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Background: Antimicrobial stewardship (AMS) programmes have been implemented around the world to guide
rational use of antibiotics but implementation is challenging, particularly in low- and middle-income countries,
including Vietnam. Understanding factors influencing doctors’ prescribing choices for empirical treatment can
help design AMS interventions in these settings.

Objectives: To understand doctors’ choices of antibiotics for empirical treatment of common bacterial infections
and the factors influencing decision-making.

Methods: We conducted a cross-sectional survey among medical professionals applying for a postgraduate
programme at Hanoi Medical University, Vietnam. We used a published survey developed for internal medicine
doctors in Canada. The survey was self-administered and included four clinical scenarios: (i) severe undifferenti-
ated sepsis; (ii) mild undifferentiated sepsis; (iii) severe genitourinary infection; and (iv) mild genitouri-
nary infection.

Results: A total of 1011/1280 (79%), 683/1188 (57.5%), 718/1157 (62.1%) and 542/1062 (51.0%) of the partici-
pants selected combination therapy for empirical treatment in scenarios 1, 2, 3 and 4, respectively.
Undifferentiated sepsis (OR 1.82, 95% CI 1.46–2.27 and 2.18, 1.51–3.16 compared with genitourinary) and
severe infection (1.33, 1.24–1.43 and 1.38, 1.21–1.58 compared with mild) increased the likelihood of choosing
a combination therapy and a carbapenem regimen, respectively. Participants with higher acceptable minimum
threshold for treatment coverage and young agewere alsomore likely to prescribe carbapenems.

Conclusions: Decision-making in antibiotic prescribing among doctors in Vietnam is influenced by both disease-
related characteristics and individual factors, including acceptableminimum treatment coverage. These findings
are useful for tailoring AMS implementation in Vietnamand other, similar settings.

Introduction

Antibiotic use is a selective driver for the emergence of drug-
resistant organisms.1 The dilemma of antibiotic use,2 commonly
termed ‘the tragedy of the commons’,3–7 is that both appropriate
and inappropriate use of antibiotics promotes resistance. Antibiotic
prescriptions have been shown to be associated with increased
risks of resistance in individual patients in a systematic review and
analysis.8While investment in development of newantibiotics and
in infection control can help reduce the impact of resistance,
restrictions on antibiotic use still play a major role.4 A balance
between immediate and individual gain versus longer-term

community benefit should govern decision-making in antibiotic
treatment. It is argued that asking doctors to not prescribe antibi-
otics in the conditions that do not need antibiotics does not raise
any ethical issues. However, an ethical dilemmaarises in restricting
therapeutically justified antibiotic use where individual need to
treat infections is judged against the collective need to preserve
antibiotic effectiveness.7 Finding the right balance requires a better
understanding of the effects that antibiotic use have on individual
patients and on society as awhole.4

Antimicrobial stewardship (AMS) has been implemented as
an essential strategy in response to the rising antibiotic use in
hospitals around the world, and is often directed at restricting
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unjustifiable antibiotic use. Despite increasing evidence of AMS im-
pact, decision-making on antibiotic use remains suboptimal.9

Globally, approximately half of patients in hospitals received in-
appropriate antibiotic treatment.10 Broad-spectrum antibiotics are
attractive choices for doctors especially under conditions of
uncertainty about source of infection and lack of microbiological
evidence.11 Antibiotic prescribing in hospitals is, in simple terms,
governed by availability of recent locally relevant surveillance
data, prescription guidelines and authorization procedures. Studies
conducted on antibiotic prescribing practices in hospitals, however,
have beenmainly in high-income countries.

An early review of qualitative literature showed the complexity
of behaviour change in prescribing practices influenced bymutual-
ly dependent intrinsic (knowledge and attitudes) and extrinsic
(patient- and healthcare system-related) factors.12 With a focus
on risk perceptions, a recent review11 demonstrated that prescrib-
ers are over-reliant on antibiotics and broad-spectrum antibiotics
for some perceived short-term benefits, such as quick recovery,
low cost, low risk and low cognitive effort in decision-making.
Although being aware of the increasing resistance problem, the ar-
gument commonlymade by prescribers was that themain causes
lie beyond hospital settings, including the unregulated antibiotic
use in the community and the quality of drugs, and therefore curb-
ing antibiotic prescribing in hospitals would be ineffective. This
psychology of externalizing responsibility may hamper the efforts
to change behaviour in hospital settings to address the antibiotic
resistance problem.11

In addition, limited research from low- and middle-income
countries (LMICs) highlighted the perception that, because of poor
hygiene and infection control in these settings, doctors felt the
need to prescribe broad-spectrum antibiotics for infection preven-
tion.13,14 A recent review also demonstrated that interventions
combining different strategies in LMICs were more effective in
changing behaviour prescriber and that future interventions
should address the influence of structural and contextual factors
on individuals’ behaviour.15 More data are therefore needed to
gain in-depth understanding of these dimensions to help design
appropriate interventions to promote optimal antibiotic prescribing
practices in hospitals in LMIC settings.

In Vietnam, by the end of 2018 AMS programmes had been ini-
tiated in 47% of hospitals16 since the issuance of the guideline for
implementation of AMS in hospitals (Decision 772) in March
2016.17 However, implementation has been slow and limited to
guideline development and pre-prescription authorization. Our ini-
tial qualitative observations in Vietnamese hospitals have shown
that, despite doctors being aware of the issues with drug resist-
ance, this awareness does not affect their decision-making in
hospital settings.

A recent survey among internal medicine doctors in Canada
used four commonbacterial infections to elicit doctor’s psychology
in making decisions on empirical antibiotic treatment.18 In this
study, we used the same survey form to assess the choices of em-
pirical antibiotic regimens and the underlying factors associated
with these choices. We hypothesize that choices of empirical
regimens are driven not only by doctors’ perceptions of antibiotic
coverage but also by other individual and environmental factors.
The results of this survey will provide more understanding of the
considerations that doctors make in choosing antibiotics with ad-
equate coverage for the range of possible causative pathogens

while minimizing the use of broad-spectrum treatment, and sup-
port AMS interventions to improve antibiotic prescribing practices
in Vietnamand other, similar settings.

Methods
This study was a cross-sectional survey seeking responses from medical
professionals applying for a postgraduate specialization programme in July
2019 at Hanoi Medical University, the leadingmedical university that offers
the largest programme of postgraduate medical training in Vietnam. The
survey form was adapted from a study of internal medicine doctors in
Canada.18 In our study, we designed a tablet survey form that was handed
to participants when they visited the university for the entrance examin-
ation mock test. Participants were assured that their information was
kept confidential and did not affect their examination results, and they
were free to stop the survey at any time or not to answer any questions.
Any subsequent data retrieval from the central database was handled in a
de-identifiedmanner.

The study was approved by the Ethics Committee for Biomedical
Research of the National Hospital for Tropical Diseases (No. 07/HDDD-NDTU
30/04/2018) and the Oxford Tropical Research Ethics Committee,
University of Oxford (OxTREC Reference: 520-18).

Survey questions, adaptation and translation
The original survey form in English was adapted for the Vietnamese setting
and translated into Vietnamese. The form was then piloted among five in-
fectious disease specialists at the National Hospital for Tropical Diseases
for content validity and any issues with the questions and the survey flow.
Based on the responses, the Vietnamese survey was finalized and back-
translated into English to ensure comparability with the original survey
form (see Supplementary Methods, available as Supplementary data at
JAC-AMROnline).

The survey form consists of four given sepsis scenarios with questions
for participants on their choice of antibiotic regimens, their estimate of the
likelihood that the selected regimen would cover the causative pathogen
(perceived coverage), and the minimum threshold of coverage that the
participants would be willing to accept (acceptable minimum threshold).
The four sepsis scenarios varied by source of infection (undifferentiated or
genitourinary) and the level of severity based on the Quick Sepsis Related
Organ Failure Assessment (qSOFA) score (severe with a qSOFA score of 3 or
mildwith a qSOFA score of 0). Bothundifferentiated andgenitourinary sour-
ces of systemic infection are common clinical presentations in Vietnamese
hospitals.19–21

A list of antibiotic options was presented for participants to choose for
empirical treatment in each of the scenarios; participants could choose
monotherapy or combination therapy from a list of antibiotic agents (see
Supplementary Methods). Participants were asked to provide information
on their clinical experience (number of years working in clinical practice),
departments where they are currently working, and a self-reported esti-
mate of their level of antibiotic prescribing compared with their peers (less,
equal, more). We also extracted information on age, gender and types of
training programme (residency,masters, specialized level 1 and specialized
level 2) from the candidate registry at the university. Specialized level 1
training is a 2 year clinical training track for registered professionals with at
least 18 months of practice in hospitals and specialized level 2 is a 2 year
clinical training programme that requires applicants hold the specialized
level 1 or equivalent degree. Masters training is under the 2 year academic
track and residency programme is a 3 year clinical training for only newly
graduatedmedical students.22,23

In addition, participants were asked how each of a number of prede-
fined clinical andmicrobiological factors would affect their choice of antibi-
otics with respect to the breadth of its spectrum of activity. The responses
were on a five-point Likert scale, the most widely used approach to scaling
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survey responses, asking participants to specify their opinions on a sym-
metrical agree–disagree scale.24 These factors were patient factors (age,
medical comorbidity, severity of illness, residence location and previous
hospital admission history) and local microbiological data (isolation of
resistant organism from previous patients known to the responding clin-
ician, report of resistant organism in surveillance swab and higher rates of
resistance in local antibiogram).

Statistical analysis
Since responses on choice of antibiotics, perceived coverage andminimum
threshold are likely correlated and clustered by each participant for the four
scenarios, we used the generalized estimating equation (GEE)method to fit
a generalized linear model to account for non-dependence between
responses within each participant. For each outcome variable, we
first calculated unadjusted ORs for binary outcomes or mean difference
for continuous outcomes and 95% CI in a univariate model (see
Supplementary data for the unadjusted estimates). Then we ran multi-
variate models to derive the adjusted estimates with all hypothesized
predictors, including age (years), gender (male; female), duration
of clinical experience (years), infection source (genitourinary; undiffer-
entiated), severity (mild; severe), specialty [infectious disease/ICU/
emergency department (ID/ICU/ED); internal medicine; other clinical
departments, which mainly includes surgery, paediatrics, obstetrics/gy-
naecology], type of study programme (residence; masters; specialized
level 1; specialized level 2) and self-reported level of prescribing (equal
to peers; less than peers; more than peers). For choice of antibiotics,
we developed separate models for choice of a combination therapy and
choice of carbapenems. In these models, perceived coverage (,80%;
�80%) and minimum threshold (�70%; .70%) were added in the pre-
dictor list as binary independent variables (the cut-off point was
determined by the median). For the choice of carbapenems, choice of
a combination therapy (no; yes) was also added as an independ-
ent variable.

All statistical analyseswere performed in R version 3.3.3 (Foundation for
Statistical Computing, Vienna, Austria). We used the geepack package
within the R programme for GEE analysis.25

Results

Participant characteristics

After removing those without information on age and sex, 1280,
1188, 1157 and 1062 participants were included in the analysis for
scenarios 1, 2, 3 and 4, respectively (Figure 1).

Demographic characteristics of participants were similar across
the groups who provided an answer to each of the four scenarios
and the group that answered all four scenarios (Table 1).
Participants had amedian age of 30 years with amedian length of
clinical experience of 4 years. Twenty percent worked in internal
medicine and 12%–13% in infectious diseases, ICU and emer-
gency. Forty-five percent to 48% applied for a specialized level 1
training programme.

Antibiotic choices, perceived coverage and acceptable
threshold for coverage of empirical treatment

More participants selected a combination therapy in severe
sepsis than in mild sepsis: 1011/1280 (79%), 718/1157 (62.1%),
683/1188 (57.5%) and 542/1062 (51.0%) for severe undifferenti-
ated, severe genitourinary, mild undifferentiated and mild genito-
urinary sepsis scenarios, respectively (Table 2). Most participants
considered their level of antibiotic prescribing frequency as equal
to (52%) or less than (37%) other doctors in their field. Similar
results were observed in the participants who answered all four
scenarios (Table S1).

The mean perceived coverage of selected empirical therapy
was lower in undifferentiated than in genitourinary scenarios:
74.4% (SD 16.7%;median 80%) in severe and 72.9% (16.7%; 80%)
in mild undifferentiated sepsis, and 76.7% (15.8%; 75%) in severe
and 75.2% (16.9%; 80%) in mild genitourinary infection. A cover-
age level of �80% was reported in 370/610 (60.7%), 282/524
(53.8%), 336/517 (65.0%) and 305/493 (61.9%) for severe

Participants responding to the survey

Scenario 1: severe undifferentiated sepsis
(1647)

Scenario 2: mild undifferentiated sepsis
(1524)

Scenario 4: mild genitourinary sepsis
(1360)

Scenario 3: severe genitourinary sepsis
(1478)

Final sample for
data analysis

Excluding participants
with no information on

age and sex in the
central database

Scenario 1
(1280)

Scenario 2
(1188)

Scenario 3
(1157)

Scenario 4
(1062)

Figure 1. Participants responding to the scenario-based survey at Hanoi Medical University, Vietnam and the number of participants included in the
final analysis.
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undifferentiated, severe genitourinary, mild undifferentiated and
mild genitourinary sepsis scenarios, respectively.

The mean acceptable minimum thresholds were similar in the
four clinical scenarios: 69.6% (SD 16.6%; median 70%), 68.5%
(16.9%; 70%), 71.1% (16.4%; 70%) and 69.9% (18.9%; 70%).
A threshold of .70% for coverage was considered acceptable
in 194/442 (43.9%), 160/398 (40.2%), 197/402 (49.0%) and 194/
403 (48.1%) for severe undifferentiated, severe genitourinary,
mild undifferentiated and mild genitourinary sepsis scenarios,
respectively.

Perceived coverage and acceptable minimum threshold fol-
lowed similar distributions, with a higher peak found for coverage
across types of antibiotic regimen (Figure 2). The proportion of
participants indicating a lower coverage compared with their
acceptable minimum threshold was 58/435 (13.3%), 48/400
(12.0%), 62/394 (15.7%) and 55/395 (13.9%) for severe undiffer-
entiated, severe genitourinary, mild undifferentiated and mild
genitourinary sepsis scenarios, respectively. This proportion was
significantly higher among those applying for the residence pro-
gramme (31/160, 19.4%, P"0.04, v2 test).

Table 1. Demographic characteristics of the survey participants included in the analysis for four clinical scenarios: 1 (severe undifferentiated sepsis);
2 (mild undifferentiated sepsis); 3 (severe genitourinary infection); and 4 (mild genitourinary infection), and those who answered all four scenarios

Scenario 1 Scenario 2 Scenario 3 Scenario 4 All four scenarios

Gender and age n"1280 n"1188 n"1157 n"1062 n"984

male, n (%) 677 (52.9) 635 (53.5) 612 (52.9) 553 (52.1) 522 (53.0)

age, median (min–max) 30 (23–54) 30 (23–54) 30 (23–54) 30 (23–50) 30 (23–49)

Years of clinical experience n"816 n"768 n"767 n"747 n"705

median (min–max) 4 (0–23) 4 (0–23) 4 (0–23) 4 (0–23) 4 (0–23)

Specialty, n (%) n"932 n"875 n"868 n"848 n"779

infectious diseases 26 (2.8) 23 (2.6) 22 (2.5) 26 (3.1) 21 (2.7)

intensive care 53 (5.7) 48 (5.5) 49 (5.6) 50 (5.9) 44 (5.6)

emergency 40 (4.3) 38 (4.3) 35 (4.0) 33 (3.9) 31 (4.0)

internal medicine 187 (20.1) 179 (20.5) 176 (20.3) 173 (20.4) 173 (22.2)

other clinical 487 (52.3) 457 (52.2) 453 (52.2) 446 (52.6) 398 (51.1)

other 139 (14.9) 130 (14.9) 133 (15.3) 120 (14.2) 112 (14.4)

Type of study programme, n (%) n"1280 n"1188 n"1157 n"1062 n"984

residency 175 (13.7) 169 (14.2) 176 (15.2) 164 (15.4) 160 (16.3)

masters 314 (24.5) 295 (24.8) 291 (25.2) 259 (24.4) 246 (25.0)

specialized level 1 610 (47.7) 553 (46.5) 517 (44.7) 479 (45.1) 426 (43.3)

specialized level 2 181 (14.1) 171 (14.4) 173 (15.0) 160 (15.1) 152 (15.4)

Data are restricted to those with information on gender and age.

Table 2. Antibiotic prescribing practices among the surveyed participants in the four clinical scenarios: 1 (severe undifferentiated sepsis); 2 (mild un-
differentiated sepsis); 3 (severe genitourinary infection); and 4 (mild genitourinary infection)

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Choice of empirical antibiotic treatment n"1280 n"1188 n"1157 n"1062

one antibiotic 269 (21.0) 505 (42.5) 439 (37.9) 520 (49.0)

more than one antibiotic 1011 (79.0) 683 (57.5) 718 (62.1) 542 (51.0)

Perceived coverage of empirical antibiotic treatment choicea n"610 n"524 n"517 n"493

coverage�80% 370 (60.7) 282 (53.8) 336 (65.0) 305 (61.9)

coverage ,80% 240 (39.3) 242 (46.2) 181 (35.0) 188 (38.1)

Acceptable minimum threshold for coveragea n"442 n"398 n"402 n"403

threshold .70% 194 (43.9) 160 (40.2) 197 (49.0) 194 (48.1)

threshold�70% 248 (56.1) 238 (59.8) 205 (51.0) 209 (51.9)

Self-reported prescribing (relative to peers) n"851 n"800 n"792 n"779

equal 441 (51.8) 420 (52.5) 415 (52.4) 404 (51.9)

less 319 (37.5) 296 (37.0) 294 (37.1) 293 (37.6)

more 91 (10.7) 84 (10.5) 83 (10.5) 82 (10.5)

Data are restricted to those with information on gender and age. Data for those who answered all four scenarios are presented in Table S1.
aUsing median as a cut-off point.
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Ceftriaxone was the most common antibiotic selected for
empirical treatment in severe (37%, n"1280) and mild undiffer-
entiated sepsis (31%, n"1188), and ciprofloxacin for severe
(48%, n"1157) and mild genitourinary sepsis (46%, n"1062)
(Figure 3). The most common empirical treatment regimens for
severe undifferentiated sepsis were ampicillin/clavulanate!
amikacin (11%), ceftriaxone! amikacin (11%) and carbapenems
! ciprofloxacin (8%). For mild undifferentiated sepsis, these were
ampicillin/clavulanate monotherapy (11%), ceftriaxone mono-
therapy (10%) and ampicillin/clavulanate ! amikacin (8%). For
genitourinary sepsis, the most common treatment regimens were
ciprofloxacin monotherapy, ampicillin/clavulanate ! amikacin
and ceftriaxone ! ciprofloxacin for both severe (19%, 14% and
11%, respectively) and mild (24%, 9% and 6%, respectively)
scenarios .

Factors associated with antibiotic choices, perceived
coverage and acceptable threshold for coverage of
empirical treatment

Disease-related factors significantly influenced choice of combin-
ation therapy (OR 1.82, 95% CI 1.46–2.27 for undifferentiated
compared with genitourinary and OR 1.33, 95% CI 1.24–1.43 for
severe compared with mild infection) and choice of carbapenems
(OR 2.18, 95% CI 1.51–3.16 and OR 1.38, 95% CI 1.21–1.58),

respectively (Table 3). Combination therapy was also more com-
mon in those applying for a residence programme than in others
(OR 3.20, 95%CI 1.09–9.40).

Choice of carbapenems was significantly more common in
participants who chose a combination therapy (OR 3.84, 95% CI
1.90–7.74), and had a higher acceptable minimum threshold of
coverage of the empirical treatment (OR 2.31, 95% CI 1.36–3.93).
Those of older age tended to prescribe carbapenems less than the
younger participants (OR 0.86, 95% CI 0.74–1.00 for each year in-
crease in age).

Perceived coverage of treatment was lower in undifferenti-
ated sepsis compared with genitourinary infection (mean
difference #1.82%, 95% CI #3.02% to #0.63%) and higher in
severe compared with mild infection (mean difference 0.82%,
95% CI 1.05% to 1.16%) (Table 4). Female participants were
more likely to indicate a lower coverage than the male partici-
pants (mean difference#3.35%, 95% CI#6.51% to #0.19%). A
lower acceptable minimum threshold for coverage was
accepted in undifferentiated (mean difference #1.73%, 95% CI
#2.86% to #0.60%) compared with genitourinary sepsis.
However, the participants indicated a higher threshold when
the condition was severe compared with mild (mean difference
0.47%, 95%CI 0.14% to 0.79%).

Analysis for the participants who answered all four scenarios
gave similar results for the factors influencing choice of regimens,
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Figure 2. Perceived coverage of antibiotic therapy and minimum acceptable threshold of coverage among the surveyed participants in each of the
clinical scenarios: scenario 1 (severe undifferentiated sepsis); 2 (mild undifferentiated sepsis); 3 (severe genitourinary infection); and 4 (mild genitouri-
nary infection).
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perceived coverage and acceptable minimum threshold for cover-
age of antibiotic treatment (Tables S2 and S3).

Factors influencing doctors’ decision on antibiotic
spectrum for empirical treatment

We presented eight factors and asked the participants if each of
these would influence their decision to choose a regimen with
narrower- or broader-spectrum antibiotics (Figure 4). Overall,
participants tended to choose a broader spectrum when
the patient had a more severe illness (78.6%), a higher degree
of medical comorbidity (70.6%) or older age (65.7%). The
responses were more symmetrically distributed for other fac-
tors presented.

Discussion

We described factors that could influence doctors’ choice of
antibiotics in empirical treatment of bacterial infections from a
self-administered survey of prospectivemedical postgraduate stu-
dents in Hanoi, Vietnam. Disease factors were found to strongly
predict the choice of combination therapy and choice of carbape-
nems in their empirical treatment. Severity of illness and uncer-
tainty about the source of infection play equally important roles in
doctors’ decision-making on treatment regimens. These disease
factors also determined the level of coverage expected and the
minimum threshold of coverage accepted by the doctors in a
given clinical scenario. Importantly, having a higher acceptable
minimum threshold will also make doctors more likely to use
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Figure 3. Choices of antibiotics among the surveyed participants in each of the four clinical scenarios: severe undifferentiated sepsis, mild undifferen-
tiated sepsis, severe genitourinary infection andmild genitourinary infection.
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Table 4. Factors associated with perceived coverage and acceptable minimum threshold for coverage of empirical antibiotic treatment among the
surveyed participants working in a clinical specialty

Factor

Perceived coverage Acceptable minimum threshold

mean difference (95% CI) P value mean difference (95% CI) P value

Age (per year) #0.20 (#1.57; 1.17) 0.77 #0.35 (#1.71; 1.01) 0.61

Gender (female versus male) #3.35 (#6.51;#0.19) 0.04 #0.63 (#4.32; 3.06) 0.74

Clinical experience (per year) 0.21 (#1.24; 1.66) 0.78 0.27 (#1.18; 1.72) 0.71

Disease-related factors

infection source (undifferentiated versus genitourinary) #1.82 (#3.02;#0.63) 0.003 #1.73 (#2.86;#0.60) 0.003

severity (severe versus mild) 0.82 (0.50; 1.14) ,0.001 0.47 (0.14; 0.79) 0.005

Specialty (versus ID/ICU/ED)

internal medicine #0.83 (#8.64; 6.98) 0.84 #5.15 (#13.91; 3.62) 0.25

other clinical department #1.34 (#8.11; 5.43) 0.70 #4.84 (#12.31; 2.63) 0.20

Type of study programme (versus specialized level 2)

residence 4.43 (#3.95; 12.81) 0.30 5.60 (#4.14; 15.35) 0.26

masters #4.51 (#10.39; 1.37) 0.13 #2.85 (#9.68; 3.99) 0.41

specialized level 1 #2.36 (#7.43; 2.71) 0.36 #3.54 (#9.31; 2.23) 0.23

Self-reported prescribing intensity (versus equal to peers)

less than peers #0.74 (#4.22; 2.74) 0.68 #0.44 (#4.23; 3.35) 0.82

more than peers 0.15 (#4.27; 4.56) 0.95 0.13 (#6.14; 6.40) 0.97

GEE analysis with autoregressive correlation structure; missing data were omitted.
ORs for age and clinical experience are per year increase.

Table 3. Factors associated with choice of combination therapy over a monotherapy and choice of carbapenem versus no carbapenem therapy for
empirical antibiotic treatment among the surveyed participants working in a clinical specialty

Factor

Combination versus monotherapy Carbapenem versus no carbapenem

OR (95% CI) P value OR (95% CI) P value

Age (per year) 1.00 (0.90–1.11) 0.99 0.86 (0.74–1.00) 0.05

Gender (female versus male) 0.88 (0.60–1.29) 0.51 0.94 (0.57–1.54) 0.79

Clinical experience (per year) 1.03 (0.91–1.15) 0.65 1.07 (0.89–1.29) 0.49

Disease-related factors

infection source (undifferentiated versus genitourinary) 1.82 (1.46–2.27) ,0.001 2.18 (1.51–3.16) ,0.001

severity (severe versus mild) 1.33 (1.24–1.43) ,0.001 1.38 (1.21–1.58) ,0.001

Choices and perceptions

combination therapy (versus monotherapy) 3.84 (1.90–7.74) ,0.001

Perceived coverage of empirical treatment (�80% versus ,80%) 0.91 (0.64–1.28) 0.58 1.26 (0.70–2.25) 0.44

Acceptable minimum threshold (.70% versus�70%) 1.18 (0.80–1.72) 0.40 2.31 (1.36–3.93) 0.002

Clinical specialty (versus ID/ICU/ED)

internal medicine 1.06 (0.42–2.71) 0.90 0.57 (0.18–1.75) 0.32

other clinical department 0.85 (0.37–1.94) 0.70 0.61 (0.23–1.64) 0.33

Type of study programme (versus specialized level 2)

residence 3.20 (1.09–9.40) 0.03 0.35 (0.07–1.64) 0.18

masters 1.01 (0.51–2.02) 0.97 0.50 (0.18–1.39) 0.18

specialized level 1 0.85 (0.45–1.60) 0.61 0.46 (0.18–1.17) 0.10

Self-reported prescribing intensity (versus equal to peers)

less than peers 0.76 (0.51–1.12) 0.16 1.35 (0.82–2.23) 0.23

more than peers 0.54 (0.25–1.16) 0.12 1.76 (0.61–5.09) 0.30

Results were obtained from amultivariable GEE analysis with autoregressive correlation structure (missing data were omitted).
ORs for age and clinical experience are per year increase.
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carbapenems in their treatment. This information helps us under-
stand doctors’ decision-making in the context of uncertainty, an
unavoidable reality in clinical settings for which tolerance of uncer-
tainty is needed.26 Identifying factors influencing this decision-
making process is important in designing effective behaviour
change interventions to reinforce appropriate antibiotic prescribing
in hospitals.

The reported minimum threshold among our Vietnamese doc-
tors is lower than the threshold accepted by Canadian doctors
(80%–90%) in a similar survey of 237 general internists and infec-
tious diseases specialists.18 This might indicate a higher tolerance
of risk of treatment failure among the Vietnamese doctors
compared with the Canadian peers. The absence of relevant local
data, higher rates of resistance and absence of publicly available
hospital indicators may be the reason for this. However, this may
also be the result of frequent exposure to severe infections in set-
tings like Vietnam, since experience in a given field allows one to
foresee possible future courses and reduce uncertainty in dealing
with similar situations.27 Clinical experience has been reported to
be associated with higher tolerance of uncertainty and less risk
aversion.28 This factor was also found to be predictive of the ac-
ceptable minimum threshold of coverage in empirical antibiotic
treatment in the Canadian doctors.18

Interestingly, there was no evidence of association between
clinical experience and doctors’ choice of treatment regimens
and perceived coverage and acceptable treatment threshold.
However, those applying for a residence programme were more
likely to select a combination therapy; the age range of these par-
ticipants was 23–27 years. In addition, younger participants were
also more likely to prescribe carbapenems than their older peers.
There can be an interaction between clinical experience and age in
shaping doctor’s prescribing practices. However, adding an inter-
action term or removing these factors from the models did not
change themain results of this study.

Currently, empirical treatment for sepsis worldwide is based on
the ‘best-guess’ approach with broad-spectrum antibiotics to
cover the likely pathogens and resistance patterns.29 The national
treatment guideline also recommends the use of combination
therapy for undifferentiated sepsis with or without risk of hospital-
acquired infection (HAI); a carbapenem combination is recom-
mended in patients with neutropenia or immunosuppression,
or where HAI is likely.30 Carbapenems are among the restricted
antibiotics that require consultation and pre-authorization before
use as recommended in the national guideline for AMS implemen-
tation.17 In our study, participants were alsomore likely to select a
carbapenemwhen they decided to use a combination therapy for
empirical treatment. The overall high proportions choosing a com-
bination therapy as well as carbapenem-containing combination
therapy indicate a high level of compliance with the national
guideline and might reflect the generally perceived high risk of
HAIs among the Vietnamese doctors. In our survey of perceptions
among 90 doctors across seven hospitals locally, 88% agreed that
patients could acquire infection with an MDR organism in their in-
stitution (V.T.L. Huong, N.T.C. Tu, T.D. Ngan, B. Nadjm, N.V. Kinh and
H.R. van Doorn, unpublished data). Previous studies conducted
locally also reported a high incidence of HAI and colonization of
MDR organisms in hospital settings in Vietnam.31–34 AMS educa-
tional interventions can provide more concrete guidelines to sup-
port local doctors in stratifying HAI risks in patients for appropriate
empirical antibiotic treatment.

The strength of this study is its inclusion of all types of clinical
departments in Vietnamas the training programmes offered were
not restricted to any specific clinical discipline. This survey also has
a reasonably large sample size and therefore collected responses
from a number of doctors working in special settings, including in-
fectious diseases, ICU and emergency, sufficient for multivariable
analyses. The sample also covers a good representation of doctors
from early to late career stage. These factors havemade our study

0%

Would require
a much narrower
spectrum of
coverage

Would require
a slightly
narrower
spectrum of
coverage

Would not
affect my required
coverage

Would require
a much broader
spectrum of
coverage

Would require
a slightly broader
spectrum of
coverage

Prior admissions to hospital within last 12 months

Where the patient resides (long-term care facility vs. home)

Higher rates of resistance in local antibiogram

Previous patient culture with a resistant organism

Patient has severe illness

Patient has medical comorbidity

Patient has older age

Previous positive surveillnces swab with a resistant
organism (MRSA, VRE, ESBL)

20% 40% 60% 80% 100%

Figure 4. Factors influencing the decision on antibiotic spectrum for empirical treatment among the surveyed participants (n"1147).
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sample likely to reflect the experience of antibiotic prescribing
amongdoctors in Vietnam.

The study did not have an issue with response rate; however,
the data analyseswere restricted to thosewith information on age
andgender.We could notmeasure how this restrictionmight have
caused bias in our results. Similarly, we could not assess how the
fact that participantsweremedical professionals applying for post-
graduate training and therefore might not be representative of all
doctors in Vietnammight influence the overall choices of empirical
treatment in this survey. In addition, a number of participants
skipped or provided non-valid responses to the questions on per-
ceived coverage and acceptable minimum threshold. These ques-
tionswere complex and required participants to thinkmore deeply
into their choice of antibiotics for empirical treatment, especially
when decision-making was influenced by organizational, profes-
sional and social norms pre-existing in their settings. Missing data
were one limitation in our multivariable analyses for perceived
coverage and minimum threshold; however, missing data were
likely to be not statistically significant as the results were similar in
the non-missing data for all participants and for those who
answered all four scenarios. Finally, interpretation of the findings
needs to take into account the fact that the four clinical scenarios
presented in this survey were hypothetical and did not capture all
the details of the disease trajectories that doctors might be faced
with in real-world situations.

In conclusion, this study provides important insights into the
decision-making process of Vietnamese doctors in empirical anti-
biotic treatment. Their choices of antibiotics were influenced by
both disease-related factors, including severity and source of in-
fection, and individual acceptable minimum threshold for treat-
ment coverage. These insights can be used to guide stewardship
programmes aiming at behaviour change in antibiotic prescribing
practices. Such programmes should not only address the know-
ledge gap for individual prescribers but also consider the factors
that can influence their personal perceptions of risks and decision-
making under uncertainty in the clinical setting.
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