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Machine says go, doctor says no: an ecological
momentary assessment analysis examining
clinicians’ perceptions of, and their antibiotic
prescribing behaviour when using rapid
molecular diagnostic tests in intensive care
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Abstract

Background Rapid molecular diagnostics such as the BioFire FilmArray Pneumonia Panel (the Pneumonia Panel)
can improve antibiotic stewardship by supporting doctors to make more targeted antibiotic prescribing decisions
faster compared to routine microbiology. However, factors influencing how these test results translate to individual
prescribing decisions are poorly understood. The INHALE randomised controlled trial (RCT) evaluated the application
of the Pneumonia Panel to manage suspected hospital-acquired and ventilator-associated pneumonias (HAP/VAP) in
English intensive care unit (ICU) patients. This behavioural study examines clinicians perceived and actual antibiotic
prescribing behaviour, within the INHALE RCT.

Methods Clinicians treating ICU patients completed brief questionnaires within 24 h of their prescribing decision for
intervention-arm cases (N=159), exploring factors influencing their decision and perceptions about the test results.
Actual prescribing behaviour was extracted from the trial database. A 4-block hierarchical logistic regression identified
predictors of prescriptions being consistent with Pneumonia Panel results.

Results 65% (N=104) of prescribing decisions were consistent with Pneumonia Panel results. The test result itself was
a dominant factor: 88% (N=98) of decisions were consistent when results were positive (pathogens found). However,
only 13% (N=6) of decisions were consistent when no pathogens were detected. Consequently, clinicians were often
reluctant to eschew initial antibiotics or de-escalate early where appropriate, ‘erring on the side of caution’. Clinicians
perceptions, specifically the speed of results, concurrent antibiotic treatment, the patient having additional confirmed
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decisions being aligned with test results (all p <.05).

how clinicians think and behave.

~N

evidence of infection, and believing the patient is unlikely to have a non-respiratory infection predicted prescribing

Conclusions Findings have implications for the roll-out of rapid diagnostics in practice, particularly regarding the
management of negative results. Implementation strategies need to be behaviourally intelligent, connecting with

\Keywords Rapid molecular diagnostics, Antibiotic stewardship, Prescribing behaviour, Prescribing decision-making

Background

Early well-targeted antibiotics reduce mortality in hos-
pital-acquired and ventilator-associated pneumonias
(HAP/VAP). However standard microbiological investi-
gation takes circa 48-72 h to produce results needed to
guide treatment [1]. In the interim antibiotic therapy is
empirical and usually broad spectrum. Rapid molecular
diagnostic tests such as the FilmArray [2] and Unyvero
[3] can detect multiple respiratory pathogen and resis-
tance genes directly from respiratory secretions with fast
(1-6 h) results, delivered at the point-of-care[4]. This may
improve stewardship by swiftly guiding narrower-spec-
trum prescriptions [5, 6].

Although clinicians value the speed of these tests, many
express concerns about their clinical application (e.g.
consequences of under-prescribing) [7-10]. Conven-
tional decisions to prescribe a broad-spectrum empiri-
cal antibiotic are often driven by an immediate desire to
protect the patient and prescriber, ‘erring on the side of
caution! Concerns about generating antimicrobial resis-
tance (AMR), exacerbated by over-prescription of broad-
spectrum agents, are more distal [7]

Our previous work has identified key factors important
to antimicrobial prescribing decisions in HAP/VAP [7, 8,
10]. However, we have little insight into how these com-
peting factors contribute in practice. Particularly, which
factors are most influential in determining a clinicians’
willingness to apply results of rapid diagnostics to indi-
vidual prescribing decisions where there is considerable
uncertainty.

Much of our previous work has been qualitative [7, 8,
10], exploring clinicians’ perceptions about antibiotic
prescribing and the use of rapid diagnostics in-depth.
However, this relied on clinicians’ recall and ability to
provide a summary view over a range of prescribing
instances. In contrast, the present investigation exam-
ines clinicians’ perceptions of rapid diagnostic results,
and their actual antibiotic prescribing behaviour, within
the context of the INHALE randomised controlled trial
(RCT). This was a large multi-centre study, comparing
stewardship and outcomes for HAP/VAP patients whose
treatment was either guided by (i) local guidelines until
routine microbiology results became available, or (ii) the
BioFire Pneumonia Panel and an optional prescribing
algorithm [11, 12]. Specifically, here we examined i) what

proportion of ICU antibiotic prescribing decisions were
consistent with the Pneumonia Panel test results? and ii)
what factors predicted prescribing decisions being con-
sistent with Pneumonia Panel test results?

Methods

This study is part of the INHALE research programme
(ISRCTN16483855), funded by the UK (United King-
dom) National Institute for Health Research. INHALE
investigated the utility of molecular diagnostics to
guide antimicrobial prescribing for ICU patients with
suspected HAP/VAP. The INHALE RCT randomised
patients with suspected HAP/VAP at 14 ICUs to i) stan-
dard empirical antibiotics, adapted once routine microbi-
ology results became available, or ii) initial care informed
by the Pneumonia Panel [12] with an optional prescrib-
ing algorithm translating results into antibiotic therapy
suggestions [11], adapted once routine microbiology
results became available. The Pneumonia Panel uses
multiplex polymerase-chain reaction technology to seek
pathogens and resistance genes (Supplementary Material
1). The INHALE trial prescribing algorithm was adapted
to accommodate appropriate site-specific requirements
and where possible, recommended narrow-spectrum
antibiotics, a copy of which can be found here:[11]. Fur-
ther information relating to sample types and additional
RCT method details can be found here:[12]. An obser-
vational, behavioural evaluation of ICU clinicians’ anti-
biotic prescribing was embedded within the RCT and
is reported here. A sample of clinicians responsible for
treating INHALE RCT patients completed brief ques-
tionnaires within 24 h of arm-randomisation and pre-
scribing decision.

Sample and setting
This study took place in 13 of the 14 English ICUs' par-
ticipating in the INHALE RCT (Supplementary Material
2 for hospital and ICU characteristics). Clinical staff mak-
ing antibiotic decisions for RCT patients were eligible.
Given the novel nature of this research, a formal power
calculation was not conducted due to a lack of data on
expected clinician behaviour and perceptions using the

! One hospital participating in the INHALE RCT did not start recruiting to
the trial until after sampling for this study had concluded.
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present study design. However, we applied the widely
used criterion of 10 events-per-variable (EVP) [13], and
minimum of 100 events to be sufficient for a predictive
logistic regression model [14], when sampling for this
study.

Data collection

Questionnaires were administered in ICUs between
October 2019 and July 2021. Clinicians primarily respon-
sible for treating INHALE RCT patients were invited to
complete one questionnaire per patient but could com-
plete questionnaires for multiple patients. Question-
naires were completed after clinicians made an antibiotic
decision following receiving Pneumonia Panel results
(Supplementary Material 3)?> After 24 h, incomplete
questionnaires were classified as non-responses, and
disregarded, to minimise recall bias. The study question-
naire is available from the authors upon request.

Measures

Primary outcome variable:

Consistency of antibiotic prescribing decisions with
Pneumonia Panel results Decisions were scored as con-
sistent with the Pneumonia Panel result if the testidentified
at least one pathogen and if antimicrobial(s) with activity
against that pathogen(s) were prescribed irrespective of
proportionality (treatment did not entail using an unnec-
essarily broad-spectrum agent for the pathogen(s) found),
or no pathogen(s) were identified, and no antimicrobial
was prescribed. Decisions were scored as not consistent
with Pneumonia Panel results if the test found at least one
pathogen but no antimicrobial(s) with activity against that
pathogen were prescribed, or if the test did not identify
pathogen(s), but antimicrobial(s) were prescribed.

Secondary outcome variables:

Pneumonia Panel test result (positive/negative) Pneu-
monia Panel test results were coded ‘negative’ if no
pathogen(s) were identified. Test results were coded ‘posi-
tive’ if at least one pathogen was identified.

Perceptions of the Pneumonia Panel test and the
patient Other secondary outcome variables were mea-
sured via an ecological momentary assessment (EMA)
[15] questionnaire to capture ‘in-the-moment’ factors
influencing antibiotic decision-making, to understand

% Activity defined as likely susceptibility to the antibiotic given, based on
laboratory results or epidemiological data if the pathogen was not grown in
the laboratory

3 Of the included 159 intervention-arm questionnaires, 123 were received

before the pause due to the COVID-19 pandemic; 36 were received after
recruitment re-started.

(2026) 15:42

Page 3 of 10

prescribing decisions as they happen, and to reduce recall
bias. Questionnaire items were developed using our pre-
vious work, other published questionnaires and interview
schedules, and feedback from clinicians [7, 8, 16—20]. The
questionnaire took approximately one minute to com-
plete and recorded basic descriptive information and fac-
tors influencing prescribing decisions.

Clinicians rated agreement on a 3-point scale (dis-
agree, uncertain, agree) with the following statements:
i) I believed the Pneumonia Panel results, ii) I found the
Pneumonia Panel results easy to interpret and under-
stand, iii) the patient was clinically deteriorating, iv) the
patient had laboratory or radiological evidence of deteri-
oration, v) the patient likely had other sources of infection
besides the lung, and vi) initial antibiotic prescription for
respiratory tract infection (RTI) or other infection was
appropriate and did not need to be changed. Clinicians
ticked a box to indicate if the rapidity of the Pneumonia
Panel results influenced their decision. Clinicians could
also select ‘not applicable’

Clinicians ticked boxes to indicate the following local
contextual factors that influenced their prescribing deci-
sion: i) trust guidelines/Unit standard operating proce-
dures (SoPs), ii) availability of a respiratory culture result
prior to recruitment to the study, iii) availability of cul-
ture results for another body site, iv) following the local
SOS plan (out-of-hours prescribing contingency plan),
and v) preserving the ecology of the unit. There was a
free-text box for clinicians to indicate other information
not captured by the questionnaire.

Consistency of antibiotic prescribing decisions with
INHALE trial prescribing algorithm Clinicians indi-
cated on the questionnaire whether they perceived
their prescribing decisions to be (in)consistent with
the INHALE trial prescribing algorithm recommenda-
tions[11].

Clinician’s adherence to the algorithm was objectively
assessed by examining whether their actual prescribing
was (in) consistent with antimicrobial agent(s) recom-
mended for the pathogen(s) by the algorithm.

Data analysis
Data were analysed using Jamovi Version 2.5 [21]. Only
clinicians treating patients in the intervention-arm had
access to Pneumonia Panel results, therefore only inter-
vention-arm cases were included in the present analysis.
The prescribing algorithm was only relevant for cases
where the test produced a positive result, therefore analy-
ses examining consistency with algorithm recommenda-
tions only included those cases.

To examine the proportion of prescribing decisions
consistent with Pneumonia Panel results and the algo-
rithm, frequency counts and percentages were calculated.
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Chi-square tests assessed whether significantly more pre-
scribing decisions were consistent with Pneumonia Panel
results, and the INHALE trial prescribing algorithm,
than not, and the relationship between self-reported and
observed adherence to the algorithm.

Variables reflecting clinicians’ perceptions of the Pneu-
monia Panel test, and the patient were dichotomised
(1=agreement, 0 =not in agreement), with responses of
‘uncertain’ being classified as ‘not in agreement!

Chi-square tests examined the factors that signifi-
cantly related to decisions being consistent with Pneu-
monia Panel results; significant factors (only) were then
entered into a hierarchical logistic regression to assess
the comparative predictive influence of each factor. Vari-
ables were grouped conceptually to determine the model
blocks that would be entered into the regression.

Questionnaire free-text box responses were coded
independently by two researchers to extract factors rel-
evant to antibiotic decision-making not otherwise cap-
tured by the questionnaire. Coding consistency between
coders was checked and was high. No codes made an
additional contribution to the existing data.

Results

Questionnaires were issued for a total of 481 eligible
prescribing instances; from these, 295 responses were
received (61% response rate). Thirteen responses were
excluded from the analyses: 3 patients withdrew from the
trial and requested data removal; and 10 were removed
due to clinician error (4 control arm, 6 intervention-
arm). Among the remaining 282 questionnaires, 159
(56%) related to intervention-arm cases and hence were
included in the present analyses, with the remainder
from the control arm. Table 1 presents an overview of cli-
nician grade/specialty.

The proportion of prescribing decisions consistent with
Pneumonia Panel results

65.4% (N=104) of prescribing decisions were consis-
tent with Pneumonia Panel results (i.e. a prescription of
antimicrobial(s) with activity against pathogen(s) identi-
fied by the Pneumonia Panel or no antimicrobial(s) if the

Table 1 Overview of clinician speciality/grade completing
questionnaires for each prescribing case across the INHALE RCT
Intervention-

arm cases
(N=159,
56.38%)
ICU Consultant (n=71) 107 (67.30%)
ICU Middle-grade Trainee (n=24) 27 (16.98%)
ICU Early-grade Trainee (n=1) 1(0.63%)
Consultant Microbiologist (n=4) 22 (13.84%)
Nurse Practitioner (n=1) 1(0.63%)
Unknown (n=1) 1 (0.63%)
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test was negative), 34.6% (N =55) of decisions were not
(x*(1) =15.10, p<0.001) (Table 2).

The proportion of prescribing decisions consistent with
the prescribing algorithm

Clinicians self-reported their prescribing as consis-
tent with algorithm recommendations in 59.6% (N=62)
of cases, compared with 40.4% (N=42) that were not
(x*(1) =3.85, p=0.05). However, when examining clini-
cian’s observed adherence to the algorithm this was much
lower; only 32.4% (N =36) of decisions were consistent,
compared to 67.6% (N=75) that were not (x*(1)=13.7,
p<0.001). Clinicians’ self-reported adherence to the algo-
rithm was significantly higher than their observed adher-
ence (x*(1) =34.2, p<0.001).

Factors predicting a prescribing decision consistent with
Pneumonia Panel results

Chi-square tests examined the association between sec-
ondary outcome variables and the proportion of pre-
scribing decisions consistent with Pneumonia Panel
results (Table 2). Receiving a positive result, believing the
results, being influenced by the rapidity of Pneumonia
Panel results, perceiving the patient to likely not have a
non-respiratory source of infection, and the patient not
already receiving prior ongoing antibiotics for a non-
respiratory infection all significantly related to prescrib-
ing decisions consistent with Pneumonia Panel results
(all p<0.05). These factors were entered into a 4-block
hierarchical logistic regression (Table 3).

All regression models significantly predicted decisions
consistent with Pneumonia Panel results (Table 3). The
final model (Model 4) including all predictors, signifi-
cantly explained between 51 and 70% of the variance in
the odds of a prescription consistent with Pneumonia
Panel results (x*(6)=106.98, p<0.001). Both models 3
and 4 significantly improved the overall model fit.

A prescription consistent with Pneumonia Panel results
was correctly predicted by the overall model in 97% of
cases, compared with only 74% of cases where prescrip-
tions were not consistent with test results.

Receiving a positive test result (versus a negative result)
increased the odds of a prescription being consistent with
Pneumonia Panel results by a factor of 138.16 (Table 4).
Perceiving Pneumonia Panel results to be received
quickly, and the patient having confirmed laboratory and/
or radiological evidence of infection increased the odds
of decisions consistent with Pneumonia Panel results by
factors of 12.15 and 4.70, respectively. However, if the cli-
nician perceived the patient to likely have another (non-
RTI) source of infection, the odds decreased five-fold.
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Table 2 Factors associated with a prescribing decision consistent with Pneumonia Panel results

Prescription consistent with Pneumonia Panel result Chi square

Yes No
Pneumonia Panel test result
Positive (i.e. pathogen(s) found) 98 (88.29%) 13(11.71%) X%(1)=85.07, p<.001
Negative (i.e. no pathogen(s) found) 6 (12.50%) 42 (87.50%)
Clinician believed the Pneumonia Panel results
Yes 87 (68.50%) 40 (31.50%) X%(1)=4.55, p=.033
No 11 (45.83%) 13 (54.17%)
Clinician found the Pneumonia Panel results easy to interpret and understand
Yes 95 (64.19%) 53 (35.81%) X2(1)=141,p=.236
No 9 (81.82%) 2(18.18%)
Clinicians influenced by rapidity of Pneumonia Panel results
Yes 28 (84.85%) 5(15.15%) X%(1)=6.96, p=.008
No 76 (60.32%) 50 (39.68%)
Patient was clinically deteriorating
Yes 82 (67.77%) 39 (32.23%) X(1)=151, p=.219
No 21 (56.76%) 16 (43.24%)
Patient had laboratory or radiological evidence of deterioration
Yes 87 (69.60%) 38 (30.40%) X?(1)=4.54, p=033
No 17 (50.00%) 17 (50.00%)
Perception that patient likely had other sources of infection besides the lung
Yes 14 (40.00%) 21 (60.00%) X%(1)=1234,p< 001
No 88 (72.13%) 34 (27.87%)
Initial antibiotic prescription for RTI or other infection was appropriate and did not need to be changed
Yes 45 (60.00%) 30 (40.00%) X?(1)=2.00, p=.157
No 58 (70.73%) 24 (29.27%)
Ongoing antibiotics for other body site infection
Yes 5 (38.46%) 8 (61.54%) X¥(1)=4.54,p=.033
No 99 (67.81%) 47 (32.19%)
Trust guidelines/Unit SOPs (availability of)
Yes 45 (65.22%) 24 (34.78%) X2(1)=0.00, p=.965
No 59 (65.56%) 31 (34.44%)
Available recent respiratory culture result
Yes 14 (77.78%) 4(22.22%) X2(1)=1.37, p=.241
No 90 (63.83%) 51(36.17%)
Available culture result(s) from other body site(s)
Yes 2(33.33%) 4 (66.67%) X2(1)=2.84, p=.092
No 102 (66.67%) 51(33.33%)
Following the SOS (contingency out-of-hours) plan
Yes 6 (60.00%) 4 (40.00%) X?(1)=0.14,p= 710
No 98 (65.77%) 51 (34.23%)
Preserving the ecology of the unit influenced clinicians’ prescribing decision
Yes 5 (55.56%) 4 (44.44%) X(1)=041,p= 522
No 99 (66.00%) 51 (34.00%)

Stratified sensitivity analyses

Stratified logistic regression models were run restrict-
ing models to i) cases with a Positive test result, and ii)
cases with a Negative test result. In the Positive test result
model (X*(5)=15.86, p=0.007; Supplementary Table 4),
the patient having confirmed laboratory and/or radiologi-
cal evidence of infection (OR =9.47, 95% CI [2.18, 41.13]),
and the clinician not perceiving the patient to likely have
another (non-RTT) source of infection (OR=0.17, 95% CI

[0.02, 0.86]) both significantly predicted prescribing deci-
sions being consistent with Pneumonia Panel results.

In the Negative test result model (X?(5)=14.76,
p=0.011; Supplementary Table 5) perceiving Pneumonia
Panel results to be perceived quickly significantly pre-
dicted prescribing decisions being consistent with Pneu-
monia Panel results (OR =28.05, 95% CI [2.01, 390.82]).



Stewart et al. Antimicrobial Resistance & Infection Control (2026) 15:42 Page 6 of 10
Table 3 Model coefficients predicting a prescribing decision being consistent with Pneumonia Panel results

95% Confidence

Interval

B SE ExpB Lower Upper p

Block 1
Intercept -2.08 047 0.13 0.05 032 <.001
Positive Pneumonia Panel result 4.03 0.56 56.00 18.71 167.62 <.001
Block 2
Intercept -2.10 0.69 0.12 0.03 048 002
Positive Pneumonia Panel result 4.02 0.57 55.65 18.11 171.06 <.001
Believing Pneumonia Panel results 0.03 0.71 1.04 0.26 4.14 961
Block 3
Intercept -2.89 0.87 0.06 0.01 0.31 <.001
Positive Pneumonia Panel result 475 0.79 115.30 24.39 544.95 <.001
Believing Pneumonia Panel results -0.22 0.73 0.81 0.19 339 767
Influenced by quick speed of Pneumonia Panel 2.70 0.92 14.92 244 9140 .003
Block 4
Intercept —4.00 1.04 0.02 0.00 0.14 <.001
Positive Pneumonia Panel result 493 0.85 138.16 26.21 72840 <.001
Believing Pneumonia Panel results 0.18 0.74 0.81 0.28 513 813
Influenced by quick speed of Pneumonia Panel 2.50 0.96 12.15 1.85 79.62 009
Ongoing antibiotics for infection at another body site -0.19 0.99 0.82 0.12 577 845
Laboratory/radiological evidence of infection 1.55 0.65 4.70 1.31 16.89 018
Perception that patient likely had another source of infection (non-LRTI) -1.67 0.70 0.19 0.05 0.75 018

Note. reference category for a prescribing decision being consistent with Pneumonia Panel results ‘yes - consistent’. LRTI=lower respiratory tract infection

Table 4 Overall model fit and model comparisons

Model Block AlC BIC R R?y Overall model test Model comparison p
X2 df p
1 113.8 119.8 043 0.59 84.21 1 <.001
2 1158 124.8 043 0.59 84.21 2 <.001 1-2 961
3 105.8 1178 048 0.65 96.18 3 <.001 2-3 <.001
4 101.0 1220 0.51 0.70 106.98 6 <.001 3-4 013
Discussion was receiving a positive test result, identifying at least

This is the first quantitative study to examine which
factors are most influential in determining clinicians’
application of rapid diagnostic results to individual pre-
scribing decisions in an intensive care setting.

We predicated the INHALE programme on the
hypothesis that Pneumonia Panel results might increase
clinicians’ confidence and certainty around antibiotic
prescribing in relation to two key behaviours: i) avoid-
ing an unnecessary initial antibiotic prescription and
ii) changing (predominantly stopping or de-escalating)
empirically-given agents early, where appropriate. How-
ever, our data suggest that the extent to which the test
enables this is variable and often not enough, to enable
a clinician to cross the threshold for the recommended
action.

Our data inform about the conditions required for cli-
nicians to reach their threshold for action to apply and
prioritise rapid diagnostic results in their antibiotic pre-
scribing decisions. The most influential factor increas-
ing the likelihood of applying rapid diagnostic results

one pathogen. Positive results may act in a ‘confirmatory’
manner, whereas negative results may generate cognitive
dissonance — namely, between what clinicians expected
to find, and what the test revealed — especially when
the test revealed nothing [10]. This creates a dilemma
for prescribers, especially when clinicians suspect the
patient may have a non-RTI infection not sought by the
test, or a pneumonia due to a pathogen not represented
on the test. In these cases, prescriptions were signifi-
cantly less likely to be consistent with Pneumonia Panel
results. Although a recent RCT showed biomarker tests
to significantly reduce antibiotic duration in patients
with suspected sepsis [22], another recent RCT found no
relationship for suspected HAP/VAP [23]. Our findings
here apply clinicians’ actual prescribing data to support
previous qualitative [7, 8, 10] and vignette [24, 25] stud-
ies suggesting clinicians may be reluctant to de-escalate
antibiotics for patients with suspected HAP/VAP if the
patient had clinical indicators of infection, despite a neg-
ative rapid molecular diagnostic result.
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in prescribing
decision

» in prescribing
decision

—

Threshold for action to follow
Pneumonia Panel results

—

Factors decreasing the odds of a prescription being
consistent with Pneumonia Panel results:

* Negative Pneumonia Panel result

* Believing the patient likely has infection elsewhere in
body
* Notvaluing the speed of Pneumonia Panel results

———— e ————————

Factors increasing the odds of a prescription being
consistent with Pneumonia Panel results:

* Positive Pneumonia Panel result

« Believing the patient does not likely have infection
elsewhere in the body

¢ Valuing the speed of Pneumonia Panel results

Fig. 1 Explanatory model of factors determining a clinicians’threshold for action to provide an initial antibiotic prescription, or to deescalate one early

We demonstrate that clinicians integrate the test
result (positive vs negative) with other contextual fac-
tors when making antibiotic prescribing decisions. For
example, valuing the rapidity of the Pneumonia Panel
test significantly increased the likelihood of prescrip-
tions being consistent with Pneumonia Panel results, as
did the patient having additional laboratory/radiologi-
cal evidence of LRTI. Furthermore, findings also suggest
that clinicians’ beliefs about the test itself — particularly
whether they believe the result, is likely an important fac-
tor in influencing their threshold for action. Understand-
ably, concerns about the test, particularly the likelihood
of false negative and false positive results and subsequent
consequences for antibiotic under- and over-treatment,
are prevalent, leading to prescribing fjust-in-case’ of
infection [7, 8, 10, 20].

Clinicians act at a point along a line of uncertainty
around antibiotic prescribing. We suggest an explana-
tory model (Fig. 1) outlining the conditions that increase
the likelihood of action — in this case — clinicians apply-
ing Pneumonia Panel results to their antibiotic prescrib-
ing decisions and prescribing in accordance with those
results. Where along the line of uncertainty a clinician’s
threshold for action sits will differ for each clinician and
case, depending on previous experience and knowledge
and individual clinical signs and symptoms.

“Correct” decisions do not automatically flow from
diagnostic technology. Pneumonia Panel tests do not
establish the “ground truth” of the presence of infec-
tion somewhere in the body, and therefore it would be
expected that in some cases, antibiotics would be started
and continued despite negative results.

Clinicians rely on more than just biomedical data and
prescribing guidelines when making complex prescrib-
ing decisions. These decisions instead appear to be driven
by clinicians ‘mindlines’ — “collectively reinforced, inter-
nalised tacit guidelines” [26, 27]. ‘Mindlines’ are flexible
and iterative, shaped by clinical interactions, ‘knowledge-
in-practice’ and perceptions informed by training and
the experiences of themselves and others (e.g. “A col-
league withheld antibiotics when needed and faced the
consequences”). It would be useful for future research
to examine the extent to which ‘Mindlines’ contribute to
antibiotic prescribing decisions.

Limitations

Most participants were ICU consultants (80%), and all
microbiologists in the sample were from teaching or spe-
cialist hospitals in London. Further, microbiologists were
relatively overrepresented as decision-makers (N =4 con-
tributing 14% of total responses), meaning our sample
may not be representative. Although participants were
recruited from a range of English ICUs, factors relevant
to prescribing decision making may differ in non-ICU
wards and elsewhere in the UK. Further, the COVID-19
pandemic occurred mid-way through data-collection and
therefore is a potential confounder. We also acknowledge
the possibility that clinicians were selective in the pre-
scribing cases they completed questionnaires for.

We were able to make a limited assessment of the
degree to which clinicians’ prescribing behaviour was
consistent with Pneumonia Panel results. Two aspects
of clinician prescribing behaviour are of interest here: i)
whether prescriptions were consistent with Pneumonia
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Panel results which can inform a yes/no decision about
whether an antibiotic prescription is warranted, and ii)
whether prescriptions were consistent with further guid-
ance (the algorithm) advising on the specific antibiotic
that could be used to combat the specific pathogen(s)
reported by the test. In the present study, we observed
that adherence to the INHALE trial prescribing algo-
rithm was low, and that there was a discrepancy between
clinicians’ perceptions of their prescribing and their
objective adherence to the algorithm. However, as this
was outside the scope of the present research, we have
been unable to understand reasons for this. Our find-
ings highlight a number of factors influencing antibi-
otic prescribing decision-making within the context of
the availability of rapid diagnostic results. However, the
presented analyses do not allow for an exploration of the
mechanisms underlying these relationships. This would
be important to address in future research. Additionally,
more evidence is warranted regarding the safety of with-
holding or narrowing antibiotic therapy based on nega-
tive rapid diagnostic results. This should be considered
when interpreting patterns of prescribing ‘consistency’ in
the presented analyses.

Further, our stratified sensitivity analyses necessarily
have smaller sample sizes and as such findings should be
interpreted cautiously. Nonetheless, the overall pattern
from these results are consistent with the main model.

Finally, we could not analyse the influence, contribution
and “value” to evidence-based prescribing of the rapid
antibiotic resistance detection provided by this platform
in view of the very low rates of antimicrobial resistance in
the UK when compared to other countries.

Study implications
Findings highlight the complexities of ICU antibiotic
decision making and highlight the challenges of success-
fully implementing use of rapid microbiological diag-
nostics. Negative results present a particular challenge,
as they can conflict with the perceptions and beliefs that
contribute to antibiotic decision-making. Clinicians have
a strong imperative to protect the patient and themselves,
and therefore under circumstances of uncertainty when
the clinical presentation of the patient conflicts with a
negative result, it often leads to antibiotic prescribing
just-in-case’ of infection. In some cases, this is likely
‘right’ and in others (with no pathogen present) ‘wrong’
This reluctance to rely on new technologies to provide
targeted therapy faster, or to change (preferentially stop
or de-escalate) antibiotics early if appropriate, suggests
that deployment of the technology of itself, may not be
sufficient for widespread implementation. Rather, we sug-
gest that diagnostic technologies, however high-perfor-
mance, will only deliver the promise of better healthcare
when combined with context specific implementation
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strategies. They must be behaviourally intelligent, con-
necting with how clinicians think and behave, recognis-
ing the human elements underpinning antibiotic choice
and prescription.

Conclusion

Rapid diagnostics such as the Pneumonia Panel may
increase certainty around antibiotic prescribing in rela-
tion to two key aspects: i) avoid the initial prescribing of
unnecessary antibiotics and ii) to stop or de-escalate a
prescription early, where appropriate. However, we sug-
gest that the extent to which such tests do this is variable
and often insufficient on its own to enable the recom-
mended action. The most influential factor determining
antibiotic prescribing decisions was the test result itself.
This creates tension when the test result conflicts with
the clinical presentation of the patient, juxtaposing the
art and science of medicine. Although many clinicians
were willing to apply positive rapid diagnostic results to
their prescribing, when results indicated the absence of
infection, many were reluctant to withhold antibiotics or
to de-escalate early where appropriate, ‘erring on the side
of caution’

We also identify that other contextual factors such
as clinicians’ perceptions about the speed of the test
and the condition of the patient are likely important in
influencing a clinicians’ threshold to act. Findings have
implications for the implementation of rapid diagnos-
tics, particularly for the management of negative results
in practice. Simply having the technology available may
not deliver the desired impact on stewardship, usage and
cost-effectiveness.
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