin*.mp. or netromicin*.mp. or nor-
floxacin.mp. or ofloxacin*.mp. or oxacillin.mp. or oxazocilline.mp. or pefloxacin*.mp. or
penicillin*.mp. or piperacillin.mp. or pipercillin.mp. or roxithromycin.mp. or ticarcil-
lin.mp. or tobramycin.mp. or beta-lactam*.ti,ab,kw. or empiric*.ti,ab,kw. or anti-bacte-
rial.mp. or antibacterial.mp. or antibiotic*.mp. or bacteriocidal.mp. or bacterio-
cide*.ti,ab,kw. or Drug Therapy, Combination/ or (dual therap* or dual treatment* or
drug combination* or combination therap* or combination treatment* or combination
drug* or polytherap* or poly-therap* or multi-drug or multidrug or multiple
drug).ti,ab,kw. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading
word, candidate term word] (1616659)

3 (random™* or clinical trial or quasi-experiment* or quasiexperiment* or quasi ran-
dom* or quasirandom* or quasi control* or quasicontrol* or ((quasi* or experimental)
adj3 (method* or study or trial or design* or controlled))).ti,ab,kw. or (effect or impact
or trial or intervention).ti. or exp health care quality/ or randomized controlled trial/
or quasi experimental study/ or experimental design/ or multicenter study/
(5686497)

4 1and2and3(1907)

Database: Cochrane Central Register of Controlled Trials
Search date: 2019-12-02

#1 MeSH descriptor: [Shock, Septic] explode all trees 829
#2 (sept* NEAR/6 shock) or "toxic shock"” or (endotox* NEXT shock) or (bacter*
NEXT shock) or "toxic forward failure" 3100

#3 #lor#2 3100
#4 MeSH descriptor:
#5 MeSH descriptor:
#6 MeSH descriptor:
#7 MeSH descriptor:
#8 MeSH descriptor:
#9 MeSH descriptor:
only 589
#10 MeSH descriptor: [Ampicillin] this term only 994
#11 MeSH descriptor: [Azithromycin] this term only 885
#12 MeSH descriptor: [Azlocillin] this term only 44
#13 MeSH descriptor: [Aztreonam] this term only 169
#14 MeSH descriptor: [Carbenicillin] this term only 79
#15 MeSH descriptor: [Carfecillin] this term only 2
#16 MeSH descriptor: [Cefaclor] this term only 227
#17 MeSH descriptor: [Cefadroxil] this term only 85
#18 MeSH descriptor: [Cefamandole] this term only 190
#19 MeSH descriptor: [Cefatrizine] this term only 7
[
[
[
[
[
[
[
[

Aminoglycosides] explode all trees 8331

Macrolides] explode all trees 8297

Anti-Bacterial Agents] this term only 10349

Amikacin] this term only 361

Amoxicillin] this term only 2354

Amoxicillin-Potassium Clavulanate Combination] this term

— e —

#20 MeSH descriptor: [Cefazolin] this term only 497
#21 MeSH descriptor: [Cefdinir] this term only 61
#22 MeSH descriptor: [Cefepime] this term only 145
#23 MeSH descriptor: [Cefixime] this term only 136
#24 MeSH descriptor: [Cefmenoxime] this term only 17
#25 MeSH descriptor: [Cefmetazole] this term only 36
#26 MeSH descriptor: [Cefonicid] this term only 43
#27 MeSH descriptor: [Cefoperazone] this term only 113
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#28 MeSH descriptor: [Cefotaxime] this term only 583
#29 MeSH descriptor: [Cefotetan] this term only 109

#30 MeSH descriptor: [Cefotiam] this term only 45

#31 MeSH descriptor: [Cefoxitin] this term only 297

#32 MeSH descriptor: [Cefsulodin] this term only 6

#33 MeSH descriptor: [Ceftazidime] this term only 461

#34 MeSH descriptor: [Ceftibuten] this term only 42

#35 MeSH descriptor: [Ceftizoxime] this term only 171

#36 MeSH descriptor: [Ceftriaxone] this term only 693

#37 MeSH descriptor: [Cefuroxime] this term only 453

#38 MeSH descriptor: [Cephacetrile] this term only 6

#39 MeSH descriptor: [Cephalexin] this termonly 290

#40 MeSH descriptor: [Cephaloglycin] this term only1

#41 MeSH descriptor: [Cephaloridine] this term only76

#42 MeSH descriptor: [Cephalosporins] this term only 1386
#43 MeSH descriptor: [Cephalothin] this term only 150

#44 MeSH descriptor: [Cephamycins] this term only 74

#45 MeSH descriptor: [Cephapirin] this term only 14

#46 MeSH descriptor: [Cephradine] this term only 78

#47 MeSH descriptor: [Cilastatin, Imipenem Drug Combination] this term only 81
#48 MeSH descriptor: [Ciprofloxacin] this term only 1109

#49 MeSH descriptor: [Clarithromycin] this term only 1399
#50 MeSH descriptor: [Cloxacillin] this term only 112

#51 MeSH descriptor: [Cyclacillin] this term only 8

#52 MeSH descriptor: [Dicloxacillin] this term only 37

#53 MeSH descriptor: [Doripenem] this term only 22

#54 MeSH descriptor: [Enoxacin] this term only 55

#55 MeSH descriptor: [Enrofloxacin] this term only 0

#56 MeSH descriptor: [Ertapenem] this term only 92

#57 MeSH descriptor: [Erythromycin] this term only 962

#58 MeSH descriptor: [Erythromycin Estolate] this term only 73
#59 MeSH descriptor: [Erythromycin Ethylsuccinate] this term only 91
#60 MeSH descriptor: [Floxacillin] this term only 79

#61 MeSH descriptor: [Fluoroquinolones] this term only 1170
#62 MeSH descriptor: [Gatifloxacin] this term only 119

#63 MeSH descriptor: [Gemifloxacin] this term only 45

#64 MeSH descriptor: [Gentamicins] this term only 1066

#65 MeSH descriptor: [Imipenem] this term only 295

#66 MeSH descriptor: [Lactams] this term only 110

#67 MeSH descriptor: [Levofloxacin] this term only 572

#68 MeSH descriptor: [Meropenem] this term only 231

#69 MeSH descriptor: [Methicillin] this term only 79

#70 MeSH descriptor: [Mezlocillin] this term only 124

#71 MeSH descriptor: [Moxalactam] this term only 110

#72 MeSH descriptor: [Moxifloxacin] this term only 737

#73 MeSH descriptor: [Nafcillin] this term only 23

#74 MeSH descriptor: [Netilmicin] this term only 147

#75 MeSH descriptor: [Norfloxacin] this term only 254

#76 MeSH descriptor: [Ofloxacin] this term only 886

#77 MeSH descriptor: [Oxacillin] this term only 49

#78 MeSH descriptor: [Pefloxacin] this term only 76

#79 MeSH descriptor: [Penicillin G] this term only 255

#80 MeSH descriptor: [Penicillins] this term only 1099

#81 MeSH descriptor: [Piperacillin] this term only 402
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#82 MeSH descriptor: [Piperacillin, Tazobactam Drug Combination] this term only
144
#83 MeSH descriptor: [Roxithromycin] this term only 120
#84 MeSH descriptor: [Ticarcillin] this term only 151
#85 MeSH descriptor: [Tobramycin] this term only 583
#86 MeSH descriptor: [beta-Lactams] this term only 141
#87 (aminoglycoside* or macrolide* or amikacin or amoxicillin* or amoxycillin* or
ampicillin or azithromycin or azythromycin or azlocillin or aztreonam or azthreonam
or carbenicillin or carfecillin or carphecillin or cefaclor or cefadroxil or cephadroxyl or
cefamandole or cephamandole or cefatrizine or cefazolin or cephazolin or cefdinir or
cefepime or cefixime or cefmenoxime or cefmetazole or cefonicid or cefoperazon* or
cefotaxim™ or cephotaxim™*or cefotetan or cefotiam or cefoxitin or cefsulodin or
ceftazidime or ceftibuten or ceftizoxime or ceftriaxon* or cefuroxime or cephuroxime
or cephacetrile or cefacetrile or cephalexin or cephalexin or cephaloglycin* or cefalo-
glycin* or cephaloridin* or cefaloridin* or cephalosporin* or cephalothin or cefalotin or
cephamycin* or cephapirin or cefapirin or cephradine or cefradine or cilastatin or
ciprofloxacin or clarithromycin or cloxacillin or chloroxacillin or cyclacillin or ciclacillin
or dicloxacillin or dichloroxacillin or dicloxaycline or dicloxaciclin or doripenem or
enoxacin or enrofloxacin or endrofloxicin or ertapenem or erythromycin or floxacillin
or fluorochloroxacillin or flucoxacillin or fluoroquinolone* or gatifloxacin* or gemiflox-
acin or gentamicin* or gentamycin* or imipenem or lactam* or levofloxacin or mero-
penem or methicillin or methicillin or mezlocillin* or meslocillin or moxalactam or la-
moxactam or moxifloxacin or nafcillin or naphthamidopenicillin or netilmicin or netro-
mycin* or netromicin* or norfloxacin or ofloxacin* or oxacillin or oxazocilline or peflox-
acin* or penicillin* or piperacillin or pipercillin or roxithromycin or ticarcillin or tobra-
mycin or beta-lactam* or empiric*) 39613
#88 (anti-bacterial or antibacterial or antibiotic* or bacteriocidal or bacteriocides)
37779
#89 MeSH descriptor: [Drug Therapy, Combination] this term only 29417
#90 ((dual NEXT therap*) or (dual NEXT treatment*) or (drug NEXT combination*) or
(combination NEXT therap*) or (combination NEXT treatment*) or (combination NEXT
drug*) or polytherap* poly-therap* or multi-drug or multidrug or "multiple drug")
67387
#91 #4or#S5or#6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or
#16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or
#28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or
#40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or
#52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60 or #61 or #62 or #63 or
#64 or #65 or #66 or #67 or #68 or #69 or #70 or #71 or #72 or #73 or #74 or #75 or
#76 or #77 or #78 or #79 or #80 or #81 or #82 or #83 or #84 or #85 or #86 or #87 or
#88 or #89 or #90 146839
#92 #3 and #91 in Trials 592

Database: clinicaltrials.gov
Search date: 2019-12-02
Condition: septic shock: 424

Database: WHO ICTRP

Search date: 2019-12-02

Condition: septic shock Title: antibiotic* OR anti-bacterial OR aminoglycosid* OR mac-
rolid* OR ampocillin* OR penicillin*: 292
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Appendix 2. Table of excluded studies

Reference Publication year Cause for exclusion of study
Abad (21) 2011 No primary data/ Review
Castano (22) 2019 Different intervention
Diaz-Martin (23) 2012 Aggregated data

Edwards (24) 2013 Different intervention
Flaherty (25) 2014 Different intervention
Garnacho-Montero (27) 2003 Different intervention
Garnacho-Montero (26) 2015 Different intervention
Jaimes (35) 2016 Abstract to Castano 2019
Leone (28) 2014 Different intervention
Leone (29) 2003 Different intervention
Lertvipapath (30) 2019 Different intervention
MacArthur (31) 2004 Different intervention
Moraes (32) 2016 Different intervention
Ong (33) 2017 Aggregated data

Valles (34) 2003 Different intervention
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