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8 Respiratory infection

Agreement and comparative accuracy of
instability criteria at discharge for
predicting adverse events in patients
with community-acquired pneumonia
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ABSTRACT

Objective Five definitions of clinical instability have been
published to assess the appropriateness and safety of
discharging patients hospitalised for pneumonia. This study
aimed to quantify the level of agreement between these
definitions and estimate their discriminatory accuracy in
predicting post-discharge adverse events.

Study design and setting We conducted a retrospective
cohort study involving 1038 adult patients discharged alive
following hospitalisation for pneumonia.

Results The prevalence of unstable criteria within

24 hours before discharge was 4.5% for temperature
>37.8°C, 13.8% for heart rate >100/min, 1.0% for
respiratory rate >24/min, 2.6% for systolic blood pressure
<90 mm Hg, 3.3% for oxygen saturation <90%, 5.4%

for inability to maintain oral intake and 6.4% for altered
mental status. The percentage of patients classified as
unstable at discharge ranged 12.8%—41.0% across
different definitions (Fleiss Kappa coefficient, 0.47; 95% Cl
0.44 t0 0.50). Overall, 140 (13.5 %) patients experienced
adverse events within 30 days of discharge, including 108
unplanned readmissions (10.4%) and 32 deaths (3.1%).
Clinical instability was associated with a 1.3-fold to 2.0-
fold increase in the odds of postdischarge adverse events,
depending on the definition, with c-statistics ranging
0.54-0.59 (p=0.31).

Conclusion Clinical instability was associated with higher
odds of 30-day postdischarge adverse events according to
all but one of the published definitions. This study supports
the validity of definitions that combine vital signs, mental
status and the ability to maintain oral intake within 24
hours prior to discharge to identify patients at a higher risk
of postdischarge adverse events.

INTRODUCTION

Annually, over 700 000 adults in the USA
are hospitalised with a primary diagnosis of
pneumonia. In addition to 9% of patients
who die in hospitals,1 approximately 15%
of pneumonia hospitalisation survivors are
readmitted,”® and 9% die within 30 days of
discharge.! Given the patient safety issues
and cost implications of these postdischarge

1,2,13

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Current guidelines advocate assessment of res-
olution of vital sign abnormalities to guide the
discharge decision for patients with community-
acquired pneumonia.

WHAT THIS STUDY ADDS

= Published definitions of clinical instability at dis-
charge for pneumonia show moderate agreement.

= The omission of important predictors, inconsistent
thresholds for dichotomised continuous parame-
ters and variations in scoring systems explain the
heterogeneity in the discriminatory accuracy across
definitions of clinical instability.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Definitions that combine vital signs, mental status
and ability to maintain oral intake should be used to
assess the appropriateness and safety of discharge
of patients with pneumonia.

adverse events, short-term mortality and
unplanned readmission rates have been
designated as publicly available core hospital
quality measures, with financial penalties for
underperforming hospitals in the USA and
Western Europe.45

Premature discharge contributes to one
in five potentially avoidable readmissions in
general medicine® and community-acquired
pneumonia (CAP) patients.” A significant
number of readmissions could be prevented
by evaluating patients’ readiness for discharge
regarding recovery from symptoms and clin-
ical instability. Current guidelines advocate
assessing the resolution of vital sign abnor-
malities to guide the discharge decision.*’
Assessing the stability of vital signs 24 hours
before discharge is a simple, objective way to
determine the appropriateness and safety of
discharge.""
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A:Halm et al, 2002 B: Dagan et al, 2006 C: Jasti et al, 2008

Criteria Points Criteria Points Criteria Points

Temperature >37.8°C 1 Temperature >37.8°C 1 Temperature >37.8°C 1

Heart rate >100/min. Heart rate >100/min. Heart rate >100/min.

Respiratory rate >24/min. Respiratory rate >24/min. Respiratory rate >24/min.
Systolic blood pressure <80 mmHg

O; saturation <90%

Systolic blood pressure <90 mmHg
Oz saturation <30% or PaO2 <60 mmHg?

Systolic blood pressure <90 mmHg

O: saturation <90%

Inability to maintain oral intake Inability to receive oral nutrition

1
1
1
1
1 Clinical instability is defined by a score 21
1

Altered mental status Change of mental status

Clinical instability is defined by a score 21 Clinical instability is defined by a score 21

D: Capelastegui et al, 2008 E: Capelastegui et al, 2009

Criteria Criteria Points

Temperature >37.5°C 2 Temperature 237.2°C 1

Respiratory rate >24/min. 1 Heart rate 2120/min.
SBP <90 mmHg or DBP <60 mmHg 1
1

Oz saluration <90% or PaO2 <60 mmHg®

Respiratory rate 224/min.
Systolic blood pressure <90 mmHg

1
1
1
1

Clinical instability is defined by a score 22 O; saturation <90% or PaO2 <60 mmHg®

Clinical instability is defined by a score 21
Figure 1 Definitions of clinical instability at discharge from hospitalisation for community-acquired pneumonia. (A) Definition
of clinical instability according to Halm et al'%;(B) Definition of clinical instability according to Dagan et a/'*; (C) Definition of
clinical instability according to Jasti et al'® ; (D) Definition of clinical instability according to Capelastegui et al'? (E) Definition of

clinical instability according to Capelastegui et al'® @ Patients receiving supplemental oxygen via face mask were considered
to have stable oxygenation if they had an oxygen saturation rate of >95%. Patients who used home-based oxygen before
admission were not considered to have unstable oxygenation at discharge. ® Patients who were receiving supplemental
oxygen with a fraction of inspired oxygen <24% or no more than 1 L/min of oxygen via nasal cannula, were considered to be
stable at discharge if their oxygen saturation rate was >95%. Patients who used home-based oxygen before admission were
not considered to have unstable oxygenation at discharge. ¢ Patients receiving supplemental oxygen via a face mask or nasal
prongs were considered to have unstable oxygenation. DBP, diastolic blood pressure; SBP, systolic blood pressure.

Five definitions of clinical instability at discharge for
patients with CAP have been published, based on different
thresholds and clinical features, including temperature,
heart rate, blood pressure, respiratory rate, oxygenation,
mental status and the ability to maintain oral intake
(figure 1)."*'% These definitions were developed without
external validation of their performance concerning
discrimination or calibration. The prevalence of clinical
instability at discharge ranged 10%-36%, with inconsis-
tent OR estimates for readmissions (range, 0.56-1.76) or
mortality (range, 2.08-7.00), across primary studies.'*"”
Whether these disparate findings reflect heterogeneous
clinical instability criteria, inconsistent study outcomes,
failure to account for the competing risk of death or varying
severity of illness across primary studies is unknown. A
large-scale, head-to-head comparison in the same study
sample would provide information on the agreement and
accuracy of the clinical instability definitions.'®’

We aimed to quantify the level of agreement between
published definitions of clinical instability at discharge
and estimate their comparative accuracy in predicting the
occurrence of adverse events within 30 days of discharge.
We hypothesised that heterogeneous definitions of clinical
instability would be associated with different prevalence
rates of instability at discharge and discriminatory accuracy.

METHODS

Study design

Using individual participant data from a retrospective
cohort study, we analysed consecutive adult patients who

survived hospitalisation for CAP at two acute care hospi-
tals in France in 2014. The design and primary results
of the original study have been reported elsewhere.” ?!
In this observational study, no specific intervention was
assigned to the patients, and the discharge decision was
made autonomously by physicians.

Research ethics approval

An institutional review board (Comité de Protection des
Personnes Sud-Est V, Grenoble, France; 15 July 2014;
no approval number) reviewed and approved the study
protocol and informed consent form before the study
began. The study database was approved by the Comité
Consultatif sur le Traitement de I'Information en matiere
de Recherche dans le domaine de la Santé (CCTIRS,
Paris, France; approval number 14.586bis) and author-
ised by the French Data Agency (Commission Nationale
de I'Informatique et des Libertés, Paris, France; authori-
sation number DR-2015-161).%

Patients

Potentially eligible patients were identified from hospital
admissions with a primary diagnosis of pneumonia, or
respiratory failure or sepsis combined with a secondary
diagnosis of pneumonia. Patients were included based
on a medical record notation of a pneumonia diag-
nosis or a medical record notation of >1 respiratory
symptom (cough, sputum production, dyspnoea, tachyp-
noea or pleuritic pain), =1 auscultation finding (rales
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or crepitation) and 21 sign of infection (temperature
>38°C, shivering or white cell count >10 000/pL or
<4000/pL) and a new infiltrate on chest radiography or
CT performed within 48 hours of admission.

Hospital-acquired pneumonia, defined as pneumonia
thatwasnot presentat the time of admission and occurred
48 hours or more after admission, was not within the
scope of this study. We excluded patients who died during
the index hospitalisation, those who were admitted from
or transferred to another acute care hospital, and those
residing outside France.

Only the first hospitalisation was included as an index
pneumonia admission for individuals with multiple pneu-
monia admissions during the study period. Additional
pneumonia admissions within 1 year of discharge from
the index pneumonia hospitalisation were considered
readmissions and excluded as index admissions (in other
words, a single admission could not be counted both as
an index admission and as a readmission for another
index admission).

Data collection

Trained clinical research assistants conducted a struc-
tured chart review using a computerised case report
form. They gathered detailed information on demo-
graphics, comorbidities, physical examination findings,
relevant laboratory test results and the pneumonia
severity index (PSI)*® on admission as well as processes
of care, hospital course and length of stay. According to
the strategy used in the original derivation and validation
studies,23 2 missing values for nursing home residence
(n=9 (0.8%)), respiratory rate (n=579 (55.8%)), systolic
blood pressure (n=5 (0.5%)), temperature (n=6 (0.6%)),
pulse rate (n=6 (0.6%)), pH (n=383 (36.9%)), blood
urea nitrogen (n=27 (2.6%)), sodium (n=17 (1.6%)),
glucose (n=190 (18.3%)), hematocrit (n=18 (1.7%)),
PaO, (n=383 (36.9%)), oxygen saturation (n=31 (3.0%))
and pleural effusion (n=30 (2.9%)) on admission were
imputed at zero for computing PSI.

Additionally, we collected information on mental status,
ability to maintain oral intake and vital signs, including
the most abnormal values for heart rate, respiratory rate,
temperature, systolic and diastolic blood pressure, arte-
rial oxygen saturation using pulse oximetry and partial
pressure of arterial oxygen recorded within 24 hours
before discharge from the index hospitalisation.

Clinical instability at discharge
Five definitions of clinical instability at discharge,
published between 2002 and 2009'*'° were identified
as part of a systematic review (protocol registered with
PROSPERO 2017 CRD42017071531). Using original data
from the retrospective chart review, we classified patients
as clinically stable or unstable at discharge according to
each definition.

We utilised the scoring systems and thresholds reported
in the primary studies to define clinical instability

(figure 1). For four out of five primary studies,"™° clin-

ical instability was defined by one or more instability
among five to seven clinical features including tempera-
ture, heart rate, blood pressure, respiratory rate, oxygen-
ation, mental status and ability to maintain oral intake.
The exception was the scoring system published by Cape-
lastegui et al (2008),'* which defined clinical instability
by a score 22 based on one major criterion (temperature
>37.5°C, 2 points) and three minor criteria (systolic blood
pressure <90 mm Hg and/or diastolic blood pressure <60
mm Hg, respiratory rate >24 breaths/min and oxygen
saturation <90% and/or PaO, <60 mm Hg, 1 point each).

In the primary analysis, we performed a single imputa-
tion of the missing data by replacing them with normal
values (ie, zero imputation). This approach was based
on the assumption that clinicians selectively docu-
mented vital signs at discharge, with a higher likelihood
of recording in the presence of positive or abnormal
findings.” To investigate the pattern of missing data, we
assessed the frequency of missing values for each vari-
able and analysed the different missing patterns. We also
examined the relationship between variables with and
without missing values to gain insight into the mecha-
nism behind missing data.

Study outcome
The primary outcome measure for postdischarge adverse
events was a composite of unplanned readmission or
death within 30 days of discharge, whichever occurred
first. Individuals who died after readmission were
counted once for the primary outcome. Our primary
outcome combined unplanned readmission with death
to prevent bias caused by censoring deaths when evalu-
ating readmissions alone.” *” The secondary outcomes
included unplanned readmission and death within 30
days of discharge, considered as independent outcomes.

Readmission was defined as inpatient admission to the
index hospital within 30 days of discharge from pneu-
monia hospitalisation. We were unable to track readmis-
sions to other hospitals.”’ Readmissions were classified
as unplanned if they resulted from acute clinical events
requiring hospitalisation that were not arranged or
scheduled at time of discharge. As previously reported,7
four panellists independently assigned the primary
reasons for unplanned readmissions using the 11 catego-
ries described by Halfon et al.*®

Emergency department visits not leading to hospital
readmissions were also documented, although they
did not contribute to the primary and secondary study
outcomes.?’ Follow-up information on mortality was
obtained from chart reviews and the National Death
Index. The follow-up period was extended to 11 February
2015.

Statistical analysis
Summary descriptive statistics for baseline patient char-
acteristics and study outcome measures were reported as
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numbers and percentages for categorical variables and
medians with 25th and 75th percentiles (IQR) for contin-
uous variables. We estimated the overall and leave-one-out
Fleiss kappa coefficients™ to quantify the level of agree-
ment among the five definitions of clinical instability at
discharge. The degree of agreement was characterised
by comparing the coefficient value against a benchmark
scale ranging from 0 (indicating agreement expected by
chance) to 1 (indicating perfect agreement).” To assess
the robustness of our findings, we examined the consist-
ency with alternative chance-corrected agreement coef-
ficients.”

Univariable logistic regression was employed to calcu-
late the unadjusted OR point estimates, with 95% CI of
postdischarge adverse events associated with clinical insta-
bility at discharge. Discriminatory accuracy in predicting
postdischarge adverse events was quantified for each defi-
nition of clinical instability using the estatistic.”** Consis-
tent with published primary studies, ¢statistic estimates
were derived based on the score calculated according to
Capelastegui ef al (2008) and the number of instabilities
for the four other definitions. Sensitivity, specificity, posi-
tive and negative predictive values and likelihood ratio
estimates were reported for each definition of clinical
instability.

Additional analyses were conducted to assess the findings’
robustness. First, we repeated our primary analysis after
imputing missing values using multivariate imputation with
chained equations (MICE). MICE was chosen for its ability to
handle arbitrary patterns of missing data and provides flex-
ibility to simultaneously impute variables of different types
with a separate conditional distribution for each imputed
variable. Prediction equations were specified using predic-
tive mean matching for heart rate, respiratory rate, systolic
and diastolic blood pressure, temperature, oxygen satura-
tion, partial pressure of arterial oxygen, oxygen flow, and
logistic regression for supplemental oxygen, home oxygen
therapy prior to admission, nursing home residence. The
imputation of missing oxygen flow values was conditional on
the provision of supplemental oxygen (online supplemental
appendix A). Fifty imputed datasets were created with a total
run length of 50 000 iterations, with imputations performed
every 1000 iterations. Second, we conducted an additional

Table 1 Prevalence of clinical instability at discharge
among survivors of hospitalisations for community-acquired

analysis using any readmission instead of unplanned read-
mission as part of the primary composite and secondary
study outcomes.

Two-sided p values <0.05 were considered statisti-
cally significant. All analyses were performed using
Stata Special Edition version V.16.0 (Stata Corporation,
College Station, Texas).

RESULTS

Of the 1523 potentially eligible patients, 485 were
excluded, resulting in a final sample of 1038 consecutive
patients with CAP who were alive at discharge from the
index hospitalisation (online supplemental appendix B).

Baseline patient characteristics

The median age of all patients was 77 years (IQR, 63-86),
and 587 were men (56.6%) (online supplemental
appendix C). On admission, 398 patients (38.3%) were
classified as having PSI risk classes I-1II, 447 (43.1%) as
class IVand 193 (18.6%) as class V. The median length of
hospital stay was 8 days (IQR, 4-13 days).

At discharge, median values for most vital signs were
within the normal range, including temperature (36.9°C,
IQR, 36.6-37.2), heart rate (83 beats/min, IQR, 73-94),
systolic blood pressure (122 mm Hg, IQR, 110-138),
diastolic blood pressure (69 mm Hg, IQR, 60-77) and
oxygen saturation rate (95%, IQR, 93-96) (online supple-
mental appendix D). The exceptions were the respiratory
rate (23 breaths/min; IQR, 19-28) and partial pressure
of arterial oxygen (68 mm Hg; IQR, 61-77), although
documented in <3% and 18% of patients, respectively.
The prevalence of altered mental status and inability to
maintain oral intake at discharge was 6.4% and 5.4%,
respectively.

Postdischarge adverse events

During the 30-day follow-up period, 140 patients (13.5%)
experienced postdischarge adverse events, including 108
unplanned readmissions (10.4%) and 32 deaths (3.1%)

Table 2 Overall and leave-one-out Fleiss Kappa coefficient
estimates (95% ClI) for definitions of clinical instability

at discharge among survivors of hospitalisations for
community-acquired pneumonia (n=1038)

Removed definition of clinical

pneumonia (n=1038) instability*

Author, year* Number (%) Halm et al 2002'° 0.39  (0.35-0.42)
Halm et al, 2002'° 320 (30.8) Dagan et al 2006'* 0.38  (0.35-0.42)
Dagan et al, 2006 334 (32.2) Jasti et al 2008® 0.42  (0.39-0.46)
Jasti et al, 2008'® 220 (21.2) Capelastegui et al 20082 0.58  (0.54-0.61)
Capelastegui et al, 2008 133 (12.8) Capelastegui et al 2009 0.55  (0.52-0.59)
Capelastegui et al 2009 426 (41.0) Overall 0.47  (0.44-0.50)

*Missing values for the instability criteria at discharge were
imputed as zero (see Methods section).

*Missing values for the instability criteria at discharge were
imputed as zero (see Methods section).
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(online supplemental appendix B). The median time to
postdischarge adverse event was 10 days (IQR, 5.5-21),
ranging from 9 days (IQR, 7-17.5) for 32 deaths to 10.5
days (IQR, 5-21) for 108 unplanned readmissions. The
main reasons for unplanned readmissions are summa-
rised in online supplemental appendix E.

Sixteen additional patients died while readmitted to
the hospital, contributing to an estimated overall 30-day
mortality rate of 4.6% (48/1038). The total number
of readmissions was 184 (17.7%), 76 (7.3 %) of which
were elective (planned) readmissions. In addition, 20
emergency department visits did not result in hospital
readmission.

Agreement across definitions of clinical instability

The percentage of patients who were unstable at
discharge ranged from 12.8% (Capelastegui et al 2008) "
to 41.0% (Capelastegui et al 2009)"” (table 1). Overall,
the five sets of criteria classified 515 patients (49.6%) as
stable and 72 patients (6.9%) as unstable at discharge
while there was disagreement on clinical instability for
451 patients (43.4%) (Fleiss Kappa coefficient, 0.47, 95%
(I 0.44 to 0.50). The Fleiss Kappa was conservative, with
alternative chance-corrected agreement coefficient esti-
mates ranging 0.47-0.65 (online supplemental appendix
F). The definitions of clinical instability according to
Capelastegui et al (2008)'* and Capelastegui et al (2009) "
demonstrated fair agreement with the other definitions
in the leave-one-out analysis (table 2).

Associations with postdischarge adverse events

Clinical instability at discharge was associated with
higher ORs for adverse events, unplanned readmis-
sions and mortality for all but one definitions (online
supplemental appendix G). The only exception was
the definition by Capelastegui et al (2009)," which
showed lower OR point estimates and did not reach
statistical significance for any study outcome.

After multiple imputations of missing values, clin-
ical instability was no longer significantly associated
with 30-day mortality using one definition and with
adverse events and unplanned readmission using

1.00 H

0.75

0.50

Sensitivity

0.25

0.00

T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity

——@—— Halmetal, 2002 : 0.59 (95% Cl, 0.54-0.63)
——#&—— Dagan et al, 2006 : 0.59 (95% Cl, 0.54-0.63)

=+ =x=- = - Jastietal 2008 : 0.56 (95% CI, 0.52-0.60)
—— -— — Capelastegui et al, 2008 : 0.55 (95% Cl, 0.51-0.60)
-==-=-@---- Capelasteguiet al, 2009 : 0.54 (95% Cl, 0.50-0.59)

Figure 2 Discriminatory accuracy (c-statistic) for
published definitions of clinical instability in predicting
30-day post-discharge adverse events among survivors
of hospitalisations for community-acquired pneumonia
(n=1038).

three definitions, compared with the primary analysis
(online supplemental appendix H). These apparent
inconsistencies likely reflect the fact that multiple
imputations yielded inflated SEs, resulting in wider
and less precise 95% CI.

Comparative accuracy

Discriminatory accuracy in predicting post-discharge
adverse events did not differ across the five definitions
of clinical instability, with estatistic ranging 0.54-0.59
(p=0.31, figure 2). After multiple imputation of missing
values, discriminatory accuracy was comparable, with
c-statistic point estimates ranging 0.58-0.62 (table 3).
Clinical instability showed modest sensitivity (ranging

Table 3 c-statistic (95% CI) for published definitions of clinical instability in predicting 30-day post-discharge adverse events
among survivors of hospitalisations for community-acquired pneumonia (n=1038)

Unplanned readmission or mortality

Author, year Primary analysis*

Secondary analysist

Any readmission or mortality*

Halm et al, 2002'° 0.59 (0.54-0.63)  0.62
Dagan et al, 2006 0.59 (0.54-0.63)  0.60
Jasti et al, 2008'® 0.56 (0.52-0.60)  0.58
Capelastegui et al, 20082 0.55 (0.51-0.60)  0.59
Capelastegui et al, 2009'°  0.54 (0.50-0.59)  0.59

(0.53-0.71)  0.55 (0.51-0.59)
(0.51-0.69)  0.55 (0.51-0.59)
(0.47-0.69)  0.54 (0.50-0.57)
(0.50-0.67)  0.52 (0.48-0.56)
(0.49-0.68)  0.53 (0.49-0.56)

*Missing values for the instability criteria at discharge were imputed as zero (see Methods section).
TMissing values for the instability criteria at discharge were imputed by multivariate imputation using chain equations (see Methods section).
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Table 4 Discriminatory accuracy point estimates (95% ClI) using prespecified thresholds for published definitions of clinical
instability in predicting 30-day post-discharge adverse events among survivors of hospitalisations for community-acquired

pneumonia (n=1038)

Number of patients*

True False False True
Author, year positive negative positive negative Sensitivity Specificity PPV NPV LR+ LR-
Halm et al,
2002
>1 63 77 257 641 0.45 0.71 0.20 0.89 1.57 0.77
(0.37-0.54) (0.68-0.74) (0.15-0.24) (0.87-0.91) (1.27-1.94) (0.66-0.90)
Dagan et al,
2006™
>1 65 75 269 629 0.46 0.70 0.19 0.89 1.55 0.77
(0.38-0.55) (0.67-0.73) (0.15-0.24) (0.87-0.91) (1.26-1.90) (0.65-0.90)
Jasti et al,
2008'®
>1 44 96 176 722 0.31 0.80 0.20 0.88 1.60 0.85
(0.24-0.40) (0.78-0.83) (0.15-0.26) (0.86-0.90) (1.21-2.12) (0.76-0.96)
Capelastegui
et al., 2008"t
>2 27 113 106 792 0.19 0.88 0.20 0.87 1.63 0.92
(0.13-0.27) (0.86-0.90) (0.14-0.28) (0.85-0.90) (1.11-2.40) (0.84-1.00)
Capelastegui
et al, 2009
>1 66 74 360 538 0.47 0.60 0.15 0.88 1.18 0.88

(0.39-0.56) (0.57-0.63)

(0.12-0.19) (0.85-0.90) (0.97-1.43) (0.75-1.04)

*Missing values for the instability criteria at discharge were imputed as zero (see Methods section).
TClinical instability was defined by a score >2 based on one major criterion (temperature>37.5°C, 2 points) and three minor criteria
(systolic blood pressure <90 mm Hg and/or diastolic blood pressure <60 mm Hg, respiratory rate >24 breaths/min and oxygen

saturation <90% and/or PaO, <60 mm Hg, 1 point each).

LR-, likelihood ratio of negative result; LR+, likelihood ratio of positive result; NPV, negative predictive value; PPV, positive predictive

value.

0.19-0.47) and specificity (ranging 0.60-0.88), when
using prespecified thresholds (table 4).

Additional analysis
Patients with planned readmissions were more likely
to have active cancer than those with unplanned read-
missions (40.8% (31/76) vs 15.7% (17/108), p<0.001).
The most common reasons for planned readmission
were chemotherapy or radiotherapy (31.6% (24/76)),
medical follow-up for a chronic condition (19.7%
(15/76)) and planned surgery (17.1% (13/76)).
Compared with the primary analysis using
unplanned readmission as the study outcome, weaker
associations were observed between clinical insta-
bility and any readmission, either alone or in combi-
nation with mortality (online supplemental appendix
I). However, the discriminatory accuracy of clinical
instability at discharge in predicting a composite
of any readmission or mortality remained relatively
unchanged, with e¢statistic estimates ranging 0.52-
0.55 (table 3).

DISCUSSION

This external validation study provides additional
evidence for the prognostic significance of clinical insta-
bility at discharge for patients with CAP. All but one of
the published definitions of clinical instability were
associated with a composite of 30-day mortality and
unplanned readmission, supporting their transporta-
bility across populations and settings. As anticipated, the
clinical instability criteria yielded moderate discrimina-
tory accuracy in predicting postdischarge adverse events,
reflecting the influence of numerous other factors on
hospital readmission.

Compared with previous studies, the patients included
in our study were older (mean age, 72 years) and more
likely to be assigned to PSI risk classes IV-V (61.7%)
and to experience postdischarge adverse events (20.6%)
(online supplemental appendix J). Clinical instability
criteria derived in one country or population may not
provide accurate predictions elsewhere, a phenomenon
called miscalibration.'” With the exception of Cape-
lastegui et al”, all definitions of clinical instability at
discharge demonstrated external validity when applied
to older patients with more severe pneumonia recruited

6 Danjou A, et al. BMJ Open Respir Res 2024;11:6002289. doi:10.1136/bmjresp-2024-002289


https://dx.doi.org/10.1136/bmjresp-2024-002289
https://dx.doi.org/10.1136/bmjresp-2024-002289
https://dx.doi.org/10.1136/bmjresp-2024-002289

from the French healthcare system, even 10-20 years
after their original derivation. The moderate agreement
observed between the definitions of clinical instability
arises from inconsistent thresholds for dichotomised
continuous predictors, variations in scoring systems and
the omission of important predictors.

Capelastegui et al” definition, which classified a
higher percentage of patients as clinically unstable at
discharge (41.0%), showed fair agreement with other
definitions and did not demonstrate significant associa-
tions with postdischarge adverse events. These findings
reflect an inconsistent threshold for defining elevated
body temperature (237.2°C), with a prevalence as high
as 30% in our study. Although selecting the optimal cut-
off maximises statistical significance in primary studies,
dichotomising continuous predictors may introduce bias
and hinder replication in external validation samples.20 A
previous study found that patients with CAP discharged
while still febrile had comparable outcomes to those who
were stable at discharge, suggesting that fever may be less
concerning than other instabilities.™

The scoring system published by Capelastegui et
al'* defines clinical instability as a score >2 in contrast
to other definitions that rely on any instability present
at discharge. This scoring system classified a lower
percentage of patients as clinically unstable at discharge
(12.8%) and achieved higher specificity (0.88, 95% CI
0.86 to 0.90) at the cost of lower sensitivity (0.19, 95% CI
0.13 to 0.27) in predicting postdischarge adverse events.

Compared with definitions of clinical instability that
only consider vital signs,'® the addition of mental status
and the ability to maintain oral intake criteria'*"* convey
stronger associations with postdischarge adverse events.
Our findings support the current guidelines,'’ ** which
advocate monitoring vital signs (such as heart rate,
respiratory rate, blood pressure, oxygen saturation and
temperature), ability to eat and mental status to guide
discharge decisions and duration of antibiotic therapy in
patients with CAP.

There is no evidence that prolonging the hospital stay
of clinically unstable patients leads to clinical stabilisa-
tion and reduces the incidence of postdischarge adverse
events."' Despite a 30.8% prevalence of clinical instability
at discharge, the absolute risk difference in postdischarge
adverse events was relatively modest (9.0 percentage
points). In contrast, prolonging hospital stay may expose
patients to unnecessary risks of hospital-acquired infec-
tions and venous thromboembolism.

Our study found stronger associations between clinical
instability and 30-day mortality postdischarge compared
with previous studies. This finding may be attributed to
the higher proportion of patients with PSI risk classes
IV and V in the study population (online supplemental
appendix J). The severity of pneumonia on admission
affects the time taken to achieve clinical stability and
predicts short-term mortality, with more severe pneu-
monia requiring a longer recovery time and conferring
a worse prognosis.”

All five definitions of clinical instability were binary,
using meaningful thresholds that are easily remem-
bered by physicians and nurses. Dichotomising clinical
prediction scores may lead to a loss of information and
reduce discriminatory accuracy. Moreover, dichotomis-
ation assumes a constant risk for all values beyond the
threshold. However, the discriminatory accuracy of the
discrete score or number of instabilities remained poor
in predicting postdischarge adverse events, with estatistic
point estimates <0.60 for all five definitions.

This finding reflects the relatively low magnitude of
ORs despite the significant associations.”® A variety of
factors other than premature discharge from the index
hospital are associated with readmissions, including
demographic information, socioeconomic status, prior
use of health services, diagnosis codes, laboratory results
and discharge disposition.37 In comparison, the median
cstatistic for 11 published claims-based or electronic
medical record models predicting the risk of 30-day read-
mission for CAP patients was 0.63 (range, 0.59-0.77),
despite combining up to 30 predictors.”

Updating the existing definitions of clinical instability
may range from simple recalibration to more extensive
revisions.” Improving calibration requires adjusting
the original model regression intercept to ensure
that the mean predicted probability aligns with the
observed outcome frequency for the intended popu-
lation. Improving discriminatory accuracy requires
model revision, including re-estimating individual
regression coefficients and incorporating new predic-
tors. As the updated definitions are adjusted to the
validation sample, they should be assessed for internal
and external validity before use in routine medical
practice.”’

Our study has several strengths. First, we performed
a head-to-head comparison of definitions of clinical
instability using the same study sample to eliminate
population heterogeneity across primary studies.”” This
heterogeneity, not discernible from primary study results,
may lead to variations in performance attributes across
different definitions of clinical instability. Therefore,
indirect comparisons cannot determine which definition
is most effective in identifying patients at risk of postdis-
charge adverse events. In contrast, the prevalence and
accuracy estimates of clinical instability were derived
from the same individual participant dataset and directly
compared as part of the present external validation
study.”

Second, we used unplanned readmission as the study
outcome measure, which is more representative of
substandard care than any readmission.”>™*' Third, our
study produced more precise estimates and was more
powered to detect clinically relevant associations than
published primary studies because of the larger sample
size. This may explain why some previous studies'* '’
failed to show significant associations between clinical
instability at discharge and readmission, despite compa-
rable OR point estimates.
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Our study has some limitations. First, missing values for
vital signs were imputed at zero in the primary analysis, a
strategy previously validated for pneumonia severity clin-
ical prediction models.” ** ** Apart from the observed
proportions of missing values for respiratory rate that
posed a challenge for imputation techniques, the distri-
bution of recorded values suggested that some vital
parameters were more likely to be recorded in case of
abnormal findings.”” This selective recording questions
the plausibility of the missing at random assumption and
the validity of multiple imputations of missing values.” **
Nevertheless, the OR and estatistic point estimates were
comparable for both approaches to handling missing
values.

Second, our study only tracked readmissions at two
participating hospitals, with no access to the National
Health Data System to track other readmission. There-
fore, the incidence of unplanned readmissions may be
underestimated. However, the 30-day readmission rate
in our study was higher than those reported in previous
studies (online supplemental appendix J).

Third, the implementation of the clinical instability
criteria in practice may have influenced the 30-day post-
discharge outcomes. However, the low level of documen-
tation of the respiratory rate at discharge suggests that
clinical instability criteria were not routinely used to
assess patient readiness for discharge.

Fourth, the case definition of pneumonia varied
between the primary studies, although most included
evidence of new or recent pulmonary infiltrates on chest
radiographs. Consequently, we cannot exclude the possi-
bility that our study did not capture the full spectrum of
CAP.

Fifth, this study was conducted before the COVID-19
pandemic and changes in healthcare services and patient
behaviour during and after the pandemic may have
altered discharge dispositions and readmission patterns.”
However, it is unlikely that the pandemic weakened the
relationship between clinical instability at discharge and
adverse events.

CONCLUSION

Clinical instability at discharge is associated with higher
odds of 30-day postdischarge adverse events according
to all but one published definition. Our study supports
the validity of definitions that combine vital signs, mental
status and the ability to maintain oral intake to assess
the safety of discharge in patients hospitalised with
CAP. However, further research is needed to determine
the benefits of prolonging the hospital stay in clinically
unstable patients.
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