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Objectives: To assess the appropriateness of empirical antimicrobial therapy for sepsis and septic shock and de-
termine factors associated with patient treatment outcomes at a Vietnamese national hospital.

Methods: A cross-sectional study was conducted on 134 patients diagnosed with sepsis and/or septic shock at
Thong-Nhat Hospital, Ho Chi Minh City, Vietnam, from January 2018 to June 2018. Appropriateness of antimicro-
bial therapy was defined as physician adherence to antimicrobial guidelines using the Sanford Guide to
Antimicrobial Therapy and the Vietnam national guidelines. Bayesian model averaging technique was used to
identify the related factors associated with patient treatment outcomes.

Results: The median age of patients was 70 years. Organisms were identified in 54.5% of cases and predomi-
nated by Escherichia coli and staphylococci. Appropriate empirical antimicrobial agents were initiated in 56.6%
(n"73) of all cases. Of these patients, 31 cases (42.5%) and 61 cases (83.6%) received the antimicrobials in ac-
cordance with recommendations related to dosage and route of administration, respectively, bringing the over-
all rate of appropriate empirical antimicrobial therapy down to 23.3%. Patients who progressed to septic shock,
received inappropriate antimicrobial therapy and required ICU admission were more likely to suffer treatment
failure.

Conclusions: The study findings suggest that clinicians should appropriately adhere to antimicrobial guidelines,
especially in patients with septic shock and those who require ICU care, to improve treatment outcomes.

Introduction

Sepsis is a clinical syndrome with physiological and biochemical
abnormalities caused by a dysregulated inflammatory re-
sponse to infection.1 Sepsis and the inflammatory response
that ensues is a major healthcare problem that can lead to
multiple organ dysfunction syndrome and death.1 The condi-
tion affects millions of people worldwide each year and kills as
many as 25% of patients or more.2 A retrospective analysis of
an international database reported a global incidence of 437
per 100 000 person-years for sepsis in the 10 years from 1995
to 2015.3 Patients older than 65 years of age account for the
majority of all episodes of sepsis; with an increasingly ageing
population, it is likely that the incidence of sepsis will continue
to increase in the future.1

In 2016, Surviving Sepsis Campaign released the international
guidelines for the management of sepsis and septic shock sup-
ported by the European Society of Intensive Care Medicine (ESICM)

and Society of Critical Care Medicine (SCCM).2 Similar to poly-
trauma, acute myocardial infarction or stroke, early identification
and appropriate management in the initial hours after sepsis
develops improves outcomes.2,4 The cornerstone of initial resusci-
tation is the rapid restoration of perfusion and the early adminis-
tration of antibiotics.2,5 Empirical antibiotic therapy is targeted at
the suspected organism(s) and site of infection prior to culture
results and preferably administered within the first hour.2,5

Surviving Sepsis Campaign 2016 stated that the effective use of
antibiotics is central to the optimization of outcome in this life-
threatening condition.2 Inappropriate antibiotics prescribed in
patients with sepsis and/or septic shock, however, were surprising-
ly common, ranging from 20% to 50%.6–9 The association be-
tween initial empirical antimicrobial therapy and treatment
outcomes has been reported.6–8,10 Kumar et al. (2009)6 reported
that survival may decrease as much as 5-fold for septic shock
treated with an empirical regimen that fails to cover the offending
pathogen. In contrast, some studies noted that the association
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between the appropriateness of empirical antimicrobial therapy
and patient outcome was not statistically significant.11–13

In Vietnam, such equivalent data on antimicrobial therapy in
sepsis and septic shock have been limited, no matter how import-
ant it is in terms of developing strategies for sepsis management.
We conducted this study to assess the appropriateness of empiric-
al antimicrobial therapy for sepsis and septic shock and determine
factors associated with patient’s treatment outcomes at Thong-
Nhat hospital, a Vietnamese national hospital. We hypothesize
that appropriate choice of antimicrobial therapy and adherence to
empirical guidelines are related to better patient outcomes.
Therefore, the hospital should establish strategies that ensure the
appropriateness of antimicrobial therapy to improve treatment
outcomes in patients with sepsis and other infectious diseases
as well.

Methods

Study design and data collection

This was a cross-sectional study in in-patients with sepsis and/or septic
shock at Thong-Nhat Hospital, a national hospital in South Vietnam, from
January 2018 to June 2018. The study cohort was restricted to episodes of
care that involved those aged 18 years and over. Cases were identified as
admissions with a diagnosis of sepsis and/or septic shock based on the defi-
nitions of ESICM/SCCM 2016 (SEPSIS-3).14 The patients who were not
treated with antibiotics for at least 3 days and/or whose medical records
could not be accessed were excluded from the study.

We reviewed the medical records of included patients and collected
data for analysis, including baseline socio-demographics, causative patho-
gens, antimicrobial therapy and treatment outcomes.

Definitions
In the present study, we use the 2016 consensus definitions for sepsis and
septic shock.14 Sepsis was defined as life-threatening organ dysfunction—
characterized by an acute increase of at least two SOFA scores, caused by a
dysregulated host response to infection. Septic shock was a subset of sepsis
in which patients met the sepsis definition and needed vasopressor therapy
to maintain a mean arterial pressure (MAP) of 65 mmHg or greater and
serum lactate greater than 2 mmol/L in the absence of hypovolemia.

We assessed the appropriateness of antibiotic therapy for choice of anti-
biotic drug (antibiotic indication), dosage and route of administration.
Criteria for assessing the appropriateness of indication were physician ad-
herence to guideline-recommended antimicrobials from either Vietnam
Ministry of Health15 or the mobile app-based Sanford Guide (accessed in
September 2018).16 The appropriateness of dosage and route of adminis-
tration was assessed based on three databases: Lexicomp Lexi-Drugs
Multinational,17 Micromedex Drug Reference,18 and the Sanford Guide to
Antimicrobial Therapy.19 Overall appropriate antibiotic therapy was defined
as patients receiving appropriate antibiotic indication, dosage and route of
administration.

The primary outcome of interest in our study was treatment success, as
manifested by a cure or a remission documented in the medical records at
the time of discharge from the hospital. Otherwise, the case was identified
as a treatment failure.

Statistical analysis
Sample characteristics were described using mean and SD for continuous
variables with normal distribution, median and IQR for other continuous
variables, and proportions for categorical variables.

We examined factors associated with the treatment outcomes, either
treatment success or treatment failure. Explanatory variables used in the
analysis comprised socio-demographic variables (age, gender and depart-
ment of treatment), clinical variables [initial estimated glomerular filtration
rate (eGFR), site of infection, presence of septic shock and blood culture],
and antimicrobial therapy-related variable (the appropriateness of the em-
pirical antimicrobial regimen) as suggested by the literature. A v2 test and/
or Fisher’s exact test were employed to compare treatment outcomes in
subgroups of patients. To select the most optimal model predicting the
treatment outcomes, we performed the Bayesian model averaging (BMA)
technique with the following variables: age, gender, initial eGFR, depart-
ment of treatment, site of infection, presence of septic shock, blood culture
and overall appropriateness of empirical antimicrobial therapy. The BMA
technique is an extension of the usual Bayesian inference methods. The
technique not only models parameter uncertainty through the prior distri-
bution but also models uncertainty obtaining posterior parameter and
model posteriors using Bayes’ theorem, allowing for direct model selection,
combined estimation and prediction.20 All analyses were performed using
R software. The level of statistical significance was specified at P , 0.05.

Ethics
This study’s protocol was approved by the Institutional Review Board of the
Thong-Nhat Hospital (Project Number: 39 IRB/QD-BVTN). All personal infor-
mation of patients was kept confidentially. Because we used retrospective
data retrieved from patient medical records based on the IRB permission,
the patients’ informed consent was not obtained.

Results

Demographic and descriptive data

In total, over a 6 month period, 134 patients met the study criteria
and were included in our research. The median age of the study
population was 70 years, with 49.3% male patients. Most patients
had an eGFR below 60 mL/min/1.73 m2 at the time of diagnosis. Of
134 patients, 13.4% (n"18) patients were admitted to the ICU,
and 14.9% (n"20) progressed to septic shock. The most domin-
ant primary site of sepsis and septic shock was urinary tract infec-
tion. Pathogens were identified in 54.5% of cases (n"73) and
were isolated from the blood in 39.6% of cases (n"53) (Table 1).

Gram-negative bacteria were most frequently identified in sep-
sis patients’ specimens (59.8%), while the incidence of fungal iso-
lations was 15.2%. Escherichia coli and staphylococci
predominated in cases of Gram-negative bacteraemia and Gram-
positive bacteraemia, respectively (Figure 1).

The median number of antibiotics prescribed in patients during
the treatment course was 2 (IQR 2–3). The duration of antimicro-
bial therapy for sepsis was 11 days, with the longest of up to
33 days. b-Lactam and fluoroquinolone were the two most fre-
quently prescribed antibiotic groups; particularly, 43.3% cases
were treated with ceftriaxone and 38.1% with levofloxacin
(Table 2).

Of the 134 included patients, 129 cases received antimicrobials
as initial empirical therapy (5 remaining cases received targeted
therapy based on the previous culture). The number of patients
who received monotherapy, dual therapy and triple therapy was
33.3% (n"43), 55.0% (n"71) and 11.6% (n"15), respectively.
Regarding monotherapy, ceftriaxone was the most common anti-
biotic; regarding dual therapy, a b-lactam antibiotic was likely to
be one of two agents, while the other antibiotic was generally a
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fluoroquinolone (Table S1, available as Supplementary data at
JAC-AMR Online).

Appropriateness of empirical antimicrobial therapy and
factors related to treatment outcome

Appropriate empirical antimicrobial agents were initiated in 56.6%
(n"73) of all sepsis cases and/or septic shock. Of these patients,
31 cases (42.5%) and 61 cases (83.6%) received the antimicrobials
in accordance with recommendations related to dosage and route
of administration, respectively, bringing the overall rate of appro-
priate empirical antimicrobial therapy down to 23.3% of all cases
(Table 3). The most inappropriately prescribed antimicrobials
included levofloxacin (15 cases), imipenem/cilastatin (9 cases),
netilmicin (7 cases), metronidazole (5 cases) and teicoplanin (5
cases). These are agents that require adjustment for renal impair-
ment or higher doses in sepsis treatment.

Overall, the treatment success rate, which was defined as a
cure or a remission documented in the medical records, was
80.6%. In patients with available laboratory results, we recorded
that the patients whose WBC, C-reactive protein and procalcitonin
values had returned to the normal ranges represented 65.2%,
16.7% and 60.3%, respectively.

Using the v2 test and/or Fisher’s exact test, we discovered fac-
tors associated with treatment outcome in sepsis included age,
department of treatment, presence of septic shock, site of infec-
tion and the overall appropriateness of initial empirical antimicro-
bial therapy (Table 4). Septic shock and ICU admission were
significantly associated with a higher rate of treatment failure.
Patients with sepsis that primarily developed from urinary tract
infections had the highest chance of treatment success (92.1%),
while the lowest rate was observed in those from respiratory infec-
tions (40.9%).

The incidence of successful treatment was markedly increased
in patients receiving appropriate initial empirical antibiotics com-
pared with those who did not (96.7% versus 75.8%, P"0.023). Of
the 30 patients who received appropriate antimicrobial therapy,
29 had treatment success, and of the 99 patients who received in-
appropriate antimicrobial therapy, 75 had treatment success. In
addition, the study showed that for patients initially treated with
appropriate antibiotic agents, the rate of treatment success was
also associated with the appropriateness of drug dosage.

Table 1. Demographic characteristics of the study population

Characteristics Frequency Percentage

Age, median (IQR) 70 (58–82)

�65 years old 88 65.7

,65 years old 46 34.3

Gender

male 66 49.3

female 68 50.7

Initial eGFRa

�60 mL/min/1.73 m2 41 31.3

,60 mL/min/1.73 m2 90 68.7

Department of treatment

ICU 18 13.4

infectious diseases department 70 52.2

others 46 34.4

Presence of septic shock

no 114 85.1

yes 20 14.9

Site of infection

unknown 30 22.4

urinary 38 28.4

intra-abdominal 26 19.4

respiratory 22 16.4

skin and soft tissue 16 11.9

others 2 1.5

Positive cultureb

yes 73 57.0

no 55 43.0

Blood culturec

positive 53 44.5

negative 66 5.5

Number of organisms isolated from bloodc

0 66 55.5

1 49 41.2

�2 4 3.7

aThree patients did not have laboratory tests related to serum creatinine,
thus we could calculate eGFR values of only the 131 remaining patients.
bThe cultures (blood and other cultures) were only collected from 128
patients.
cThe blood cultures were only collected from 119 patients.

Acinetobacter baumannii

Candida spp.

Escherichia coli

Klebsiella pneumoniae

Pseudomonas aeruginosa

Stenotrophomonas maltophilia

Staphylococci

Others

9.8%

15.2%

21.4%

21.4%

16.0%

6.3%

5.4%

4.5%

Figure 1. Suspected microbiological pathogens in 134 patients with sepsis and/or septic shock.
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Meanwhile, the incidence of treatment success did not signifi-
cantly differ between genders, initial eGFR levels, and whether the
blood culture was positive or not.

The BMA findings after adjusting for all variables showed
that the consistent independently related factors for treat-
ment outcome in sepsis patients were gender, department
of treatment, presence of septic shock and overall appro-
priate of empirical antimicrobial therapy, with the posterior
probability of 3.6%, 100.0%, 83.1% and 66.9%, respectively
(Table 5).

Discussion

This study found that b-lactam and fluoroquinolone were most
frequently prescribed, with the predominance of ceftriaxone and
levofloxacin (Table 2). Most sepsis patients were treated with an
empirical regimen of one or two antimicrobial agents, whereas tri-
ple therapy is relatively low. Although broad-spectrum therapy
was warranted to cover all possible causative pathogens,2,5 it does
not mean that all sepsis patients need an empirical regimen with
more than one antimicrobial agent, except for septic shock
mentioned in important guidelines.2,5,15,16 Patients who received
triple therapy presented risk factors for resistant organisms, anaer-
obic bacteria or fungi. For MRSA, teicoplanin was more likely to
be prescribed than vancomycin in the present study. Although
vancomycin is the drug of choice in treating MRSA infection, some
areas favour using teicoplanin over vancomycin or if patients are
not tolerant to vancomycin due to its availability, similar spectrum
activity and efficacy and greater tolerance compared with vanco-
mycin.21 For anaerobic and fungal infections, the antimicrobial
agents were metronidazole and fluconazole, respectively. The me-
dian duration of antimicrobial therapy was 11 days, which was in
line with recommendations from UpToDate and Surviving Sepsis
Campaign 2016.2,5

Of the entire study population, 56.6% of patients received ther-
apy in accordance with guidelines from either the Vietnam
Ministry of Health or the Sanford Guide about the choice of agents.
It is estimated that approximately 30%–50% of antibiotics used in
hospitals are unnecessary or inappropriate.22 At the same time, in
contrast to any other class of drugs, every antibiotic use has a
potential public health consequence—inappropriate use may not
harm only the individual patient, but contributes to societal harm
by exerting an unnecessary selective pressure that may lead to
antibiotic resistance among bacteria. Many previous studies also
historically confirm a common situation of appropriate empirical
antimicrobial therapy, such as Kumar et al. (2009),6 80.1%;
Harbarth et al. (2003),8 77.0%; and Leibovici et al. (1997),9 68.5%.
However, the rate of the appropriate use of antibiotics in our re-
search is lower than that of these studies. This may be explained
by the advances in the healthcare systems in Europe and North
America where they were conducted. In addition, antibiotic resist-
ance is globally increasing over time, making the choice of antibiot-
ics more difficult. It may also be due to the different evaluation
criteria between the studies. Accordingly, the empirical anti-
microbial therapy was considered appropriate in their findings if
microbiological culture results showed in vitro susceptibility to the
prescribed empirical antibiotics. This approach ignores sepsis
patients’ cases with unidentified pathogens accounting for a sig-
nificant fraction of the sepsis.

Several pathways may explain our findings. The choice of em-
pirical antimicrobial regimens in patients with sepsis and septic
shock is complex, and several factors must be assessed at each
medical centre and for each patient, while the emergency of
initiating antimicrobial therapy made it more challenging to deter-
mine the appropriate regimen.2,5 Moreover, clinicians should
consider the distribution of pathogens and their susceptibility pat-
terns in the institution where the regimen is administered.2,5 Apart
from choosing appropriate antibiotics, the selection of the optimal

Table 3. Appropriateness of empirical antimicrobial therapy

Level of appropriateness Frequency Percentage

Antimicrobial agent 73 56.6

Dosage 31 42.5

Route of administration 61 83.6

Overall appropriateness 30 23.3

Table 2. Patterns of antimicrobial use in treatment of sepsis and/or sep-
tic shock

Antibiotics Frequency Percentage cases prescribed

b-lactam

ceftriaxone 58 43.3

imipenem/cilastatin 43 32.1

meropenem 25 18.7

cefoperazone/sulbactam 18 13.4

piperacillin/tazobactam 6 4.5

othersa 18 13.4

Fluoroquinolone

levofloxacin 51 38.1

ciprofloxacin 33 24.6

othersb 5 3.7

Glycopeptide

teicoplanin 21 15.7

vancomycin 12 9.0

Aminoglycoside

netilmicin 12 9.0

amikacin 5 3.7

Polymyxin

colistin 15 11.2

Antifungal

fluconazole 10 7.5

5-nitroimidazole

metronidazole 9 6.7

Othersc 14 10.4

aOther b-lactam: ampicillin/sulbactam, amoxicillin/clavulanic acid, cefa-
clor, cefuroxime, cefixime, ceftazidime, ertapenem and doripenem.
bOther fluoroquinolone: moxifloxacin and norfloxacin.
cOther classes: fosfomycin, linezolid, clindamycin, azithromycin and
tigecycline.
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antibiotic regimens includes dosing, duration of therapy and route
of administration. Our study revealed that the most common rea-
sons for administering inappropriate dosage were related to ad-
justment for renal impairment and the necessity of higher doses of
some agents in sepsis.

The incidence of treatment success was markedly increased in
patients receiving appropriate initial empirical antibiotics com-
pared with those who did not. In addition, the study showed that
for patients initially treated with appropriate antibiotic choice, the
rate of clinical success was associated with the appropriateness of
antimicrobial dosage, which suggested that sepsis patients should

be managed with optimal antimicrobial therapy of the right antibi-
otics and the right doses. After adjusting for all variables, the over-
all appropriateness of the initial antimicrobial therapy was
consistently associated with the treatment outcome. These results
are in line with previous studies that have linked the administration
of appropriate empirical antimicrobial therapy to a higher rate of
treatment success.6–8,10 In a 2010 systematic review and meta-
analysis including 70 studies, inappropriate antimicrobial therapy
was reported to be associated with a significant reduction in all-
cause mortality.23 Surviving Sepsis Campaign 2016 also stated
that selection of an optimal empirical antimicrobial regimen in

Table 4. Factors related to treatment outcomesa

Factors Treatment success, n (%) Treatment failure, n (%) P value

Age

�65 years old 66 (75.0) 22 (25.0) 0.042b

,65 years old 42 (91.3) 4 (8.7)

Gender

male 49 (74.2) 17 (25.8) 0.107

female 59 (86.8) 9 (13.2)

Initial eGFRc

�60 mL/min/1.73 m2 36 (87.8) 5 (12.2) 0.213

,60 mL/min/1.73 m2 69 (76.7) 21 (23.3)

Department of treatment

ICU 2 (11.1) 16 (88.9) ,0.001b

infectious diseases department 69 (98.6) 1 (1.4)

others 37 (80.4) 9 (19.6)

Presence of septic shock

no 103 (90.4) 11 (9.6) ,0.001b

yes 5 (25.0) 15 (75.0)

Site of infectiond

unknown 27 (90.0) 3 (10.0) ,0.001b

urinary 35 (92.1) 3 (7.9)

intra-abdominal 21 (80.8) 5 (19.2)

respiratory 9 (40.9) 13 (59.1)

skin and soft tissue 14 (87.5) 2 (12.5)

Blood culturee

positive 42 (79.2) 11 (20.8) 0.739

negative 55 (83.3) 11 (16.7)

Appropriate empirical antimicrobial agentsf

yes 58 (79.5) 15 (20.5) 0.874

no 46 (82.1) 10 (17.9)

Appropriate dosage (in 73 patients who received appropriate antibiotic agents)

yes 30 (96.8) 1 (3.2) 0.004b

no 28 (66.7) 14 (33.3)

Overallf

appropriate 29 (96.7) 1 (3.3) 0.023b

inappropriate 75 (75.8) 24 (24.2)

aBased on v2 test and/or Fisher’s exact test.
bStatistically significant at 95% CI.
cThree patients did not have laboratory tests related to serum creatinine, thus we could calculate eGFR values of only the 131 remaining patients.
dTwo patients with sepsis that originated from other sites of infection were excluded from the analysis.
eThe blood cultures were only collected from 119 patients.
fEmpirical antimicrobial therapy were assessed in 129 patients whose microbiological tests were not available at the time of administering antibiotics;
5 other patients were prescribed targeted antimicrobial therapy.
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sepsis and septic shock is one of the central determinants of
outcome.2

On the other hand, some studies failed to demonstrate the
beneficial effects of appropriate antimicrobial therapy in sepsis
patients.11–13 Apart from the insufficient sample size, there are
plausible scientific rationales to support that initial empirical anti-
microbial therapy might not significantly affect survival in
patients with sepsis and other severe infections. For one thing,
sepsis may present a manifestation of an inflammatory and
coagulation cascade triggered during the early stage of severe
sepsis whose cause is likely multifactorial, not only the direct
effects of invading microorganisms or their toxic products.24

Therefore, the syndrome may be expected to progress inde-
pendently of the control of the underlying infection by initiating
appropriate antimicrobial therapy. In addition, other interven-
tions, including fluid resuscitation, source control, vasoactive
medications, corticosteroids, blood products, immunoglobulins,
blood purification, anticoagulants, mechanical ventilation and
glucose control, are also important aspects of the treatment of
infection.2,5 Antibiotic-resistant organisms, the severity of the
underlying illness and comorbid condition of the patients also
contribute to sepsis patients’ prognosis beyond the effect of
antimicrobial therapy.

In the best model predicting treatment outcome selected by
the BMA technique (Model 1), the fact that severe populations
required ICU care and advanced towards septic shock may consist-
ently link to poor outcomes. Patients who fit septic shock criteria
tend to bear a greater than 40% hospital mortality rate, as
mentioned in the third international consensus definitions for sep-
sis and septic shock (SEPSIS-3).14 Blood culture did not appear to
be associated with treatment outcome, as previously reported,
suggesting that prognosis is more closely related to the severity of
sepsis than the severity of the underlying infection.25–27 Although
the site of infection is an important predictor of prognosis1,28,29—
informing the selection of antimicrobials capable of achieving
therapeutic drug levels in infected tissue and fluid—our study did
not confirm its significance in predicting outcome after adjusting
other risk factors.

Limitations

The present study contains a few limitations. Firstly, we conducted
an observational study that retrospectively collected data from pa-
tient medical records. Thus we did not state a causal effect of
empirical antimicrobial therapy on outcome and did not consider
all potential confounders that may affect the analysis. In addition,

Table 5. The five best predictive models for sepsis/septic shock treatment outcome selected by the BMA technique

Predictors Probability (%)

Regression coefficient

Model 1 Model 2 Model 3 Model 4 Model 5

Intercept #18.6 #1.3 19.2 #18.6 #2.5

Age 0.0 — — — — —

Gender 3.6

male — — — #1.2 —

eGFR 0.0

,60 mL/min/1.73 m2 — — — — —

Department of treatmenta 100.0

infectious diseases department 22.4 5.6 22.8 23.0 6.5

others 20.3 3.3 20.4 20.4 3.8

Site of infectionb 0.0

urinary tract — — — — —

intra-abdominal — — — — —

respiratory tract — — — — —

skin and soft tissue — — — — —

Presence of septic shock 83.1

yes #2.8 #2.6 — — —

Blood culture 0.0

positive — — — — —

Overall appropriate empirical antibiotic 66.9

yes 18.6 — 19.2 19.2 —

Number of variables 3 2 2 3 1

BICc #446.9 #445.7 #443.5 #441.5 #441.5

Posterior probability (%) 53.6 29.6 9.8 3.6 3.5

aReference group: ICU.
bReference group: unknown source.
cBayesian information criterion (BIC) or Schwarz information criterion is a criterion for model selection among a finite set of models; the model with
the lowest BIC is preferred.

Nguyen-Hoang and Bui

6 of 8



due to unavailable data, our study did not include the effect of
time to antimicrobial administration, which is one of five crucial
elements mentioned as a 1 h bundle in sepsis management
according to the 2018 updated version of Surviving Sepsis
Campaign.4 Secondly, we acknowledged that the present study
included a modest sample size of sepsis patients and a small pro-
portion of patients who required ICU care, which made our findings
somehow not comprehensively reflect the effect of inappropriate
antimicrobial therapy on the critically ill patients in the ICU setting.
Further investigations with more data are warranted.

Conclusions

In summary, our data showed that inappropriate initial empirical
antimicrobial therapy was of concern as it occurred in every four of
five patients with sepsis and/or septic shock and was associated
with adverse treatment outcomes. The empirical regimen with ap-
propriate agents and dosage is one of the key elements of success-
ful treatment. The study findings suggest that it is crucial for
physicians to appropriately adhere to antimicrobial guidelines, par-
ticularly in patients who progressed to septic shock and were
admitted to ICU, to improve treatment outcomes. Further studies
investigating sepsis in specific settings need to be implemented to
comprehensively assess antimicrobial therapy and its impacts on
outcome.
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