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Purpose: To assess accuracy of early diagnosis, appropriateness and timeliness of response, and clinical outcomes of older general
medical inpatients with hospital-acquired sepsis.

Methods: Hospital abstracts of inpatient encounters from seven digital Queensland public hospitals between July 2018 and
September 2020 were screened retrospectively for diagnoses of hospital-acquired sepsis. Electronic medical records were retrieved
and cases meeting selection criteria and classified as confirmed or probable sepsis using pre-specified criteria were included.
Investigations and treatments following the first digitally generated alert of clinical deterioration were compared with a best practice
sepsis care bundle. Outcome measures comprised 30-day all-cause mortality after deterioration, and unplanned readmissions at 14
days after discharge.

Results: Of the 169 screened care episodes, 59 comprised probable or confirmed cases of sepsis treated by general medicine teams at
the time of initial deterioration. Of these, 43 (72.9%) had no mention of sepsis in the differential diagnosis on first medical review, and
only 38 (64%) were managed as having sepsis. Each care bundle component of blood cultures, serum lactate, and intravenous fluid
resuscitation and antibiotics was only delivered in approximately 30% of cases, and antibiotic administration was delayed more than
an hour in 28 of 38 (73.7%) cases.

Conclusion: Early recognition of sepsis and timely implementation of care bundles are challenging in older general medical patients.
Education programs in sepsis care standards targeting nurses and junior medical staff, closer patient monitoring, and post-discharge
follow-up may improve patient outcomes.
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Plain Language Summary

Serious infections in hospitalised patients can be life-threatening unless recognised in a timely fashion and treated with antibiotics and
fluid replacement. This study showed that among a group of older general medical patients whose condition was deteriorating and who
were eventually proven as having a serious infection, the diagnosis was missed or delayed, and appropriate treatments were not
administered in more than two thirds of the group. In older frail patients, the possibility of serious infection must be considered and
appropriate care provided when their condition unexpectedly worsens.

Introduction
Despite advances in modern medicine, hospital-acquired sepsis remains a major cause of morbidity and mortality." Sepsis

constitutes a severe inflammatory reaction to an infectious organism, which causes vital organ dysfunction, and can
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present in almost any clinical setting and across all ages.” Undetected and untreated sepsis can quickly lead to major
organ dysfunction, resulting in death in 15% to 35% of patients.' Symptoms and signs of early onset sepsis are variable,
insidious and non-specific, delaying its recognition and management and predisposing to poor outcomes.> This challenge
is accentuated in older people in whom commonly recognised clinical features of sepsis, including fever, raised white cell
count or elevated C-reactive protein are less frequent, underlying chronic organ dysfunction is common,” and risk factors
of relative immunosuppression, malnutrition and frailty are prevalent.>

The multiple, evolving definitions of sepsis® underscore the difficulty in accurately delineating its features, as
evidenced by several tools and algorithms aimed at its early recognition.”® Sepsis is a clinical diagnosis, with no
physical signs or biomarkers that are diagnostic, and clinical features that overlap with those of other conditions such as
major bleeding, myocardial infarction, and pulmonary embolus.” Consequently, misdiagnosis is common, prompting
education programs, implementation of sepsis pathways with care bundles, and national sepsis care standards aimed at
improving early diagnosis and management.'®

The extent to which older, multi-morbid patients are more vulnerable to delayed recognition and/or management of
sepsis, their risk factors for sepsis, and their clinical outcomes, are uncertain. We therefore undertook a review of the
early recognition, management and outcomes of sepsis in a cohort of older adult general medical inpatients with probable
or confirmed sepsis.

Methods

Study Design

This was a retrospective cohort study of patients admitted acutely to seven public hospitals in Queensland over a two-
year period who, at discharge, were coded as having an episode of hospital-acquired sepsis.

Participants and Setting

The Queensland Hospital Admitted Patient Data Collection (QHAPDC), a government data repository of coded inpatient
information obtained after discharge or death, was retrospectively screened on November 5, 2020, for discharge abstracts
from the seven participating digital hospitals of episodes of care between July 2018 and September 2020 that met the
following criteria:

e contained any one of 45 pre-specified “sepsis” codes within the International Classification of Diseases, version 10,
Australian Modification (ICD-10-AM) (see eAppendix 1), with a condition onset flag of hospital acquired (and no
other onset);

e adult (age >18 years) inpatients;

e admitted on presentation to general medicine units;

e not an inbound interhospital transfer;

e not admitted for terminal palliative care.

Electronic medical records (EMRs) of positively screened patients were retrieved and subject to independent review by a single
investigator (NB) and cross-checked by a second investigator (IS), neither of whom were involved in the care of any patient.
Records were interrogated to find the time at which clinical deterioration due to possible sepsis met criteria, as recognised by
nursing staff, for urgent review by treating teams or, if these teams were unavailable, activation of medical emergency teams
(MET). The EMR-embedded systems used for detecting deterioration comprised the Between the Flags (BTF) system'' in one
hospital and the Queensland Adult Detection of Deterioration System (QADD S)'? in the remaining hospitals (see eAppendix 2).

Verification of Sepsis

In verifying discharge codes of hospital-acquired sepsis, and to account for variables within the Sepsis-3 definition® that were not
consistently performed or measured at the time of deterioration (serum bilirubin, blood cultures, antibiotics), we pragmatically
applied quick Sepsis-Related Organ Failure Assessment (QSOFA) criteria (respiratory rate [RR] > 22 breaths/min, Glasgow
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Coma Scale [GCS] < 15), and systolic blood pressure < 100 mmHg) and Systemic Inflammatory Response Syndrome (SIRS)
criteria (heart rate >90 beats/min, RR > 20 breaths/min), temperature >38 or <36 °C, white blood cells <4000/mm? or >1200/
mm? or bandemia >10%)” at the time of clinical deterioration. Sepsis was considered probable or confirmed by consensus of two
investigators (NB, IS) if two or more of the preceding criteria were met, no alternative non-sepsis diagnoses was confirmed by
investigations performed within 3 hours following the alert, and one or more of the following criteria were met: elevated serum
lactate; positive microbiological cultures; laboratory investigations confirming a definite source of infection.

Early Recognition of Possible Sepsis

In maximising sensitivity, sepsis was considered possible at the time of clinical deterioration if two or more of the
following criteria were met: (i) RR > 20 breaths/min; (ii) heart rate > 100 beats/min; (iii) oxygen saturations < 90%; (iv)
temperature > 38°C or < 36°C; (v) white cell count <4000/mm> or >1200/mm?>; and (vi) microbiological samples were
taken by treating clinicians.

Ascertainment of Risk Factors

Premorbid risk factors for sepsis were ascertained as: (i) indwelling medical device; (ii) Indigenous and Pacific
islander status;13 (iii) immunocompromised state, defined as asplenia, neutropenia, alcohol abuse; (iv) recent
trauma or surgery within previous 6 weeks; and (v) malnourishment, as indicated by serum albumen <30g/L.
The following co-morbidities were also recorded: asthma/chronic obstructive pulmonary disease (COPD), heart
failure, diabetes, chronic kidney disease (defined as baseline estimated glomerular filtration rate [eGFR] <60mL/
min), hypertension, active malignancy, ischaemic heart disease, cerebrovascular disease, peripheral vascular
disease, and dementia.* Frailty was retrospectively measured on admission and prior to discharge or death using
the Rockwood Clinic Frailty Score, based on documented assessments of allied health, medical and nursing staff.!*

Adherence to Sepsis Care Bundle

In cases of probable or confirmed sepsis, the extent to which all components of a recommended sepsis care bundle were
enacted, and in recommended timeframes, following initial deterioration was ascertained. The care bundle'> comprised:
measurement of serum lactate, taking of two sets of blood cultures, and administration of intravenous antibiotics and
fluids (20mL/kg bolus if systolic blood pressure <90mmHg). The recommended timeframe for care bundle implementa-
tion was within 30 minutes of suspected meningococcal or neutropenic sepsis, 60 minutes for patients in septic shock,
and 3 hours for patients with sepsis otherwise defined.'

Clinical Outcomes

The primary clinical end-points comprised all-cause death, either in-hospital or within 30 days of discharge, and
unplanned all-cause readmission within 14 days of discharge. Readmission and in-hospital mortality data were
sourced from QHAPDC; out of hospital deaths were captured by probabilistic linkage of QHAPDC with
Queensland Death Registry data based on patient variables (eg name, date of birth, address), and associated with
high (99.9%) accuracy.

Data Collection and Analysis

Extracted data were entered into a secure online database, Research Electronic Data Capture (REDCap, Vanderbilt
University, USA) using a standardised, pilot tested template. Descriptive statistics used proportions and means with
standard deviations; group comparisons were made using chi-square and Students #-test respectively, with 2-sided
p values <0.05 denoting statistical significance. The study findings are reported according to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines.'®

Ethical Approval and Funding
The study was approved by The Prince Charles Hospital Human Research Ethics Committee, Prince Charles Hospital, Brisbane:
Project ID: 50589-Queensland Sepsis Collaborative. It constituted a sub-study of a larger Queensland Sepsis Collaborative study
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into the effects of implementing a sepsis clinical pathway into Queensland public hospitals using routinely collected data
obtained from medical records of completed episodes of care.'” This primary study was deemed a quality improvement study
with no reporting of identifiable information, and a waiver of informed patient consent was approved by the Metro North Human
Research Ethics Committee (LNR/2019/QPCH/5089) on behalf of all participating hospitals, including the Prince Charles
Hospital situated in the Metro North Hospital and Health Service, and ratified by its own ethics committee. The Collaborative
decided to undertake a further study of the care of older patients with discharge code of hospital-acquired sepsis who were
admitted to general medicine wards during the same study period, and approval was granted from the Prince Charles Hospital
Ethics Committee to add the current study as a supplement to the original Collaborative study protocol and need for patient
consent was again waivered. The study complies with the Declaration of Helsinki and this research did not receive any specific
funding.

Results

Screening of discharge abstracts identified 169 episodes of care involving 168 unique patients. One hundred and ten episodes
were excluded due to incomplete records (n = 43), not meeting any criteria for probable or confirmed sepsis (n = 34), and
general medicine not being the treating team at the time of clinical deterioration (n = 33). The remaining 59 episodes met the
definition of probable or confirmed sepsis and were used for analysis.

Patient Characteristics
Mean age was 74.3 (+ 12.6) years, most cases (42/59; 71.2%) were male, all had one or more co-morbidities, almost half
(26/59; 44.1%) were malnourished, and one in ten had another risk factor for sepsis (Table 1).

Source of Sepsis

The source of probable or confirmed sepsis was pneumonia (n = 26), urinary tract infection (n = 15), cellulitis (n = 10),
intra-abdominal abscess (n = 6), and unknown (n = 2). Microbiological cultures were positive in 18 (30.5%) cases,
negative in 19 cases (32.2%), contaminated in 2 cases (3.4%) and not performed in 20 cases (33.8%).

Screening Ciriteria for Sepsis

Applying a score of 2 or more, the SIRS criteria were more sensitive than qSOFA criteria in identifying patients with
confirmed sepsis (96.7% vs 25.4%; p < 0.001, Table 2). As this was a study of probable or confirmed sepsis cases only,
specificity for both criteria were not able to be calculated.

Recognition of Possible Sepsis
In response to clinical deterioration alerts, in 17 (28.8%) cases a MET was activated; in 27 (45.8%) cases, an urgent
clinical review was undertaken by the treating medical team; and in 15 (25.4%) cases no action was immediately taken
by either nursing or medical staff.

At the time of the alert, sepsis was recorded as the provisional diagnosis in 15 (25.4%) cases, listed in the differential
diagnosis for one (1.7%) case and not mentioned in the remaining 43 cases (72.8%).

Adherence to Sepsis Care Bundle

At the time of clinical deterioration, serum lactate levels were measured in 19 (32.2%) cases (Table 3), of which most
(13/19; 68.4%) were elevated. Only 18 (30.5%) cases received an intravenous fluid bolus or had two blood cultures
taken. Intravenous antibiotics were ordered at the time of initial deterioration in 38 (64.4%) patients, although in 9 of
these cases (23.7%), administration was delayed until 3 hours or more after the alert. The most common recorded reasons
in explaining the delay in administering antibiotics of more than 60 minutes were a nursing schedule conflict after the
order had been entered or delays in patient review by medical teams.
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Table | Patient Characteristics (n = 59)

Characteristic No. %
Age (mean * SD years) 74.3 (£12.6)

Male 42 71.2%
Female 17 28.8%
Indigenous Australian or Pacific Islander 4 6.8%
Co-morbidities

Hypertension 33 55.9%
Diabetes 24 40.7%
Heart failure 20 33.9%
Asthma/COPD 17 28.8%
Ischaemic heart disease 15 25.4%
Cerebrovascular disease 14 23.7%
Chronic kidney disease I 18.6%
Active malignancy I 18.6%
Peripheral vascular disease I 18.6%
Dementia 5 8.5%
Risk factors

Indwelling medical device 8 13.6%
Immunocompromised 7 11.9%
Recent trauma or surgery within 6 weeks 7 11.9%
Malnourished 26 44.1%

Abbreviation: COPD, chronic obstructive pulmonary disease.

Clinical Outcomes

Of the 59 cases, 18 (30.5%) died in the admitting hospital and 8 subsequently died within 30 days of discharge, yielding
a total all-cause mortality rate of 44.1%. Three (5.1%) cases required ICU admission for severe sepsis or septic shock,

with one requiring inotropic support. Of the 41 cases discharged alive, 8 (19.5%) had a subsequent unplanned read-

mission within the following 14 days, due to urinary retention (1), heart failure (2), delirium (1), gastrointestinal upset

(1), headache (1), syncope (1) and arrhythmia (1). Frailty scores showed an overall decline in function between

admission and discharge, with mean (= SD) scores rising significantly, indicating increasing frailty, from 4.9 (+ 1.6) to

6.7 (2.1, p < 0.001).

Table 2 Scores for SIRS and gSOFA
Sepsis Screening Tools Applied at the
Initial Deterioration Alert*

SIRS No. %
0 0

| 2 34
2 25 42.4
3 26 44.1
4 6 10.2
qSOFA

0 13 22.0
| 31 52.5
2 13 22.0
3 2 34

Notes: *Score 22 suggestive of sepsis.
Abbreviations: SIRS, Systemic Inflammatory
Response Syndrome; qSOFA, quick Sepsis
related Organ Failure Assessment.
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Table 3 Adherence to Each Component of the
Sepsis Care Bundle at the Initial Deterioration Alert

Component No. %
Lactate taken 19 32.2%
Lactate level
<2 mmol/L (normal) 6 10.2%
2 2 to < 4 mmol/L (elevated) I 18.6%
2 4 mmol/L (markedly elevated) 2 3.4%
Intravenous fluid bolus 18 30.5%

Blood cultures taken

One blood culture 39 66.1%

Two blood cultures 18 30.5%

Intravenous antibiotics administered*

Not administered 21 35.6%

Administered 38 64.4%
Before alert 3 5.1%
0-59 minutes after alert 7 11.9%
60—179 minutes after alert 19 32.2%
2|80 minutes after alert 9 15.3%

Notes: *All patients received antibiotics at some time, but not
necessarily at the time of the initial deterioration alert.

Discussion

In this audit of older general medical inpatients with hospital-acquired sepsis, at the time of initial clinical deterioration,
sepsis was not considered as a possible cause in almost three quarters of cases. Even when it was, adherence to each non-
antibiotic component of the sepsis care bundle was less than 33%. No antibiotic was given within recommended
timeframes in just over a third of cases, due to delays in patient review or nurse administration. In those in whom
serum lactate was measured, such measurements were taken only once. While current guidelines do not recommend
repeat measurements,” recent studies suggest serum lactate clearance, which requires serial measurements, is a prognostic
indicator in severe sepsis.'® SIRS criteria also proved more sensitive in identifying septic patients than qSOFA criteria, as
has been reported by others,>” although the former rely on a definition of ‘severe sepsis’ which limits their sensitivity.

The under-recognition and under-treatment of sepsis in hospitalised patients is well recognised internationally,'® and
likely accentuated in older, frail, multi-morbid general medical patients whose baseline observations are usually closer to
the boundaries of normalcy* and which obscures early sepsis recognition. Other contributing factors may include staffing
of general medicine units by inexperienced junior medical clinicians, lack of awareness of the various components of the
sepsis care bundle, variability in sepsis identification strategies, work pressures and competing priorities for nursing staff,
and concerns about excessive antimicrobial use.'’

Australian studies suggest sepsis pathways implemented across multiple hospitals can significantly (p < 0.05)
improve care and outcomes. Safer Care Victoria’s “Think sepsis. Act fast” collaboration reduced inpatient sepsis-
related mortality by 50%, from 11.4% to 5.8%.>° The New South Wales Clinical Excellence Commission’s SEPSIS
KILLS! Program increased administration of intravenous antimicrobials within 60 minutes of triage from 29.3% in
2009-2011 to 52.2% in 2013.>" The Clinical Excellence Queensland’s Queensland Sepsis Program — Could this be
sepsis? increased antibiotic administration within 1-hour for septic shock cases (85% vs 74%), improved 3-hour bundle
compliance (63% vs 48%), and reduced ICU admissions (17.5% vs 26.5%)."” A nurse-initiated sepsis pathway in
a tertiary oncology unit increased serum lactate measurements (75.0% vs 17.2%), halved the time to antibiotics (55 vs
110 min), reduced ICU admissions (17.1% vs 35.5%) and decreased sepsis-related mortality (5.0% vs 16.2%).>* These
studies complement others performed internationally which support sepsis pathways in improving sepsis care compliance
and patient outcomes.* Importantly, these studies have not reported an increase in inappropriate antibiotic use, despite

limitations in the definition and duration of time frames for antibiotic administration.>*
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We have no reason to believe that such initiatives cannot improve sepsis recognition and management in older, multi-
morbid patients, and our findings underscore the need for more sepsis-specific education campaigns and implementation
of sepsis pathways which target this vulnerable population. Automated, EMR-embedded machine-learning algorithms
that utilise continuous monitoring of vital signs, blood parameters and other patient data have been shown to accurately
predict sepsis onset many hours prior to clinical deterioration and may afford a longer time window for earlier, more
effective intervention.”® Similarly, point of care biosensors may hold promise for earlier diagnosis of sepsis.”® Senior
clinician champions capable of influencing practice norms, nurses empowered to implement sepsis screening strategies
and generate alerts, and regular benchmarked feedback on care compliance and patient outcomes can also improve
performance.'® Finally, the high readmission rate and our novel finding of sepsis-induced accentuation of frailty suggests
the need for closer post-discharge follow-up of older patients and, where appropriate, referral to rehabilitation services.*’
Following a septic episode, older patients develop an average of one or two new functional limitations, including
cognitive impairment,” and have a higher risk of rehospitalisation and death compared to matched controls.*’

Our study has several limitations. The use of ICD-10-AM sepsis codes to identify the study sample may have missed
cases that were not coded as sepsis, and the exclusion of 34 cases incorrectly coded as having sepsis as the discharge
diagnosis, 33 cases for incorrect assignment of the treating specialty, and 43 cases for incomplete medical records
underscores the inaccuracy of current coding practices and inadequacy of medical documentation, both recognised
challenges for retrospective, record-based research in sepsis.’® The resulting small sample taken from only seven
hospitals may not represent practice involving older medical inpatients in all Queensland public hospitals. Verification
of probable or confirmed sepsis could not be performed using Sepsis-3 criteria as the reference standard, and instead
relied on more limited criteria which may have resulted in some missed cases of sepsis. We did not collect data on the
existence of formal resuscitation plans but excluded palliative care patients and noted all patients, or their substitute
decision makers, indicated a desire for intravenous therapy, irrespective of preferences for cardiopulmonary resuscitation
or invasive life-prolonging therapies. However, in an older adult living with advanced frailty, there may be good reasons
why the clinical team, in consultation with the patient, decides not to rigidly follow a sepsis care bundle. Study strengths
included measurement of risk factors, care processes and key clinical outcomes, including changes in frailty status.

In conclusion, there would appear to be room for improvement in every step of recognising and managing hospital-
acquired sepsis among older general medical inpatients in Queensland public hospitals.

Data Sharing Statement
All data in the REDcap database are the property of Queensland Health and are unavailable for public release.
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