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Abstract

Background: CATs is a hospital admission triage tool for influenza and
pneumonia, and comprises of 7 criteria (6 objective and 1 subjective); any one of
which is expected to trigger hospital admission in adults and children. As the CATs
was only recently developed, its performance has only been assessed in the United
Kingdom using data from the 2009 A (H1N1) flu pandemic. An external validation
study is thus required to assess the generalisability of the CATs in a new patient

population before it is recommended for adoption in practice.

Aim: The primary aim of this thesis was to prospectively evaluate the predictive
performance of the Community Assessment Tools across a range of acute lower
respiratory tract infections in a new geographical setting.

Five studies were included in this thesis, each addressing a specific objective in
order to achieve the primary aim of this research:

e The first study examined the predictive performance of individual CATs
criteria with regard to the need for hospital based care and mortality,

e The second study examined the performance of CATs as unweighted and
weighted scoring indexes for assessing these outcomes in adults and
children with ALRTI,

e The third study compared the performance of the unweighted CATs scoring
index and the well-established pneumonia severity score —CRB65 in two
separate sensitivity analyses involving cases of suspected ALRTI and
pneumonia in adults.

e The fourth study sought to investigate the value of clinical intuition in

medical decision-making by comparing the performance of the CATs as an



unweighted scoring index with or without the inclusion of its subjective
criterion (causing other clinical concern).

e The fifth study was a qualitative exploration of critical care practices in
Nigerian hospitals, conducted to provide contextual interpretation of
findings related to the performance of the CATs in predicting the need for

critical care and mechanical ventilation.

Methods: Data specific to the CATs and CRB65 were recorded at the initial
consultation of patients with symptoms suggestive of an acute lower respiratory
tract infection. The performance of the tools with regard to predicting the need for
hospital admission , acute care interventions (supplemental oxygen, IV antibiotics
and IV fluids), or any deaths on admission were assessed using specificity,
sensitivity, negative and positive predictive values, Area under Receiver Operating
Characteristic Curves (AUROC) with 95% confidence intervals and Hosmer-
Lemeshow goodness-of-fit test. The qualitative study was conducted within a
pragmatic paradigm and a semi-structured guide was used to for individual
interviews with key hospital staff. Thematic analysis was used for analysing

interview data.

Results: Data were obtained for 1016 (809 children <16years) consecutive
patients from four hospitals in Lagos Nigeria. In the univariate analysis each CATs
criterion significantly predicted an outcome which indicated the need for hospital
care or mortality, also none of these criteria were redundant in the multivariable
analysis. Criterion C representing low oxygen saturation levels of 92% or less and
Criterion G —clinicians’ intuition or gut feelings ,were the best predictors of the
need for hospital based care and risk of death in both children and adults. The

predictive accuracy of the individual criteria was generally low in terms of AUROC



values, but this improved when they were combined to create scoring indexes. An
unweighted CATs threshold score of three points or more was appropriate for
identifying both adults and children who would potentially benefit from hospital
based care and therapeutic interventions.

In the comparison between CRB65 and the unweighted CATs score, the latter was
seen to have better discrimination and calibration qualities for predicting all
outcomes in adults with ALRTI, and although both the unweighted CATs and
CRB65 scores demonstrated good predictive ability for the outcome ‘in-hospital
mortality’ in adults with pneumonia, the unweighted CATs score outperformed the
CRB65 in terms of AUROC values, however, the difference was marginal and
statistically insignificant.

This thesis provided evidence to support considering clinical intuition or gut
feelings in the assessment of patients with ALRTI, as the predictive performance
of the unweighted CATs score was significantly better with the inclusion of
subjective criterion G (causing other clinical concern) than when this criterion was
omitted. Due to insufficient data it was not possible to assess the performance of
the CATs in regard to the outcome ‘need for critical care’. Findings from the
qualitative study revealed that ALRTI was not a common indication for ICU
admission in these hospitals, also that clinical predictions tools were not generally
used in this regard, rather decisions regarding ICU admissions were determined

by the ability to pay and bed availability.

Conclusion: the CATs criteria showed geographical generalisability despite
differences in case-mix and geographical variations. When combined to create an
unweighted scoring system, CATs showed good potential for guiding decisions to
admit adults and children with ALRTI to hospital for further care. Although CATs

was developed for use during an influenza pandemic, the unweighted CATs score



could be a useful tool for guiding admission decisions in adults with interpandemic
pneumonia, as it performed reasonably well when compared with a widely

validated and established pneumonia severity score.
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It appears to me a most excellent thing for the physician to cultivate Prognosis;
for by foreseeing and foretelling, in the presence of the sick, the present, the
past, and the future, and explaining the omissions which patients have been
guilty of, he will be the more readily believed to be acquainted with the
circumstances of the sick; so that men will have confidence to intrust (sic)
themselves to such a physician. ...

Thus a man will be the more esteemed to be a good physician, for he will be the
better able to treat those aright who can be saved, having long anticipated
everything,; and by seeing and announcing beforehand those who will live and

those who will die, he will thus escape censure.

-Hippocrates, 400 BCE: The Book of Prognostics
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1: Introduction

1.1 Thesis background

The timely recognition and assessment of patients with severe illness is a major
step towards minimising their risk of developing adverse outcomes, however in
times of extreme medical surge such as pandemic events, health care demand
often exceeds clinical capacity to provide usual standard of care. Such situations
will require the use of carefully selected and clearly defined clinical criteria for
making objective assessments of iliness severity. When combined using statistical
methods, such criteria have been referred to as clinical prediction tools or rules(1).
Clinical prediction tools have become increasingly popular in recent times as they
not only aid in decision making for hospital triage, but have also been found useful
in screening for diseases, designing therapeutic research studies, and developing
policies for managing high-risk patients and resource allocation. With the
increasing popularity of such tools in clinical practice, it is important that they are
properly developed and that their performance is also assessed in terms of
accuracy (clinical validity) and impact on clinical practice (clinical utility)(2).
According to the literature on predictive research, there are three steps involved
in the development of a clinical prediction tool: an initial derivation stage which
involves criteria or predictor variable selection using logistic regression analysis
and the assessment of the performance of this new model in the derivation
population (internal validation); the second stage involves an evaluation of the
performance of the tool in a new population (external validation) in order to assess
its generalisability ;and finally an impact analysis of the prediction tool’s usability
and impact on patient management and outcomes(1, 3-9). It has however been

reported that many clinical prediction tools are developed without proper
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validation and the lack of such evidence presents a risk of poor decisions and
patient management(1). Furthermore, prediction tools which are only applicable
in the setting in which they were developed hold no value in practice as clinicians
are more inclined to adopt a prediction tool with the potential to perform similarly
across plausibly related patient groups and geographical or clinical settings.

As the purpose of this thesis is an external validation of a recently developed
clinical prediction tool —-Community Assessment Tools (CATs) which was proposed
for hospital triage of both adults and children with influenza and severe respiratory
illnesses, this opening chapter will provide a compendious discussion on the
evolution and development of clinical prediction tools. Also included, is a section
on some widely used prediction tools for severe respiratory tract ilinesses including
a discussion on the development of the CATs. In order to contextualise this thesis
to the geographical setting in which the research was conducted an overview of
the burden and management of ALRTI in Nigeria has also been included. This
chapter finally concludes with a thesis rationale and outline summarising the

content of the subsequent chapters.

1.2 The evolution of prognostication in medicine

According to the history of medicine, the science and practice of providing care
and preventing death is based on a trichotomous relationship between diagnosis;
prognostication and treatment(10). The writings of historical physicians such as
Hippocrates and Galen reveal that prognostication which involves predicting or
foretelling the course or outcome of an illness was the strongest of the three

principles of medicine(11). However, medical and scientific breakthroughs brought
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about improved diagnosis and treatment which led to a paradigm shift and the
decline of prognostication(12). It has been suggested that the reasons for the
decline in prognostication was that it was believed to be unscientific(13); it was
not until the twentieth century when a string of articles on prognostication were
published in the Lancet(10), that opinions started to change and the scientification
of prognostication began with the development of the first prognostic index for
estimating mortality from myocardial infraction in 1953(14). Over the next couple
of decades a renewed interest in prognostication emerged, such that the number
of publications on developing prognostic indexes for quantifying mortality risk and
other management outcomes was seen to rise steadily. Clinicians are now faced
with the difficulty of deciding which tool is best from the pool of existing tools,
especially as most of these tools report varying levels of predictive accuracy in
different patient populations. The next section will provide a detailed description

of the stages involved in the development of clinical prediction tools.

1.3 Consecutive phases of developing a prediction tool

The importance of accurate medical decision making cannot be overemphasised;
by applying the statistical approach of risk and probability estimation, clinical
prediction tools provide a solution to some of the subjectivities and uncertainties
of medical decision making(3). With the growing popularity of prediction research,
there has been an increase in the number of clinical prediction tools such that a
specific clinical domain might have several different tools for the same
purpose(15). For clinicians to confidently adopt a prediction tool for use in
practice, it must perform similarly across different patient demographics and

clinical settings(16). In predictive research this is referred to as internal and
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external validity; the internal validity of a tool is when its performance is in
accordance with the purpose for which it was designed within the derivation
population, while external validity is when its performance is generalisable to an
entirely different group or population (5, 17). It is therefore of utmost importance
that a prediction tool should possess both internal and external validity, as this is
proof of its generalisability across different demographics (17). Moons and
colleagues (6-9) have extensively discussed the principles of predictive research
in a series of four articles published in the British Medical Journal, highlighting

three stages for developing prediction tools which are described below:

1.3.1 Step 1: Derivation

This stage involves identifying relevant predictors from pre-selected variables
identified from clinical evidence and subject knowledge, followed by model
selection using multivariable logistic regression analysis(6). Two approaches have
been suggested for model selection; a full model approach where all predictor
variables are included and a stepwise regression approach using either backward
elimination or forward selection(7). These approaches have their pros and cons,
and there is no consensus on which method is best; the full model approach may
avoid selection bias, but it requires extensive knowledge of the subject area and
including too many predictors in the final model would be impractical for use. On
the other hand, either backward elimination or forward selection may result in a
more parsimonious model by removing redundant variables based on specified
significance levels, however the risk of excluding clinically relevant predictors is
high. Next, it is important to assess the predictive performance of the model in
terms of its discrimination and calibration qualities in the development data or

population. Put simply, discrimination is the ability of the model or tool to
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accurately distinguish between people who are or are not at risk of an event, while
calibration is the probability that the predicted events match the actual observed
events. The issue with the performance of the new prediction tool/model at this
stage is that of optimism, which means that such a model is usually found to have
very good predictive accuracy when tested in the development data, which may
not be the case when tested in new data. Optimism is caused by overfitting i.e.
the prediction model was designed to fit the development data(5). Optimism is
often investigated by randomly splitting the data into two such that part of the
data becomes a development sample and the other a validation sample for
comparison, or by using bootstrapping- this process is referred to as internal

validation(7).

1.3.2 Step 2: Validation (external) and updating

As previously stated, a model which is only applicable in one setting will not be
considered very useful in practice, which is why the next stage in the development
of a prediction model is an external validation in a new and different population(8).
The difference between internal and external validation is that the former uses the
same development data to assess the performance of the model while external
validation is conducted using entirely different data(17). There are three types of
external validation: temporal; geographical and domain validation (15, 17).
Temporal validation as the name suggests relates to time and involves using data
similar to the derivation cohort but collected at a different time; although some
degree of variation may exist, this new sample population still shares similar
characteristics with the derivation cohort. Geographical validation on the other

hand assesses the transportability of the prediction model by assessing its

18



performance in a different country or location thus allowing for variations in case-
mix and measurement of the predictors and outcomes. In the third form of
external validation -domain validation, the performance of the prediction model is
evaluated in a new clinical setting i.e. primary versus secondary care or adults
versus children. In order of stringency, domain validation ranks highest while
temporal validation is the least rigid of the three validation methods(17). In most
cases, prediction models tend to perform poorly when externally validated, which
is understandable given the existing variations between the development and
validation data in terms of sample size, case-mix and measurements of the
outcome and predictor variables(8, 17). When this occurs, model adjustment is
either attempted in the new data using recalibration (adjustments of model’s
intercept) or model revision (addition of new predictors or adjustment of
regression coefficients) or the model is discarded and a new one is developed(18).
Model adjustment is usually the preferred solution, as discarding the old rule to
develop new ones only results in an illogical amount of prediction rules studies

which are never used.

1.3.3 Step 3: Impact analysis

Prediction tools are developed with an aim to guide clinical decisions towards
improving management outcomes. A tool which does not influence practice or
result in improved outcomes has no value, as such it is important to assess the
impact of using or not using the tool in terms of cost effectiveness, patient
outcomes and influencing decisions made by the clinician. Impact analysis are

usually conducted as randomised clinical trials, or as before and after studies(9).
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1.4 Risk prediction for acute lower respiratory tract infections
Acute respiratory tract infections are the most prevalent indications for hospital
attendance in both developed and developing countries irrespective of age. The
clinical manifestation of acute respiratory tract infections could range from minor
self-limiting viral illnesses to severe and life-threatening complicated bacterial
infections; as such, decisions regarding site of care and extent of investigation
and treatment should be based on illness severity (19, 20). Quite a number of
prediction tools have been developed for this purpose and with pneumonia being
the most common ALRTI and most associated with mortality, it is of no surprise
that the majority of clinical prediction rules for respiratory illness were developed
for the severity assessment of pneumonia (21, 22). A summary and description
of the most established and validated prediction rules for pneumonia are
presented in Table 1.1.

Influenza is another common acute respiratory tract infection resulting in severe
illness and increased hospital attendance. Influenza is a viral illness which typically
occurs in seasonal epidemics during the winter season or unexpectedly as a
pandemic outbreak. Although usually self-limiting, complicated influenza may
result in patients presenting with pneumonia, infective exacerbations of chronic
pulmonary illnesses such as COPD and respiratory failure. Although there are
limited epidemiological data on the seasonality of influenza in the tropics, there is
still some evidence of a year-round occurrence in these parts of the world (23,
24). During an influenza pandemic, demand for healthcare usually outweighs
available resources and clinical staff, such that the capacity to provide normal
standard of care is exceeded. Such situations will require the use of triage tools
to distinguish between high risk patients in need of prompt hospital referral and

low risk patients who can be safely managed out of hospital(25). In spite of the
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fact that a number of tools have been developed for use in influenza pandemics,
the emergence of novel viruses and the virulence of such new virus strains make
it quite difficult to develop prediction tools for future outbreaks (26, 27). In the
absence of well validated influenza prediction tools, previous pandemic
preparedness guidance plans in the United Kingdom(28) adopted the CURB-65
(21, 29)and the PMEWS(30) for use in the event of an influenza pandemic. It is
likely that these tools were chosen because influenza is commonly complicated by
pneumonia and vice versa, however the major drawback of some these tools is
that they were originally developed for use in adult patients. The need for age-
appropriate tools which are able to predict the need for clinical interventions and
critical care services was highlighted in the 2011 UK influenza pandemic
preparedness strategy which reported severe morbidity in younger adults and
children during the recent 2009 influenza pandemic(31). In a bid to bridge the
existing age-gap in the prediction tools previously recommended for triaging
patients with influenza, the Community Assessment Tools (CATs) was developed
as an age-appropriate hospital triage tool for use in both adults and children in
times of extreme medical surge(32). The CATs which is made up of six objective
and one subjective criteria is yet to be used, however its performance has been
assessed using data collected in the United Kingdom during the first and second
waves of 2009 H1N1 influenza pandemic. The next section provides historical
context with regard to the development of the CATs and discusses findings from

the UK validation studies.
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Table 1.1: clinical prediction tools for acute lower respiratory tract infections

Prediction tool

CURB -65
CRB-65

Pneumonia
Severity Index
(PSI)

Pandemic
Medical Early
Warning Score
(PMEWS)

American
Thoracic
Society
Criteria

Clinical context & criteria

6 point scoring system or 5 point in the case of CRB65 for
stratifying adults with community acquired pneumonia into 3
management groups based on mortality risk.

C-confusion, U- urea>7mmol/l, R-respiratory rate >30cycles/min,
B- systolic blood pressure <90mmHg or diastolic <60mmHg,
age>65 years

Consists of 20 variables consisting of demographic variables (age,
sex and nursing home residence), existing comorbid iliness,
physical examination findings (pulse rate, systolic blood pressure,
temperature, respiratory rate, mental status) and laboratory
investigation findings.

Categorises patients with community acquired pneumonia into five
risk groups (I-V)

Modification of a simple physiological scoring system (MEWS) used
for in-hospital assessment of patients to include oxygen saturation
measurements, age >65 years, social isolation, existing comorbidity
and performance status.

Intended for use in severity assessment of patients with influenza

Consists of 10 criteria -6 baseline clinical parameters available at
admission and 4 parameters assessed during admission for
assessing patients with severe community acquired pneumonia
defined as the need for ICU admission.

Outcome

30- day
mortality

30- day
mortality

Hospital
admission and
the need for
higher levels of
care

ICU admission

Author
(reference)

Lim et al.
(2003) (21)

Fine et al.
(1997) (22)

Challen et al.

(2007) (30)

Ewig et al.
(1998)(33)
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1.5 The Community Assessment Tools (CATs)

CATs was proposed by a group at Alder Hey Children’s Hospital as a package
of care to work in sync with National Health Service hospital pathways (34,
35). The CATs consists of 7 (6 objective and 1 subjective) criteria with
physiological thresholds specific to adults and children <16 years; meeting any
one or more of these criteria was expected to trigger hospital referral or
admission(36). Detailed definitions for each of the assessment criteria within
the paediatric and adult CATs are provided in Tables 1.2 and 1.3. The CATs
criteria are yet to be used in routine clinical practice as they were developed
for use in ‘severe and exceptional circumstances when surge demand calls for
strict triage’ (35). Semple at al.(2013) conducted an evaluation of the CATs
criteria using data from the FLU-CIN cohort (35), FLU-CIN was an emergency
sentinel surveillance system set up by the Department of health England to
record clinical, epidemiological and outcome data during the 2009 pandemic
from patients hospitalised with PCR confirmed A(H1N1)pdmQ9 flu (37). All
seven criteria were associated with the need for higher levels of care, hospital
admission and death in the univariate analysis involving adults and children
below the age of 16 and none of the criteria remained redundant in the
multivariable analysis thus justifying the choice of criteria and also the potential
for creating a composite scoring system (35). The performance of the CATs
criteria as a combined score has been examined in three studies; Myles et al.
(2012)(36) and Goodacre et al. (2010)(38) compared the performance of a
CATs score which was calculated by awarding each of the seven criteria a single
point on an unweighted basis with two well established scoring systems -

CURB65 and PMEWS. The third study which was a masters dissertation
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compared the performance of the unweighted CATs score with a new score
calculated using weights based on the regression coefficients derived from the
multivariable logistic regression analysis including all seven criteria(39). In the
comparative validation study conducted using the UK FLU-CIN data, Myles et
al. (2012) reported that of the three scores, the unweighted CATs score had
the best performance for predicting the need for higher levels of care and
mortality in both children and adults(36). The performance of the unweighted
CATs for predicting death in adults was similar to that of the CURB-65 which is
an established mortality predictor in adults with pneumonia. Goodacre and
colleagues compared the unweighted CATs, CURB-65 and PMEWS scores using
data prospectively collected data from 481 cases across three hospitals in the
UK during the first wave of the 2009 influenza pandemic (38). These authors
reported that the three scores were unable to discriminate between patients
with severe illness who were at risk of poor outcomes such as death within 30
days of follow up and those who less ill and could be managed out of hospital.
These findings may have been affected by the mild nature of the 2009
pandemic, as there were very few deaths and their study was limited by
insufficient data (38). The third study which was a dissertation conducted in
the division of epidemiology and public health at the University of Nottingham
by a master’s student involved a comparison of the unweighted CATs score and
with a new CATs score calculated using weights based on the regression
coefficients obtained from the multivariable logistic regression analysis
including all seven criteria. It was concluded from this study that the CATs
scores performed better when used as combined scores than as stand-alone
criteria, with the unweighted CATs been the better of the two(39). A recent

study ‘the FLU-CATSs study’ which was conducted by Venkatesan et al. used UK
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primary care data to assess the validity and utility of the CATs criteria and the
Pandemic Medical Early Warning score (PMEWS) which is a pandemic hospital
admission triage tool(40). In addition to comparing the two triage tools, this
study also intended to develop surveillance systems which could capture and
allow near real time analysis of data on the clinical assessment of adults and
children presenting with influenza-like illness in primary care. One of the
findings from this study was that many clinical parameters were not routinely
measured by GPs, such that there were a limited number of participants with
complete data for PMEWS, but the CATs criteria were recorded for all
participants. Of the 863 (704 adults and 159 children) study participants, only
17 people were referred to hospital and only 15 deaths were recorded, as such
it was not possible to conduct inferential analyses on the CATs and
PMEWS(40) .

As these studies have all been conducted using data collected in the United
Kingdom, the performance of the CATs criteria and scores are yet to be
validated or used in a different geographical setting, or in patients with other
respiratory conditions with similar presentation to influenza. Furthermore, the
limitations of using retrospective data in some of these studies are worth
noting; the FLU-CIN data were based on information extracted from case notes
and physicians’ clinical assessments which were not always complete and the
possibility of bias in the classification and measurement of the study variables
could not be ruled out. However these limitations can be overcome by using

prospectively collected study-specific data in an external validation study.

25



Table 1.2: Children/Paediatric Community Assessment Tools

Criteria Criteria

labels
A

Definitions
SEVERE RESPIRATORY DISTRESS

Lower chest wall indrawing, sternal recession, grunting/ noisy breathing when calm.
INCREASED RESPIRATORY RATE (measured over at least 30 seconds)

>50 breaths/minute if under 1 year, or >40 breaths/minute if >1 year.
OXYGEN SATURATION <92% ON PULSE OXIMETRY, BREATHING AIR/ OXYGEN

Absence of cyanosis is a poor discriminator for sever illness
RESPIRATORY EXHAUSTION OR APNOEIC EPISODE

Apnoea defined as >20 second pause in breathing
EVIDENCE OF SEVERE CLINCAL DEHYDRATION OR CLINICAL SHOCK

Sternal capillary refill time >2 seconds, reduced skin turgor, sunken eyes/ fontanelle.

ALTERED CONSCIOUS LEVEL

Strikingly agitated or irritable, seizures or floppy infant
CAUSING OTHER CLINCAL CONCERN TO THEIR OWN GP OR CLINICAL TEAM

E.g. a rapidly progressive or unusually prolonged illness.
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Table 1.3: Adult Community Assessment Tools

Criteria Criteria
labels Definitions

A SEVERE RESPIRATORY DISTRESS

Severe breathlessness, e.g. unable to complete sentences in one breath.
Use of accessory muscles, supra-clavicular recession, tracheal tug or feeling of suffocation.
B INCREASED RESPIRATORY RATE (measured over at least 30 seconds)

Over 30 breaths per minute.
C OXYGEN SATURATION <92% ON PULSE OXIMETRY, BREATHING AIR/ OXYGEN

Absence of cyanosis is a poor discriminator for sever illness
D RESPIRATORY EXHAUSTION

New abnormal breathing pattern, e.g. alternating fast and slow rate or long pauses between breaths.
E EVIDENCE OF SEVERE CLINCAL DEHYDRATION OR CLINICAL SHOCK

Systolic blood pressure <90mmHg and/or diastolic blood pressure <60mmHg
Sternal capillary refill time >2 seconds, reduced skin turgor.
F ALTERED CONSCIOUS LEVEL

New confusion, striking agitation or seizures

G CAUSING OTHER CLINCAL CONCERN TO THEIR OWN GP OR CLINICAL TEAM

E.g. a rapidly progressive or unusually prolonged illness.
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1.6 An overview of acute lower respiratory tract infections

in Nigeria

According to the WHO global burden of disease statistics for 2012, acute lower
respiratory tract infections rank as one of the top three leading causes of death
across all age groups globally and the major cause of death in low income
countries(41). The actual burden of acute lower respiratory tract infections in
terms of incidence and prevalence is a poorly researched topic in most
developing countries especially in Nigeria(42); Cooper et al. (1998) conducted
a study on disease burden in Sub-Saharan Africa and highlighted the absence
of basic population denominators in these countries which make it impossible
to actually calculate important health statistics(43). Furthermore a WHO review
on studies reporting incidence of ALRTIs in low income countries has also
revealed that only a few studies met the minimum methodological
requirements(44). Therefore it can be inferred that the available figures with
regards to disease burden for most sub-Saharan countries including Nigeria
might actually be ‘guesstimates’. Notwithstanding, recent WHO evidence on
the epidemiology of ALRTIs in children shows that there are over 150 million
new cases annually in developing countries, with approximately 13% severe
enough to need hospital admission(45). Although the epidemiology of ALRTIs
in adults in this part of the world is not as well documented, the estimated
burden of disease in adults is thought to mirror that in children.

According to country health statistics by the WHO, ALRTIs were the leading
cause of mortality accounting for almost 300 thousand deaths in the year
2012(46) and in 2013 about 34% of children less than 5 years were reported

to have presented to a health facility with symptoms of an acute lower
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respiratory tract infection (47).These figures suggest that acute lower
respiratory tract infections are an immense burden on the already sparsely
available medical resources and manpower which presents a suitable setting
for conducting an external validation of the Community assessment tools. The

common

1.7 Management of ALRTI in Nigeria

To a large extent the management of ALRTI is dependent on the severity of
the illness, as high risk or severely ill patients would require hospital based
care and interventions, while less severely ill patients could be managed out of
hospital on oral therapy(48). Management of Acute lower respiratory tract
infections is also determined by aetiology which could either be bacterial or
viral. Viral infections are known to cause acute bronchitis, influenza and
exacerbation of chronic obstructive pulmonary disease (COPD)(49). Such
infections are usually self-limiting requiring supportive measures such as
intravenous fluids and supplemental oxygen administration. Influenza is the
only viral ALRTI for which there is licensed antiviral therapy (oseltamivir -
Tamiflu and Zanamivir), however, the high cost of these medications limits
their use in developing countries(50). The aetiology of pneumonia could be
either viral or bacterial but mostly bacterial, requiring the use of oral or
intravenous antibacterial medications depending on severity. COPD may be
also be exacerbated by bacterial infections and treatment in such cases would
involve the use of antibiotics. The main issue in making a diagnosis of ALRTI is
distinguishing between pneumonia and other ALRTI due to the overlap in their
presentations. The established the gold standard for making a diagnosis of

pneumonia is the use of radiographic evidence, however chest x-rays are not
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typically performed in the community and such investigations may be not be
readily available or are too expensive to be used routinely in resource-poor
settings. British Thoracic Society and World Health Organisation guidelines
recommend the use of clinical features for diagnosing ALRTI in the settings
where chest x-rays are not readily available such as in the community or in
low and middle income countries(51, 52).

Despite differences in patient characteristics, available resources and local
hospital guidelines, it is expected that the same universal principle is followed
for the management of ALRTI irrespective of geographical setting. In
developing countries including Nigeria where healthcare is funded by out-of-
pocket payments, ALRTI and the pneumonia are usually diagnosed based on
clinical features, furthermore antibiotics are the most commonly prescribed
medications for managing ALRTI as several studies conducted in Nigeria have
reported that the bacteria are the major pathogens causing ALRTI. Also,
evidence on the epidemiology of influenza viruses is lacking in Nigeria, which
may be due to the seasonality of such infections; as such antivirals are not
commonly used in the management of ALRTI. It is also worth mentioning at
this point that ICU admissions of patients with severe ALRTI is not well
documented in studies conducted in Nigeria, and this has implications for the
use of a clinical prediction tool for making decisions regarding the need for ICU

admission and mechanical ventilation in patients with ALRTI.
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1.8 Thesis Rationale and Aims

The initial premise for using CATs, was that each criterion could serve as a
stand-alone trigger for urgent hospital referral and admission of adults and
children with severe respiratory illnesses. However the use of stand-alone
criterion as triggers for hospital care is not without certain resource allocation
implications especially in resource limited settings and during periods of
extreme medical surge. When combined into a score the CATs offers an
opportunity for possible risk stratification of patients into high and low risk
groups which will guide in choosing appropriate interventions for care and
foster more efficient use of limited resources. The performance of the CATs
criteria and its combined unweighted and weighted scores have been
investigated in the United Kingdom, however evidence of its generalisability to
a non-UK population is required for recommending its use in practice and to
provide direction for further validation or updating if required. The CATs
includes a subjective criterion ‘causing concern to the clinician’ which has been
shown to be associated with outcomes studied in the CATs validation studies
conducted in the UK. In externally validating the CATs, it will also be worth
investigating the performance of this outcome particularly its contribution to
the performance of CATs as a combined score -if it retains its validity or not
and if it remains relevant when the CATs score is applied in new patients and
in a different geographical setting.

Furthermore, there is a paucity of evidence on the validation and use of clinical
prediction tools or severity scores in low and middle income countries, Nigeria
included. Majority of the existing severity scores are developed and validated
in high income countries with no evidence of their applicability in other settings.

Resource-limited countries with a high burden of ALRTI stand to gain from the
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use of such clinical prediction tools. The findings from thesis will therefore

generate evidence for recommending the use of a clinical prediction tool for the

management of ALRTI in Nigeria.

The primary aim of this thesis therefore, was to assess the external validity of

the Community Assessment Tools (criteria and combined scores) for the

severity assessment of adults (> 16years) and children with acute lower

respiratory tract infections (ALRTI) in an entirely new geographical and clinical

setting. This thesis which included five studies was conducted in Nigeria - a

resource-poor country with a high ALRTI burden, and these studies specifically

investigated in turn:

1.

2.

3.

4,

The performance of the individual CATs criterion for predicting the need
for hospital admission, acute care interventions such as supplemental
oxygen, intravenous antibiotics or fluids and the risk of in-hospital
mortality in adults and children with ALRTI.

The performance of the CATs as un-weighted or weighted combined
scoring indexes for predicting the need for hospital admission, acute care
interventions and risk of in-hospital mortality in adults and children with
ALRTI.

The predictive performance of the un-weighted combined CATs score in
comparison with a well validated pneumonia severity assessment tool -
the CRB65 score; first in adults with ALRTI and then specifically in those
diagnosed with pneumonia.

The benefit if any, of considering clinicians’ gut feelings or intuition as
part of the unweighted CATs score for the severity assessment of adults

and children with ALRTI.
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5. Critical care practice and its utilization in Nigerian hospitals by

interviewing doctors and nurses from the participating hospitals.

While the first four studies were conducted using a quantitative approach, the
fifth was conducted as a qualitative study to provide contextual insights into
the provision of critical care in Nigeria in relation to the possible use of CATs

for predicting ICU admissions in this setting.
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1.9 Thesis outline

As mentioned earlier, this thesis is made up of five linked studies which have

each been presented as individual chapters and are outlined below:

Chapter 2: describes the general methodology and methods used in this thesis.

Chapter 3: describes the data for this thesis in terms of the demographic

characteristics of the participants.

Chapter 4: considers the first objective of this thesis which evaluates the CATs

based on the individual performance of each criterion.

Chapter 5: focuses on the second objective and describes the creation and
comparison of the unweighted and weighted CATs scores or indexes in adults

and children with ALRTI.

Chapter 6: deals with the third objective and compares the predictive
performance of the unweighted CATs and the CRB65 scores in adults with

ALRTI and pneumonia separately.

Chapter 7: examines the role of clinical judgement or intuition in the severity
assessment of ALRTI cases by comparing the performance of the unweighted

CATs score with and without its subjective criterion.

Chapter 8: focuses on the fifth and final objective which is the qualitative study

examining critical care practices in Nigeria.

Chapter 9: provides an overall summary of all the findings from this thesis in
line with the aims and objectives; it also considers the implications of these

findings for practice and offers recommendations for further research.
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2: Research methodology and Methods

2.1 Introduction

This chapter is presented in two parts; the first will focus on the quantitative
aspect of this thesis, presenting a comprehensive description of the methods
and statistical analyses used in the first four studies. The second part of this
chapter discusses the philosophical framework within which the qualitative
study on critical care practice was undertaken and also describes the methods

used for data collection and analysis.

2.2 Overall ethics approval for thesis

The protocol for this thesis was approved by the University of Nottingham
Medical school ethics committee prior to commencement of field work in
Nigeria. Ethics approval for data collection was also obtained from the health
research and ethics committee of Lagos university teaching hospital (LUTH),
Lagos state university teaching hospital health research ethics committee
(LASUTH) and the health service commission Lagos state (RGH and MSCH).
See appendix X for copies of ethics approval documents. All ethics approval

letters have been included in the appendix section.
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2.3 Theoretical underpinning for the methodology of the

external validation of the CATs

Consistency in the conduct and reporting of prediction tool studies is imperative
for assessing the validity and the potential application of such tools in practice.
The increasing popularity in the use of prediction tools for informing decisions
within clinical practice calls for an improvement in the methodological quality
of prognostic factor studies (53, 54). The majority of published studies on
prediction tools fail to adhere to an established principle in terms of design,
statistical analysis and reporting (1, 55, 56). Observational studies with the
most reliable results are those which have been designed as much as possible
to mimic the exemplary methodological standards of randomised controlled
trials(57) Various authors in a bid to improve on the quality of prognostic factor
research have proposed frameworks for quality assessment (58-61). Hayden
et al. (2013) developed the ‘Quality in Prognostic Studies (QUIPS), Tool for
assessing six biases ; ‘participation, attrition, prognostic factor measurement,
outcome measurement, confounding, statistical analysis and reporting of
results’ which could affect the quality of prognostic factor studies (59). A more
recent guideline for reporting of prognostic factor studies which covers all
aspects of reporting from the title and abstract of the study to the discussion
of findings was developed in 2015 by Collins et al. (61); the TRIPOD
(Transparent Reporting of a multivariable Prediction model for Individual
Prognosis Or Diagnosis) statement is basically a 22 item checklist which is
applicable to both development and validation (internal and external)
multivariable prediction model studies (61). The methodology for this
validation study will be informed by the checklist from the TRIPOD statement

as it offers a concise, systematic and transparent approach for reporting
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prognhosis research(54). This chapter will be reported in line with
recommendations made in the methods section of the TRIPOD checklist in

Appendix I.

2.4 Study design

This study was conducted using a prospective cohort design which is regarded
as the most suitable observational study design for estimating the risk of
outcomes in a chosen population and arguably the best design for prognostic
model studies (6, 54). Although retrospective and case-cohort designs are also
commonly used in prognhostic model studies, as they provide a nominal avenue
for obtaining quick results using readily available data (6, 55), they are not
without important shortcomings which ultimately compromise the validity of
their results(62). Missing data, though a common problem in most
observational studies, remains an inescapable disadvantage of using
retrospectively collected data invariably leading to biased estimates(63). While
potential confounders which might be of interest in the index study can be
easily collected using a prospective cohort design, such variables might not be
readily available using retrospectively collected data. In addition, although
retrospectively collected data may present a wide variety of potentially useful
information, certain study-specific variables might be unavailable and the
abundance of variables in such data sets could result in possible data dredging,
as researchers might be tempted to test for extemporary hypotheses. It is also
more desirable that an ‘inception cohort’ is identified prospectively, as this will
ensure accuracy in collection and measurement of study variables as well as
allow for measurement of other additional factors which could confound

associations or predictions (54, 64).
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2.5 Setting

A multicentre study involving secondary and tertiary care hospitals in Lagos,
Nigeria, was conducted to assess the CAT’s generalisability. The decision to
conduct the study in this region was based on the fact that Lagos with a
population of 21 million people is the largest city in Nigeria as well as Africa
(65). Lagos is a metropolitan city as well as a major cultural and economic
hub being home to indigenes from almost all ethnic groups in Nigeria thus
ensuring the generalisability of our sample to the entire Nigerian population.
Healthcare in Nigeria is provided predominantly via the public (government
owned) hospitals, although there has been a steady growing contribution from
the private (non-government owned) healthcare market since the mid-
80s(66). The Nigerian public healthcare sector is a decentralised system which
is run by the three tiers of government in Nigeria. The Federal Ministry of Health
which essentially provides all health policy guidance oversees the activities of
the tertiary care hospitals, while the State Ministry and Local Government
Health Department run the secondary or general hospitals and primary health
care centres respectively(67). Following a bottom-up approach, the Primary
health centres (PHC) act as the entry point into the health system providing
both basic preventive and curative services as well as referrals; the General
hospitals act as the intermediary between the lowest and highest levels of care
and offer both out and in-patient services; while the highest and specialised
level of care is provided by the tertiary centres(68). Though it may appear as
if a structured referral pattern and division of labour exists within the Nigeria
healthcare system, overlap and confusion between the primary and secondary
levels in terms service delivery and their respective roles and responsibilities

have been reported (69).
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The Federal government provides at least one tertiary care hospital in every
state in Nigeria; Lagos state is an exception having two tertiary care hospitals,
Lagos University Teaching Hospital (LUTH) Idiaraba and Lagos State University
Teaching Hospital (LASUTH) Ikeja which were both chosen for this study. These
tertiary care hospitals were chosen because though Nigeria operates a
decentralised healthcare system, most patients seeking healthcare directly
access the tertiary care centres even for illnesses which are usually considered
the remit of the primary and sometimes secondary care centres(70). Several
explanations have been offered for this behaviour, the most common being a
shortage of accessible PHC facilities and even when accessible, the inadequate
staffing and financing of these PHCs results in a lack of confidence among
people who resort to visiting the tertiary centres in the expectation of better
care from specialist doctors (70, 71).

After three months of data collection, it was imperative to include secondary
care hospitals as the anticipated throughput of patients at the tertiary centres
was not being achieved. This was possibly due to the recurrent strike actions
by the association of resident doctors during the data collection period which
crippled all hospital activities including admission of patients from emergency
departments. The two secondary care hospitals were strategically chosen
based on the geography of Lagos state. The state is divided into two
geographical regions; a group of islands and the mainland connected by three
bridges, one of the two secondary care hospitals was located on the island while
the other was on the mainland. A concise description of each hospital is

presented in the next section.
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2.6 Study centres

2.6.1. Lagos University Teaching Hospital (LUTH)

LUTH is a federal government owned tertiary hospital located in the mainland
region of Lagos state; it is classified as a tertiary health centre based on its
capacity to provide specialised medical care and also function as a university
teaching hospital to the College of Medicine of the University of Lagos. LUTH
is the largest teaching Hospital in Nigeria with a capacity of 761 beds, 17
operating theatres and a 7 bed ICU; it also has the highest number of specialist

doctors in any Nigerian hospital.

2.6.2 Lagos State University Teaching Hospital (LASUTH)

LASUTH is the second tertiary health centre in this study, but unlike LUTH, it is
owned and managed by the Lagos state government. Also located on the
mainland of Lagos, LASUTH was initially a general (secondary care) hospital
serving Ikeja the capital of Lagos state and its environs, before it was converted
to a 600 bed tertiary health care facility with a 5 bed ICU in the year 2001. In
terms of structure, LASUTH and LUTH are quite similar; as they both provide
postgraduate and undergraduate medical training, and patients presenting to
these hospital are either self-referred or referred from other hospitals (private

or government owned).

2.6.3 Massey Street Children’s Hospital (MSCH)

Massey Street hospital is a Lagos state government owned specialised service
hospital; it is a secondary care facility located in a densely populated area in
Lagos Island and it is the oldest children’s hospital in the West African sub
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region. Though classed as a secondary care hospital, “*Massey’ as it is popularly
called, functions in the capacity of a primary as well as tertiary level facility
providing paediatric training to both medical students and resident doctors.
Having both in-patient and out-patient departments, Massey receives self-
referred patients and patients from other health facilities around metropolitan
Lagos. This hospital does not have an Intensive care unit and refers all critically

ill patients to the two tertiary care hospitals in Lagos (LUTH and LASUTH).

2.6.4 Surulere General Hospital and Randle Maternity and Child

Care Centre

Surulere or Randle general hospital is a secondary care facility also owned and
managed by the Lagos state government health management board. Surulere
is @ commercial and residential area on Lagos mainland, with a population of
over 500, 000 people This hospital provides both in and out-patient medical
and surgical services at the main site while the newly built Maternal and Child
centre at Gbaja provides paediatric emergency and ward services. Surulere
General Hospital has over 150 beds and serves as referral centre for primary
health centres and other private hospitals in Surulere district, but refers
critically ill patients to the nearby tertiary care centre (LUTH) as it does not

have an ICU.

2.7 Study participants

Adults and children presenting to the emergency departments of the four study
hospitals whose symptoms met the study inclusion criteria were consecutively

recruited between December 2013 and July 2014. Although this recruitment
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strategy is a form of non-probability sampling and therefore prone to selection
bias, randomisation, which is the core of probability sampling might have been
impractical for this study. As the most superior form of non-probability
sampling techniques, consecutive sampling improved the representativeness
of this thesis’s study population by recruiting every possible patient based on
carefully selected inclusion and exclusion criteria based on the essential
characteristics and typical presenting pattern of patients of all ages with ALRTI
(44, 72, 73). The geography of Lagos was also considered in choosing the study
centres so as to avoid any differences that might exist between patients

domiciled in either of the two zones (Lagos Island and Mainland).

2.7.1 Inclusion criteria

The case definition of acute lower respiratory tract infections in literature has
remained an area of debate as there appears to be a lack of a single consistent
label in the definitions adopted (73). Although patients with ALRTI tend to
present with a variety of physical sighs and symptoms; cough and at least one
other lower respiratory tract symptom with abnormalities on auscultation are
almost always present when making a diagnosis of acute lower respiratory tract
infection (44, 73). It has also been reported that making a distinction between
pneumonia and other types of acute lower respiratory tract infections will
require radiological evidence of chest infiltrates, however the use of extensive
investigations to confirm or eliminate pneumonia in every patient who presents
with cough and/or difficulty in breathing is neither cost-effective nor practical,
especially in developing countries where resources are limited or

expensive(74).
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As mentioned earlier in the introductory chapter, ALRTI in Nigeria are usually
diagnosed on the basis of clinical features as such the case definition of ALRTI
for inclusion of patients in this thesis was based on clinical features (44). The
following inclusion criteria are based on the WHO- CHERG recommendation for

ALRTI case definition in children <5 years:

e Cough or breathing difficulty with at least one of the other signs below,

e increased respiratory rate or fast breathing of >60 breaths per minute
in children less than 2 months of age, >50 breaths per minute in children
age between 2 to 11 months and >40 breaths per minute between the
ages of 1 to 5 years

e Evidence of lower chest in-drawing observed at rest as ‘inward
movement of the bony structures but not soft tissues of the lower chest

wall during inspiration’.

The same inconsistencies exist with regards to the case definition of ALRTI in
adults(75); as a result, this thesis adopted an approach based on a review by

Macfarlane(76) which states that the clinical definition of ALRTI should include

e cough productive or non- productive of sputum and one other lower
respiratory tract symptom such as dyspnoea/difficulty in breathing,
tachypnoea/ fast breathing, chest discomfort/pleural pain

e abnormal chest signs on auscultation

e at least one systemic feature (i.e. a temperature of 38 degrees or more,
chills, malaise)

e no other explanation for the illness
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2.7.2 Exclusion criteria

Due to the overlap in the symptoms of asthma and bronchiolitis, children who
presented with just wheezing or a diagnosis of asthma without other signs of
lower respiratory tract illness as per the specified inclusion criteria were
excluded from the study. Patients who had recently been hospitalised in the 14
days preceding index presentation were also excluded as this would suggest a

hospital acquired infection.

2.7.3 Follow-up of patients

Patients who were admitted from the emergency department were followed up
till discharge or death in hospital. There were few cases where patients self-
discharged either as a result of inability to continue paying for their stay in
hospital or because of the strike actions by doctors which occurred during the
course of data collection. Although few in number, these patients were
excluded from the data as it was not possible to ascertain recovery or death

and additional follow-up was beyond the scope of the study.

2.8 Sample size calculation

The validation of a prognostic model involves determination of its predictive
accuracy, usually done by calculating the Area under receiver operating
characteristic curve (AUROC). A detailed approach for calculating the sample
size of studies involving the use of AUROC to determine predictive accuracy

has been described by Obuchowski et al. (2004)(77). Using this approach,
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sample sizes for objectives 3 and 4 using the outcome variable mortality are

calculated below:

1. Test hypothesis: The area under the ROC curve exceeds 0.5 i.e. the
unweighted combined CATs index has the ability to discriminate between
patients who died (cases) and those who survived (controls). The following

formula was applied:

o= [Z4V 0.0792 x (1 x 1/ k) + ZgV V(8)]?

(6 - 0.05)2

Where V (0) is the variance function of 6
The following assumptions have been used:
o k = 4! (i.e. 4 times as many survivors as compared to deaths)
o The type I error set at 0.05
o The type II error rate of 0.10 (power = 0.90)
o Conjectured accuracy of CATs as a predictive tool (£) using area under
the ROC curve as a measure of accuracy = 0.70
e One sided test
The estimated sample size according to these calculations is 84 survivors
(controls) and 21 deaths (cases). If the conjectured accuracy was changed to
an AUROC of 0.90 (high accuracy), while leaving all other parameters
unchanged, the estimated sample size would be 40 survivors (controls) and 10

deaths (cases).

2. Test hypothesis: The area under the ROC curve obtained for the un-weighted
combined CATs and CRB65 with respect to mortality are significantly different.
The tables provided in Obuchowski et al. (2000)(78) for detecting a difference

in accuracy between two diagnostic tests using area under ROC curve have
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been used in estimating the required sample size using the following
conservative assumptions(78):
e Up to 4 observers with moderate intra-observer (0.0025) and inter-
observer (0.05) differences in applying the CATs criteria
¢ Moderate accuracy of each of the predictive tools being compared i.e.
AUROCG:s in the range of 0.75
e Small differences between the accuracy of the two predictive tools i.e.
an absolute difference between the two AUROCs of 0.05
e Ratio of survivors/deaths (i.e. controls/cases) of 4
e The type I error set at 0.05
e The type II error set 0.20 (power =0.80)

e Two tailed test

The estimated sample size calculated for this study was: 983 patients i.e.

approximately 788 survivors (controls) and 197 deaths (cases).

2.9 Data collection pro forma and procedure

Data were collected prospectively from time of presentation until exit from
study (discharge or death in hospital) between December 2013 and July 2014
using a pro forma to capture patient data in line with the study objectives, see
Appendix II.

The data collection pro forma was designed using the forms from the UK FLU-
CATS development study as prototype, and incorporating appropriate changes
where necessary to fit the Nigerian context. The form was designed in two parts
for ease of use; the first part clearly titled ‘initial assessment in the emergency
department’, captured data on patient demographics, inclusion criteria and
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CATs criteria, examination findings and working diagnoses on first contact with
the patients. The initial intention for the data collection process was that all the
CATs assessments were to be conducted as part of the patients’ case notes
either by a medically qualified staff in the ED (i.e. medical intern or registrar),
however, this was not practical due to the busy workload and after he pilot
phase, the forms were ultimately completed by trained data collectors. A
training session was held for the data collectors who were mostly final year
medical students who had successfully completed a year of clinical rotations in
the major specialities, and had an acceptable level of medical knowledge to
enable them understand the contents of patients’ case notes and the medical
terms used in the forms. In the weeks preceding commencement of data
collection, special sessions were organised with the emergency department
doctors at each study centre to discuss the aims of the project, inclusion and
exclusion criteria and clarifications on clinical signs for identifying patients with
ALRTI. Age-specific pulse oximeters were also made available in consulting
rooms to ensure recording of oxygen saturation measurements.

Trained data collectors were stationed in the ED with the attending clinical
officers, who would identify cases of ALRTI and notify the data collectors or
pass on case notes to them for data extraction. The second part of the form
which was designed for recording death and non-death events occurring during
follow-up of patients admitted for observation in the emergency departments
or moved to the ward, was completed by the primary investigator of the study
with the assistance of the data collectors. Information recorded included length
of stay on admission (on the wards, ICU or ED), comorbidities, types of
medication administered, duration (days) on supplemental oxygen, death or

discharge. A section with guidance note explaining the variable fields was also
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provided; this was to help data collectors in case there were any queries during

the process of entering information into the forms.

2.9.1 Pilot phase

An initial pilot phase of data collection was conducted in LUTH and LASUTH
between December 2013 and January 2014 to assess the applicability of the
pro forma and the practicality of the data collection process. After the pilot
phase, a few minor adjustments were made to the data collection forms to suit
the context of the study setting. In the updated form, the ‘date of onset’ field
for presenting symptoms was changed to ‘duration of symptom’; as it seemed
patients found it easier to estimate duration of illness in days than the actual
date of onset. The ‘ALRTI not specified’ option in the provisional diagnosis field
was also taken out as this was not commonly entered as a diagnosis in the
case notes. As earlier mentioned, after the pilot phase it was decided that the
high- pressure, time-critical ED working environment may not allow doctors
enough time to complete the CATs assessment forms, and also that having a
data collector assigned to each ED, would reduce that forms were completed
and patients were not being missed.

A further modification to the initial study plan which occurred following the pilot
phase, was the decision to recruit additional patients from secondary care
hospitals in order to achieve the estimated sample size and ensure the
representativeness of the cohort. This was because the patient throughput at
LUTH and LASUTH during the pilot was lower than the presumed rate based on

the available literature on ALRTI incidence in Nigeria.
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2.9.2 Data entry

A database was created using Microsoft Excel for manual data entry; and as
data were being collected for children and adults, two separate spreadsheets
were created for this purpose. Data were entered on an ongoing basis alongside
data collection data by the study’s principal investigator and a data entry
assistant who received training from the PI to ensure standardised data entry

and coding practices.

2.9.3 Data validation

Data entry errors are inevitable, and therefore, the following steps were taken
to minimise the occurrence of such errors and ensure data quality:

While the database was being designed an initial data validation plan was put
in place to ensure accuracy and consistency of the terms being entered in each
variable field. This was done using a range of data validation features in
Microsoft Excel such as message prompts to indicate field requirements and
error alerts to avoid entry of incorrect values.

Initial entries by the data entry assistant were checked against entries made
by the PI (for the same patients, identified with their ID/ hospital numbers) to
detect incorrectly entered data and ensure consistency in entry.

Although double-data entry was not possible at all times during the course of
this project, the PI performed random periodic checks of the data entered by
the assistant for errors and data completeness. Any errors found or queries
raised by the data entry assistant during this process were clarified by

contacting the data collectors for that study centre.

49



2.9.4 Data storage

Data collected was stored in a password protected hard drive and transferred
to a secure University of Nottingham backup server that was only assessable
via an approved login account for a period of 7 years as per University protocol.
Patient details were anonymised during data cleaning by dropping personal
identifiers. During the course of data collection, completed follow-up data of
patients who had been enrolled in the study were periodically sent to thesis
supervisors using a shared online password-secured study folder created within

the University of Nottingham workspace.

2.10 Data variables & definition
A total of twelve predictor and five outcome variables were involved in the
various statistical analyses. These variables will be explained in the subsequent

sub-sections.

2.10.1 Predictors

All CATs criteria were recorded during initial consultation in the emergency
department. As the CRB-65 tool shared similar criteria with the CATs tool and
blood pressure was a regularly collected physiological parameter in the adult
group, it was not necessary to separate data collection for the tools. All CATs
and CRB-65 criteria were considered individually as binary categorical variable
(Yes/No) for all analyses except for the comparison of weighted and un-
weighted score indices where combined to yield a continuous score (this is

discussed further in the data analysis section).
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2.10.2 Outcome variables

The outcome variables in this thesis were chosen to reflect the clinical course
and the interventions involved in the management of ALRTI (see chapter 1).
Irrespective of the aetiology of ALRTI, antibiotics are the mainstay of treatment
for ALRTI in Nigeria. Other supportive therapies used in the management of
ALRTI depending on clinical presentation and findings include intravenous fluid
and supplemental oxygen administration. As most of these interventions will
necessitate hospital admission, a major decision in the management of ALRTI
is the site of care; that is whether to manage on outpatient or inpatient basis.
Based on this, the five outcomes considered are listed below:

e need for hospital admission

need for supplemental oxygen

need for intravenous antibiotics

need for intravenous fluids

In-hospital mortality

All study outcomes were treated as binary categorical variables (Yes/No), and
in-hospital mortality was recorded as all-cause mortality during hospital stay.
Mechanical ventilation and admission into the intensive care unit were initially
considered as outcomes, but were later excluded as it was observed that
patients with ALRTI were rarely admitted to the ICU in the study hospitals, and
the reason for this was explored in the qualitative study conducted as part of

this thesis.
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2.10.3 Covariates

These were variables which were extracted from patients’ case notes, after the
patient had been assessed and admitted or discharged from the ED. If
information for any of these variables was not documented by the attending
physician, they were considered to be negative or not present. Examples of
these variables include; comorbidities, birth and immunisation history for

paediatric patients, social history such as alcohol consumption and smoking.

2.10.4 Handling missing data

There were instances of patients who self-discharged during the recurrent
strike actions as there were no doctors in work to continue care. It was not
possible to follow up these patients to determine management outcomes i.e.
death which lead to their exclusion from the final analyses and as such
complete case analysis was conducted for patients where complete follow up
was possible. There were no missing data for the CATs criteria as the
importance of data completeness was emphasised to the data collectors,
however in the event that a missing criterion was discovered during data entry

there was always an opportunity to trace patients’ case notes for retrieval.

2.11 Statistical analyses

All analyses were conducted separately for adults and children, and Stata
version 12 was used for data management and statistical analyses. Statistical
significance for the analyses was set at the conventional level of 0.05 (P value<

0.05 considered significant). Given the number of variables and the various

52



statistical tests required for the analyses, there was a possibility that issues of
multiple comparisons resulting in a type I error may occur (79). The Bonferroni
correction is a popular method of solving issues arising from conducting
multiple comparisons by adjusting the P-value to allow for the number of

statistical tests performed(80); using the formula below:

*/n

Where « = 0.05 and n = the total number of statistical tests, which in this case

is the adjusted P value becomes: 0.05/164 = 0.0003

Although this newly adjusted P value will reduce the occurrence of type I errors,
it also increases the likelihood of type II errors which is one of the major pitfalls
of the Bonferroni correction method (81, 82). The decision to use the
conventional P value was upheld, based on the fact that all associations studied
in the analyses were decided a priori, and a detailed statistical plan was
included in the protocol submitted for ethics approval (82, 83). Also, the use
of such corrections and adjusted P values may contradict clinical evidence;
particularly in regard to the CATs criteria, where established physiological
evidence exists on why there is bound to be some association between the
criteria themselves and some of the study outcomes i.e. a patient with low
oxygen saturation levels, severe respiratory distress, increased respiratory rate
will in a clinical setting will require supplemental oxygen administration,
however, such associations may be considered false by using adjusted p-
values.

Effect sizes (ORs, AUROC etc.) were reported using their corresponding
confidence intervals (95%CI) and P values; as this has been found to be a more

prudent style of reporting providing information on both the statistical and
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clinical relevance of the findings(84). Details of statistical analyses conducted

are described in subsequent sub-sections.

2.11.1 Descriptive analyses

Patient characteristics by study outcomes of interest (as described in earlier
sections) were presented as percentages and compared using the chi square
test for categorical variables, while continuous variables like age were

summarised using the median and interquartile range.

2.11.2 Logistic regression analyses

Logistic regression was used to investigate the crude association between each
of the seven CATs criteria and the five study outcomes (the need for hospital
admission, supplemental oxygen, intravenous antibiotics or fluids and in-
hospital mortality) in turn. Results were presented separately for each patient
group as unadjusted odds ratios (ORs) and 95% confidence intervals (95% CI).
The Odds ratios in this case represented the ‘odds’ of an outcome occurring in
the presence of a given predictor relative to an occurrence in the absence of
that same predictor. The association between the CATs criteria and outcomes
were considered statistically significant if the P values were < 0.05.

Multivariable logistic regression analyses were then conducted to determine
which CATSs criteria would independently predict the outcomes of interest. Two
multivariable models were created for this purpose: the first model included all
seven CATs criteria irrespective of significance attained in the univariate
analysis, while the second multivariable model adopted the forward stepwise

selection approach to determine the criteria to be included in the model.
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2.11.3 Assessing multicollinearity

Multicollinearity is a phenomenon observed in multiple regression modelling
which arises when the correlation between predictor variables is so strong that
it becomes extremely difficult to interpret their individual effects on the
outcome (85). It is therefore important to address any issues of
multicollinearity before constructing a multivariable regression model. Most
physiological parameters share similarities or are derived from each other
making multicollinearity an unavoidable occurrence e.g. a model which has
Body Mass Index (BMI) and weight as variables. As such tackling
multicollinearity goes beyond ‘the effect of presence’ but becomes one of
‘degree of presence’ (86). In order to determine the degree of multicollinearity
present in the regression model, the variance inflation factor (VIF) and
tolerance of each CATs criterion were calculated. VIF and tolerance (1/VIF)
values are a measure of how much the degree of collinearity between the
predictor variables has affected the variance of the regression coefficient of the
outcome variable. A rule of thumb used for assessing multicollinearity and
usually favoured by statistic textbooks is that a VIF value of more than 10
suggests a red flag signalling a serious issue of multicollinearity with the

regression (87-89).

2.11.4 Creating combined CATs scores

As mentioned in the introductory chapter (see chapter 1), the performance of
the CATs criteria as combined un-weighted and weighted scoring systems has

been previously assessed in three independently conducted studies using data
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from the HIN1 pandemic(36, 38, 39); the CATs scores in this thesis were
created using the approaches described in these studies. The un-weighted CATs
score was created by awarding a single point to each CATs criterion: severe
respiratory distress, increased respiratory rate, oxygen saturation levels less
than 92%, respiratory exhaustion, clinical dehydration and other clinical
concern raised by the clinician. Scores for each patient were calculated based
on the summation of points for any criteria present. Weighted scores were also
calculated for comparison with the un-weighted system, and weighting was
achieved by multiplying the beta regression coefficients of each criterion
obtained from the multivariable logistic regression by 10 and rounding up to
the nearest integer. As before, patients’ scores were calculated by adding the
weighted scores to yield a weighted CATs index score. Regression coefficients
were favoured over using odds ratios for assigning weights as scoring systems

developed using odds ratios have been said to be algebraically incorrect(90).

2.11.5 Assessing predictive accuracy

Before accepting a tool for use in practice, clinicians require evidence that it
correctly identifies the presence of disease or outcome in people who are truly
affected and people without the disease as unaffected. Predictive accuracy is
assessed in terms of discrimination and calibration. Discrimination is the ability
of a prediction tool to perform binary categorisation of patients in terms of the
risk or presence of an outcome(91). Calibration is defined as the ability of a
prediction tool to accurately judge the probability of an event occurring across
a range of estimated values(92); in simpler terms, if the values predicted by

the tool agree with the actual observed values. Several approaches have been

56



suggested for assessing predictive accuracy, however this thesis will adopt the
two most commonly used approaches which are the receiver operating
characteristic (ROC) curves and area under the ROC (AUROC) values for
discrimination and the Hosmer-Lemeshow goodness of fit test for calibration.
Other measures used in describing accuracy as well as usefulness are
sensitivity, specificity, negative and positive predictive values; which are
usually expressed as proportions of the population under study. These
measures are also needed to calculate AUROC values and their uses are

discussed in detail below.

2.11.5.1 Sensitivity and specificity

Sensitivity is the proportion of people with the disease who are identified by a
test/tool as being positive, while specificity is the exact opposite (proportion of
people unaffected with the disease identified as negative). For example, if a
tool has a sensitivity of 90%, it can be interpreted that 90% (45/50) people
with the disease were identified by the tool, which is important as this could
improve management outcomes as affected patients will receive the needed
medical attention. On the other hand if the specificity of the tool was 90% for
identifying patients who were negative for the disease in a healthy population,
the tool is regarded as equally useful as this will encourage efficient use of
hospital facilities and manpower. Although not unusual, it is rare for a test to
have both high sensitivity and specificity as the relationship between the two
parameters is inversely proportional such that one decreases as the other
increases, in which case a trade-off between the two will depend on the purpose

for which the tool is being used.
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2.11.5.2 Positive predictive & negative predictive values

Positive predictive value is the proportion of people who were identified by the
tool as positive (needing clinical intervention as in the case of triage tools) who
are actually positive (in need for clinical care). With that being said, negative
predictive value is thus the proportion of people who were identified as negative
(not requiring clinical intervention as in the case of triage tools) who are
actually negative and not in need for clinical care. However these values must
be interpreted with caution as they are highly dependent on prevalence of the
outcome being predicted (in this case mortality or need for clinical
intervention); the higher the prevalence of the outcome, the higher the positive

predictive values and vice versa for negative predictive values

2.11.5.3 Receiver operating characteristic (ROC) value & Area
under ROC (AUROC) curve

The Receiver operating characteristic curve shown in Figure 1, uses the
sensitivity and specificity (1- specificity) properties of a tool to plot a curve for
all possible thresholds of the scoring system. The area under receiver operating
characteristic curve is a summary of the ROC plot which represents the
probability that if a person with the outcome of interest is chosen at random,
such a person would be ranked higher in terms of their risk of that outcome by
a prediction tool in comparison to a person without the outcome (93). The
concept of perfect discrimination represented as an AUROC value of 1 is purely
theoretical and unattainable; it is expressed as a ROC plot with perfect
sensitivity and perfect specificity for use as a guide or marker of predictive
accuracy. A test with no discriminative ability will have a ROC plot expressed
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as a 45°diagonal line and an AUROC of 0.5, meaning the tool is not able to
separate patients into groups(93). Tools with AUROC values closer to 1.00 (>
0.7) are said to have good to excellent predictive accuracy, while AUROC values

< 0.70 are said to have poor accuracy.

Figure 1: Classification of test performance using the ROC curve
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2.11.5.4 Hosmer-Lemeshow goodness-of-fit test

The Hosmer-Lemeshow test follows the principle of hypothesis testing by using
a significance level of 0.05 to determine if the observed values match the
predicted values. Calibration and the goodness of fit of the logistic models were
assessed using the Hosmer-Lemeshow goodness-of-fit test. The model under
investigation is said to have good calibration if the H-L test statistic is greater
than 0.05 meaning that there was no difference between the models prediction
and the observed values. The reverse is the case when the test statistic is found

to be significant (< 0.05) as this suggests discrepancies between model
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prediction and observed values(94). The same principle applies to assessing
the ‘goodness of fit’ of a prediction tool, and in this case the predictions of the
tool in the development sample are compared with predictions in the validation
sample. Although this was an external validation study, the performance of the
CATs scores was being assessed in new data and as such that its performance
may be affected by overfitting (see chapter 1 for explanation). It was therefore
important to conduct an internal validation of the findings from this new data
by splitting the study population into two equal halves to create a hypothetical
development and validation sample to compare the accuracy of the CATs score

predictions using the Hosmer-Lemeshow test.

2.12 Ethics Statement

Data were collected in the background during consultation and did not interfere
with the attending physicians’ clinical decisions. Approval was given from the
ethics board of each participating hospitals for collection of data without
individual patient consent as the research objectives were considered to be
non-therapeutic and data required were typically routinely collected as part of
patient assessment. This decision was based on a WHO research ethics
committee publication which advised that informed consent can be waived if
the risks posed by the study on participants was minimal in terms of influencing
clinical decisions and patient confidentiality(95) . Evidence of all ethics approval
provided by the ethics committees of the participating hospitals are presented

in the appendix section.
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2.13 Qualitative Study Methodology

The need for mechanical ventilation which would necessitate admission into an
intensive care unit was considered an important outcome in the initial study
protocol for the CATs external validation study. A preliminary search for studies
conducted in Nigeria on the management of patients with ALRTI or pneumonia
in an ICU did not yield many results, however two things were evident: the
few studies which investigated the use of severity scoring systems for
predicting ICU admissions in such patients reported low ICU admission rates
and poor performance by the tools in question; secondly, research on critical
or intensive care practice in Nigeria was lacking which led to the decision to
conduct a qualitative study to provide some insight into the critical care system
in Nigeria. Coincidentally, the ICU admissions rates for ALRTI cases in this
present study were low, thus providing further support for conducting this
study. Also, as dissimilarities in the definition and practice of critical care may
exist across study settings, the information gathered from this study is
expected to facilitate contextually relevant interpretations of the findings from
the CATs validation study and also contribute to the literature on critical care
practice in Nigeria. The overarching aim of this section is to present the
paradigmatic framework within which the qualitative study was conducted as

well as the methods applied in answering this research question.
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2.14 Philosophical underpinning

The overall aim of this study was to elicit an understanding of critical care
practice and utilization in Nigerian health facilities, by answering the following
questions: (A) what does critical care mean to healthcare professionals in
Nigeria (B) how is critical care practised in terms of structure what factors affect
critical care delivery in Nigeria and (C) how is critical care practiced in Nigerian
ICUs in relation to ICU admissions, discharge and patient profile? This study
was conducted within the pragmatic paradigm of scientific enquiry which
Greene and Caracelli (2003) described as a bridge between philosophical
paradigms and research methodology(96). The core merit of pragmatism is its
context-driven and philosophically unaligned approach of focusing on
practicality when considering methodological options for achieving research
objectives (97, 98). The potential downside of this methodological-flexibility is
that the researcher is solely responsible for judging the apparent utility of the
methods applied and for interpreting emergent findings (99). In order to
ensure the quality and validity of this study, a reflexive statement was included
in the discussion section on how the researcher’s background, experiences and
interests may have influenced the research process, relationship with

participants, analysis and findings (99, 100)

2.15 Study design

The exploratory nature of the research question supports the use of a
qualitative methods to achieve the study's objectives; face to face interviews
were the chosen method of data collection as they provided an opportunity to

actively elicit responses from the participants about a range of topics (101).
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Individual interviews allowed participants to freely discuss their views without

interruptions or influence from other respondents.

2.16 Ethics

The main ethical issues considered in the conduct of this study were informed
consent, confidentiality, and anonymity (102). Ethics approval was received
from all participating institutions as detailed in the first part of this chapter, the
purpose of the study was explained to the participants by the researcher (RA)
who was also the only interviewer. Verbal informed consent was audio recorded
and obtained from each participant before starting the interviews.

As the findings of this study were intended for dissemination and future
publication offering full confidentiality to participants would defy the purpose
of using the information obtained, however ensuring anonymity during
transcription and analysis by substituting any personal identifiers with
pseudonyms such as LSR1 (LUTH senior registrar 1) and LASR1

(LASUTH senior registrar 1) guaranteed that confidentiality would be
maintained(103). Confidentiality was further maintained by taking care to
avoid using complete extracts of quotes by participants while writing up the

results to prevent them from being identified from their words.

2.17 Study population

Study participants were chosen by the researcher (RA) from the four hospitals
used in the CATs validation study; two were tertiary care centres with
functioning ICUs and the other two were secondary care centres with no ICU.

Based on the capacity of the health facilities, study participants in the tertiary
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hospitals were typically doctors, nurses and three anaesthetist, while
participants in the secondary care hospitals with no ICUs were mainly doctors.
The researcher was also able to capture a wide range of perspectives and
deviant views by choosing clinical staff with different levels and lengths of
experience, this was so that they would have both background knowledge and
skills to answer interview questions. Respondents had to have at least 2-3
years of experience working in that facility, and the doctors also had to be at

the level of a junior registrar or higher (speciality registrar grade).

2.18 Sampling and recruitment strategy

The heads of the emergency departments, ICU and the major medical
specialties (medicine, paediatric, surgery and obstetrics and gynaecology) at
each of the four hospitals were approached by the researcher for a formal
introduction to discuss the study and the recruitment strategy. After the
introductory meeting, the researcher was shown around the emergency units
and ICU; using the snowball method of purposive (non-probability) sampling,
the first respondents were senior doctors who then suggested other doctors
and nurses whom they felt would have the relevant knowledge and experience
to participate in the interviews.

Quite a number of doctors and nurses declined stating lack of free time as an
excuse, while some were just uncomfortable with having their voice recorded;
in the end a total of 14 interviews were conducted.

There are no explicit guidelines for estimating the sample size of qualitative
studies utilising interviews, however several authors have suggested data

saturation which is the point at which no extra information is gained from data
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collection or analysis as a guide to determining the sample size when using
purposive samples (104-107). Using data from sixty interviews conducted in
Ghana and Nigeria, Guest et al. (2006) conducted a study to estimate the
sample size required to reach saturation in studies involving purposive sampled
interviews, and reported that twelve interviews were sufficient for developing
significant themes and achieving data saturation(107). These authors however
emphasise that the choice of an adequate sample size is to a large extent
dependent on the purpose of the study and have cautioned against adhering
strictly to this rule of twelve as this finding will not be applicable to studies
with ‘a relatively heterogeneous population and ill-defined objectives’(107).
With its well-defined and explicit aim of understanding critical care practice and
utilization, among a group of individuals with relatively similar background by
virtue of being healthcare professionals, responding to a similar set of
questions, this qualitative study conducted an appropriate number of

interviews according to the criteria stated by Guest et al. (2006).

2.19 Data collection and interview process

The interview guide which was informed by knowledge gaps in literature was
designed and refined during a tripartite meeting held between supervisors and
the principal investigator (appendix III). Semi-structured face to face

interviews were chosen for data collection for the following reasons:

e The conversational style interview process allows the respondents
express themselves freely in their own words which provides very rich

data for analysis(108)
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e It also allows the researcher/interviewer some discretion with regards
to the interview process, offering opportunities for probing using open
ended question which generates in-depth understanding of the

topic(101).

All interviews were audio recorded using a portable digital recorder, and were
conducted during working hours in locations chosen by the participants; mostly
in consulting rooms and ICU side rooms as this ensured an element of comfort
and security throughout the interview process. Informed consent was obtained
from each participant before the start of the interview, after which respondents
were asked to introduce their roles (without giving names). All participants
were asked to explain what they understood by critical care; participants in
tertiary care facilities were asked about ICUs admission and discharge criteria
and protocols, while those in secondary care hospitals with no ICUs were asked
questions on referral and management protocols for critically ill patients. The
guestions were all open-ended encouraging a natural two way communication/

conversation between the researcher and respondents.

2.20 Data analysis

Data were analysed using the thematic analysis approach; this method of
qualitative data analysis is simple, relatively easy to use and able to generate
understanding by identifying similarities and differences across the data(109).
In line with the study's pragmatic framework, thematic analysis was chosen
based on its theoretical flexibility and its ability to work across all philosophical
paradigms(110). Data were analysed according to steps outlined by Braun and

Clarke (2006), and themes were identified based on semantic content focusing
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mainly on literal interpretations of the data (109). The six steps by Braun and

Clarke as used in this study have been described in the following subsections:

2.20.1 Familiarisation with data

The researcher RA familiarised herself with the data by listening to the audio
recordings repeatedly before transcribing the interviews verbatim. Pseudonyms
such as LSR1 (LUTH senior registrar 1) and LASR1 (LASUTH senior registrar 1)
were used to identify participants and copies of transcripts were stored in a
password protected hard drive. RA reviewed transcripts while listening to audio
recordings to further familiarise herself with the data and ensure accuracy of

transcription.

2.20.2 Generating initial codes

Data were manually coded independently by the researcher RA and supervisor
PM, after which a set of probable codes related to the interview questions
(analyst-driven) were agreed on by (RA) and PM using the deductive thematic
approach (111, 112). This approach helped identify and categorise instances
within the texts which provided insights specific to the research purpose of
describing critical care practice. Codes and relevant sections of texts were

collated and entered into an Excel spreadsheet by RA.
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2.20.3 Searching for themes

Codes were organised into broader groups known as themes and sub-themes
to represent patterns within the data by RA. All relevant participant quotes

were also included within the themes and sub-themes at this stage.

2.20.4 Reviewing themes

Coded text extracts under each candidate theme were first reviewed to
determine if they were a good fit and a consistent representation of the theme
in question. Extracts which did not fit in were taken out for possible
reclassification into other existing or new themes. Sub-themes were then
reviewed to determine if they correctly represented the data and this also led

to some sub-themes being dropped or merged into themes.

2.20.5 Defining and naming themes

The themes were considered in relation to the study aims, as well as the other
study themes and in order to ensure coherence in presenting the findings.

Themes were defined and named according to what they represented.
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3: Study centres and Data description

3.1 Introduction

In order to contextualise the findings from this thesis, this chapter describes
the data collected across the four study hospitals including the distribution of

the variables and participants.

3.2 Descriptive characteristics

Between December 2013 and July 2014, 1071 consecutive patients with
symptoms suggestive of an acute lower respiratory tract infection were
recruited across four large hospitals in Lagos; after 55 patients who opted for
early discharge were dropped from the data, a total of 1016 patients (809
children <16 years and 207 adults aged > 16 years) with complete follow up
data were studied. 714 cases were identified from the two tertiary hospitals
(LUTH= 454 and LASUTH =260) while the other 302 cases were identified from
March 2014 at Randle General Hospital (130) and Massey Street Children’s
Hospital (172). The majority of patients self-referred (635/1016; 63%), while
most of the referred cases were from primary health centres (132/1016; 13%).
There was a slight male preponderance among the participants (n=628; 62%),
the median (IQR) age in years was 1 (1-2) for children and 42 (31-58) for
adults; histograms showing the age distribution of the study population are
presented in Figures 4 and 5. The distribution and characteristics of the
participants in relation to the study outcomes have been presented separately

for adults and children in Tables 3.1 and 3.2.
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Table 3.1: Distribution and characteristics of children (< 16years)

Total sample Hospital Supplemental IV Antibiotics IV Fluid In-hospital
(n=809) admission oxygen (577/809) (546/809) Mortality
Frequency (%) (661/809) (376/809) (73/809)
Age (years): median (IQR) 1(1-2)
Sex (%)
Male 409 (50.6%) 334 (50.5%) 181 (48.4%) 285 (49.4%) 290 (53.1%) 41 (56.2%)
Female 400 (49.4%) 327 (49.5%) NS 195 (51.9%) NS 292 (50.6%) NS 256 (46.9%) t 32 (43.8%) NS
Ethnicity (%)
Yoruba 388 (48%) 317 (48%) 187 (49.7%) 279 (48.4%) 265 (48.5%) 33 (45.2%)
Ibo 213 (26.3%) 174 (26.3%) 95 (25.3%) 146 (25.3%) 146 (26.7%) 20 (27.4%)
Hausa 34 (4.2%) 30 (4.5%) 18 (4.8%) 29 (5%) 23 (4.2%) 4 (5.5%)
Others 170 (21%) 137 (20.7%) 74 (19.7%) 120 (20.8%) 109 (20%) 15 (20.6%)
n/a 4 (0.5%) 3 (0.5%) NS 2 (0.5%) NS 3 (0.5%) NS 3 (0.6%) NS 1 (1.4%) NS
Comorbidities (%)
0 362 (44.8%) 273 (41.3%) 140 (37.2%) 228 (39.5%) 229 (41.9%) 14 (19.2%)
1 372 (46%) 322 (48.7%) 191 (50.8%) 289 (50.1%) 252 (46.2%) 46 (63%)
>2 75 (9.3%) 66 (10%) * 45 (12%) # 60 (10.4%) * 65 (11.9%) # 13 (17.8%) #*

Hospital referred (%)
No
Yes

General hos.
Private hos.
PHC

495 (61.2%)
314 (38.8%)

105 (33.4%)
88 (28%)
121 (38.5%)

380 (57.5%)
281 (42.5%) #

95 (33.8%)
81 (28.3%)
105 (37.4%) NS

190 (50.5%)
186 (49.5%) #

64 (34.4%)
57 (30.7%)
65 (35%) NS

322 (55.8%)
255 (44.2%) *

83 (32.6%)
77 (30.2%)
95 (37.3%) NS

297 (54.4%)
249 (45.6%) *

85 (34.1%)
69 (27.7%)
95 (38.2%) NS

44 (60.3%)
29 (39.7%) NS

7 (24.4%)
13 (44.8%)
9 (31%) NS

Provisional diagnosis (%)
Pneumonia

Acute bronchitis
Bronchiolitis

626 (77.4%)
99 (12.2%)
84 (10.4%)

545 (82.5%)
54 (8.2%)
62 (9.4%) #

346 (92%)
13 (3.5%)
17 (4.5%) #

511 (88.6%)
37 (6.4%)
29 (5%) #

440 (80.6%)
48 (8.8%)
58 (10.6%) #

72 (98.6%)
0 (0%)
1(1.4%) #

NS=p value >0.05; t= p-value <0.05; #*= p-value <0.001

P values relate to the comparison of characteristics in those who experienced a given outcome VS those who did not
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Table 3.2: Distribution and characteristics of adults (> 16years)

Age (years): median
(IQR)

Sex (%)

Male

Female

Ethnicity

Yoruba

Ibo

Hausa

n/a

Comorbidities (%)
0
1
>2

Hospital referred (%)
No
Yes

General hos.

Private hos.

PHC

Provisional diagnosis
(%)

Pneumonia

Acute bronchitis

Inf. Exacerbation of
COPD

NS=p value >0.05; t= p-value <0.05; #*= p-value <0.001
P values relate to the comparison of characteristics in those who experienced a given outcome VS those who did not

Total sample
(n=207)
Frequency (%)
42 (31- 58)

119 (57.5%)
88 (42.5%)

102 (49.3%)
42 (20.3%)
11 (5.3%)
52 (25.1%)

79 (38.2%)
110 (53.1%)
18 (8.7%)

140 (67.6%)
67 (32.4%)

21 (31.3%)
35 (52.4%)
11 (16.4%)

129 (62.3%)
76 (36.7%)
2 (1%)

Hospital
admission
(135/207)

76 (56.3%)
59 (43.7%) NS

62 (45.9%)
29 (21.5%)

8 (5.9%)

36 (26.7%) NS

14 (10.3%)
82 (60.7%)
39 (28.9%) #

78 (57.8%)
57 (42.2%) %

19 (33.3%)
29 (50.9%)
9 (15.8%) NS

111(81%)
22 (17.5%)
2 (1.6%) *

Supplemental
oxygen
(75/207)

43 (57.3%)
32 (42.7%) NS

31 (41.3%)
19 (25.3%)

6 (8%)

19 (25.3%) NS

10 (13.3%)
45 (60%)
20 (26.7%) t

37 (49.3%)
38 (50.7%) %

16 (42.1%)
17 (44.7%)
5 (13.2%) NS

64 (92.8%)
3 (4.4%)
2 (2.9%) #

IV Antibiotics
(106/207)

63 (59.4%)
43 (40.6%) NS

49 (46.2%)
25 (23.6%)

6 (5.7%)

26 (24.5%) NS

12 (11.3%)
65 (61.3%)
29 (27.4%) t

61 (57.6%)
45 (42.5%) t

17 (37.8%)
20 (44.4%)
8 (17.8%) NS

84 (84%)
14 (14%)
2 (2%) *

IV Fluid
(96/207)

55 (57.3%)
41 (42.7%) NS

43 (44.8%)
26 (27.1%)
3 (3.1%)

24 (25%) NS

7 (7.3%)
62 (64.6%)
27 (28.1%) t

58 (60.4%)
38 (39.6%) t

12 (31.6%)
19 (50%)
7 (18.4%) NS

73 (81.1%)
16 (17.8%)
1(1.1%) #

In-hospital
Mortality
(19/207)

13 (68.4%)
6 (31.6%) NS

5 (26.3%)
8 (42.1%)
2 (10.5%)
4 (21.1%) N

3 (15.8%)
13 (68.4%)
3 (15.8%) NS

2 (10.5%)
17 (89.5%) *

8 (47.1%)
9 (52.9%)
0 (16.4%) NS

17 (88.9%)
0 (0%)
2 (1%) *



Figure 2: Histogram showing age distribution by patient age
group

Figure 2a: Age distribution in children (<16 years)
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3.3 Diagnoses and Study Outcomes

Of the 1016 patients recruited into this study, 796 (78 %) were admitted (661
children and 135 adults) while the rest were managed as outpatients,
pneumonia was the most common diagnosis in this data (n=755; 74.3%) and
these diagnoses were made on clinical grounds; 77.4% (626/809) of children
and 62.3% (129/207) of the adult population were diagnosed with pneumonia.
After pneumonia, the next common diagnosis in this data was acute bronchitis
(n=175; 17.2%), there were 84 cases of children with bronchiolitis and only
2 cases of adults with acute infectious exacerbation of chronic obstructive
pulmonary disease. More than half of the population of adults (140/207; 68%)
and children (498/809; 62%) had self-medicated prior to presentation to any
hospital, Of the 796 patients admitted, 86% (683/796) received intravenous
antibiotics, 81% (642/796) received intravenous fluid and 441/796 (55%)
required supplemental oxygen. Patients received other medications such as
antimalarial, anticonvulsant, anti-hypertensive medications depending on co-
existing illnesses.

The total mortality reported among admitted patients was 92/796 (12%) of
which 96% (89/93) of the reported in-patient deaths were in patients who had
pneumonia. 79% (73/92) of the reported deaths occurred the younger

participants and 19 in the adult participants.
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4: Assessing the performance of the individual CATs

criteria in predicting hospital admission, acute care

interventions and in-hospital mortality in adults and
children with ALRTI

4.1 Introduction

The first stage in the external validation of the Community Assessment Tools
is presented in this chapter. The predictive potential of each CATs criterion in
relation to the severity assessment of a range of acute lower respiratory tract
infections has been prospectively assessed in a population of adults and
children presenting to tertiary and secondary care hospitals in Nigeria. This
chapter describes the specific statistical analyses employed in investigating the
performance of the criteria and also discusses the implications of the findings

in the concluding sections.

4.2 Background

The seven criteria Community Assessment Tool was proposed as a guide to
improve clinical decision making during periods of extreme medical surge or
pressure on healthcare capacity and resources (32). The first six CATs criteria
(A to F) were selected based on established clinical evidence for identifying a
range of lower respiratory tract and severe feverish illness in patients of all
ages(35), while the seventh criterion represents the role of a clinician’s instinct
or ‘judgement’ in recognising a potentially severe situation which may require

hospital admission or referral. The initial concept when the CATs was
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developed, was that meeting any one or more of its criteria would serve as a
cue for referral or hospital admission. Evidence for using the CATs criteria as
prompts for making clinical decisions was further confirmed by the findings of
an evaluation study conducted using retrospective data from the 2009 UK
A/H1N1 influenza pandemic (35, 113); where each CATs criterion was seen to
be independently capable of predicting hospital based interventions and severe
outcomes (35).

Although the CATs were not intended for use as illness-specific prediction tools,
they have only been studied in cases of influenza and pneumonia. This present
study aims to investigate the predictive ability and accuracy of the CATs
criteria, in a multi-centre study involving a prospective cohort of adults and
children presenting with symptoms suggestive of acute lower respiratory tract
infections. The reported burden of acute lower tract respiratory infections,
coupled with the disproportionate distribution of healthcare resources and
manpower in relation to demand in Nigeria presents a presumably high-bar

triage setting for validating a tool developed for use in a pandemic situation.

4.3 Statistical analyses

The predictive ability of each CATSs criterion was initially assessed using logistic
regression analyses; univariate logistic regression was initially used to
investigate the associations between the individual CATs criterion and each
study outcome: need for acute care interventions (supplemental oxygen,
intravenous antibiotics or fluids), hospital admission and in-patient mortality.
The CATs criteria were then included in two separate multivariable logistic

models to determine which criteria would emerge as independent predictors of

75



the study outcomes. Model I included all criteria irrespective of statistical
significance achieved in the unadjusted analysis, while model II used the
forward stepwise regression method to include criteria based on a significance
threshold of 0.05 (p value < 0.05). Results are presented as unadjusted and
adjusted odds ratios (OR) and 95% confidence intervals (95%CI) for the
univariate and multivariable analyses respectively.

Area under receiver operating curve values AUROC (95% CI), as well as other
measures of predictive performance such as sensitivity, specificity, negative

and positive predictive values were then used to assess predictive accuracy.

All analyses were conducted separately for adults (> 16years) and children (<
16years), using Stata version 12.0 (StataCorp. 2011. Stata Statistical

Software: Release 12. College Station, TX: StataCorp LP).

4.4 Results

The data used for the analyses have been described previously in chapter 3,
and in the following sections, the results for the univariate analyses have been
presented for each of the study outcome in separate tables (Table 4.1 to 4.5).
Each table includes p-values for the regression analysis and the distribution of
the patients meeting each CATSs criterion for that specific outcome.

As independent predictors of the study outcomes were identified using two
different multivariable regression modelling approaches; the results according
to patient age group are presented in Tables 4.6 and 4.7 for model I and in

Figures 3 and 4 for model II.
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4.4.1 Association between CATs and need for hospital admission

The univariate analyses investigating the relationship between the CATs criteria
and need for hospital admission are presented in table 4.1 for adults and
children. With the exception of CATs criterion D (respiratory exhaustion) in
children where the numbers were insufficient for the analysis, all unadjusted
odds ratios and p values show significant associations between each individual
CATs criterion and hospital admission for both patient groups. The criteria with
the strongest likelihood for admission in the adult group were criterion C
(peripheral oxygen saturation < 92%) [OR (95%CI):20.02(6.91- 57.99)] and
F (altered consciousness) [OR (95%¢CI):10.23(1.33-78.52)]. In children, the
strongest associations were observed for criterion F (altered consciousness)
[OR (95%CI):30.64(4.24-221.21)] and criterion E (clinical dehydration or

shock) [OR (95%CI):20.82(2.87-150.81)].

4.4.2 Association between CATs and need for supplemental

oxygen

CATs C which is the criterion indicating an oxygen saturation value of 92% or
less ( @ marker of hypoxemia) was excluded from this analysis as it is a direct
indication for the administration of supplemental oxygen(114). All other CATs
criteria were significantly associated with an increased need for supplemental
oxygen in both adults and children (p< 0.001). The strongest associations
observed were for criterion D (respiratory exhaustion) [OR
(95%CI):17.71(8.47-37.02)] in children (< 16 years) and criterion A (severe
respiratory distress) [OR (95%CI):11.37(5.05-25.56)] in the adult group.

These findings are summarised in table 4.2.
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4.4.3 Association between CATs and need for intravenous

antibiotics

The unadjusted odds ratios presented in table 4.3 show significant associations
between each of the seven CATSs criterion and need for intravenous antibiotics
in both adults and children. Criterion D (respiratory exhaustion) [OR
(95%¢CI):15.81(4.96-50.40)] had the strongest association with the need for
IV antibiotics use in the children’s group, while criterion C (oxygen saturation
< 92%) [OR (95%CI):8.08(4.13-15.80)] had the strongest association in the

adult group.

4.4.4 Association between CATs and intravenous fluids

Results presented for the younger patient group (< 16years) in table 4.4 show
that all CATs criteria except criterion D (respiratory exhaustion) were
significantly associated with the outcome *need for intravenous fluid’; each one
showing an increase in the likelihood of requiring intravenous fluids. Criterion
D on the other hand, showed a non-significant decrease in the likelihood of
needing IV-fluids [OR (95%CI):0.83(0.54-1.27)]. In the adult patient group,
all CATs criteria except criterion F (altered consciousness) and criterion G
(causing other clinical concern) were each seen to be associated with the need

for IV-fluid administration.

4.4.5 Association between CATs and in-hospital mortality

Table 4.5 summarises the results of the unadjusted analyses involving the
outcome in-hospital mortality and each criterion. In both adults and children,
Criterion B (increased respiratory rate) was not associated with in-hospital
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mortality; all of the other criteria except criterion E (clinical dehydration) in the
children and D (respiratory exhaustion) in the adults were significantly

associated with in-hospital mortality.
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Table 4.1: Association between CATs criteria and hospital admission

CATs Criteria

No. of children <16years
in need of admissions
(%)

Unadjusted odds ratio
OR (95%CI)

No. of adults > 16years
in need of admissions
(%)

Unadjusted odds ratio
OR (95%CI)

A: severe respiratory distress

1.00
6.75 (3.58-12.73) %

No 115 (17.4%) 1.00 34 (25.2%)

yes 546 (82.6%) 6.77 (4.61-9.94) * 101 (74.8%)
B: increased respiratory rate

No 75 (11.4%) 1.00 31 (23%)

Yes 586 (88.7%) 3.31 (2.16-5.06) * 104 (77%)

1.00
4.97 (2.68-9.23) #

C: oxygen saturation. < 92%

No
Yes

361 (54.6%)
300 (45.4%)

1.00
19.67 (8.57-45.15) #

62 (45.9%)
73 (54.1%)

1.00
20.02 (6.91-57.99) #

D: respiratory exhaustion

No 559 (84.6%) *x 107 (79.3%) 1.00

Yes 102 (15.4%) 28 (20.7%) 9.16 (2.11-39.67) t
E: clinical dehydration

No 579 (87.6%) 1.00 116 (85.9%) 1.00

Yes 82 (12.4%) 20.82 (2.87-150.81) t 19 (14.1%) 3.77 (1.08-13.20) t

F: altered consciousness

No
Yes

547 (82.8%)
114 (17.3%)

1.00
30.64 (4.24-221.21) %

118 (87.4%)
17 (12.6%)

1.00
10.23 (1.33-78.52) +

E: causing other clinical
concern

No

Yes

464 (70.2)
197 (29.8%)

1.00
2.88 (1.73-4.80) #

94 (69.6%)
41 (30.4%)

1.00
7.41 (2.54-21.68) *

** Odds ratio not calculated due to insufficient numbers

* P-value <0.001

1t P-value <0.05

All values are presented as the odds of having the outcome if CATs criteria are present.
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Table 4.2: Association between CATs criteria and need for supplemental oxygen

Triage Criteria No. of children <16years Unadjusted odds No. of adults > 16years Unadjusted odds ratio
in need of suppl. 02 (%) ratio in need of suppl. 02 (%) OR (959%CI)
OR (95%CI)

A: severe respiratory distress

No 46 (12.2%) 1.00 8 (10.7%) 1.00

yes 330 (87.8%) 4.04 (2.80-5.82) # 67 (89.3%) 11.37 (5.05-25.56) #
B: increased respiratory rate

No 32 (8.5%) 1.00 11 (14.7%) 1.00

Yes 344 (91.5%) 2.70 (1.76-4.16) * 64 (85.3%) 5.31 (2.57-10.97) *
C: oxygen saturation < 92%

No 115 (30.6%) 13 (17.3%)

Yes 261 (69.4%) X 62 (82.7%) X
D: respiratory exhaustion

No 282 (75%) 1.00 51 (68%) 1.00

Yes 94 (25%) 17.71 (8.47- 37.02) # 24 (32%) 9.88 (3.81-25.60) *
E: clinical dehydration

No 322 (85.6%) 1.00 60 (80%) 1.00

Yes 54 (14.4%) 2.34 (1.45-3.75) # 15 (20%) 4.46 (1.73-11.53) t
F: altered consciousness

No 293 (77.9%) 1.00 60 (80%) 1.00

Yes 83 (22.1%) 3.55(2.30-5.48) * 15 (20%) 10.75 (3.00-38.54) #*
G: causing other clinical
concern 245 (65.2%) 1.00 48 (64%) 1.00

No 131 (34.8%) 2.19 (1.59-3.01) * 27 (36%) 3.56 (1.80-7.07) *

Yes

**x Odds ratio not calculated due to insufficient numbers
X this criterion directly predicts the outcome

* P-value <0.001
t P-value <0.05

All values are presented as the odds of having the outcome if CATs criteria are present.
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Table 4.3: Association between CATs criteria and need for Intravenous antibiotics

Triage Criteria

No. of children <16years
in need of IV Antibiotics
(%)

Unadjusted odds ratio
OR (95%CI)

No. of adults > 16years
in need of IV
Antibiotics (%)

Unadjusted odds ratio
OR (95%CI)

A: severe respiratory distress

No 101 (17.5%) 1.00 27 (25.5%) 1.00

yes 476 (82.5%) 3.63 (2.59-5.09) # 79 (74.5%) 3.79 (2.11-6.82) *
B: increased respiratory rate

No 66 (11.4%) 1.00 21 (19.8%) 1.00

Yes 511 (88.6%) 2.29 (1.54-3.42) * 85 (80.2%) 4.47 (2.41-8.28) #
C: oxygen saturation <92%

No 298 (51.7%) 1.00 44 (41.5%) 1.00

Yes 279 (48.4%) 7.11 (4.61-10.96) # 62 (58.5%) 8.08 (4.13-15.80) #
D: respiratory exhaustion

No 478 (82.8%) 1.00 81 (76.4%) 1.00

Yes 99 (17.2%) 15.81 (4.96-50.40) * 25 (23.6%) 5.93 (2.17-16.18) t
E: clinical dehydration

No 502 (87%) 1.00 87 (82.1%) 1.00

Yes 75 (13%) 4.18 (1.98-8.82) # 19 (17.9%) 7.13 (2.04-24.94) t
F: altered consciousness

No 476 (82.5%) 1.00 91 (85.9%) 1.00

Yes 101 (17.5%) 3.30 (1.85-5.91) # 15 (14.2%) 5.38 (1.51-19.21) t

G: causing other clinical
concern

No

Yes

401 (69.5%)
176 (30.5%)

1.00
2.11 (1.43-3.09) #

68 (64.2%)
38 (35.9%)

1.00
7.50 (3.16-17.81) #

*x Odds ratio not calculated due to insufficient numbers

¥ P-value <0.001
1 P-value <0.05

All values are presented as the odds of having the outcome if CATs criteria are present.
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Table 4.4: Association between CATSs criteria and need for Intravenous Fluid

Triage Criteria

No. children <16years
in need of IV fluid
(%)

Unadjusted odds ratio
OR (95%CI)

No. of adults > 16years
in need of 1V fluid (%)

Unadjusted odds ratio
OR (95%CI)

A: severe respiratory distress

No 100 (18.3%) 1.00 27 (28.1%) 1.00

yes 446 (81.7%) 2.83 (2.03-3.93) * 69 (71.9%) 2.70 (1.51-4.82) t
B: increased respiratory rate

No 71 (13%) 1.00 23 (24%) 1.00

Yes 475 (87%) 1.49 (1-2.23) t 73 (76%) 2.70 (1.48-491) t
C: oxygen saturation < 92%

No 317 (58.1%) 1.00 46 (47.9%) 1.00

Yes 229 (41.9%) 1.75 (1.27-2.39) t 50 (52.1%) 3.38 (1.87-6.10) #

D: respiratory exhaustion

No 481 (88.1%) 1.00 72 (75%) 1.00

Yes 65 (11.9%) 0.83 (0.54-1.27) NS 24 (25%) 5.83 (2.27-14.99) *
E: clinical dehydration

No 469 (85.9%) 1.00 79 (82.3%) 1.00

Yes 77 (14.1%) 7.03 (3.02-16.37) * 17 (17.7%) 4.56 (1.61-12.89) T

F: altered consciousness

No 456 (83.5%) 1.00 85 (88.5%) 1.00

Yes 90 (16.5%) 1.88 (1.17-3.01) t 11 (11.5%) 1.92 (0.71-5.17) NS
G: causing other clinical concern

No 379 (69.4%) 1.00 70 (72.9%) 1.00

Yes 167 (30.6%) 1.92 (1.34-2.76) * 26 (27.1%) 1.80 (0.92-3.51) NS

** Odds ratio not calculated due to insufficient numbers

* P-value <0.001

1t P-value <0.05

All values are presented as the odds of having the outcome if CATs criteria are present.
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Table 4.5: Association between CATs criteria and In-hospital mortality

Triage Criteria

Number of deaths (%)
in children <16years

Unadjusted odds ratio
OR (95%CI)

Number of deaths (%)
in adults > 16years

Unadjusted odds ratio
OR (95%CI)

A: severe respiratory distress

No
Yes

37 (50.7%)

3.20 (1.96-5.21) *

11 (57.9%)

No 7 (9.6%) 1.00 2 (10.5%) 1.00

yes 66 (90.4%) 3.40 (1.53-7.53) t 17 (89.5%) 6.58 (1.48-29.27) t
B: increased respiratory rate

No 6 (8.2%) 1.00 5 (26.3%) 1.00

Yes 67 (91.8%) 2.03 (0.86-4.78 ) NS 14 (73.7%) 1.62 (0.56-4.70) NS
C: oxygen sat. < 92%

No 10 (13.7%) 1.00 1 (5.3%) 1.00

Yes 63 (86.3%) 12.78 (6.45-25.35) # 18 (94.7%) 39.36 (5.13-301.79) #
D: respiratory exhaustion

No 45 (61.6%) 1.00 15 (79%) 1.00

Yes 28 (38.4%) 5.57 (3.28-9.45) # 4 (21.1%) 1.66 (0.51-5.40) NS
E: clinical dehydration

No 61 (83.6%) 1.00 14 (73.7%) 1.00

Yes 12 (16.4%) 1.84 (0.95-3.58) NS 5 (26.3%) 3.59 (1.15-11.19)t
F: altered consciousness

No 53 (72.6%) 1.00 13 (68.4%) 1.00

Yes 20 (27.4%) 2.55 (1.46-4.45) t 6 (31.6%) 6.77 (2.19-20.96)t
E: causing other clinical
concern 36 (49.3%) 1.00 8 (42.1%) 1.00

6.23 (2.33-16.65)%

*x Odds ratio not calculated due to insufficient numbers

¥ P-value <0.001
1 P-value <0.05

All values are presented as the odds of having the outcome if CATs criteria are present.
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4.4.6 Multivariable analysis: model I including all criteria

irrespective of significance in children (< 16years)

Criterion C (oxygen saturation <92%) independently positively predicted all
outcomes except need for supplemental oxygen which was removed a priori,
and was the strongest independent predictor of in-hospital mortality [OR
(95%CI): 8.36 (3.98-17.54)]. Criterion G (causing other clinical concern) was
the only CATs criterion to independently predict the need for hospital
admission, all acute care interventions (need for supplemental oxygen, IV
antibiotics and fluids) and was the strongest predictor of in-hospital mortality
after criterion C [OR (95%CI): 2.95 (1.73-5.02)]. Criterion D was significantly
associated with all outcomes except hospital admission as it lacked sufficient
entries to be included in the analysis for this outcome. Criterion D which was
the strongest independent positive predictor for supplemental oxygen and IV
antibiotic, independently predicted the need for IV fluids negatively [OR
(95%CI): 0.43 (0.26-0.72)]. Criterion F (altered consciousness) which was the
strongest positive independent predictor of admissions [OR (95%CI): 14.90
(2-110.92)] independently predicted other outcomes except in-hospital
mortality. Criterion A (severe respiratory distress) and criterion B (increased
respiratory distress) both independently predicted the need for admission and
supplemental oxygen but not in-hospital mortality. Criterion E (clinical
dehydration) was the strongest positive independent predictor of need for IV
fluid.

In summary, after adjustment: the need for IV antibiotics was predicted by all
criteria except A (severe respiratory distress), hospital admission was predicted

by all criteria except criterion D (respiratory exhaustion) due to insufficient
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numbers, need for supplemental oxygen was predicted by all except criterion
E (clinical dehydration), all criteria except B (increased respiratory rate) were
independently associated with the need for IV fluid, and lastly only criteria C
(oxygen saturation <92%), D(respiratory exhaustion) and G (causing other
clinical concern) independently predicted in-hospital mortality. Results are

presented in Table 4.6.

4.4.7 Multivariable analysis: model I including all criteria

irrespective of significance in adults (> 16years)

The results for this analysis are presented in Table 4.7, and unlike in the
younger patient group, no one CATs criterion independently predicted all study
outcomes in adults (> 16years). Criterion C (oxygen saturation <92%)
independently positively predicted all outcomes, except the need for IV fluid
and supplemental oxygen (removed a priori). Criterion G (causing clinical
concern) in this patient group had an independent positive association with all
outcomes except need for IV fluid and was the strongest positive predictor of
admission [OR (95%CI): 8.37 (2.27-30.91)] and IV antibiotic use [OR
(95%CI): 7.37 (2.73-19.90)]. Criterion B (increased respiratory distress) had
a negative independent association with in-hospital mortality while positively
independently predicting all other outcomes except need for IV fluid. Criterion
A (severe respiratory distress) only independently predicted admission and
supplemental oxygen while Criterion E (clinical dehydration) was not an
independent predictor of any of the outcomes. Criterion F (altered
consciousness) which was only independently associated with supplemental
oxygen [OR (95%CI): 9.12 (1.47-8.86)] was the strongest predictor after

criterion A (severe respiratory distress) [OR (95%CI): 9.17 (3.43-24.55)].
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Although criterion D (respiratory exhaustion) had sufficient entries for the
outcome hospital admission in the adult group it was not an independent
predictor of the need for admission, it however, positively and independently
predicted the need for supplemental oxygen and was the only independent
predictor for IV fluid [OR (95%CI): 3.26 (1.18-8.89)].

In summary, after adjustment, the need for hospital admission was
independently predicted by criteria A (severe respiratory distress), B (increased
respiratory distress) and G (causing clinical concern). The need for
supplemental oxygen administration was predicted by all the criteria except
criteria E (clinical dehydration) and C (oxygen saturation <92%) which was
removed a priori. IV antibiotic administration was only predicted by criteria B
(increased respiratory distress), C (oxygen saturation <92%) and G (causing
clinical concern), while in-hospital mortality was only independently predicted
by criteria C (oxygen saturation <92%) and G (causing clinical concern). Lastly,
the need for IV fluid administration was predicted by criterion D (respiratory

exhaustion) alone.
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Table 4.6: Multivariable analysis (model I) to determine independent predictors of acute care interventions and

mortality in children (n=809)

Yes

3.80 (2.47-5.85) #

1.77 (1.12-2.78) t

2.08 (1.44-3.02) NS

CATS Criteria Admission Supplemental IV antibiotic IV fluid In-hospital
oxygen mortality
A: severe resp. distress
No 1.00 1.00 1.00 1.00 1.00

2.49 (1.73-3.58) #

1.14 (0.47-2.77) NS

B: increased resp. rate
No
Yes

1.00
2.11 (1.25-3.56) t

1.00
2.05 (1.15-3.66) +

1.00
1.60 (1.01-2.54) t

1.00
1.15 (0.74-1.79) NS

1.00
1.51 (0.57-3.97) NS

C: oxygen sat. < 92%

Yes

11.39 (1.51-86.05) t

1.41 (0.77-2.56) NS

2.73 (1.24-5.99) t

No 1.00 1.00 1.00 1.00 1.00

Yes 8.11 (3.43-19.15) # X 3.86 (2.43-6.14) + 1.47 (1.00-2.17) t 8.36 (3.98-17.54) #
D: resp. exhaustion

No 1.00 1.00 1.00 1.00 1.00

Yes * 5.13 (2.27-11.62) # 5.40 (1.62-17.95) t 0.43 (0.26-0.72) t 2.26 (1.26-4.05) t
E: clinical dehydration

No 1.00 1.00 1.00 1.00 1.00

5.69 (2.41-13.41) %

1.36 (0.66-2.80) NS

F: altered consciousness
No
Yes

1.00
14.90 (2.00-110.92) +

1.00
2.31(1.35-3.96) t

1.00
1.88 (1.01-3.50) t

1.00
1.44 (1.32-2.82) t

1.00
1.74 (0.94-3.21) NS

G: other clinical concern
No
Yes

1.00
3.07 (0.25-5.49) +

1.00
2.50 (1.65-3.78) *

1.00
2.00(1.31-3.06) *

1.00
1.93 (1.32-2.82) *

1.00
2.95 (1.73-5.02) #

NS=p value >0.05; t=p<0.05 and ¥<0.001;
* Criterion had insufficient numbers to calculate OR
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Table 4.7: Multivariable analysis (model I) to determine independent predictors of acute care interventions and

mortality in adults (n=207)

CATS Criteria

Admission

Supplemental
oxygen

IV antibiotic

IV fluid

In-hospital mortality

A: severe resp. distress
No
Yes

1.00
3.69 (1.68-8.09) t

1.00
9.17 (3.43-24.55) #

1.00
1.74 (0.82-3.73) NS

1.00
1.45 (0.74-2.83) NS

1.00
3.49 (0.61-19.97) NS

B: increased resp. rate
No
Yes

1.00
2.81 (1.32-5.99) +

1.00
3.69 (1.54-8.87) t

1.00
2.68 (1.28-5.58) t

1.00
1.79 (0.92-3.48) NS

1.00
0.14 (0.03-0.71) *

C: oxygen sat. < 92%

Yes

0.52 (0.09-3.10) NS

0.93 (0.28-3.12) NS

2.44 (0.54-10.96) NS

2.58 (0.79-8.44) NS

No 1.00 X 1.00 1.00 1.00

Yes 8.12 (2.51-26.20) * 3.88 (1.71-8.79) t 1.72 (0.83-3.57) NS | 68.26 (5.99-778.35) t

D: resp. exhaustion

No 1.00 1.00 1.00 1.00 1.00

Yes 3.08 (0.50-18.90) 5.83 (2.03-16.78) T 2.48 (0.76-8.13) NS 3.26 (1.18-8.98) t 0.73 (0.19-2.84) NS
NS

E: clinical dehydration

No 1.00 1.00 1.00 1.00 1.00

0.80 (0.19-3.37) NS

F: altered consciousness

No 1.00 1.00 1.00 1.00 1.00

Yes 2.07 (0.17-24.45) 9.12 (1.47-8.86) t 1.13 (0.25-5.02) NS | 0.80 (0.24-2.62) NS | 3.11 (0.80-12.09) NS
NS

G: causing other clinical

concern

No 1.00 1.00 1.00 1.00 1.00

Yes 8.37 (2.27-30.91) t 3.60 (1.47-8.86) t 7.37 (2.73-19.90) ¥+ | 1.36 (0.64-2.88) NS 7.84 (2.18-28.19) T

NS=p value >0.05; +=p<0.05; ¥+<0.001;
X = criterion directly predicts this outcome
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4.4.8 Multivariable analysis model II: forward stepwise selection

in adults

The independent predictors of the study outcomes (need for hospital
admission, acute care interventions and in-hospital mortality) using forward
stepwise selection in the older patient group (>16 years) are presented in Fig
3.

The likelihood of study participants in the adult category requiring intravenous
antibiotics, supplemental oxygen and hospital admission were predicted by the
same CATs criteria regardless of which multivariable regression approach was
used. Criteria B (increased respiratory rate), C (oxygen saturation < 92%) and
G (causing other clinical concern) independently predicted the need for
intravenous antibiotics; and these same criteria also predicted the need for
hospital admission along with criterion A (severe respiratory distress). The
‘need for supplemental oxygen’ was independently predicted by criterion A
(severe respiratory distress), B (increased respiratory rate), D (respiratory
exhaustion), F (altered consciousness) and G (causing other clinical concern).
Criteria C (oxygen saturation < 92%) was the only predictor of in-hospital
mortality common to both regression models, other predictors of this outcome
were Criterion D (respiratory exhaustion) in model II and G (causing clinical
concern) in model I. Lastly, while criterion D was the only independent
predictor of IV fluid requirement in the first model which included all CATs
criteria, Criteria C (oxygen saturation < 92%) was also associated with this

outcome using forward stepwise selection.
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approach in adults

Need for IV antibiotics

Criterion

B: increased respiratory rate
C: oxygen saturation <92%

G: other clinical concern

OR (95% CI)

— 2.80 (1.38, 5.69)
—— 6.00 (2.89, 12.46)
7.53 (2.89, 12.46)

1 2551

510 30

Need for IV fluid

Criterion

C: oxygen saturation <92%

D: respiratory exhaustion

OR (95% CI)

2.66 (1.44, 4.94)
4.13 (1.55, 10.99)

1 2551 510 30

Need for hospital admission

Criterion

A: severe respiratory distress
B: increased respiratory rate
C: oxygen saturation <92%

G: other clinical concern

OR (95% CI)

4.14 (1.94, 8.84)
2.91 (1.37, 6.15)
9.11 (2.92, 28.50)
8.74 (2.55, 30.00)

—_—

—_—

1 255

1 510 3¢

Figure 3: Summary of multivariable analysis model II using
forward stepwise selection
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In-patient mortality

Criterion OR (95% CI)
C: oxygen saturation <92% 84.49 (8.51, 838.58)
G: other clinical concern 6.85 (2.07, 22.68)

1l 2551 510 3

Need for supplemental oxygen

Criterion OR (95% CI)
A: severe respiratory distress —=——  9.10(3.43, 24.17)
B: increased respiratory rate - 3.69 (1.54, 8.88)
D: respiratory exhaustion - 5.77 (2.04, 16.36)
F: altered consciousness ——*— 8.93 (2.01, 39.66)
G: other clinical concern — 3.57 (1.47, 8.68)

T T T T T T

1 25 5 1 5 10 30

92



4.4.9 Multivariable model II: forward stepwise selection in

children

The CATs criteria which independently predicted admission and in-hospital
mortality using a forward stepwise approach (model II) in the younger (< 16
years) study participants were similar to the results obtained using the
approach in model I. Admission was independently predicted by all the CATs
criteria except criterion D (respiratory exhaustion) which had insufficient
numbers for the analysis, while in-hospital mortality was only predicted by
criteria C (oxygen saturation <92%), D (respiratory exhaustion) and G
(causing other clinical concern).

There were only slight differences between the two models in terms of
predicting the need for supplemental oxygen and intravenous antibiotics ;with
the exclusion of criterion C (oxygen saturation <92%) from both models, all
CATs criteria in model II predicted the need for supplemental oxygen
administration, while criterion E (clinical dehydration) was the only non-
predictor in model I. Using a stepwise approach (model II), need for
intravenous antibiotics was independently predicted by all criteria except
criterion B (increased respiratory rate), while model I included all the criteria
except A(severe respiratory distress).

The major differences between the two multivariable modelling approaches
were seen for outcome 1V fluid, which was only predicted by criteria A (severe
respiratory distress), E (clinical dehydration) and G (causing clinical concern)
using the forward stepwise approach (model II), compared to model I where

all criteria except criteria B (increased respiratory rate) and D (respiratory
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exhaustion) independently predicted this outcome. These findings are

presented separately for each outcome in figure 4.

Figure 4: Summary of multivariable analysis model II using
forward stepwise selection approach in children

Need for hospital admission

Criterion

A: severe respiratory distress

B: increased respiratory distress
C: oxygen saturation <92%

E: clinical dehydration/shock

F: altered consciousness

G: other clinical concern

OR (95% CI)

—_— 3.94 (2.56, 6.06)
—_— 2.12 (1.26, 3.58)
— «— 10.88 (4.64, 25.50)
—+— 11.52 (1.53, 86.95)
——+—17.90 (2.39, 135.79)

— &« 3.80(1.72, 5.51)

5 10 30
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Criterion

In-patient mortality

OR (95% CI)

C: oxygen saturation <92% 9.75 (4.76, 19.96)
—_—s 2.16 (1.27, 3.84
D: respiratory exhaustion ( )
G: other clinical concern 286 (1.69, 4.83)
T T T T T T
12551 5 1030

Criterion

A: severe respiratory distress
C: oxygen saturation <92%
D: respiratory distress

E: clinical dehydration/shock
F: altered consciousness

G: other clinical concern

Need for IV antibiotics

OR (95% CI)

—_— 2.52 (1.57, 3.24)
——— 4.00 (2.52, 6.36)
—_— 5.30 (1.60, 17.60)

2.71 (1.23, 5.94)

1.91 (1.02, 3.56)

1.93 (1.27, 2.93)

1

25 5

1
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Need for supplemental oxygen

Criterion OR (95% CI)

A: severe respiratory distress 2.62 (1.76, 3.91)

B: increased respiratory distress - 2.42 (1.45, 4.03)

D: respiratory exhaustion ——— 14.13 (6.66, 29.94)

E: clinical dehydration/shock —_— 1.90 (1.23, 3.21)
F: altered consciousness — 2.80 (1.75, 4.48)
G: other clinical concern — 2.26 (1.57, 3.24)
T T T T T T
1 255 1 5 10 30

Need for IV fluid

Criterion OR (95% CI)

A: severe respiratory distress y 2.62 (1.87, 3.67)

E: clinical dehydration/shock * 5.97 (2.52, 13.85)

G: other clinical concern — 1.88 (1.30, 2.73)




4.4.10 Predictive performance of individual CATs criteria for

various outcomes in children (< 16 years)

The predictive performance of each CATs criterion in terms of their individual
area under receiver operating characteristic, sensitivity, specificity, positive
and negative predictive values have been summarised for the younger study
population in table 4.8.

The AUROC values for the CATs criteria were generally poor, with values as low
as 0.49 and none over 0.80. Criterion D had the lowest AUROC value of 0.49
while C (oxygen saturation < 92%) had the highest at 0.77. Overall, ‘Severe
respiratory distress’ criterion A (0.58-0.71) and ‘oxygen saturation <92%’
criterion C (0.56-0.77) had the highest range of AUROC values across the five
study outcomes.

Sensitivity values were generally high across all the study outcomes for criteria
A and B ranging between 81.7% -91.8%, compared to sensitivity values for
the other CATs criteria which were mostly below 50%.

On the other hand, while criteria C to G had better specificity (67%- 100%) for
predicting all the outcomes, criteria A and B had the lowest range of values for
specificity (15.4%-58.8%). The negative predictive values of the criteria were
generally low for all study outcomes except ‘in-hospital mortality’ (91.6% -
98%) and ‘need for supplemental oxygen’ (57.8% - 77.2%). The reverse was
the case for positive predictive values as the CATs criteria were seen to have
better values for outcomes: need for admission (90% -100%), intravenous
antibiotics (74.1% -97.1%) and fluids (63.7% - 92.8%), while values for ‘need
for supplemental oxygen’ and particularly in-hospital mortality and were not

as high.
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Table 4.8: Predictive values of individual CATs criterion for predicting admission, acute care interventions and

in-hospital mortality in children (n=809)

OUTCOMES CATs AUROC (95%CI) SENSITIVITY (%) SPECIFICITY (%) PPV (%) (95%CI) NPV (%) (95%CI)
CRITERION (95%CI) (95%CI)
A 0.71 (0.66-0.75) 82.6% (79.5%- 58.8% (50.4%-66.8%) | 90% (87.3%-92.2%) 43.1% (36.1%-
85.4%) 50.2%)
B 0.59 (0.55-0.63) 88.7% (86%-91%) 29.7% (22.5%-37.8%) | 84.9% (82%-87.5%) | 37% (28.3%-46.3%)
Admission C 0.71 (0.68-0.73) 45.4% (41.5%- 95.5% (91.4%-98.5%) | 98% (95.5%-99.3%) 28.2 %( 24.3%-
49.3%) 32.4%)
D 0.58 (0.56-0.59) 15.4% (12.8%- 100% (97.5%-100%) 100% (96.4%-100%) | 20.9% (18%-24.1%)
18.4%)
E 0.56 (0.54-0.57) 12.4% (10%-15.2%) 99.3% (96.3%-100%) | 98.8% (93.5%-100%) 20.2% (17.4%-
23.4%)
F 0.58 (0.57-0.60) 17.2% (14.4%- 99.3% (96.3%-100%) | 99.1% (95.3%-100%) 21.2% (18.2%-
20.3%) 24.4%)
G 0.58 (0.55-0.62) 29.8% (26.3%- 87.2% (80.7%-92.1%) 91.2% (86.6%- 21.8% (18.5%-
33.5%) 94.6%) 25.3%)
A 0.62 (0.59-0.65) | 87.8% (84%-90.9%) 36% (31.5%-40.7%) 54.4% (50.3%- 77.2% (70.8%-
58.4%) 82.8%)
B 0.56 (0.53-0.58) 91.5% (88.2%- 20.1% (16.4%-24.2%) 49.9% (46.1%- 73.1% (64.2%-
Supplemental 94.1%) 53.7%) 80.8%)
oxygen D 0.62 (0.59-0.64) | 25% (20.7%-29.7%) | 98.2% (96.4%-99.2%) 92.2% (85.1%- 60.1% (56.4%-
96.6%) 63.7%)
E 0.54 (0.52-0.56) 14.4% (11%-18.3%) | 93.3% (90.5%-95.5%) 65.1% (53.8%- 55.6% (51.9%-
75.2%) 59.3%)
F 0.57 (0.55-0.60) 22.1% (18%-26.6%) | 92.6% (89.7%-94.9%) | 72.2% (63%-80.1%) | 57.8% (54%-61.5%)
G 0.58 (0.55-0.61) 34.8 %( 30%-39.9%) 80.4% (76.3%-84%) 60.6% (53.8%- 58.7% (54.6%-
67.2%) 62.7%)
A 0.63 (0.59-0.67) 82.5% (79.1%- 43.5% (37.1%-50.2%) 78.4% (74.9%- 50% (42.9%-57.1%)
85.5%) 81.6%)
IV antibiotic B 0.56 (0.53-0.59) 88.6% (85.7%-91%) | 22.8% (17.6%-28.8%) 74.1% (70.6%- 44.5% (35.4%-
77.3%) 53.9%)
C 0.68 (0.65-0.71) 48.4% (44.2%- 88.4% (83.5%-92.3%) 91.2% (87.4%- 40.8% (36.4%-
52.5%) 94.1%) 45.2%)
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D 0.58 (0.56-0.60) 17.2% (14.2%- 98.7% (96.3%-99.7%) 97.1% (91.6%- 32.4% (28.9%-36%)
20.5%) 99.4%)

E 0.55 (0.53-0.57) 13% (10.4%-16%) | 96.6% (93.3%-98.5%) 90.4% (81.9%- 30.9% (27.5%-

95.7%) 34.4%)

F 0.56 (0.54-0.58) 17.5% (14.5%- 94% (90.1%-96.7%) 87.8% (80.4%- 31.4% (28%-35%)
20.9%) 93.2%)

G 0.57 (0.54-0.60) 30.5% (26.8%- 82.8% (77.3%-87.4%) 81.5% (75.6%- 32.4% (28.6%-
34.4%) 86.4%) 36.3%)

A 0.60 (0.57-0.64) 81.7% (78.2%- 38.8% (32.9%-45%) 73.5% (69.8%- 50.5% (43.4%-
84.8%) 76.9%) 57.6%)
B 0.53 (0.50-0.55) | 87% (83.9%-89.7%) | 18.35 (13.8%-23.5%) 68.8% (65.2%- 40.35 (31.4%-
IV fluid 72.3%) 49.7%)
C 0.56 (0.53-0.60) 41.9% (37.8%- 70.7% (64.8%-76.2%) 74.8% (69.6%- 37% (32.7%-41.4%)
46.2%) 79.6%)

D 0.49 (0.46-0.51) | 11.9% (9.3%-14.9%) | 85.9% (81.1%-89.9%) | 63.7% (53.6%-73%) | 32% (28.5%-35.5%)

E 0.56 (0.54-0.58) | 14.15 (11.3%-17.3%) | 97.7% (95.1%-99.25) 92.8% (84.9%- 35.4% (31.9%-39%)

97.3%)
F 0.53 (0.51-0.56) 16.5% (13.5%- 90.5% (86.3%-93.8%) 78.3% (69.6%- 34.3% (30.8%-38%)
19.9%) 85.4%)
G 0.56 (0.53-0.59) 30.6% (26.7%- 81.4% (76.1%-85.9%) 77.3% (71.1%- 36.1% (32.2%-
34.6%) 82.7%) 40.1%)
A 0.58 (0.55-0.62) 90.4% (81.2%- 26.5% (23.3%-29.8%) | 10.9% (8.5%-13.6%) | 96.5% (93%-98.6%)
96.1%)
B 0.54 (0.50-0.57) | 91.8% (83%-96.9%) | 15.4% (12.8%-18.2%) | 9.7% (7.6%-12.2%) | 95% (89.3%-98.1%)
In-hospital C 0.77 (0.72-0.81) 86.3% (76.2%- 67% (63.5%-70.4%) 20.6% (16.2%- 98% (96.4%-99%)
mortality 93.2%) 25.6%)
D 0.64 (0.58-0.70) 38.4% (27.2%- 89.9% (87.5%-92%) 27.5% (19.1%- 93.6% (91.6%-
50.5%) 37.2%) 95.3%)

E 0.53 (0.49-0.58) 16.4% (8.8%-27%) 90.4% (88%-92.4%) | 14.5% (7.7%-23.9%) 91.6% (89.3%-
93.5%)

F 0.57 (0.52-0.63) 27.4% (17.6%- 87.1% (84.5%-89.4%) | 17.4% (11%-25.6%) 92.4% (90.1%-
39.1%) 94.2%)

G 0.63 (0.57-0.69) 50.7% (38.7%- 75.7% (72.4%-78.7%) 17.1% (12.4%- 93.9% (91.7%-
62.6%) 22.8%) 95.7%)
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4.4.11 Predictive performance of individual CATs criteria for

various outcomes in adults

AUROC values of the CATs criteria in adults were averagely low for all outcomes
(0.53-0.86) and within a similar range as values seen in children. CATs A
(severe respiratory distress) and C (oxygen saturation < 92%) were the best
predictors of outcomes: admission (0.72; 0.74), need for supplemental oxygen
(0.73; 0.86), 1V antibiotics (0.65; 0.72), and 1V fluids (0.62; 0.64), while CATs
C and G had the highest values for in-hospital mortality (0.82; 0.70).
Although criteria A (severe respiratory distress) and B (increased respiratory
rate) appeared to be the most sensitive of the CATs criteria, criteria C (oxygen
saturation < 92%) had the highest sensitivity (94.7%) for predicting ‘in-
hospital mortality’ in adults. Specificity values were similar to the values in
children with criteria A and B having the lowest range of values for all five study
outcomes.

Lastly, while positive predictive values of the CATs criteria were lowest for in-
hospital mortality (10.5%-24.2%), and highest for ‘admission’ (78.2% -
94.8%), negative predictive values were highest for in-hospital mortality
(91.5%-99.2%) and lowest for admission (37.3% -59.5%). These results have

been presented in Table 4.9.

100



Table 4.9: Predictive values of individual CATs criteria for predicting admission, acute care interventions and in-

hospital mortality in adults (n=207)

OUTCOMES CATs AUROC SENSITIVITY (%) SPECIFICITY (%) PPV (%) (95%CI) NPV (%) (95%CI)
CRITERION | (95%CI) (95%CI) (95%CI)
A 0.72 (0.66-0.79) | 74.8% (66.6%-81.9%) | 69.4% (57.5%-79.8%) | 82.1% (74.2%-88.4%) 59.5% (48.3%-
70.1%)
B 0.68 (0.62-0.75) 77% (69%-83.8%) 59.7% (47.5%-71.1%) | 78.2% (70.2%-84.9%) 58.1% (46.1%-
Admission 69.5%)
C 0.74 (0.69- 54.1% (45.3%-62.7%) | 94.4% (86.4%-98.5%) 94.8% (87.2% - 52.3% (43.4%-
0.79) 98.6%) 61.1%)
D 0.59 (0.55-0.63) | 20.7% (14.2%-28.6%) | 97.2% (90.3%-99.7%) | 93.3% (77.9%-99.2%) 39.5% (32.3%-
47.2%)
E 0.55 (0.51-0.59) | 14.1% (8.7%-21.1%) | 86.4% (65.1%-97.1%) | 86.4% (65.1%-97.1%) 37.3% (30.3%-
44.7%)
F 0.56 (0.52-0.59) | 12.6% (7.5%-19.4%) | 98.6% (92.5%-100%) | 94.45 (72.7%-99.9%) 37.6% (30.6%-
44.9%)
G 0.62 (0.58-0.67) | 30.4% (22.8%-38.9%) | 94.4% (86.4%-98.5%) | 91.1% (78.8%-97.5%) 42% (34.3%-50%)
A 0.73 (0.68- 89.3% (80.1%-95.3%) | 57.6% (48.7%-66.1%) | 54.5% (45.2%-63.5%) 90.5% (82.1%-
0.79) 95.8%)
B 0.67 (0.61-0.72) | 85.3% (75.35-92.4%) 47.7% (39%-56.6%) | 48.1% (39.4%-56.9%) | 85.1% (75%-92.3%)
Supplement D 0.64 (0.58-0.69) 32% (21.7%-43.8%) | 95.5% (90.4%-98.3%) | 80% (61.4%-92.3%) 71.25 (63.9%-
al oxygen 77.7%)
E 0.57 (0.52-0.62) 20% (11.6%-30.8%) | 94.7% (89.4%-97.8%) | 68.2% (45.1%-86.1%) 67.6% (60.3%-
74.3%)
F 0.59 (0.54-0.64) 20% (11.6%-30.8%) | 97.8% (93.5%-99.5%) | 83.3% (58.6%-96.4%) 68.3% (61.1%-
74.8%)
G 0.61 (0.55-0.67) 36% (25.2%-47.9%) | 86.4% (79.3%-91.7%) | 60% (44.3%-74.3%) 70.4% (62.7%-
77.3%)
A 0.65 (0.59-0.72) | 74.5% (65.1%-82.5%) | 56.4% (46.2%-66.3%) | 64.2% (55.1%-72.7%) 67.9% (56.8%-
77.6%)
IV antibiotic B 0.66 (0.60-0.73) | 80.2% (71.3%-87.3%) | 52.5% (42.3%-62.5%) | 63.9% (55.1%-72.1%) 71.6% (59.9%-
81.5%)
C 0.72 (0.66- 58.5% (48.5%-68%) | 85.1% (76.7%-91.4%) | 80.5% (69.9%-88.7%) 66.2% (57.3%-
0.78) 74.2%)
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IV fluid

In-hospital
mortality

D 0.59 (0.55-0.64) | 23.6% (15.9%-32.8%) | 95% (88.8%-98.4%) | 83.3% (65.3%-94.4%) 54.25 (46.6%-
61.7%)
E 0.57 (0.53-0.62) | 17.9% (11.2%-26.6%) | 97% (91.6%-99.4%) | 86.4% (65.1%-97.1%) | 53% (45.5%-60.3%)
F 0.56 (0.52-0.59) | 14.2% (8.1%-22.3%) 97% (91.6%-99.4%) | 83.3% (58.6%-96.4%) 51.9% (44.5%-
59.2%)
G 0.64 (0.59-0.70) | 35.8% (26.8%-45.7%) | 93.1% (86.2%-97.2%) | 84.4% (70.5%-93.5%) 58% (50%-65.7%)
A 0.62 (0.55-0.68) | 71.9% (61.8%-80.6%) 51.4% (41.7%-61%) 56.1% (46.9%-65%) 67.9% (56.8%-
77.6%)
B 0.61 (0.55-0.67) 76% (66.35-84.2%) 45.9% (36.4%-55.7%) 54.9% (46%-63.5%) 68.9% (57.1%-
79.2%)
C 0.64 (0.57- 52.2% (41.6%-62.4%) | 75.7% (66.6%-83.3%) | 64.9% (53.2%-75.5%) 64.6% (55.8%-
0.70) 72.8%)
0.60 (0.55-0.65) 25% (16.7%-34.9%) 94.6% (88.6%-98%) 80% (61.4%-92.3%) 59.3% (51.7%-
66.6%)
E 0.57 (0.52-0.61) | 17.7% (10.7%-26.8%) | 95.5% (89.8%-98.5%) | 77.3% (54.6%-92.2%) 57.3% (49.8%-
64.5%)
F 0.53 (0.49-0.57) | 11.5% (5.9%-19.6%) | 93.7% (87.4%-97.4%) | 61.1% (35.7%-82.7%) | 55% (47.6%-62.3%)
G 0.55 (0.49-0.61) | 27.1% (18.5%-37.1%) | 82.9% (74.6%-89.4%) | 57.8% (42.2%-72.3%) 56.8% (42.2%-
72.3%)
A 0.67 (0.59-0.74) | 89.5% (66.9%-98.7%) | 43.6% (36.4%-51%) 13.8% (8.3%-21.2%) 97.6% (91.7%-
99.7%)
B 0.55 (0.44-0.66) | 73.7% (48.8%-90.9%) 36.7% (29.8%-44%) 10.5% (5.9%-17%) 93.2% (84.9%-
97.8%)
C 0.82 (0.76- 94.7% (74%-99.9%) 68.6% (61.5%-75.2%) | 23.4% (14.5%-34.4%) 99.2% (95.8%-
0.88) 100%)
D 0.54 (0.44-0.63) | 21.1% (6.1%-45.6%) | 86.2% (80.4%-90.8%) | 13.3% (3.8%-30.7%) 91.5% (86.4%-
95.2%)
E 0.59 (0.48-0.69) | 26.3% (9.1%-51.2%) 91% (85.9%-94.6%) 22.7% (7.8%-45.4%) 92.4% (87.6%-
95.8%)
F 0.63 (0.52-0.73) | 31.6% (12.6%-56.6%) | 93.6% (89.1%-96.7%) 33.3% (13.3%-59%) 93.1% (88.5%-
96.3%)
G 0.70 (0.58-0.82) | 57.9% (33.5%-79.7%) | 81.9% (75.5%-87.1%) | 24.2% (12.9%_39.5%) 95.1% (90.5%-
97.8%)
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4.5 Discussion

4.5.1 Key findings

This study has investigated the associations between each CATs criterion and
important interventions and outcomes associated with the management of
acute lower respiratory tract infections. The findings from this study provide
evidence of the generalisability of the CATs to the Nigerian context by showing
which criteria were significantly associated with and capable of predicting the
risk of mortality and need for hospital care in both adults and children with a
range of ALRTIs.

The overall predictive performance of the CATs criteria in terms of AUROC
values was generally poor across the study outcomes in both adults and
children. Criterion A (severe respiratory distress) and criterion C (oxygen
saturation <92%) had the highest AUROC values for all outcomes in children
and adults, except in-hospital mortality where criterion G (causing clinical

concern) had the best AUROC value.

4.5.2 Strengths and limitations

One of the key strengths of this study lies in its methodological approach, which
involved using well defined inclusion and exclusion criteria to collect data from
consecutive patients presenting to multiple hospitals representing the different
tiers of the health system in Nigeria. This multicentre approach provides a
reasonably strong justification for the study’s findings being generalisable to
the wider population of patients with ALRTI presenting to other Nigerian

hospitals. A further argument in favour of this study’s strengths, is the
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prospective approach to data collection which helped minimise occurrences of
missing data and selection bias.

On the other hand, using clinical signs for diagnosing acute lower respiratory
tract infections without microbiological or radiographic diagnostic tests
confirmation might be considered as a possible limitation of this study.
However, according to recommendations made by the American Thoracic
Society (ATS) and Infectious Disease Society of America (IDSA) joint guidelines
for managing CAP in adults (115); chest radiographs taken at the initial stages
of pneumonia are mostly inconclusive and make the distinction between the
pneumonia and other ALRTI in adults quite difficult. Furthermore, two separate
studies conducted in developing countries (Nigeria and Pakistan) reported that
chest x-rays did not offer any significant improvements over clinical signs and
symptoms with regard to the diagnosis of pneumonia in children (116, 117).
With regards to microbiological tests, the joint IDSA/ATS guidelines also state
that these investigations have low specificity for diagnosing pneumonia and
tend to result in false negatives(115). Asides from these diagnostic
uncertainties, the major issue with subjecting every patient with a suspicion of
ALRTI to diagnostic tests is the cost implication in low resource settings,
especially as lack of funds may delay the process of getting results in time to
make urgent clinical decisions. Therefore the choice of using highly sensitive
clinical features rather than diagnostic tests for diagnosing ALRTI in this study
presents a pragmatic and accurate reflection of real life practice in low resource
or heavily burdened healthcare settings.

Finally, although the effect sizes reported were statistically significant (p <
0.05), most of the 95% confidence values were quite broad; as such, caution

is advised when interpreting the strength of association between the criteria
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and the outcomes as these confidence intervals suggest that a larger sample

size could have increased the precision of the findings.

4.5.3 Comparison with other studies

This is the first external validation of the community assessment tools; and the
findings of this study were encouraging in terms of establishing the
generalisability of the CATs criteria. The main difference between this study
and the other CATs studies conducted in the United Kingdom was in the patient
cases studied. While the UK studies included confirmed cases of pandemic
influenza (FLU-CIN cohort) (35, 37, 39, 118), the study population in Nigerian
included patients with pneumonia, acute bronchitis, acute exacerbation of
COPD and bronchiolitis in children. Most prediction tools tend to perform
differently and sometimes disappointingly when validated in new subjects (35,
113, 119); however, this was not the case for the CATs, as the criteria
maintained their ability to predict important interventions and outcomes in the
management of children and adults with ALRTI in a new population despite
differences in setting and patients.

Overall, criteria C (oxygen saturation <92%) and G (causing clinical concern)
were the most common independent predictors of all outcomes in both adults
and children, more importantly they were the only criteria to predict mortality
in both patient groups. This finding is quite important in regard to the use of
CATs in low resource settings, where clinicians often face several diagnostic
uncertainties when assessing patients without the adequate investigations.
Pulse oximeters which are used in measuring oxygen saturation are less

expensive than chest radiographs, and low oxygen saturation levels have been
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shown to be an accurate predictor of radiographic pneumonia (35, 120, 121).
As hospitals in LMIC lack the resources to perform chest x-rays on every
patients, they stand to benefit from the use of pulse oximeters which are less
expensive. This study’s findings on criterion G (causing other clinical concern)
are in agreement with those reported in the UK-CATs study by Semple et al.,
which also reported that this criterion was associated with mortality in children
and severe outcomes in adults(35). As the risk of under-treating is worse than
over-treating, this finding could empower clinicians to rely on their gut feelings
rather than on blind algorithmic compliance with prediction rules which may
devalue the process of clinical reasoning. However, as this is only apparent
evidence of the validity of this criterion, the study conducted in the seventh
chapter of this thesis, will investigate the actual value of clinical intuition by
comparing the performance of a combined CATs score with criterion G vs one
without .

It was not possible to assess the performance of criterion D in this study as
very few children met the criterion for respiratory exhaustion. While this was
only in relation to predicting the need for hospital admission in this present
study, the UK study lacked sufficient numbers for this criterion to perform the
analysis across all outcomes in children. The mechanism of respiratory
exhaustion or respiratory muscle fatigue is an important clinical feature which
indicates a patient’s progression towards ventilatory failure, however more
research is needed to establish how best to diagnose it and how frequently it
occurs (122). In this present study, there were 102/809 (12%) observations
for respiratory exhaustion in participants aged below 16 years compared to
almost 15% in the adult population (>16 years). A probable explanation for

why respiratory exhaustion was more frequently observed in the adult patients
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than in children is that children are able to mask hypoventilation by maintaining
an appearance of normal breathing even while in respiratory distress(123).
Respiratory exhaustion is a late sign, and it is likely that patients in this present
study may have been more presented much sooner than in a pandemic when
the patients are more likely to be severely ill at presentation, however it is
more than a coincidence that very few patients met this criterion in two
independently conducted studies. If the CATs is to have face validity and be
successfully adopted in practice, it is important that it includes the most
clinically relevant and routinely used clinical parameters; criterion D may be an
important clinical sign for identifying a deteriorating patient, but the reported
missing values suggest that it is not used very often in practice (even across
geographical settings) and the exclusion of this criterion from the CATs should
be considered.

The criterion for clinical dehydration/shock (criterion E) did not predict any of
the outcomes in adults while altered consciousness (criterion F) only predicted
the need for supplemental oxygen. These criteria were seen to perform better
in children, predicting all study outcomes except mortality. Semple et al.
(2013) reported that clinical dehydration (criterion E) and altered
consciousness (criterion F) were both independent predictors of severe
outcomes and the need for high levels of care in both adults and children(35).
In developing countries, most childhood illness are complicated by dehydration,
making it one of the top reasons for hospital admission, also confusion of recent
onset is a major indication of severe illness in the older population, which could
also be as a result of sepsis or dehydration such that the poor performance of
these criteria may be as a result of less severe cases in the Nigerian adult

population compared to the patients with pandemic influenza in the UK data.
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It is therefore worth retaining these criteria for further validation in a new
population with more severe cases of ALRTI.

Severe respiratory distress -criterion A and increased respiratory rate —criterion
B, each had a role in predicting one or more of the study outcomes particularly
the need for hospital admission, supplemental oxygen and intravenous
antibiotics in both adults and children. It was also reported in the dissertation
study which evaluated the predictive performance of the individual CATs
criteria using FLU-CIN data, that criterion A predicted both severe outcomes
and the need for higher levels of care in children; and criterion B also predicted
these outcomes in adults(39). These findings are in agreement with WHO
recommendations which advise the use of elevated respiratory rate and lower
chest wall indrawing in developing countries for the diagnosis of severe ALRTI
and pneumonia in children(124). When these recommendations were
evaluated by Mulholland et al. (1992) in both developing and developed
countries, these authors reported that the sensitivities of both clinical signs

remained the same across settings(125).

The reported AUROC values of the criteria in these study were within the range
of 0.49 to 0.77 in children and 0.53 to 0.82 in adults which suggests low to
moderate levels of predictive accuracy. Similar AUROC values (0.52 -0.73 in
adults and 0.52-0.68 in children) were reported in the dissertation study using
FLU-CIN data;, however when the criteria were combined into weighted and
unweighted scores in this study, the predictive performance of the CATs
improved which suggests that the initial premise to use the CATs as stand-
alone for assessing severity of illness may be flawed (39). This thesis will also
investigate the validity of these findings in the next chapter which compares
the performance of combined CATs scores with the individual criteria.
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4.5.4 Summary

In summary, this study provides preliminary evidence of the generalisability of
the CATs criteria to patients in a new geographical setting, however their use
as stand-alone predictors may not be ideal as individual AUROC values
indicated poor to moderate accuracy. Respiratory exhaustion does not appear
to be a routinely recorded clinical finding in both adults and children; as such
the CATs should be revised to exclude this criteria as it is unlikely to be used
during time constrained assessments which occur during pandemics. This study
also provides further evidence supporting the use of clinical intuition and
oxygen saturation levels in the assessment of patients of all ages with

respiratory symptoms.
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5: Assessing the performance of the CATs as a
combined scoring index for predicting hospital
admission, acute care interventions and in-hospital
mortality in adults and children with ALRTI

5.1 Introduction

This chapter describes the creation of two composite clinical scores using the
CATs criteria and goes on to compare their performances with regards to
predicting the need for hospital care and interventions as well as in-hospital
mortality in adults and children with acute lower respiratory tract infections. It
also includes a comparison of the predictive performance of the newly created
scoring indexes with that of the individual CATs criteria, and then concludes by
discussing the pros and cons of using the criteria as single predictors or as a

combined scoring index for assessing patients with ALRTI.

5.2 Background

The individual CATs criteria have each been shown to independently predict
important outcomes associated with the management as well as the prognosis
of acute lower respiratory tract infections in adults and children in the previous
chapter. However, in terms of predictive accuracy, the AUROC values of the
individual criteria tell a different story; most of the criteria had AUROC values
which fell within the range of 0.5 to 0.79, signifying moderate to no

discriminatory value at all(126).These findings therefore suggest that as
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standalone predictors, the criteria were not good at discriminating between
people with the outcomes (i.e. in-patient mortality or admission), from people
without.

A plausible explanation for this is that even when diagnosed with the same
medical condition patients tend to vary in terms of presenting clinical features,
as well as illness aetiology and trajectory thus making it highly impractical for
doctors to prognosticate using a singular criterion or predictor variable (6). By
combining individual prognostic variables into scoring indexes, doctors are
better able to categorise patients using appropriate thresholds into risk groups
which ensure that the patients get interventions best suited to them; a
phenomenon known as ‘risk-tailored care’(5, 127).

There are no hard and fast rules when it comes to creating scoring indexes as
authors of studies on prediction models have been seen to adopt different
methods. Some authors have created unweighted scoring systems by simply
awarding equal points to each predictor (21, 128), while others have assigned
weighted points using the odds ratios (129), or regression coefficients from the
multivariable models (130, 131). Although weighting appears to be more
logical given that some variables will be prioritised over others based on
severity at presentation and knowledge of the subject area , it is actually quite
complex to achieve, which makes it less popular among physicians(132).

The performance of the CATSs criteria as unweighted and weighted scores have
been assessed previously using UK data, the aim of this study therefore is to
compare the performance of the CATs criteria as un-weighted and weighted
scoring indexes in a new population of patients. Additionally this study will
compare the two combined scoring indexes with the individual CATs criteria to

determine which have better predictive performance.
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5.3 Statistical analyses

This study was conducted using prospectively collected data on 1016 children
and adults with symptoms suggestive of ALRTI, who presented to the
emergency department of four hospitals in Lagos, Nigeria between December
2013 and July 2014. The data collection process has been previously described
in chapter 3; study outcomes which were recorded during follow-up included
hospital admission, administration of supplemental oxygen, intravenous
antibiotics or fluids and death on admission described as in-patient mortality.
Before creating the scoring indices, a test for multicollinearity was conducted
to investigate the degree of correlation existing between the CATs criteria; the
more correlated variables are in a regression model, the more unstable the
coefficient estimates(85, 133). Multicollinearity is most popularly investigated
using the variance inflation factor (VIF) and tolerance (1/VIF) values, and as
the name suggests VIF tells us how much the variance of the regression
coefficient has been inflated by the collinearity between the predictor variables;
as a rule of thumb, VIF and tolerance values should generally be below 10 and
above 0.1 respectively (88, 89, 133).

In order to create the unweighted CATs scoring indices (children and adults),
a single point was allotted to each of the seven criteria and the total score for
each patient was calculated by summing up the points for all criteria present.
The predictive potential of the unweighted CATs scoring index was investigated
by conducting a logistic regression analysis including the scoring index as a
continuous variable to determine if outcome prediction by this scoring system
followed a linear trend, i.e. a higher likelihood of an adverse outcome with
higher scores. Results are presented separately for each scoring index as odd

ratios (ORs) with 95% confidence intervals (95%CI) and p values. Because the
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unweighted CATs index was included in the models as a continuous predictor
variable, the ‘linearity assumption’ of logistic regression which requires that a
linear relationship exists between the independent variable and the logit
transformation of the outcome was assessed using Lowess algorithm (94, 134,
135). Lowess curves showing the relationship between the continuous CATs
index and each outcome are presented in appendix X.

For the weighted CATs index, individual weights were created and assigned by
multiplying the regression coefficients of each criterion from the fully adjusted
multivariable model (Model I as described in chapter 4) by ten, and rounding
to the nearest whole number. Unlike the unweighted CATs index where the
criteria were assumed to be equal and assigned a point each (irrespective of
the outcome), the points assigned to each criterion in the weighted index varied
with each outcome and the range of score values were different for each
outcome.

In prognostic research, the two most commonly used qualities for describing
the performance of predictive models are ‘discrimination’ and ‘calibration’ (5,
56), and for the purpose of this analysis receiver operating characteristic (ROC)
curves were used to assess and compare the discriminatory ability of the
unweighted and weighted combined CATs indices (as continuous variables) for
each of the outcomes. Results were presented separately for children and
adults using AUROC values with 95% confidence intervals (95%CI). In addition
to this, the calibration of the predictions of these combined scores i.e. how well
the outcome predictions of the scoring index in a development sample match
predictions in a new sample (5, 56) was tested using the Hosmer-Lemeshow
goodness-of-fit test by splitting the data into two separate equal halves to

represent a hypothetical development and validation sample. The overall fit of
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the regression models was also tested using the Hosmer-Lemeshow goodness
of fit test which uses the principles of chi square testing to assess the closeness
of the values in the model. A significant p-value will indicate that predicted
values are significantly different from the observed values also meaning that
the model does not fit the data and vice versa if the p-values were insignificant.
The sole premise behind using prediction rules or scores in clinical practice is
to improve patients’ outcomes by aiding clinicians in decision making. This is
usually achieved by using such scores as classifiers to put the patients in
categories which reflect their actual risk of having an adverse outcome (136).
In order to further boost the utility of the CATs as a clinical decision rule, each
combined CATs scoring index was divided into three tiers using suitable
threshold score values which would distinguish between alternative outcomes
in patients. This was achieved in the unweighted CATs index by creating
separate binary variables using cut-off values of >3 (yes/no), >4(yes/no),
>5(yes/no), just like in the UK CATs comparative validation study by Myles et
al.(2012) (119). In the case of the weighted CATs score, three scoring tiers for
each outcome were derived from the median and interquartile range of the
weights of the individual criteria, i.e. the lower tier represented scores above
the 25th percentile, the middle tier included scores above the median, and
scores above the 75th percentile made up the upper tier. This approach was
used because the range of potential score values of the weighted CATs score
were seen to vary for each outcome, such that even the threshold scores for
each of the study outcomes also differed between children and adults.
Histograms showing the distribution of the un-weighted and weighted scores,

median (IQR) are presented in Appendices IV, V and VI.
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The performance of the individual threshold scores of the combined CATs
indexes for each of the study outcomes were compared using ROC curves, area
under receiver operating characteristic curve (AUROC), sensitivity, specificity,
negative and positive predictive values. All analyses were conducted using

Stata version 12 (StataCorp LP).

5.4 Results

5.4.1 Assessment of multicollinearity between CATs criteria

Given that the composite variance inflation factor (VIF) and tolerance values
for the individual CATSs criterion will remain the same when assessed in relation
to the different outcomes, only values for a single outcome (in-patient
mortality) have been presented in table 5.1. The degree of multicollinearity
between the CATSs criteria is negligible as per widely accepted threshold values

(VIF <10 or tolerance > 0.1).
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Table 5.1: Assessment of multi-collinearity between CATs criteria and

in-patient mortality

Adults > 16years Children < 16years
C.ATS. Variance Tolerance Variance Tolerance
Criteria . . . .
inflation inflation factor
factor (VIF) (VIF)
Criterion A: severe 1.27 0.7889 1.16 0.8606
respiratory distress
Criterion B: increased 1.18 0.8488 1.08 0.9249
respiratory rate
Criterion C: oxygen 1.50 0.6645 1.29 0.7723
saturation < 92%
Criterion D: respiratory 1.17 0.8521 1.19 0.8424
exhaustion
Criterion E: clinical 1.22 0.8181 1.03 0.9726
dehydration
Criterion F: altered 1.22 0.8202 1.04 0.9594
consciousness
Criterion G: causing other 1.09 0.9187 1.02 0.9814
clinical concern
Mean VIF for adults = 1.24 Mean VIF for children = 1.12

5.4.2 Assessment of discriminatory ability of un-weighted CATs

index

Table 5.2 shows the unadjusted odds ratios and 95% confidence intervals for
the association between the unweighted combined CATs scores and the study
outcomes in both children and adults. All the P values (P trend <0.001), and
95% confidence intervals (95%CI) for the odds ratios suggest the presence of
a linear trend in outcome prediction i.e. every unit increase on the scoring scale
increases the likelihood of an adverse outcome.

Although these findings are akin to simple logic that a patient with a higher

score will have an increased likelihood of an adverse outcome compared with
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a patient with a lower score, the validity of the linearity of logit assumption in
the regression models is further reinforced by the Lowess plots presented in
Appendices VII and VIII. In both patient groups, the smoothed curves appear
fairly linear with only slight plateauing towards the higher scores thus showing
that a positive relationship exists between the unweighted combined CATs

scores and the outcomes.

Table 5.2: Logistic regression analyses involving unweighted CATs

scoring indexes as continuous variables in adults and children

Outcomes Un-weighted adults CATs score | Un-weighted children CATs score
OR (95% CI) P trend OR (95% CI) P trend

Hospital 3.55 (2.47 - 5.10) <0.001 4.03 (3.16 - 5.13 <0.001

admission

Supplemental 4.62 (3.09 - 6.91) <0.001 3.49 (2.93 -4.17) <0.001

oxygen

Intravenous 2.66 (2.02 - 3.49) <0.001 2.43 (2.07 - 2.85) <0.001

antibiotics

Intravenous 1.69 (1.38 - 2.07) <0.001 1.49 (1.32 - 1.68) <0.001

fluid

In-patient 2.21 (1.56 - 3.15) <0.001 2.58 (2.07 - 3.23) <0.001

mortality

5.4.3 Comparing of the predictive performance of un-weighted

and weighted CATs combined scores

The AUROC values comparing the unweighted and weighted scoring indices in
children and adults are presented in Tables 5.3 and 5.4 respectively. The two
competing CATs indices had similar performance in predicting all five outcomes
in children and adults as their AUROC values were within the same range. The
ROC curves for children and adults displayed in Figures 5 and 6 also show

similarities between the unweighted and weighted indices as the lines
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representing the two scoring systems are seen to overlap for all outcomes.

However, the AUROC values comparing the unweighted and weighted scores

presented in Tables 5.3 and 5.4 and the p-values suggest that the weighted

CATs index was significantly better than the unweighted CATs at predicting

supplemental oxygen, intravenous antibiotics and in-patient mortality in adults

and all outcomes in children.

Table 5.3: Comparison of AUROC values of unweighted and weighted

CATs scores derived in children (n=809)

CATs Scores AUROC (95%CI) | P-values

Unweighted CATs 0.85 (0.82-0.88)

Admission Weighted CATs 0.86 (0.83-0.89) 0.0394
Unweighted CATs 0.83 (0.80-0.86)

Suppl. oxygen | Weighted CATs 0.86 (0.83-0.88) <0.0001
Unweighted CATs 0.77 (0.73-0.80)

IV antibiotic Weighted CATs 0.78 (0.75-0.81) 0.0203
Unweighted CATs 0.65 (0.61-0.69)

IV fluid Weighted CATs 0.67 (0.63-0.71) 0.0039
Unweighted CATs 0.81 (0.76-0.85)

In-patient Weighted CATs 0.84 (0.79-0.88) 0.0081

mortality

Significant p-values have been highlighted
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Table 5.4: Comparison of AUROC values of unweighted and weighted

CATs scores derived in adults

CATs Scores AUROC P-values
(95%CI)
Unweighted CATs | 0.86 (0.81-0.91)
Admission Weighted CATs 0.87(0.82-0.92) 0.5809
Unweighted CATs | 0.92 (0.88-0.95)
Supplemental Weighted CATs 0.94 (0.91-0.97) 0.0155
oxygen
Unweighted CATs | 0.83 (0.77-0.88)
IV antibiotic Weighted CATs 0.85 (0.79-0.90) 0.0325
Unweighted CATs 0.72(0.65-0.79)
IV fluid Weighted CATs 0.73 (0.66-0.80) 0.3630
Unweighted CATs | 0.82 (0.74-0.91)
In-patient Weighted CATs 0.87 (0.80-0.93) 0.0478
mortality

Significant p-values have been highlighted
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Figure 5: Comparison of ROC curves of unweighted and
weighted CATs scores in children
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Figure 6: Comparison of ROC curves of unweighted and

weighted CATs scores in adults
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5.4.4 Assessing the goodness of fit and calibration of the
unweighted and weighted combined CATs regression models in

children and adults

According to the P values presented in table 5.5, the regression models for the
un-weighted and weighted CATs scores in adults had a good fit as the p-values
for all outcomes were non-significant (>0.05). On the other hand, the models
in children were a good fit except for those evaluating the un-weighted score
with regard to the outcome supplemental oxygen (0.0160) and those
evaluating the combined CATs scores (both unweighted and weighted indices)

for the outcome intravenous fluid.

Table 5.5: Hosmer-Lemeshow goodness of fit test for assessing the
regression models of unweighted and weighted CATs combined

scores in children and adults

Outcomes Un-weighted | Un-weighted | weighted weighted
CATs CATs CATs CATs
(P-value) (P-value) (P-value) (P-value)
Children Adults Children Adults

Admission 0.2377 0.0538 0.4849 0.0554

Supplemental | 0.0160* 0.1368 0.6883 0.1221

Oxygen

Intravenous 0.2344 0.4611 0.7256 0.7321

antibiotic

Intravenous | 0.0000* 0.6524 0.0000* 0.4832

fluid

In-hospital 0.4087 0.1658 0.7229 0.8835

mortality

*P-values <0.005 signifying model with poor fit
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According to tables 5.6 (a, b) and 5.7 (a, b), when the study sample was split
in half, the performance of both unweighted and weighted scores in the first
column (development sample) matched the findings in table 5.5. When
compared with predictions in the second column (validation sample) the
predictions of both unweighted and weighted scores for all the outcomes in
adults were well calibrated (p value >0.05). On the other hand the unweighted
and weighted CATs in children were poorly calibrated for predicting the need
for both intravenous antibiotics and fluids, in adults and children (Tables 5.7 a,
b). In addition to this the un-weighted CATs was not well calibrated for
predicting the need for supplemental oxygen administration in children (Table

5.6a).

Table 5.6a: Hosmer-Lemeshow test for calibration of un-weighted

CATs index in children

outcomes Development sample Validation sample
p-values p-values
Admission 0.5316 0.2362
Supplemental oxygen 0.0910 0.0187
Intravenous antibiotic 0.7037 0.0261
Intravenous fluid 0.0004 0.0008
In-patient mortality 0.5139 0.7049

Table 5.6b: Hosmer-Lemeshow test for calibration of weighted CATs

index in children

Outcomes Development sample Validation sample
p-values p-values
Admission 0.0455 0.3040
Supplemental oxygen 0.3757 0.2807
Intravenous antibiotic 0.3801 0.0281
Intravenous fluid 0.0047 0.0130
In-patient mortality 0.3069 0.4768
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Table 5.7a: Hosmer-Lemeshow test for calibration of un-weighted

CATs index in adults

outcomes Development sample Validation sample
p-values p-values
Admission 0.0345 0.4979
Supplemental oxygen 0.3178 0.7992
Intravenous antibiotic 0.7496 0.0620
Intravenous fluid 0.6148 0.0689
In-patient mortality 0.4726 0.4926

Table 5.7b: Hosmer-Lemeshow test for calibration of weighted CATs

index in adults

Outcomes Development sample Validation sample
p-values p-values
Admission 0.1859 0.4497
Supplemental oxygen 0.5828 0.1526
Intravenous antibiotic 0.0953 0.6707
Intravenous fluid 0.9383 0.2150
In-patient mortality 0.9806 0.6894
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5.4.5 Comparison of the predictive performance of CATs as

individual criteria and as combined scoring indexes

The range of AUROC values and 95% CI for the individual CATs criteria,
alongside the values for each of the combined scoring indexes have been
presented according to the study outcomes in Tables 5.8 and 5.9 for children
and adults respectively. Outcome prediction was generally better when the
CATs were used as either an un-weighted or weighted index compared which
suggests that the performance of the individual criteria was inferior to that of

using CATs as a combined scoring index.

Table 5.8: comparison of the predictive performance of individual

CATs criteria, un-weighted and weighted CATs combined scores in

children

Outcomes Range of AUROC values AUROC values for | AUROC values for
for individual CATs un-weighted weighted combined
criteria (95% CI) combined CATs CATs scores

scores (95%CI) (95%CI)

Admission 0.56 (0.54-0.57) - 0.71 0.81 (0.76-0.85) 0.84 (0.79-0.88)
(0.66-0.75)

Supplemental | 0.54 (0.52-0.56) - 0.62 0.83 (0.80-0.86) 0.86 (0.83-0.88)

oxygen (0.59-0.65)

Intravenous 0.55 (0.53-0.57) - 0.68 0.77 (0.73-0.80) 0.78 (0.75-0.81)

antibiotics (0.75-0.71)

Intravenous 0.49 (0.46-0.51) - 0.60 0.65 (0.61-0.69) 0.67 (0.63-0.71)

fluids (0.57-0.64)

In-patient 0.53 (0.49-0.58 ) — 0.64 0.81 (0.76-0.85) 0.84 (0.79-0.88)

mortality (0.58-0.70)
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Table 5.9: comparison of predictive performance of individual CATs

criteria, un-weighted and weighted CATs combined scores in adults

Outcomes Range of AUROC values | AUROC values for | AUROC values for
adults for individual CATs un-weighted weighted combined
criteria (95% CI) combined CATs CATs scores
scores (95%CI) (959%CI)
Admission 0.55 (0.51-0.59) - 0.74 0.86 (0.81-0.91) 0.87 (0.82-0.92)
(0.69-0.79)

Supplemental 0.57 (0.52-0.62) - 0.73 0.92 (0.88-0.95) 0.94 (0.91-0.97)
oxygen (0.68- 0.79)

Intravenous 0.56 (0.52-0.59) - 0.72 0.83 (0.77-0.88) 0.85 (0.79-0.90)
antibiotics (0.66-0.78)
Intravenous 0.53 (0.49-0.57) - 0.64 0.72 (0.65-0.79) 0.73 (0.66-0.80)
fluids (0.57-0.70)
In-patient 0.54 (0.44-0.63) - 0.82 0.82 (0.74-0.91) 0.87 (0.80-0.93)
mortality (0.76-0.88)

5.4.6 Predictive performance of un-weighted CATs threshold

scores for predicting study outcomes in children and adults

The predictive performance of the threshold scores for the unweighted CATs
index in terms of AUROC, sensitivity, specificity, positive and negative
predictive values are presented in Tables 5.10 and 5.11 for children and adults
respectively. In terms of overall predictive accuracy of the unweighted CATs
index, the threshold score of > 3 appeared to be the best predictor of need for
hospital admission, supplemental oxygen, IV antibiotics and fluids in both
adults and children, while a CATs score of > 4 was the best predictor of in-
patient mortality in adults [AUROC (95% CI: (0.75 (0.64-0.87)] and children
[AUROC (95% CI: (0.74 (0.68-0.79)].

The sensitivity and negative predictive values (NPV) appeared to be lower than

specificity and positive predictive values (PPV) in both adults (>16 years) and
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children (<16 years). CATs score threshold of > 3 had the best sensitivity and
negative predictive values in both adults and children, while an unweighted
thresholds score of >5 had the best specificity for predicting all the outcomes
in both patient groups. Except for outcomes ‘need for IV fluids’ in children and
‘hospital admission’ in adults, positive predictive values were seen to improve
with increase in score threshold.

The Receiver Operating Characteristic (ROC) curves for children and adults
displayed in Figures 7 and 8 respectively show that the lines representing
unweighted CATs threshold score of >3 are farthest from the diagonal for all
outcomes except for ‘in-patient mortality’ where threshold score of >4 had the

best performance .
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Table 5.10: Predictive performance of combined un-weighted CATs score thresholds for predicting admission,

acute care interventions and in-hospital mortality in children

OUTCOMES SCORE AUROC (95%CI) | SENSITIVITY (%) SPECIFICITY (%) | PPV (%) (95%CI) | NPV (%) (95%CI)
THRESHOLD (95%CI) (95%CI)
CAT >3 0.77 (0.75-0.80) | 59.6% (55.8%- 95.3% (90.5%- 98.3% (96.4%- 34.6% (29.9%-
Admission 63.4%) 98.1%) 99.3%) 39.4%)
CAT >4 0.66 (0.64-0.68) | 32.7% (29.1%-36.4%) | 99.3% (96.3%-100%) | 99.5% (97.5%- 24.8% (21.4%-28.5%)
100%)
CAT >5 0.55 (0.54-0.56) | 10.6% (8.3%-13.2%) | 100% (97.5%- 100% (94.9%- 20% (17.2%-23.1%)
100%) 100%)
CAT >3 0.77 (0.75-0.80) | 79% (74.5%-83%) | 76% (71.7%-79.9%) | 74.1 %( 69.5%- 80.6% (76.5%-
Suppl. 78.3%) 84.4%)
oxygen CAT >4 0.72 (0.69-0.75) | 50.5% (45.4%-55.7%) | 93.8% (91.1%- 87.6% (82.4%- 68.6% (64.7%-72.3%)
95.9%) 91.6%)
CAT >5 0.59 (0.57-0.61) | 18.4% (14.6%-22.6%) | 99.8% (98.7%- 98.6% (92.3%- 58.5% (54.8%-62%)
100%) 100%)
CAT >3 0.71 (0.68-0.75) | 61.9% (57.8%- 81% (75.4%-85.9%) | 89% (85.6%- 46.1% (41.2%-
IV 65.9%) 91.9%) 51.1%)
antibiotic CAT >4 0.64 (0.62-0.67) | 35% (31.1%-39.1%) 93.5% (89.6%- 93.1% (88.9%- 36.7% (32.8%-40.7%)
96.3%) 96.1%)
CAT >5 0.56 (0.55-0.57) | 12.1% (9.6%-15.1%) | 100% (98.4%- 100% (94.9%- 31.4% (28.1%-34.9%)
100%) 100%)
CAT >3 0.63 (0.59-0.66) | 57.9% (53.6%- 67.7% (61.7%- 78.8% (74.5%- 43.6% (38.8%-
IV fluid 62.1%) 73.3%) 82.7%) 48.6%)
CAT >4 0.54 (0.51-0.57) | 29.5% (25.7%-33.5%) | 78.7% (73.3%- 74.2% (67.8%- 35% (31.1%-39%)
83.5%) 79.9%)
CAT >5 0.51 (0.49-0.53) | 9.5% (7.2%-12.3%) 93.2% (89.4%- 74.3% (62.4%- 33.2% (29.8%-36.7%)
95.5%) 84%)
CAT >3 0.73 (0.70-0.77) | 91.8% (83%-96.9%) | 54.6% (50.9%- 16.7% (13.2%- 98.5% (96.8%-
In-hospital 58.3%) 20.7%) 99.5%)
mortality CAT >4 0.74 (0.68-0.79) | 69.9% (58%-80.1%) 77.4% (74.3%- 23.5% (18%- 96.3% (94.4%-97.7%)
80.5%) 29.7%)
CAT >5 0.63 (0.58-0.69) | 32.9% (22.3%-44.9%) | 93.8% (91.8%- 34.3% (23.3%- 93.4% (91.3%-95.1%)
95.4%) 46.6%)

The best predictive performance (AUROC, NPV, PPV, sensitivity, specificity) values for each outcome have been highlighted for the score thresholds
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Table 5.11: Predictive performance of combined un-weighted CATs score thresholds for predicting admission,

acute care interventions and in-hospital mortality in adults

OUTCOMES SCORE AUROC SENSITIVITY (%) | SPECIFICITY (%) | PPV (%) (95%CI) | NPV (%) (95%CI)
THRESHOLD (95%CI) (95%CI) (95%CI)
CAT >3 0.78 (0.73- 59.3% (50.5%- 95.8% (88.3%- 96.45 (89.8%- 55.6% (46.5%-
Admission 0.82) 67.6%) 99.1%) 99.2%) 64.6%)
CAT >4 0.65 (0.61-0.69) | 32.6% (24.85-41.2%) 97.2% (90.3%- 95.7% (85.2%- 43.5% (35.7%-
99.7%) 99.5%) 51.5%)
CAT >5 0.56 (0.52-0.59) | 12.6% (7.5%-19.4%) | 98.6% (92.5%- 94.4% (72.7%- 37.6% (30.6%-
100%) 99.9%) 44.9%)
CAT >3 0.85 (0.80- 85.3% (75.3%- 85.6% (78.4%- 77.1% (66.6%- 91.1% (84.7%-
Suppl. 0.90) 92.4%) 91.1%) 85.6%) 95.5%)
oxygen CAT >4 0.75 (0.70-0.81) | 54.7% (42.7%-66.2%) |  96.2% (91.4%- 89.1% (76.4%- 78.9% (71.8%-
98.8%) 96.4%) 84.9%)
CAT >5 0.60 (0.55-0.65) | 21.3% (12.7%-32.3%) | 98.5% (94.6%- 88.9% (65.3%- 68.8% (61.7%-
99.8%) 98.6%) 75.3%)
CAT >3 0.78 (0.72- 67% (57.2%- 88.1% (80.2%- 85.5% (76.1%- 71.8% (63%-
IV 0.83) 75.8%) 93.7%) 92.3%) 79.5%)
antibiotic CAT >4 0.66 (0.61-0.71) | 37.7% (28.5%-47.7%) | 94.1% (87.5%- 87% (73.7%- 59% (51%-66.7%)
97.8%) 95.1%)
CAT >5 0.58 (0.54-0.61) | 16% (9.6%-24.4%) 99% (94.6%- 94.4% (72.7%- 52.9% (45.5%-
100%) 99.9%) 60.2%)
CAT >3 0.67 (0.61- 58.3% (47.8%- 75.7% (66.6%- 67.5% (56.3%- 67.7% (58.8%-
IV fluid 0.73) 68.3%) 83.3%) 77.4%) 75.9%)
CAT >4 0.60 (0.55-0.66) | 33.3% (24%-43.7%) 87.4% (79.7%- 69.6% (54.2%- 60.2% (52.2%-
92.9%) 82.3%) 67.9%)
CAT >5 0.55 (0.51-0.58) | 13.5% (7.4%-22%) 95.5% (89.8%- 72.2% (46.5%- 56.1% (48.75-
98.5%) 90.3%) 63.3%)
CAT >3 0.71 (0.61-0.81) 78.9% (54.4%- 63.8% (56.5%- 18.1% (10.5%- 96.8% (10.5%
In-hospital 93.9%) 70.7%) 28%) (28%)
mortality CAT >4 0.75 (0.64- | 68.4% (43.4%-87.4%) | 82.4% (76.2%- 28.3% (16%- 96.3% (92.1%-
0.87) 87.6%) 43.5%) 98.6%)
CAT >5 0.63 (0.52-0.73) | 31.6% (12.6%-56.6%) | 93.6% (89.1%- 33.3% (13.3%- 93.1% (88.5%-
96.7%) 59%) 96.3%)

The best predictive performance (AUROC, NPV, PPV, sensitivity, specificity) values for each outcome have been highlighted for the score thresholds
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5.4.7 Predictive performance of weighted CATs threshold scores

for predicting study outcomes in children and adults

Specificity and positive predictive values appeared to get better as the score
threshold values increased while sensitivity and negative predictive values
decreased with higher threshold scores in both patient groups. Low threshold
scores were seen to have the poorest AUROC values in both adults and children
but improved as score thresholds increased. A visual representation of the
performance of the threshold scores in predicting each outcome using ROC

curves is presented in Figures 9 and 10.
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Table 5.12: Predictive performance of weighted CATs combined score thresholds in adults

OUTCOMES SCORE AUROC (95%CI) | SENSITIVITY (%) | SPECIFICITY PPV (%) NPV (%)
THRESHOLD (95%CI) (%) (95%CI) (95%CI) (95%CI)
CAT >10 0.67 (0.61-0.72) | 95.6 (90.6-98.4) | 37.5(26.4-49.7) | 74.1 (67.0-80.5) 81.8(64.5-93.0)
Admission CAT >23 0.80 (0.74-0.86) | 77.8 (69.8-84.5) 81.9 (71.1-90) 89.0 (81.9-94.0) 66.3(55.5-76.0)
CAT >44 0.75 (0.70-0.79) | 51.9 (43.1-60.5) 97.2 (90.3-99.7) | 97.2 (90.3-99.7) | 51.9(43.1-60.5)
CAT >6 0.63 (0.59-0.66) | 100 (95.2-100) 25.0 (17.9-33.3) | 43.1 (35.6-50.8) 100 (89.4-100)
Suppl. CAT >24 0.81 (0.76-0.85) | 98.7 (92.8-100) 62.9 (54.0-71.1) | 60.2 (50.9-68.9) 98.8 (93.5-100)
oxygen CAT >54 0.85 (0.80-0.90) | 77.3 (66.2-86.2) 93.2 (87.5-96.8) | 86.6 (76-93.7) 87.9 (81.3-92.8)
CAT >10 0.69 (0.64-0.75) | 94.3 (88.1-97.9) 44.6 (34.7-54.8) | 64.1 (56.0-71.6) 88.2 (76.1-95.6)
IV antibiotic CAT >16 0.62 (0.58-0.67) | 96.2 (90.6-99.0) | 28.7 (20.1-38.6) | 58.6 (50.9-66.0) 87.9 (71.8-96.6)
CAT >31 0.71 (0.65-0.76) | 47.2 (37.4-57.1) 94.1 (87.5-97.8) | 89.3 (78.1-96.0) | 62.9 (54.7 -70.6)
CAT >4 0.57 (0.52-0.62) | 89.6 (81.7 -94.9) | 24.3 (16.7-33.4) | 50.6 (42.8-58.3) 73 (55.9-86.2)
IV fluid CAT >10 0.68(0.62- 0.75) | 72.9(62.9 -81.5) 64.0 (54.3-72.9) | 63.6 (53.9-72.6) 73.2(63.2-81.7)
CAT >17 0.62 (0.56- 0.67) | 37.5(27.8 -48) 64.0 (54.3-72.9) | 69.2 (54.9-81.3) | 61.3 (53.1-69)
CAT >15 0.64 (0.60-0.67) | 100 (82.4-100) 27.1 (20.9-34.1) | 12.2 (7.5-18.4) 100 (93.0-100)
In-hospital CAT >33 0.74 (0.70-0.77) | 100 (82.4-100) 47.3 (40.0-54.7) 16.1 (10.0-24.0) 100 (95.9-100)
mortality CAT >75 0.71 (0.59-0.82) | 68.4 (43.4-87.4) 72.9 (65.9-79.1) | 20.3 (11.3-32.2) | 95.8(91.1-98.4)

The best predictive performance (AUROC, NPV, PPV, sensitivity, specificity) values for each outcome have been highlighted for the score

thresholds
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Table 5.13: Predictive performance of weighted CATs combined score thresholds in children

OUTCOMES

SCORE
THRESHOLD

AUROC (95%CI)

SENSITIVITY (%)
(95%CI)

SPECIFICITY
(%) (95%CI)

PPV (%)
(95%CI)

NPV (%)
(95%CI)

Admission

CAT >21

0.75 (0.71-0.79)

86.7 (83.9-89.2)

63.5 (55.2-71.3)

91.4 (88.9-93.5)

51.6 (44.1-59.1)

CAT >32

0.78 (0.75-0.81)

61.6 (57.7-65.3)

94.6 (89.6-97.6)

98.1 (96.2-99.2)

35.5 (30.8-40.5)

CAT >40

0.65 (0.63-0.67)

30.4 (26.9-34.1)

98.6 (95.2-99.8)

99.0 (96.5-99.9)

24.1(20.7-27.7)

Suppl.

oxygen

CAT >13

0.64 (0.61-0.66)

93.9 (91.0-96.1)

33.5 (29.1-38.1)

55.1 (51.1-59.0)

86.3 (80.2-91.1)

CAT >21

0.79 (0.76-0.81)

81.4 (77.1-85.2)

76.0 (71.7-79.9)

74.6 (70.1-78.8)

82.5 (78.4-86.1)

CAT >40

0.72 (0.69-0.75)

48.7 (43.5-53.8)

95.4 (93.0-97.2)

90.1 (85.2-93.9)

68.2 (64.3-71.8)

IV antibiotic

CAT >12

0.65 (0.62-0.68)

88.2 (85.3-90.7)

41.8 (35.4-48.4)

74.2 (75.7-82.1)

58.8 (50.9-66.4)

CAT >18

0.72 (0.69-0.76)

65.0 (60.9-68.9)

79.7 (74.0-84.7)

88.9 (85.5-91.7)

47.8 (42.7-52.9)

CAT >31

0.64(0.62-0.66)

33.1 (29.3-37.1)

94.8 (91.1-97.3)

94.1 (89.9-96.9)

36.3 (32.5 -40.3)

IV fluid

CAT >9

0.62 (0.59-0.65)

85.7 (82.5 -88.5)

38.0 (32.1-44.2)

74.2 (70.6-77.5)

56.2 (48.6-63.6)

CAT >14

0.63(0.59- 0.66)

58.4 (54.2 -62.6)

66.9 (60.9-72.6)

78.6 (74.3-82.5)

43.7 (38.8-48.7)

CAT >21

0.56 (0.52- 0.59)

29.7 (25.9 -33.7)

81.4 (76.1-85.9)

76.8 (70.5-82.3)

35.8 (31.9-39.8)

In-patient
mortality

CAT >5

0.59 (0.57-0.61)

98.6(92.6-100)

20.1 (17.3-23.2)

10.9 (8.6-13.5)

99.3 (96.3-100)

CAT >15

0.73 (0.69-0.76)

91.8 (83.0-96.9)

53.8 (50.1-57.5)

16.5 (13.0-20.4)

98.5 (96.8-99.5)

CAT >29

0.77 (0.72-0.82)

74.0 (62.4-83.5)

79.8 (76.7-82.6)

26.6 (20.7-33.2)

96.9(95.1-98.1)

The best predictive performance (AUROC, NPV, PPV, sensitivity, specificity) values for each outcome have been highlighted for the score

thresholds
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Figure 10: Comparison of ROC curves for weighted combined
CATs score thresholds in adults
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5.5 Discussion

5.5.1 Summary of key findings

This study demonstrates that the Community assessment tools (CATs) perform
better as predictors of hospital admission, administration of acute care
interventions and death on admission, when used as combined scoring indices
than as individual stand-alone criteria. AUROC values for the weighted CATs
scoring index were higher than those for the un-weighted index and in most
instances this difference was statistically significant. However, the AUROC
values of the weighted index were only marginally better (differences ranging
between 0.01 -0.05) and the 95% CI values were overlapping which suggests
that these differences may not necessarily translate into a clinically meaningful
result. The weighted CATs score also poses several potential difficulties in
terms of ease of utility; one of which was the complexities of calculating the
weighted scores and identifying sensible score thresholds. While this study’s
findings suggest that an unweighted CATs score of 3 or more is a suitable
threshold for making a decision on the need for hospital care and interventions
in both adults and children, it was less straightforward to identify clinically

relevant thresholds using the weighted scoring index.

5.5.2 Strengths and limitations

As the overarching strengths and limitations relating to this research have
already been outlined in Chapter 4, this section will focus on further strengths
and limitations that are specific to the second study in this thesis. The major
strength of this study lies in the use of beta regression coefficients over odds

ratios for generating weighted scores. Although odds ratios (OR) have been
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used for generating scores in a number of studies, one of the flaws of this
approach is that odds ratios are heavily influenced by sample size such that
larger effect estimates are reported in studies with smaller samples (137),
which is not the case with regression coefficients (138). More importantly, it
has been pointed out that it is mathematically incorrect to assigned a score of
‘1’ to a predictor having an OR of 1, as there is actually no association between
this predictor and the outcome in question as an OR of 1 is synonymous with

a regression coefficient of 0 (90).

5.5.3 Comparison with existing literature

As the CATs was only recently developed (139) and validated using data from
the 2009 A/H1N1 flu pandemic in the United Kingdom, there are just a handful
of published papers on this prediction tool which limits the number of studies
available for direct comparison(35, 113, 118). The performance of CATs as a
scoring index was first assessed by Myles et al. (2012) in patients with PCR
confirmed influenza in the UK (119). They assessed the discriminatory value of
an unweighted CATs index using logistic regression and just as in this present
study, the authors also found a linear relationship between the CATs scores
and clinical outcomes i.e. significant test for trend. This further supports the
combination of the CATs criteria into a scoring index for severity assessment.
Although the methods used for creating the weighted scores in this study were
similar to those used in the UK study which assessed the performance of the
CATs as a weighted scoring system in the FLU-CIN cohort, the weights obtained
for each CATs were very different, thus highlighting a major issue with the use

of statistically derived weights.
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The evaluation of any prediction tool involves the assessment of two important
concepts which are clinical validity and utility(136). A tool is said to have clinical
validity if its predictions correspond with the actual risk of the outcome (136)
, and this quality can be assessed by determining the discrimination and
calibration of such a tool(140). The un-weighted and weighted combined CATs
scoring indices in this study, demonstrated good clinical validity in terms of
discrimination for both children and adults, but had a less satisfactory
performance in children in terms of their calibration qualities. According to
Steyerberg et al. (2010) in their study on assessing the performance of
prognhostic models, it is not uncommon to find a model with good discrimination
also having poor calibration(141), and this does not give enough reasons to
condemn the CATs. Moreover, the Hosmer-Lemeshow test which was used in
this study to assess the calibration qualities of the scoring indices has been
found to be affected by sample size(142). This test follows the principles of
hypothesis testing by using a significance level of 0.05 to either accept or reject
the null hypothesis i.e. that there is no difference between the observed and
predicted estimates of an outcome by a prediction rule. Therefore calibration
will most likely be better in a small sample which will lack the power to identify
poor calibration i.e. reject the null hypothesis while the smallest conflict
between predicted and observed estimates in a large sample will result in a
significant Hosmer-Lemeshow test(143, 144). This offers an explanation for
why the calibration of the CAT s indices was better in adults than in children
who make up about almost 80% (809/1016) of the patient population.

Findings from the dissertation study which compared the predictive
performance of the CATs scoring indices were very similar to those in this study

as the weighted scores also had higher AUROC values than unweighted scores
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in both adults and children. However just like in this present study the
differences between the CATs indices in the dissertation study were marginal
with overlapping 95% CI and therefore statistically insignificant. Additionally,
the AUROC values in the dissertation study were also higher when CATs was
used as a combined scoring index than when its criteria are used as stand-
alone predictors. Although these studies provide cogent statistical evidence
that clinical outcome prediction is better when the CATs criteria are used as
combined scoring indexes than as stand-alone criterion, the application of a
prediction tool is highly dependent on the clinical scenario, and to reiterate,
these tools are not replacements for clinical judgement instead they should
serve as guides and to improve the specificity of clinical decisions(127).

The second aspect of prediction tool evaluation involves assessing clinical
utility, which has been described as the ability of a tool to sufficiently inform
management decisions that will result in better patient outcomes(136). This
entails defining suitable score ‘cut-offs’ or thresholds capable of reflecting the
severity of a patient’s condition, in order to guide clinicians in making
appropriate management decisions(127). Threshold values are usually decided
by using sensitivity and specificity values, bearing in mind that the concept of
a prediction tool having both high sensitivity and specificity is purely theoretical
and does not occur in real life (145). Concessions are made in favour of
whichever of the two measures best fits the purpose of the tool in practice and
whatever threshold value achieves the most favourable value of these two
measures (118). ROC curves and AUROC values are also used to decide on
appropriate thresholds and in this study an unweighted threshold score of >3
had the highest AUROC values for predicting the need for admission,

respiratory support and intravenous therapy in both adults and children. A
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similar performance was also observed in the dissertation study and by Myles
et al. (2012), an unweighted score of three or more was also identified as the
best predictor of several clinical outcomes in patients of all ages(118).

In terms of predicting ‘in-patient mortality’ in this present study, a threshold
score of >4 had the highest AUROC values in children [score >4: 0.74 (0.68-
0.79) vs score >3 0.73 (0.70-0.77)] and in adults [score >4: 0.75 (0.64-0.87)
vs score >3 0.71 (0.61-0.81)]. Once again, the overlapping confidence
intervals and marginal differences (0.01- 0.05) suggests that the performance
of these thresholds were comparable. Moreover, a score of >3 had the best
sensitivity and negative predictive values of the three score thresholds. Even
though acute lower respiratory tract infections are severe enough to result in
an adverse outcome such a death, early recognition of signs of deterioration
and timely interventions usually result in good outcome. Therefore an
unweighted score threshold of >3 with its high sensitivity will allow prompt
identification of high risk patients (true positives), and its good negative
predictive value also ensures accurate identification of low risk patients.

On the other hand, it can be argued that the weighted CATs scoring index might
be less clinically useful than its un-weighted counterpart, seeing as it was quite
difficult to identify a suitable weighted score threshold. Clinical usefulness
though rarely considered in a lot of prediction studies, relies less on statistical
validity but deals with the practicalities of using the tool in real life. Vergouwe
et al. have stated that even though a prognostic tool has good calibration and
discriminative properties, such a tool might still be unsatisfactory in terms of
clinical usefulness(140). Despite having high AUROC values and good
calibration, specificity values of the weighted index threshold scores were lower

than that of the unweighted index which meant that using the weighted CATs
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index will result in more false positives. False positives lead to the admission
of low risk patients and inefficient use of hospital resources. Another potential
pitfall of using statistically derived weighted scores is that the beta regression
coefficients vary according to variability in case-mix and patients’
characteristics(138), which means that the total scores and threshold of the
weighted index will vary in different populations. For instance the individual
weights of the CATSs criteria for the adults were different from the weights for
children, which were also very different from weights reported in the CATs
dissertation study. Notwithstanding, the difficulties associated with calculating
the different weights in real life clinical setting, one of the advantages of
weighting is that it gives a more realistic estimate of the strength and clinical
relevance of each criterion. Instead of using statistically derived weights which
might not be clinically sensible, the utility of the weighted CATs score can be
potentially improved through expert clinical consensus on appropriate weight

scales.

5.5.4 Summary

It can be concluded that the CATs perform better as combined scores than
when used as stand-alone individual criteria, especially as the use of individual
criterion as triggers for hospital admission and acute care interventions
assumes a more resource-rich environment with adequate staff and hospital
beds which is unlike the healthcare system in developing countries, Nigeria
included. However, the use of the CATSs criteria as combined unweighted scores
presents an opportunity for creating trigger-threshold scores which could be
incorporated into practice to indicate a scale of response best suited to the

clinical setting, capacity or scenario. For example, a score of one or more in
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the community could indicate the need for prompt referral for urgent
assessment in hospital, while a threshold score of three or more on
presentation in the emergency department will indicate the need for hospital
based admission and intravenous therapy, and a score of four indicates critical
illness requiring escalated response. Although there are potential gains
associated with such adaptations, they are more likely to work in well organised
health systems, and its generalisability may be affected by differences in local
practices, patient characteristics and disease incidence. A typical example is
the Nigerian health sector with its three tiers system of primary, secondary and
tertiary care hospitals; the primary health centres are supposedly the Nigerian
version of primary care in the UK and are expected to act as entry points or
referral centres. However the primary health centres in Nigeria are usually
bypassed by patients who present first to tertiary centres, and this may defeat
the purpose of adopting adjusted score thresholds. Therefore such adjustments
must take into consideration the individual health care systems, capacity and
health seeking pattern of the population, also it will require government
involvement and planning as the necessary infrastructure must be put in place.
For now such adjustments may only be achievable using the un- weighted CATs
score as threshold adjustments may be quite complicated using statistically

derived weights, which tend to vary with population and data.
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6: Comparing the un-weighted CATs score and the
CRBG65 for severity assessment of adult patients with
ALRTI in Nigeria

6.1 Introduction

In this chapter, the un-weighted CATs scoring index and the British Thoracic
Society’s (BTS) CRB-65 score have been compared in terms of their ability to
predict the need for hospital admissions, lifesaving clinical interventions and
also the risk of mortality among adults with a range of acute lower respiratory
tract infections in Nigerian hospitals. This chapter also reports on a sensitivity
analysis comparing the performance of the two scoring indices in patients with
a clinical diagnosis of pneumonia, and finally concludes with a discussion on

the clinical validity and utility of the scoring indices.

6.2 Background

Assessment of illness severity is a crucial step in the management of acute
lower respiratory tract infections (20, 146). It has also been noted that severity
assessment of ALRTIs based solely on clinical judgement is usually susceptible
to inaccuracies (147, 148). In some cases the clinical experience of the doctor
has a huge impact on clinical judgement(22). Thus several international
guidelines have recommended the use of severity scoring systems in the
management of acute lower respiratory tract infections to improve and
standardise decision making across the spectrum of clinical experience (51,

115, 149-151). With pneumonia being the most common and serious type of
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ALRTI, the majority of severity scoring systems for respiratory illnesses are for
the management of community acquired pneumonia (21, 22, 33, 152). In the
absence of a flu-specific prediction score, certain well validated pneumonia
prediction scores have been formerly used in triaging patients with influenza
(see chapter one) (21) (30).

There is a limited amount of information on the use of clinical prediction tools
in the management of ALRTI in Nigeria despite being the leading cause of
mortality in this region. This chapter will compare the performance of the
unweighted CATs scoring index with that of a well validated pneumonia severity
assessment tool among a cohort of Nigerian adult patients. Although the CATs
has been previously compared with the CURB-65 score in a UK study, the CRB-
65 score was selected for this present study as it does not require extensive
laboratory investigations, making it better suited for use in a resource-limited
setting (51, 153-155). Despite the omission of serum urea from the CRB-65
score, findings from several large prospective studies have shown that its
performance is comparable to that of the CURB-65 in patients with CAP (21,

153, 154, 156, 157).

6.3 Statistical analysis

The data used in this study were from three of the four participating hospitals
in this doctoral research. Younger patients were pragmatically excluded from
this study as blood pressure measurement which is one of the CRB-65 criteria
is not a routinely recorded parameter among children in this setting except

there was an underlying cardiac condition.
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Data were collected on CRB-65 and CATs criteria, diagnosis based on
presenting symptoms and planned therapeutic interventions were all recorded
at the time of initial clinical assessment using a standard pro forma. The
methods used in creating the un-weighted CATs score have been described in
chapter 5, and a similar approach was used in creating the CRB-65 score by
awarding a single point to each of its criteria (confusion, respiratory rate
>30mins, systolic Bp <90mmHg/ diastolic Bp <90mmHg and age >65 years).
Patients in this study could therefore have a minimum of 0 and a maximum of
4 points for the CRB-65 and 7 points for the unweighted CATs scores. The
predictive performance of both scores was first assessed by conducting
separate logistic regression analysis involving the individual study outcomes in
turn: need for hospital admission, supplemental oxygen therapy, in-patient
mortality, intravenous antibiotics and fluids and each score fitted as a
continuous variable. The linearity of logit assumption of the logistic regression
models was assessed using the Lowess algorithm and displayed as graphs in
appendix X (94, 135), while Hosmer-Lemeshow goodness-of-fit test was used
to assess the fit of the regression models (144).

The predictive ability of the two scoring systems was investigated and
compared in terms of discrimination and calibration. Discrimination was
assessed using the area under receiver operating characteristic curves
(AUROC) and 95% confidence intervals (CI) and ROC curves. (158).
Hosmer-Lemeshow (HL) goodness of fit statistic was used in assessing
calibration by first randomly and equally splitting the total study population
into a separate development and validation sample, after which the Pearson’s
chi square test was used to compare the predicted and observed values for

each study outcome within the two newly created populations. A poorly
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calibrated tool will have a p-value of < 0.05 and vice versa in the validation
sample(94). These analyses were repeated in a sensitivity analysis to compare
the predictive performance of the CRB-65 and un-weighted CATs scores in the
patients who had a diagnosis of pneumonia.

The scoring systems were each re-categorised into binary variables and
thresholds for the un-weighted CATs scores were recoded as >3, >4 and >5
as in the previous chapter, while the CRB-65 score was categorised as ‘0’ (low
risk), ‘1/2’ (intermediate risk) and ‘3/4’ (high risk) according to previously
specified score threshold values used in published studies and guidelines (21,
51, 159). The predictive accuracy of the thresholds for each of the scoring
indexes was assessed using sensitivity, specificity, area under ROC curve
(AUROC) values, positive predictive (PPV) and negative predictive values

(NPV). All analyses were conducted using Stata version 12 (StataCorp LP).

6.4 Results

A total of 207 consecutive patients aged 16 years and above presenting with
symptoms of ALRTIs to the emergency departments of Lagos University
Teaching Hospital (LUTH), Lagos State University Teaching Hospital (LASUTH)
and Randle General Hospital Surulere (RGH) were prospectively identified
based on the study’s inclusion criteria (see chapter 2). 62.3% (129/207) of the
adult population were diagnosed with pneumonia, 135 (65%) were admitted,
and in-patient mortality rate was 14.1% (19/135). A more detailed discussion
of the data collection process and descriptive statistics is presented in chapter

3.
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6.4.1 Comparison of un-weighted CATs and CRB65 scores in

adults with ALRTI

Table 6.1 shows the unadjusted odds ratios (95% CI) and p-values for the

logistic regressions analyses between the two scoring systems as continuous

variables and each study outcome. All p-values were highly statistically

significant (p < 0.001) which indicated that the likelihood of being admitted,

receiving supplemental oxygen and intravenous therapy or dying on admission

increased directly with every unit increase in either the CRB-65 and CATs

scores. Examining the Lowess plots for each scoring system versus the

individual study outcomes (presented in appendix VIII and IX), the linearity of

logit assumption was maintained in the regression models as the shape of the

smoothed curves for both the unweighted CATs and CRB65 scores appeared to

be relatively linear.

Table 6.1: Logistic regression analyses involving competing scoring

indexes as continuous variables in adults with ALRTI

Outcomes

Hospital
admission
Supplemental
oxygen
Intravenous
antibiotics
Intravenous
fluid
In-patient

mortality

CRB65 score

OR (95% CI) P-values

4.08 (2.46 - 6.78) <0.001

3.72 (2.36 - 5.86) <0.001

4.10 (2.53 - 6.64) <0.001

2.50 (1.69 - 3.70) <0.001

2.83 (1.70 - 4.71) <0.001

Unweighted adults CATs score

OR (95% CI) P-values
3.55 (2.47 - 5.10) <0.001

4.62 (3.09 - 6.91) <0.001

2.66 (2.02 - 3.49) <0.001

1.69 (1.38 - 2.07) <0.001

2.21 (1.56 - 3.15) <0.001
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According to the p-values of the HL goodness-of-fit test presented in Table 6.2,
all regression models involving the un-weighted CATs and the five study
outcomes were a good fit for the data (p>0.05), while the models for the CRB-
65 score fit reasonably well except for outcomes admission (p= 0.0356) and

intravenous antibiotic (p= 0.0056).

Table 6.2: Assessing the goodness of fit of the regression models of
CRB65 and un-weighted CATs scores in adults with ALRTI

Outcomes CRB65 p-values Un-weighted CATs p-
values
Hospital 0.0356 0.0538
admission
Supplemental 0.5024 0.1368
oxygen
Intravenous 0.0056 0.4611
antibiotic
Intravenous 0.1115 0.6524
fluid
In-patient 0.4377 0.1658
mortality

** Highlighted p-values are significant and suggest poor model fit

The un-weighted CATs score as seen by its higher AUROC (95% CI) values in
Table 6.3, appears to be better than the CRB-65 score at predicting all five
study outcomes. The difference between the performance of the two scores
was only statistically significant (<0.05) for predicting the need for admission,
supplemental oxygen and IV antibiotics administration. ROC curves for the
comparisons are displayed in Figure 11 and the CATs score represented by the

blue line consistently appears to outperform the CRB-65 (red line).
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Table 6.3: Comparison of AUROC values of CRB65 and un-weighted
CATs scores in adults with ALRTI

Outcomes Scores AUROC (95%CI) | P-values

CRB65 0.75 (0.68-0.81) | <0.0001
Admission

Unweighted CATs 0.86 (0.81-0.91)

CRB65 0.74 (0.68-0.80) | <0.0001
Suppl. oxygen

Unweighted CATs 0.92 (0.88-0.95)

CRB65 0.75 (0.70-0.81) 0.0070
IV antibiotic

Unweighted CATs 0.83 (0.77-0.88)

CRB65 0.68 (0.62-0.75) 0.2420
IV fluid

Unweighted CATs 0.72 (0.65-0.79)

CRB65 0.76 (0.67-0.86) 0.1543
In-patient
mortality Unweighted CATs 0.82 (0.74-0.91)
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Figure 11: ROC curves comparing unweighted combined
CATs and CRB65 scores in adults with ALRTI
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Finally, the calibration of the CRB-65 and un-weighted CATs scores as seen by the
Hosmer-Lemeshow test p-values have been presented in Tables 6.4 and 6.5
respectively. In the validation sample CRB-65 showed good calibration for all
outcomes except intravenous antibiotic (0.0005), compared to the un-weighted

CATs score which was well calibrated for all five outcomes.

Table 6.4: Hosmer-Lemeshow test for assessing the calibration of crb65
scores in adults with ALRTI

outcomes Development sample Validation sample
p-values p-values
Hospital admission 0.0331 0.1505
Supplemental oxygen 0.1732 0.8070
Intravenous antibiotic 0.0049 0.0005
Intravenous fluid 0.0401 0.0618
In-patient mortality 0.5039 0.9362

** Highlighted p values are significant and suggest poor calibration

Table 6.5: Hosmer-Lemeshow goodness of fit test for calibration of un-
weighted CATs index in adults with ALRTI

outcomes Development sample Validation sample
p-values p-values
Hospital admission 0.0345 0.4979
Supplemental oxygen 0.3178 0.7992
Intravenous antibiotic 0.7496 0.0620
Intravenous fluid 0.6148 0.0689
In-patient mortality 0.4726 0.4926

** Highlighted p values are significant and suggest poor calibration
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6.4.2 Sensitivity analysis comparing predictive performance of

CRB-65 and un-weighted CATS in adults with pneumonia

A total of 129 patients with a diagnosis of pneumonia were studied and the
discriminatory ability of each tool was assessed using ROC curves and the AUROC
(95% CI) values, while model fit was assessed using the Hosmer-Lemeshow test.
The predictive performance of the scores was not different from the previous
findings in the complete patient group, however AUROC (95%CI) values for the
two scoring systems in Table 6.6 were much lower in patients with pneumonia.
The un-weighted CATs score again appeared to perform better than the CRB-65
at predicting all five study outcomes, but the differences were not statistically
significant for IV fluid and in-patient mortality. In terms of mortality prediction,
there was a marginal difference of 0.02 in the AUROC values of the unweighted
CATs [0.73 (0.59- 0.86)] and CRB-65 [0.71 (0.59-0.84)] scores which was not
statistically significant. ROC curves comparing the CRB-65 and unweighted CATs
scores are displayed in Figure 12. A visual inspection of the ROC curves shows
that the red line representing the CRB-65 score is closer to the green-diagonal
line for outcomes admission, supplemental oxygen and IV antibiotics indicating a
poorer performance in comparison to the CATs score, while the CATs score
appears to be only marginally superior to the CRB-65 for outcomes in-patient
mortality and IV fluid.

The p-values from the Hosmer-Lemeshow goodness of fit test presented in Table
6.7 were all statistically insignificant (>0.05), which indicates that the regression
models of both CRB-65 and CATs are a good fit for all the outcomes in this patient
group. When the sample was split in two in Tables 6.8a and 6.8b, the CATs score
was seen to lose some of its calibration qualities as the Hosmer-Lemeshow P-

values for outcomes hospital admission and in-patient mortality were significant,
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while CRB-65 maintained calibration for all study outcomes except admission and

need for supplemental oxygen.

Table 6.6: AUROC (959%CI) values for CRB65 and un-weighted CATs

scores in adults with pneumonia

Outcomes CRB65 Un-weighted CATs p- value
AUROC (95% CI) AUROC (95% CI)

Admission 0.64 0.87 <0.0001
(0.50 - 0.77) (0.78 - 0.95)

Supplemental 0.67 0.85 <0.0001

oxygen (0.79 - 0.75) (0.79 - 0.92)

Intravenous 0.64 0.79 0.0003

antibiotics (0.55 - 0.74) (0.71 - 0.87)

Intravenous 0.60 0.63 0.4857

fluids (0.51 - 0.69) (0.53 -0.72)

In-patient 0.71 0.73 0.8265

mortality (0.59 - 0.84) (0.59 - 0.86)

**statistically significant values are highlighted

Table 6.7: Assessing the goodness of fit of the regression models for

CRB65 and CATs scores in adults with pneumonia

outcomes Un-weighted CATs p- CRB65 p-values
values
Admission 0.4439 0.6029
Supplemental oxygen 0.9121 0.9206
Intravenous antibiotics 0.1952 0.7376
Intravenous fluids 0.5656 0.9148
In-patient mortality 0.2252 0.8118
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Table 6.8a: Assessing calibration of CRB scores in adults with

pneumonia

outcomes Development sample Validation sample
p-values p-values
Admission 0.4769 0.0004
Supplemental oxygen 0.1702 <0.0001
Intravenous antibiotic 0.7664 0.9497
Intravenous fluid 0.4556 0.1257
In-patient mortality 0.2222 0.3286

** Highlighted p values are significant and suggest poor calibration

Table 6.8b: Assessing calibration of Un-weighted CATs scores in adults

with pneumonia

outcomes Development sample Validation sample
p-values p-values
Admission 0.9412 0.0063
Supplemental oxygen 0.0172 0.1234
Intravenous antibiotic 0.4712 0.8083
Intravenous fluid 0.7786 0.4269
In-patient mortality 0.9442 <0.0001

** Highlighted p values are significant and suggest poor calibration
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Figure 12: ROC curves comparing unweighted CATs and CRB65

scores in adults with pneumonia
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6.4.3 Predictive performance of CRB65 score thresholds in

adults with ALRTI

In terms of overall predictive accuracy, AUROC values for the CRB-65
presented in Table 6.9 were generally poor [0.29 (0.22- 0.35) - 0.68 (0.61-
0.74)] across all thresholds and much lower than values for the un-weighted
CATs index [0.51 (0.49 - 0.53) - 0.74 (0.68 - 0.71)] in table 6.10. The need
for hospital admission, supplemental oxygen therapy, intravenous antibiotics
or fluids were best predicted by a CRB-65 score of either 1/2 and an un-
weighted CATs score of >3, while in-patient mortality was best predicted by a
CRB-65 score of 3/ 4, and by an un-weighted CATSs score of >4.

A CATs score of >3 was seen to have the highest sensitivity and negative
predictive values for each of the five outcomes. CRB-65 score of 1/2 had the
best sensitivity values for all study outcomes, and was also seen to have the
best NPV for all outcomes except in-patient mortality where a threshold score
of 3/4 was seen to perform marginally better. Specificity and positive predictive
values (PPV) were seen to improve with increase in un-weighted CATs and CRB-
65 threshold values, even so CRB-65 threshold scores still had lower positive
predictive and specificity values compared to the CATs threshold scores. The
ROC curves of the comparison between score thresholds in adults with ALRTI
have been presented for the unweighted CATs in the previous chapter, curves

for the CRB65 are presented in appendix X.
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Table 6.9: Predictive performance of CRB65 score thresholds in adults with ALRTI

OUTCOMES SCORE AUROC (95%CI) SENSITIVITY (%) | SPECIFICITY (%) | PPV (%) NPV (%) (95%CI)
THRESHOLDS (95%CI) (95%CI) (95%CI)
Admission CRB65 =0 0.28 (0.22-0.35) 11.1 (6.4-17.7) 45.8 (34.0-58.0) 27.8 (16.5-41.6) 21.6 (15.3-28.9)
(low risk)
CRB65=1/2 0.68 (0.61-0.74) 80.0 (72.3-86.4) 55.6 (43.4-67.3) 77.1 (69.3-83.8) 59.7 (47.0-71.5)
(moderate risk)
CRB65=3/4 0.54 (0.51-0.57) 8.9 (4.7-15.0) 98.6 (92.5-100.0) | 92.3 (64.0-99.8) 36.6 (29.8-43.8)
(high risk)
Suppl. CRB65 =0 0.35 (0.30-0.40) 6.7 (2.2-14.9) 62.9 (54.0-71.1) 9.3 (3.1-20.3) 54.2 (46.0-62.3)
Oxygen (low risk)
CRB65=1/2 0.58 (0.51-0.64) 77.3 (66.2-86.2) 37.9 (29.6-46.7) 41.4 (33.2-50.1) 74.6 (62.5-84.5)
(moderate risk)
CRB65=3/4 0.58 (0.53-0.62) 16.0 (8.6-26.3) 99.2 (95.9-100) 92.3 (64.0-99.8) 67.5 (60.4-74.1)
(high risk)
v CRB65 =0 0.29 (0.24-0.34) 5.7 (2.1-11.9) 52.5 (42.3-62.5) 11.1 (4.2-22.6) 34.6 (27.1-42.7)
antibiotics (low risk)
CRB65=1/2 0.67 (0.61-0.73) 84.0 (75.6-90.4) 49.5 (39.4-59.6) 63.6 (55.0-71.5) 74.6 (62.5-84.5)
(moderate risk)
CRB65=3/4 0.54 (0.51-0.57) 10.4 (5.3-17.8) 98.0 (93.0-99.8) 84.6 (54.6-98.1) 51.0 (43.8-58.3)
(high risk)
IV fluids CRB65 =0 0.35 (0.30-0.41) 10.4 (5.1-18.3) 60.4 (50.6-69.5) 18.5 (9.3-31.4) 43.8 (35.8-52.0)
(low risk)
CRB65=1/2 0.60 (0.54-0.66) 78.1 (68.5-85.9) 41.4 (32.2-51.2) 53.6 (45.0-62.0) 68.7 (56.2-79.4)
(moderate risk)
CRB65=3/4 0.55 (0.51-0.58) 11.5 (5.9-19.6) 98.2 (93.6-99.8) 84.6 (54.6-98.1) 56.2 (48.9-63.3)
(high risk)
In-hospital CRB65 =0 0.36 (0.32-0.39) 0.0 (0.0-17.6) 71.3 (64.2-77.6) 0.0 (0.0-6.6) 87.6 (81.3-92.4)
mortality (low risk)
CRB65=1/2 0.53 (0.43-0.64) 73.7 (48.4-90.9) 33.0 (26.3-40.2) 10.0 (5.6-16.2) 92.5 (83.4-97.5)
(moderate risk)
CRB65=3/4 0.61 (0.51-0.71) 26.3 (9.1-51.2) 95.7 (91.8-98.1) 38.5 (13.9-68.4) 92.8 (88.2-96.0)
(high risk)

The best predictive performance values (AUROC, sensitivity, specificity, PPV and NPV) have been highlighted for each score threshold
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Table 6.10: Predictive performance of CATs score thresholds in adults with ALRTI

OUTCOMES SCORE AUROC (95%CI) | SENSITIVITY (%) | SPECIFICITY (%) PPV (%) NPV (%) (95%CI)
THRESHOLDS (95%CI) (95%CI) (95%CI)
CAT >3 0.77 (0.75-0.80) | 59.6% (55.8%- 95.3% (90.5%- 98.3% (96.4%- 34.6% (29.9%-
Admission 63.4%) 98.1%) 99.3%) 39.4%)
CAT >4 0.66 (0.64-0.68) | 32.7% (29.1%- 99.3% (96.3%- 99.5% (97.5%- 24.8% (21.4%-28.5%)
36.4%) 100%) 100%)
CAT >5 0.55 (0.54-0.56) | 10.6% (8.3%-13.2%) | 100% (97.5%- 100% (94.9%- 20% (17.2%-23.1%)
100%) 100%)
CAT >3 0.77 (0.75-0.80) | 79% (74.5%-83%) | 76% (71.7%-79.9%) | 74.1 %( 69.5%- 80.6% (76.5%-
Suppl. 78.3%) 84.4%)
oxygen CAT >4 0.72 (0.69-0.75) | 50.5% (45.4%- 93.8% (91.1%- 87.6% (82.4%- 68.6% (64.7%-72.3%)
55.7%) 95.9%) 91.6%)
CAT >5 0.59 (0.57-0.61) | 18.4% (14.6%- 99.8% (98.7%- 98.6% (92.3%- 58.5% (54.8%-62%)
22.6%) 100%) 100%)
CAT >3 0.71 (0.68-0.75) | 61.9% (57.8%- 81% (75.4%-85.9%) | 89% (85.6%- 46.1% (41.2%-
IV antibiotic 65.9%) 91.9%) 51.1%)
CAT >4 0.64 (0.62-0.67) | 35% (31.1%-39.1%) | 93.5% (89.6%- 93.1% (88.9%- 36.7% (32.8%-40.7%)
96.3%) 96.1%)
CAT >5 0.56 (0.55-0.57) | 12.1% (9.6%-15.1%) | 100% (98.4%- 100% (94.9%- 31.4% (28.1%-34.9%)
100%) 100%)
CAT >3 0.63 (0.59-0.66) | 57.9% (53.6%- 67.7% (61.7%- 78.8% (74.5%- | 43.6% (38.8%-
IV fluid 62.1%) 73.3%) 82.7%) 48.6%)
CAT >4 0.54 (0.51-0.57) | 29.5% (25.7%- 78.7% (73.3%- 74.2% (67.8%- 35% (31.1%-39%)
33.5%) 83.5%) 79.9%)
CAT >5 0.51 (0.49-0.53) | 9.5% (7.2%-12.3%) | 93.2% (89.4%- 74.3% (62.4%- 33.2% (29.8%-36.7%)
95.5%) 84%)
CAT >3 0.73 (0.70-0.77) | 91.8% (83%- 54.6% (50.9%- 16.7% (13.2%- 98.5% (96.8%-
In-hospital 96.9%) 58.3%) 20.7%) 99.5%)
mortality CAT >4 0.74 (0.68-0.79) | 69.9% (58%-80.1%) | 77.4% (74.3%- 23.5% (18%- 96.3% (94.4%-97.7%)
80.5%) 29.7%)
CAT >5 0.63 (0.58-0.69) | 32.9% (22.3%- 93.8% (91.8%- 34.3% (23.3%- | 93.4% (91.3%-95.1%)
44.9%) 95.4%) 46.6%)

The best predictive performance values (AUROC, sensitivity, specificity, PPV and NPV) have been highlighted for each
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6.5 Discussion

6.5.1 Summary of key findings

This study provides evidence of the predictive abilities of CRB65 and unweighted
combined CATs scores for severity assessment of adults with acute lower
respiratory tract infections (ALRTI) in Nigeria. On comparing the performance of
these two prediction scores, the unweighted CATs was a better tool in terms of
calibration and discrimination for predicting the need for hospital admission and
hospital based clinical interventions in adults with ALRTI and pneumonia, while
the CRB65 was a better at mortality prediction than at predicting outcomes

associated with the management of adults with ALRTI and pneumonia.

6.5.2 Strengths and limitations

In addition to the other strengths of this research which have been discussed in
previous chapters, it is worth mentioning that unlike a large number of clinical
prediction studies where mortality prediction is often the main outcome of interest,
this study incorporates other clinically relevant outcomes such as the need for
supplemental oxygen and intravenous therapy which are just as important as
predicting survival (160-162). Scoring systems which are only able to predict
mortality risks may not be particularly helpful in medical surge scenarios or
economically disadvantaged countries where clinicians face the ethical dilemma of
deciding which patients are more deserving of life sustaining interventions when
every patient deserves a right to live. The ethical theory of ‘distributive justice’
which suggests giving priority to the patients with the worst prospects i.e. highest

mortality risks is open to interpretation as the worst cases do not necessarily make
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significant recovery and result in inefficient use of limited resources(163) . In
emergency triage it is now common practice for doctors to allocate scarce
resources based on maximising the number of patients who will realistically make
good recovery, such that a prediction rule which is able to identify patients who
stand a greater chance of benefitting from the use of such resources may be more
useful than a rule which only identifies high mortality risk patients (164, 165).
The lack of radiological evidence supporting a diagnosis of ALRTI or for
differentiating between pneumonia and other ALRTIs in this study may be viewed
as a limitation. In order to ensure generalisability of findings, it was important
that this study was conducted to reflect real life practice in a resource-poor setting.
Medical treatment in Nigeria is financed by out-of-pocket payments(166, 167),
and because most people attending hospitals are unable to afford the cost of chest
x-rays, doctors tend to rely on clinical features and symptoms when diagnosing
ALRTI(168, 169). Furthermore, a recent publication from Nigeria conducted by
Onyedum et al. (2011) provides support for the use of clinical diagnosis of ALRTI
in this present study as the authors reported that CAP is usually diagnosed and
treated on clinical grounds in Nigeria (170).

Lastly, this study did not report on the performance of the CATs and CRB-65 in
terms predicting the use of mechanical ventilation and admission into intensive
care units. Of the three participating hospitals in this study, only two had ICUs
(LUTH and LASUTH), and there were only three ALRTI related ICU admissions
recorded in the study population. Low ICU admission rates for patients with CAP
have also been reported by other studies conducted in developed countries (21,
157), a possible reason for this might be that practice varies from hospital to
hospital and ICU bed spaces are only allocated to the most critical cases based on

the clinical judgement and local practices (171, 172). The qualitative study
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findings in chapter 8 provide further insight into critical care practice in these

hospitals and expand upon the factors which affect ICU admissions.

6.5.3 Comparison with existing literature

This is the first comparative validation of the CATs and CRB65 scores, the other
studies on CATs were conducted in the United Kingdom and they have compared
the CATs with other well validated prediction tools such as CURB-65 which is the
version of the CRB65 which includes serum urea as a criterion in cases of pandemic
flu (113, 118). Despite the fact that ALRTI is a major public health problem and a
huge contributor to morbidity and mortality in Nigeria, there are a limited humber
of published studies from Nigeria on the use of clinical prediction tools in the
management of ALRTI (170, 172-175).

To start off it is worth commenting that the mortality rate of ALRTI, more
specifically pneumonia in this present study, is not far off from rates reported in
the other Nigerian studies. Desalu et al. (2011) found that the leading cause of
ALRTI visits to the ED in south western Nigeria was pneumonia (176) which was
in agreement with findings from this present study. Onyedum et al. (2011)
reported a mortality rate of 11.9% among patients with CAP in eastern Nigerian
(170), which is comparable with this study’s mortality rate of 12.6%.

The findings from this study have shown that both the CATs and the CRB-65
possess clinical validity as described in the study by Simon (2010) (136), as a unit
increase in score for either of the tools was seen to be associated with greater
risks of the study outcomes i.e. being admitted into a hospital, requiring
intravenous and supplemental oxygen therapy or having an adverse outcome

such as death. Myles et al (2012) reported a similar linear trend between
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unweighted combined CATs scores and in-patient death in adult patients with PCR
confirmed A/HINI influenza in the United Kingdom(118). Capelastegui et al. also
reported that the risk of hospital admission and 30-day mortality increased with a
unit rise in CRB-65 scores(157). Mbata et al. (2014) conducted the only study
from Nigeria on the CRB-65 which compared the performance of the CRB-65 and
CURB-65 in terms mortality prediction and ICU admissions, reporting an increase
in the risk of mortality with higher CRB-65 scores among adults with CAP (174).
Clinical validity which can be further described in terms of the discriminatory and
calibration qualities of a tool (136, 140) was further assessed in this study and on
average AUROC values for CRB-65 in patients with ALRTI were lower than that of
unweighted CATs score for all study outcomes. A similar pattern in performance
was observed in the sensitivity analysis conducted in patients with pneumonia;
however there was only a marginal difference in performance between unweighted
CATs (0.73) and CRB-65 (0.71) in terms of AUROC values. These findings agree
with the evidence reported in the systematic reviews conducted by Chalmers et
al.(2010) and Loke et al. (2010) which concluded that CRB-65 was a better at
mortality prediction than at predicting other outcomes associated with the
management of CAP (177, 178). Authors like Marrie et al. (2005) and Bont et al.
(2007) have suggested that mortality risk alone should not be the sole factor for
deciding on hospital admission (161, 179) especially as a patient’s functional state
could decline without being initially classed as high risk(155). Based on this, the
CATs score which provides more information on other relevant clinical outcomes
might be a more useful tool for deciding on hospital admissions.

Another important and commonly overlooked measure of clinical validity is the
calibration of a tool which represents the accuracy of its predictions in terms of

how well they match the actual observed effects (127). The unweighted CATs
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score was well calibrated for all outcomes in patients with ALRTI while the CRB-
65 score had good calibration for all outcomes except intravenous antibiotics in
this group. CATs has also shown good calibration for death, admission to higher
levels of care, and a combination of these two outcomes in the FLU-CIN cohort as
reported by Myles et al. (2013) (118). On the other hand both tools were less well
calibrated in the sensitivity analysis including only pneumonia cases. It is not
unusual to find a tool performing poorly when tested in a new group of patients
(180) , and in this study there is a possibility that the patients with pneumonia
were too similar in terms of severity seeing as majority of such cases required
admissions and other interventions thus introducing a degree of confounding
which might have affected calibration. Also calibration has been known to be
affected by sample size(144), as such it is expected that the performance of the
two scoring systems in terms of calibration will be poorer as the smaller number
of patients included in the sensitivity analysis would result in lack of power to
reject the null hypothesis. One thing remained certain; the role of CRB-65 as a
validated tool for mortality prediction in adults with CAP was evident in the
sensitivity analysis as it was seen to be well calibrated for this outcome while the
unweighted CATs score was not.

Clinical utility defined by Simon (2010) as the ability of the prediction tool to
influence clinical decisions towards improving management outcomes (136) was
also assessed by comparing the performance of the threshold values of the two
scores for predicting study outcomes. An unweighted CATs score of >3 and a CRB-
65 score of 1 or 2 had the highest sensitivity values and were the best predictors
of all outcomes in terms of AUROC values except for in-patient mortality which
was best predicted by an unweighted CATs threshold score of >4 and a CRB65 of

3 or 4 . When Myles et al. (2012) compared threshold scores of the unweighted
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CATs, PMEWS and CURB-65, the unweighted CATs threshold score of three or
more was the best predictor of the need for higher levels of care and death in
adults.(118). Although there may be good enough reason to suggest an
unweighted CATs score of >3 as a cut-off for identifying the need for hospital
based care and mortality, the CATs threshold scores have not been validated in
the community, and it is possible that other thresholds of the CATs score may be
better suited to different settings or scenarios which may require a higher triage
bar. In the context of a high-bar triage scenario such as a pandemic, resource
rationing and allocation is a major ethical dilemma and patients will need to be
prioritised according to their likelihood of benefiting from an intervention. If the
CATs is to be used in a pandemic scenario, a reassessment of the unweighted
CATs score thresholds may be necessary as a threshold score of 3 or more appears
to indicate a global idea of severity without indicating which patients are too
critically ill to benefit from aggressive interventions. Although a CATs threshold
score of >4 was the best predictor of in-hospital mortality in this study, future
research could explore if patients with high CATs score were less likely to survive
despite receiving acute care interventions, this could be done retrospectively as a

prospective evaluation may present ethical issues.

6.5.4 Summary

The CRB65 and the Unweighted CATs demonstrated good performance for
predicting the need for hospital based care and mortality in a non-UK adult
population with a range of acute lower respiratory tract infections. Overall, the
unweighted CATs score performed better at predicting the need for hospital based

care and mortality in adults with ALRTI. The CRB65 was shown to be a better
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mortality predictor in adults with pneumonia, while the unweighted CATs score
was better at identifying patients in need for hospital admission and acute care

interventions.
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7: Assessing the value of clinical intuition in the
performance of the un-weighted CATs score for severity

assessment of patients with ALRTI

7.1 Introduction

Preliminary findings from this thesis have shown the CATs criterion G (causing
clinical concern), to be an independent predictor of important clinical outcomes in
both adults and children with ALRTI. This chapter seeks to explore what added
prognostic value a clinician’s gut feeling or intuition contributes to the performance
of the unweighted combined CATs scoring index for severity assessment of
patients with ALRTI.

This chapter will begin by reviewing pertinent literature on the processes involved
in medical decision making in order to contextualise the study’s aims. The other
sections will include the statistical analysis and findings from comparing the
performance of an unweighted CATs score excluding the subjective criterion G
with that of an unweighted CATs score with all seven criteria (including criterion

G) in predicting hospital care, therapeutic interventions and death on admission.

7.2 Decision making in clinical practice

With clinical judgement being the mainstay of medical practice, the processes
employed by clinicians in arriving at diagnostic and prognostic decisions has been
an actively researched topic in medical literature(181). Understanding these
processes appears to be a key step towards improving the performance of

clinicians by reducing diagnostic error rates in practice(182), and over time two
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viewpoints with origins in the field of psychology have been seen to dominate the
literature on medical decision-making. Paired under the term ‘dual-process
theory’, the two processes by which clinicians decide on a clinical course of action
have been described as non-analytical (intuitive) and analytical (conscious) or in
neutral terms, as system 1 and system 2 (182-184).

System 1 or the intuitive process represents a fast and unconscious response to
a situation, while system 2 or analytic thinking is conscious and much slower in
comparison. Most decisions made using the system 1 process have been
associated with an emotional component which has earned it the moniker ‘gut-
feeling’ and in medical practice it is has been linked with the use of heuristics such
as pattern-recognition and rules of thumb (182, 183, 185, 186). The system 2
analytical process as the name suggests employs deliberate thinking and mental
effort making it more objective (182, 184). By virtue of this, common sense will
naturally consider the more evidence driven system 2 (analytical) as more
accurate, compared to the intuitive system 1 approach which favours the use of
mental shortcuts. However there are studies which suggest that both models of
thinking are equally prone to cognitive biases and in some cases intuition is a
stronger and better predictor of accuracy in medical decision making especially in
the early stages of patient consultation (187-192). There is also evidence from
studies comparing the reasoning of experienced clinicians (experts) and less
experienced junior doctors (novices), that experts engage in less analytical
reasoning, and make faster and successful decisions based on their gut feelings
or intuitions(184, 192, 193). While these findings might fuel a debate on
superiority, it is worth noting that experts were once novices who over years of
clinical practice acquired a vast amount of knowledge and experience to create a

knowledge bank which formed the basis of their analytic reasoning thus enabling
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them to use the intuitive system 1 approach to achieve a better success than
novices at recognising disease patterns; a phenomenon described as tacit
knowledge (182, 192, 194, 195).

Some authors have also suggested a bidirectional relationship between these two
systems of reasoning with neither being superior to the other, and propose that
analytical and intuitive reasoning can be applied holistically to arrive at a clinical
decision under the cognitive continuum theory (186, 191, 196-198). The expert
group behind the development of the Community Assessment Tools appeared to
be thinking along these lines when they included a subjective criterion (G: causing
clinical concern) as one of the seven CATs criteria. According to the findings from
the multivariable analysis involving all the CATs criteria in both adults and
children; this criterion remained an independent predictor of important outcomes
such as the need for hospital admissions, acute care interventions and in-hospital
mortality in this thesis (see chapter 4), as well as length of stay >6 days,
mechanical ventilation and combined severe outcomes (level 2/3 admission or
death)in the CATs evaluation study conducted by Semple et al. (2013) using FLU-
CIN data (35).

Although these findings are in agreement with the initial premise for using the
CATs in times of extreme medical surge which proposed that meeting any one of
the seven criteria would prompt urgent referral or hospital admission, the exact
value of this subjective criterion in comparison to the other six objective criteria
remains unknown when all CATs criteria are combined into a composite
unweighted scoring system. This study aims to explore if considering gut feelings
or intuitions adds any value to clinical decision making by comparing the

performance of unweighted CATs score excluding the criterion G to that of an
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unweighted CATs score inclusive of this criterion for predicting the need for

hospital admission, interventions and in-hospital mortality.

7.3 Statistical Analysis

As a result of the limitations associated with using statistically derived weights to
create scores (see chapter 5), this study will only assess the value of the
subjective criterion in unweighted CATs scores. The methods and statistical
analyses employed in this study are also similar to those used in chapter 5 for
comparing unweighted and weighted combined CATs scores.

An unweighted CATSs scoring index with all of its 7 (6 objective and one subjective)
criteria was created by allotting a single point to each criterion and the total score
for each patient was calculated by summing up the points for all criteria present.
Similar steps were followed to create a second unweighted CATs score with only
six objective criteria A to F, and for clarity these two scoring systems will be
referred to as unweighted CATs-7 and unweighted CATs-6 scores. Using receiver
operating characteristic (ROC) curves and Area under ROC (AUROC) with 95%
confidence intervals values, the performance of each variant of the unweighted
CATs scoring index in predicting the need for hospital admissions and acute care
interventions, or the risk of in-hospital mortality were investigated and compared

in children and adults with ALRTI.
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7.4 Results

7.4.1 Comparing the predictive performance of the unweighted

CATs-7 versus CATs-6 scoring indices in children (<16 years)

There were a total of 216 instances where criterion G was selected in children (<
16 years) in this study, making it the fourth most commonly selected CATs
criterion after criteria A: severe respiratory distress, B: increased respiratory rate
and C: low oxygen saturation < 92% (Figure 13). Of these 216 cases, there were
15 instances where criterion G alone was selected, with 2 of such cases dying on

admission.

Figure 13: Pattern of CATs criteria selection in children <16years

Distribution of CATs criteria in children

690
800 | o7
600
306

400 )16
200 102 g3 L

0

A B C D E F 6

CATSs criteria

AUROC values presented in Table 7.1 for the unweighted CATs-7 and CATs-6
scores, suggest that their predictive powers were virtually within the same range.
The range of values for the unweighted CATs-7 scores [AUROC (95%): 0.65 (0.61-
0.69) - 0.85 (0.82-0.88)], were slightly higher than the unweighted CATs-6 scores
[AUROC (95%): 0.63 (0.59-0.68) - 0.84 (0.81-0.87)], with only a marginal
difference of 0.01-0.03 between their values. The difference in the discriminative

ability was only significant for predicting the need for intravenous fluid and the
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risk of in-patient mortality, with CATs -7 which included a subjective criterion

being better than the CATs-6 score with only objective criteria.

Table 7.1: comparison of AUROC values of unweighted CATs with all 7

criteria versus CATs without criterion G in children

OUTCOMES

Admission

Suppl. Oxygen

IV antibiotic

IV fluid

In-patient
mortality

CATs scores

CATs-7

CATs-6

CATs-7

CATs-6

CATs-7

CATs-6

CATs-7

CATs-6

CATs-7

CATs-6

AUROC (95% CI)

0.85 (0.82-0.88)
0.84 (0.81-0.87)
0.83 (0.80-0.86)
0.82 (0.80-0.85)
0.77 (0.73-0.80)
0.76 (0.72-0.77)
0.65 (0.61-0.69)
0.63 (0.59-0.68)
0.81 (0.76-0.85)

0.78 (0.73-0.83)

P-value

0.068

0.297

0.111

0.026

0.038

The performance of the two unweighted CATs scores are presented for comparison

using ROC curves in Figure 14, the blue lines which represent the CATs-7 score

appear to be farther away from the diagonal line intersecting the plot than the red

lines (CATs-6) for all study outcomes. This suggests that the CATs-7 score was

slightly better than the CATs-6 without the subjective criterion G for predicting

admissions, acute care interventions and in-hospital mortality.
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Figure 14: ROC curves comparing

G in children
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7.4.2 Comparing the performance of unweighted CATs with all 7

criteria versus CATs without criterion G in adults (>16 years)

The distribution of the individual CATs criteria in adults shown in figure 15 is similar
to the pattern in children (Figure 15), with criterion G (causing clinical concern)
being the fourth most selected criterion for predicting the study outcomes after A:
severe respiratory distress, B: increased respiratory rate and C: low oxygen
saturation < 92%. Of the 45 instances were criterion G was selected, the other
six objective criteria (A - F), were not selected in 4 of these cases and although

these four adults were admitted, none died on admission.

Figure 15: Pattern of CATs criteria selection in adults >16 years
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Both variants of the unweighted CATs scoring index appear to be comparable in
terms of their AUROC values presented in Table 7.2 as their AUROC values were
within the same range. The seven-criteria CATs-7 score [AUROC (95%): 0.72
(0.65-0.79) - 0.91 (0.88-0.95)], appears to have a slightly better range of AUROC
values than the unweighted CATs-6 score [AUROC (95%): 0.71 (0.64-0.78) - 0.90

(0.86-0.95)], without a subjective element. However, the difference between the
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two scores was only significant for predicting hospital admission [CATs-7: 0.86
(0.81-0.91) vs CATs-6: 0.84 (0.79-0.90)], needing IV antibiotics [CATs-7: 0.91
(0.88-0.95) vs CATs-6: 0.90 (0.86-0.95)] and in-patient mortality [CATs-7: 0.82

(0.74-0.91) vs CATs-6: 0.79 (0.71-0.87)].

Table 7.2: comparison of AUROC values of unweighted CATs with all 7

criteria versus CATs without criterion G in adults

OUTCOMES CATs scores AUROC (95% CI) P-value

Hospital CATs-7 0.86 (0.81-0.91)

admission
CATs-6 0.84 (0.79-0.90) 0.02
CATs-7 0.91 (0.88-0.95)

Suppl. Oxygen
CATs-6 0.90 (0.86-0.95) 0.218
CATs-7 0.83 (0.77-0.88)

IV antibiotic
CATs-6 0.80 (0.74-0.86) 0.001
CATs-7 0.72 (0.65-0.79)

IV fluid
CATs-6 0.71 (0.64-0.78) 0.533
CATs-7 0.82 (0.74-0.91)

In-patient

The ROC curves in Figure 16 comparing the performance of the two variants of
unweighted CATs scores show that the unweighted CATs-7 score represented by
the blue line was better than the unweighted CATs-6 score (red lines) for all the
study outcomes, as the CATs-6 was slightly closer to the diagonal line in green

intersecting the plot.
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Figure 16: ROC curves comparing unweighted CATs with all 7 criteria versus CATs without criterion

G in adults
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7.5 Discussion

7.5.1 Summary of key findings

Based on the reported distribution of the subjective CATs criterion G in both
children and adults, this study shows that intuitions are a common element of
decision making in medical practice. Furthermore, the study findings show that
considering intuitions or gut feelings in addition to the assessment of a patient
based on clinical signs and physical examinations, will improve the identification
of adults and children with acute lower respiratory tract infections who are likely
to benefit from hospital based care and clinical interventions or were at risk of
death. This study therefore provides some justification for the inclusion of a

subjective criterion in the community assessment tools.

7.5.2 Limitations and strengths

As earlier discussed in the methods chapter of this thesis, most of the data for this
thesis were extracted from case notes by trained data collectors, and it is likely
that certain instances where doctors may have acted on their intuitions may have
been missed as ‘clinical intuitions’ are usually difficult to explain or put into words
(199). Although the occurrence of such unrecorded instances of subjective
decision making in the assessment of the patients may have biased the findings
from this study, there is also a possibility that the added value of subjective clinical
judgement in the performance of the CATs-7 score may have been
underestimated. It was also not possible to ascertain if the level of expertise of
the doctors assessing each patient had an impact on the accuracy of their

subjective judgement, and as such, it is unclear if the CATs-7 score performed
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better than CATs-6 because more senior doctors may have assessed the patients.
However, it is unlikely that this was the case as junior doctors tend to have the
initial contact with patients in most EDs, and it is safe to assume that the instances
where criterion G was selected in this study were not biased by the expert
reasoning of more senior doctors. However, as the last statement was purely
conjectural, further research is required to compare patient assessments made by
senior doctors using the CATs score versus those made by junior to mid-level
doctors.

While most studies have evaluated the use of clinical intuition in medical decision
making by simply reviewing case studies or interviewing clinicians, the major
strength of this study is the use of a prediction tool in examining the value of
clinical intuition which allowed for an unbiased comparison in a large number of
unselected ALRTI cases and provided more robust results. Furthermore, this was
a multi-centre study involving different tiers of hospitals i.e. tertiary and

secondary care, which makes the study findings more generalisable.

7.5.3 Comparison with existing literature

The study has shown that the presence of criterion G (causing clinical concern)
albeit marginal, improved the performance (albeit marginally) of the unweighted
CATs score for predicting mortality in children and adults with ALRTI. Brabrand
and colleagues (2014) investigated the accuracy of in-hospital mortality
predictions using clinical intuition in adult patients (>15 years) presenting to the
medical assessment unit of large teaching hospital in Denmark, and reported that
predictions made by hospital staff using clinical intuitions were accurate and also
improved when used in conjunction with an objective scoring system. Although

most of the predictions in the study by Brabrand et al. (2014) were made by
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nursing staff, these findings are comparable to this present study as the authors
have also assessed predictive accuracy in terms of discrimination using AUROC
and 95% CI values. A study by Van den Bruel et al.(2012) also reported that
acting on gut feelings could potentially prevent diagnostic errors in 33% of children
who were clinically assessed as having non-serious illness(200). Marcin et al.
(2000) also compared clinician’s subjective predictions of mortality with a
physiological- mortality based score in children using AUROC and reported that
the combined use of these two prediction methods was superior to the use of
either methods. On the other hand the inclusion of clinical intuition in the
assessment of patients in this study did not result in a significant difference in the
performance of the unweighted CATs score for predicting other outcomes such as
admission, and the need for IV antibiotics and supplemental oxygen therapy. A
possible reason for this in terms of predicting the need for supplemental oxygen
is that clinical signs of hypoxemia such as increased respiratory rate or bluish
discoloration of the lips (cyanosis) which might trigger clinical concern are less
specific for predicting reduced oxygen saturation compared to the use of a pulse
oximeter (201-203). Another reason for this might be that most of the reasons
given for the clinicians’ intuitions in this study were based on clinical findings and
the general appearance of the patients. The most commonly cited reasons for
selecting criterion G in the assessment of the patients in this study were based on
auscultation findings such as crepitation or reduced air entry, rapid deterioration
of the patient’s clinical status or an unusually prolonged illness, which were
consistent with the suggestion made by Van den Bruel et al.(2012) that gut
feelings were not entirely devoid of input from physical examinations and clinical
findings(200). Based on this it can be said that pattern recognition a system 1

approach might have been used by doctors in this present study in conjunction
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with clinical findings based on system II analytical processes to arrive at a medical
decision. Clinicians would have previously learnt during medical training which
symptoms or signs are associated with worsening of a patient’s condition, and
over time this knowledge is applied in similar situations almost without deliberate
thinking. Djulbegovic et al. (2012) identified a number of factors involved in the
system I or intuitive reasoning and these authors believe that intuitive decision
making is rooted in ‘over-learned processes’ or knowledge gained from cognitive
learning strategies typical of system II processes(204).

There are two opposing views on the correlation between level of clinical
experience and the ability to make decisions using intuition; while some authors
are of the belief that more experienced clinicians compared to novices or junior
doctors are more adept at using their intuitions(181, 205-207), there is also
evidence which disproves this theory(200, 208). As this study did not report on
the level of experience of the doctors who assessed the patients, it is difficult to
ascertain the contribution of the clinical experience of the doctors to the
performance of CATs-7. However, it is highly unlikely that senior doctors or
consultants would have been involved in the initial assessment of patients in this
study; rather it is more likely that junior level to midgrade (registrar) level doctors
were responsible for the initial assessments of the patients from whom data were
collected. If this assumption holds then it bodes well for the use of CATs which
was designed for use by front line medical staff who would most likely be less
experienced medics in the event of a surge or pandemic. In line with the different
views on intuition and clinical experience, further research is needed to determine
if the level of experience of doctors using the CATs score has any effect on the

validity of their intuitions for the assessment of illness severity.
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Notwithstanding, this study shows that there are benefits in including a subjective
criterion in the Community assessment tool, particularly in the context of a
resource limited setting such as Nigeria or in the event of an extreme surge
scenario, where time and resource constraints may limit the extent of diagnostic
investigations available, doctors will have to base their judgements on cues,
intuitive insights and gut feelings. Furthermore, blind algorithmic compliance with
clinical prediction tools and evidence based medicine may devalue the process of
clinical reasoning and deprive clinicians of applying their ‘individual clinical
expertise’. In conclusion, criterion G should be retained in the CATs as its inclusion
not only adds value (albeit minimal) to the performance of score, but will also

increase clinician’s willingness to use it.

7.5.4 Summary

The seven criteria CATs score was significantly better than the six criteria CATs
score without criterion G (causing clinical concern) at predicting the need for
hospital admission and also in-hospital mortality. As such clinicians ought to pay
more attention to early clues and gut-feelings as clinical decisions which
incorporate both intuitions and clinical evidence are less liable to errors of

cognitive bias.
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8: A Qualitative Exploration of Critical Care practices in

Nigeria: Findings and Discussion

8.1 Overview

This chapter reports on the findings of the qualitative study exploring critical care
practice in Nigeria (the methods were described in Chapter 2). It begins by
describing the study participants and the core themes generated from the analysis
of the interview transcripts substantiated by illustrative quotes from the
participants’ responses. The second part of this chapter reviews and discusses
these findings in relation to relevant published literature and critical care systems
in other settings. A reflexive statement on how the researcher’s background and

perceptions might have influenced the study is also included in the discussion.

8.2 Description of Participants

Fourteen healthcare professionals were interviewed for this study between
September and October 2014; 10 were from the two tertiary care hospitals
(LUTH=6 and LASUTH=4) while the other 4 were from the secondary care
hospitals (RGH=3 and MSCH=1). There was only one nurse in this study while the
other thirteen participants were doctors, with the majority of the participants
working in LUTH (n=6) and LASUTH (n=4). Doctors at all levels of practice,
representing all the major medical specialities except obstetrics and gynaecology
participated in this study. The demographic characteristics of the participants are

summarised in Table 8.1.
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Table 8.1: Demographics of interview respondents (n=14)

Number of
respondents in each
Hospital (14)

Healthcare level of
hospitals (4)

Speciality of
respondents

Gender

Practice level

LUTH
LASUTH
MSCH

RGH

Tertiary care

Secondary care

Medicine

Surgery

Anaesthesia

Accident & Emergency
Paediatrics

Nursing

Male

Female

Consultant

Senior registrar
Junior registrar
Senior medical officer
Medical officer

Senior nursing officer

10

-

> b
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8.3 Overview of themes

Besides some necessary adaptations to allow for hospital specific differences and
level in the healthcare system, participants’ responses indicated that the study
centres were comparable in structure and delivery of critical care services. The
three overarching themes identified from analysing participants’ responses to
questions regarding critical care practice in the four study hospitals are presented
along with corroboratory text extracts in the next few sub-sections. A
supplementary table with the themes and all relevant data extracts or quotes from

the analysis can be found in appendix XI.

8.3.1 Definition and structure of critical care

The first theme to emerge was actively elicited during interviews, as all
participants were asked at the start of the interview to explain what they
understood by critical care. Participants defined critical care in terms of a patient’s
clinical stability i.e. critically ill; patients were *critically ill" if they needed single or
multiple organ support and as such respondents associated critical care with

supporting such patients who had lost function of one or more organ systems.

"It is basically taking care of critically ill patients who need multi organ support” (ASR-

LASUTH)

“...means intensive care provided in specialized units for patients that are critically ill or
have one or more organ system failure, and is essentially the same for adults and

children” (SJR-LUTH)

Participants also described critical care in terms of the level of monitoring received

by critically ill patients, as compared to less critically ill patients in terms of
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patient-health care worker proportion i.e., critical care involved a higher nurse to

patient ratio.

“It equally means intensive care, where patients are being cared for or given a high level
of care in terms of patient care giver proportion whereby there is a nurse to one patient,
the monitors; the level of monitoring is more than what is found in an ordinary ward”

(AJR-LUTH)

“Well on the general ward the support or care usually is about 2 nurses to 24 patients

while the HDU and ICU operate on a 1:1 (a nurse for a patient)” (SSR-LUTH).

"We try to sort out patients that are critically ill , which means haemodynamically
unstable patients or with severe organ dysfunction and would benefit from closer
monitoring than other patients, based on that recommendation we can get them into

critical care” (MJR-LASUTH)"”

The structure and delivery of critical care was quite distinct between the tertiary
and secondary care hospitals; only the two tertiary care centres (LUTH and
LASUTH) had functioning intensive care units. Although participants were aware
that there were different levels of critical care, it was not clear if they knew what
these levels were: staff in LASUTH had conflicting ideas about the structure of
critical care unit in their hospitals, and it appeared as though neither of the

hospitals with ICUs had a desighated high dependency unit.

"The levels are the ICU?, the HDU? or the recovery room, and the operating

room/theatre” (AJR-LUTH)

! Throughout the interview respondents referred to the intensive care unit using the
abbreviation ICU
2 They also referred to the high dependency unit as the HDU
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"Yes there are different levels, even in the main emergency room we have some patients
we keep in the resuscitation room where they have dedicated oxygen administration with
hourly monitoring of their vitals. They also have access to suctioning and are typically
kept closer than other patients to the nurses’ station. Then there is the ICU unit where
patients require mechanical ventilation and will have a dedicated anaesthetist on call and
also specially trained ICU nurses in addition to the primary team handling that patient.”

(MIR-LASUTH)

“In LASUTH we do not have different levels of CC,; we have just the intensive care unit.
We have a 4 bedded ICU, but even though it is 4 bedded we have rapid turnovers” (ASR-

LASUTH)

“In the theatre we have a recovery room which performs the functions of an HDU and we

have a 4 bedded ICU” (SSR-LASUTH)

The participants in LUTH described a recovery room in the theatre that was used
mostly by the surgery department when they needed to keep an eye on a patient
following surgery. This recovery room which was situated beside the ICU
functioned as a high dependency unit as patients who did not meet the criteria for

ICU admission were kept there for close monitoring.

"We have the ICU which is shared by all departments, however the surgical specialties
have access to a portion of the recovery room which functions as a HDU, it is just beside
the ICU but not within the ICU and sometimes patients who are critically ill but have not
met the criteria for being in the ICU might stay there and may benefit from some level of
intensive care from anaesthetists, and nurses. Sometimes they might have access to
ventilators. If they recover they might be taken to the open ward but if they deteriorate

then they are taken into the ICU” (SJR-LUTH)
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"In LUTH presently we have HDU, that is the high dependency unit, so that is one level
lower than that of the ICU; well in the ICU , we have five beds, but it is not limited to
adults alone, beds are allocated as the patients come, so it's first come first serve”

(ASR-LUTH)

It was also evident that these hospitals had modified their delivery of critical care
to suit the level of skills and resources available to them. The secondary care
hospitals did not have the capacity or manpower to manage critically ill patients

and referred such patients to one of the tertiary centres after stabilising them.

“Unfortunately we do not have an ICU in this hospital so the best thing we can do here is
that we stabilise any critically ill child and refer to a tertiary institution for further

management” (SMO-MASSEY)

"No we don’t have an ICU. We refer such patients to LUTH, LASUTH and general hospital

Lagos” (SR-RGH)

"We have an oxygen concentrator and tanks, suction but when you talk about ICU care
you are referring to nurse patient ratio and doctor patient ratio which we can’t provide”

(SR-RGH).

8.3.2 Factors affecting critical care admission and discharge

It was evident that the demand for critical care outweighed the facilities available
and with both tertiary centres having approximately 10 ICU beds between them
(LUTH=6, LASUTH=4), the most common factor affecting admission was

availability of bed space.
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"Okay, well firstly, the commonest factor is availability of bed space. There are limited
beds in the ICU” so if there is no space available it becomes difficult to admit patients.”

(MJR-LASUTH)

“We only have 6 beds here and one is for isolation. Most times we have the issue of lack

of bed space and we try to use our HDU from time to time” (SNO-LUTH).

In situations where there are more patients than ICU beds, a decision was made
to determine who would be admitted, and most times this was a joint decision
between the consultant anaesthetist and the head of the managing unit with

clinical judgement playing a significant role:

"It’s a joint decision between the consultant anaesthetist and the consultant of the

managing team” (SSR-LUTH)

"Both the managing team and the anaesthetist are involved; the managing team decides
who needs critical care based on assessment and the anaesthetist also reviews prior to

accepting the patients” (MJR-LASUTH)

These decisions were dependent on a number of patient-related factors; several
participants mentioned the prognosis of the patient as an important criterion for
determining which patient would be admitted. Based on clinical judgement,
patients who had a better prognosis and were more likely to recover were given
precedence over patients with terminal ilinesses or other irreversible conditions.
Besides prognosis, age was the other patient factor, as younger patients were
considered stronger and more likely to benefit from ICU admission than older

patients.

"Well, one thing is that at times we have more people trying to come into the ICU than

the number of bed spaces available, so what we usually do is first of all see cases that
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are reversible, so not terminal stage cases. So the younger people that we know can
benefit from the ICU care are given preference before the patients with terminal illnesses

or with bad prognosis”. (ASR-LUTH)

"There are certain things we consider, we look at patient's age, the illness if it is possible

that the patient will recover, we do a quick triage” (SNO-LUTH)

Participants also mentioned that critical care admission was more expensive than
being admitted on the wards, one of the participants gave the cost of ICU
admission for a week as two hundred and fifty thousand naira (approximately

seven hundred and fifty pounds), which most patients were unable to afford.

"“Yes you see finance and bed space are indeed major factors in LASUTH, as I said we
have only just 4 beds. And we may have 6 people requiring admission into the ICU at
the same time so we need to triage and find out who will benefit from ICU and who will
not. Not all the patients who want to come into the ICU will benefit from the admission
so we have to triage. Also if they do not have enough money how do you manage them?
This is a general hospital and patients buy all they need for care, it's out of pocket
payment they pay for everything from syringes to drugs. So if they cannot procure all
that is required it will be impossible to manage such patients. So the monetary aspect is
very important it is a major factor for admission into ICU in LASUTH, not even LASUTH

alone; everywhere any ICU” (ASR-LASUTH).

“Yes definitely, you find patients requiring admission into the ICU where the patient is
not able to afford the fee, also bed space is a factor, here we have a five bed ICU, and if

the beds are filled that becomes an issue as well” (AJR-LUTH)

There were no restrictions on length of stay in an ICU, and once admitted the

patients stayed in the ICU for as long as they could afford or until they were
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deemed fit for discharge; participants attempted to give examples of how long a

patient could stay in an ICU to show variations in length of stay.

"We have patients staying longer than 4/5 months.” (SNO-LUTH)

"I have seen patients stay from as little as a few days and others up to 120 days....”
(SJR-LUTH)

Participants suggested that the reason why some patients continued to stay in the
ICU was because of the absence of a functioning HDU. Most of the patients in the
ICU were out of the critical state and could be managed in a high dependency
unit, but in the absence of this they either stayed longer than required in the ICU

or were taken straight to the wards.

“"Most of our patients stay for long periods, because we do not have the HDU unit to
keep them in when their condition is less critical, so we make sure they are fine and fit in

the ICU before we send them to the ward”(ASR-LASUTH)

“If we had a functioning HDU we might be able to step down care for patients in the ICU.
But I am afraid most of the patients here go straight from the ICU to the regular wards
or from wards to the ICU where there might not be any other form of monitoring but I

am aware that some wards now have electronic monitors” (SSR-LASUTH)

“...they go straight to the ward most times” (SSR-LUTH)

As in the case of admission, the decision to discharge a patient rested on the
managing consultant and anaesthetists; however, the patient’s family also shared
some of the responsibility for example in the event when a patient did not show

signs of improving and needed to be taken off the ventilator:
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"I have seen patients stay from as little as a few days and others up to 120 days. But
the decision to move a patient out rests on the admitting consultant, the anaesthetists

and the patient's family” (SJR-LUTH)

According to the participants, the two main criteria for discharge were obvious
improvement in the patient’s condition and the patient’s ability to continue paying
the hospital bills. Just as in the case of admission, if a patient was unable to keep

up with payment an alternative arrangement was sought.

"Obvious clinical improvement, or in the case where the bed is needed for a more critical
patient, we can step down the intensity of care of one patient to allow for another

patient” (SJR-LUTH)

”

"The patient can stay as long as they can afford the bills or as long as is needed for care

(MJR-LASUTH)

In situations where the ICU was full and could not take any more patients,
depending on the route of admission, patients in the emergency department who
required ICU admissions would receive conservative management in the
resuscitation room until there was a free bed in the ICU, while post-op surgical
patients were managed in the theatre-recovery room. The other options would be

referral to another tertiary institution, or a privately run ICU.

"It depends on the kind of patient it is; if it is a surgical case, requiring post up ICU
care, we actually keep them in the recovery room, or use our ventilators. Actually in the
theatre, that's the best we can do when the bed spaces are full, but they are usually
managed on the wards and as soon as we get a free bed then we can quickly bring the

patient in.” (AJR-LASUTH)
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"Most times we carry out conservative management and intubate the patients wherever
they are.” (SNO-LUTH)

"Well we do give them the option of referral but most of these patients are managed
conservatively and i am afraid I cannot say what the outcome of such cases will be.”

(SSR-LASUTH)

8.3.3 ICU organisation and patient profile

According to the participants, post-op surgical patients requiring stabilisation or
patients with head injury made up a large majority of the adult patients seen in
critical care unit while paediatric patients in need of critical care were usually burn
victims or children infected with tetanus. Acute lower respiratory tract infection
was not a common indication for critical care admission as patients were usually
managed on the wards. The participants believed that such patients were more
suited for a HDU rather than an ICU:

"The spectrum includes both medical and surgical patients... the common denominator

for these patients will be that their cardiopulmonary function cannot be sustained

unsupported.” (CO-LUTH)

"Most are post-op, but we still get people from outside the hospital for ICU care. They

could be post -op or medically ill patients” (ASR-LASUTH)

"Yes we do get ALRTI patients, but not often. In a situation where we have a more
critical case such as post-op patient from an open heart surgery, the surgical patient

takes precedence over the ALRTI.” (ASR-LASUTH)

"If the ALRTI patient is deemed to require ventilatory support, yes; but we don’t not get
them often” (SSR-LUTH)
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"Yes I am aware patients with ALRTI may be in need of respiratory support, but the ICU
here is pressed for space so I am not sure that it will admit such patients. Ideally every
patient who needs admission should go to the ICU , however they will be admitted based

on priority because of space constraints” (SSR-LASUTH)

As most of the patients requiring critical care were post-surgery, they usually
came in from the theatre, while the others were admitted from the emergency

department or the hospital ward.

“Patients come in either from the ward, theatre or the ER, for patients from the ER
these are patients with severe head injury people who cannot maintain their airway,
people with respiratory failure and burns or patients who had a stroke and are
unconscious. From the ward, patients who have deteriorated are taken into the ICU.”

(SJR-LUTH)

“Most are post-op, but we still get people from outside the hospital for ICU care; they

could be post -op or medically ill patients” (ASR-LASUTH).
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8.4 Discussion

This section will discuss the themes in relation to critical care practices in other
settings specifically more developed countries, as such comparisons have been
known to provide meaningful insight into the various factors which affect critical
care delivery and also drive future research on ways to improve on current

practices(209).

8.4.1: Definition and structure of critical care

A recent systematic review on ICU capacity in low-income countries by Murthy et
al. (2015), reported disparities in the definitions of critical care within this setting;
this was following earlier work by the same authors in which they that noted that
there was no universal generic definition of critical care(209, 210).

Wunsch et al. (2008) studied variations in critical care services across eight
countries in Western Europe and America and reported that there was no
established definition of intensive care or ICU beds in these countries. With the
exception of Wales, critical care in the UK referred to care of patients at risk of
multi-organ failure and requiring organ support; definitions in France and Belgium,
also focused on illness severity and the need for organ support; Americans focused
on intensity of monitoring, making reference to the nurse: patient ratio and
equipment involved ; the Canadian definition was more focused on monitoring
patients in specialised units according to the type of illness either surgical or
medical; Wales, Netherland and Germany mentioned treatment with intensive
care beds while Spain did not have any clear cut definition(211). Overall it
appeared as though country specific variations in critical care delivery and practice

were reflected in their adopted definitions and this might result in certain
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challenges for comparing critical care delivery across different settings.
Participants in this present study based their definitions of critical care on the
severity of illness and the required level of monitoring as well as the need for
organ support; as such their definitions were comparable with those used in other
settings as reported in the study by Wunsch et al. (211). Most of the Nigerian
studies did not provide explicit definitions of critical care; instead these studies
included definitions and descriptions of intensive care units which did not allow for
comparison with the definitions provided by the participants in this present study
(212-215). A possible explanation for this is that critical care is still in its primitive
stages in developing countries and mostly associated with sophisticated
technology found in ICUs which ultimately reflects on the way their critical care
system is structured and defined (216).

Similar to descriptions found in studies from Nigeria, the participants in this study
described a critical care system where only tertiary care centres had ICUs (213,
216-219). Compared to high income countries like the United Kingdom where
different levels of critical care are provided according to the patient’s need and
clinical stability (see table 8.1) (220), there were no clearly defined levels of
critical care or intermediate care units between ICUs and the wards in the
participating tertiary care centres; a typical scenario being the modification of
surgical recovery rooms into ad hoc HDUs for managing patients who had been
stepped down from ICU care. A likely reason for this might be the fact that being
a developing country, Nigeria lacks the funds and manpower required for a more
advanced critical care system (213, 221).

Interestingly, the system described by this study’s participants where critically ill
patients from less specialised hospitals were referred to tertiary care centres is

not unlike an emerging trend in critical care seen in more developed settings
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known as ‘regionalisation’. Regionalisation is system which reorganises hospitals
into tiers according to the level of critical care they are capable of providing, such
that the most severely ill patients are referred to and managed in the most
specialised hospitals (222-224). Low income countries with inadequate health
budget allocations and manpower stand to benefit from regionalisation of critical
care as concentrating expenditure in specific centres will result in cost-savings and
more efficient use of manpower (222, 225, 226). Regionalisation also has the
potential to result in improved outcomes as patients will be managed in specialised
centres with highly skilled staff, as there is evidence in the critical care literature
that patients managed in high volume ICUs had better outcomes than those
managed in low volume ICUs (226-228). Besides its advantages, regionalisation
has some pitfalls with serious implications for developing countries, one of which
is the possibility that the hospitals receiving all the referred patients might exceed
their capacity to manage the entire patient load(222). Secondly, the success of
regionalisation requires appropriate government and stakeholder involvement;
however the political instability and lack of basic infrastructure seen in most
developing countries may make it harder to achieve the full benefits of this
process. A typical example is the provision of good roads and affordable
transportation which must be available for transporting patients to specialised
centres with ICUs; in developing countries ambulance services are not up to par
and geographical disparities exists in the location of ICUs with majority situated
far away from rural areas where mortality from critical illness is high (222, 226,

229, 230).
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8.4.2: Factors affecting discharge and admission

With only two ICUs serving a population of 9 million people in Lagos state where
this study was conducted, it was not surprising that participants identified bed
availability as one of the major factor affecting ICU admissions. According to the
study participants, patients were usually managed on the wards or in a
resuscitation room in the emergency department when there was a shortage of
beds. Bed shortage is a major issue even in developed countries; according to a
review by Murthy et al. (2012), bed shortage could either lead to patients being
denied ICU admissions or their admission being delayed(209). A study in the
Lancet by Metcalfe and colleagues (1997), found that over half of the patients
refused admissions into ICUs in the UK were due to bed shortages(231), while
another study by Goldhill et al. (2004) conducted in the UK found that patients
who had to spend longer periods on the wards awaiting ICU admission had higher
mortality rates than those whose admissions were not delayed(232).

The other factor determining ICU admission mentioned by the participants was
the ability of the patient to pay for their treatment, as ICU care was generally
more expensive compared to the cost of care on acute wards. In Nigeria and other
developing countries where patients cover the cost of their own care, patients who
are unable to afford the cost of ICU admission lose their bed space to patients who
can (221, 233, 234). In some countries like Spain and the United Kingdom where
the National Health Service covers the cost of healthcare for citizens, inability to
pay is never a reason to deny a patient ICU care(235); however, in countries such
as the United States where citizens are required to have their own health
insurance, people without any health insurance are not likely to be admitted into
a hospital and much less an ICU(235, 236). It has also been reported that people

without health insurance tend to have poorer prognosis as they typically present
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at later (more severe) stages, and receive less services and treatment while on
admission as they tend to struggle with the cost of their treatment(237, 238).
Concurrently these two factors also determine discharge from ICU in the
participating hospitals. According to study participants patients who are no longer
able to afford ICU treatment might be discharged on request from family members
or the managing clinician to reduce costs, while some patients might have their
care stepped down to accommodate new ICU admissions because of bed
shortages. It is common practice across various health settings to step down care
of patients who show improvements so that new critical cases can be admitted,
however in terms of post ICU care, this study confirms reports from other Nigerian
studies that tertiary care centres do not have HDUs and patients were either
discharged straight to the wards or remained in the ICU for longer than necessary
(219, 233). Not all patients are suitable for ward care which means ICU
readmission rates could increase if patients deteriorate due to inadequate
monitoring and care on the wards. A study conducted in a tertiary care hospital in
Nigeria stated that lack of HDUs and fear of readmission result in prolonged ICU
stay in this setting(233).

Lastly, participants were not aware of the existence of any hospital specific
guidelines for making admission or discharge decisions, rationing was purely
based on the clinicians’ judgements. This appeared to be common practice in both
developed and developing countries as studies from have shown that clinician’s
tend to make inappropriate decisions with regards to ICU admissions (214, 233,

239, 240).
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8.4.3: ICU organisation and patient profile

The type of patients admitted and the way ICUs are organised tends to vary across
different settings; in less developed countries, medical and surgical cases are
managed together in a general ICU, while developed countries have now moved
towards a more decentralised system with dedicated intensive care units for
managing specific categories of patients i.e. coronary ICUs for cardiac conditions
and neurosurgical ICUs for neurological cases. The intensive care units described
in this study catered to both medical and surgical cases; however the most
common reasons for admission were post-surgical treatment and neurological
trauma (head injury). Several studies from Nigeria have also reported a similar
pattern in ICU admission diagnosis; one study conducted in Jos University
teaching hospital stated that over 50% of its ICU admissions were post-surgical
and trauma cases(233);another reported that over 75% of ICU patients in Calabar
teaching hospital in the south eastern part of Nigeria were post-surgical
patients(214); Onyekwulu et al.(2015) also reported that almost half (49.3%) of
the ICU admissions in large teaching hospital in the eastern part of Nigeria were
post-surgical cases(213). According to Ugwu et al. (2000) a significant proportion
of surgeries in Nigeria are complicated by cardiac arrest and this might be a reason
for the high post-op ICU admission rates (241). In addition to surgical
complications, the lack of designated high dependency units in most of these
tertiary centres could also contribute to the high ICU admission rates for post-op
patients(213). The high prevalence of neurological trauma cases in Nigerian ICU
can be attributed to the poor conditions of the motorways as most of the cases
are due to road traffic accidents (213, 229, 233). Despite the fact that ALRTIs
are a major contributor to morbidity and mortality figures in Nigeria, the

interviewees’ responses suggested that surgical cases were given priority over
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patients with ALRTI who required ventilatory support. These findings are an
indication that there is a need for a shift from the generalised ICU organisation in
these hospitals towards specialised ICUs, as this will free up bed spaces for other
cases and also provide more specialised management for the surgical and trauma
patients.

Participants mentioned that admission and discharge decisions were a shared
responsibility between the consultant anaesthetist in charge of the ICU and the
consultant of the admitting unit, and only one of the tertiary care study centres
had an intensivist. Over the years intensive care medicine has become more
specialised and in most high income countries, specially trained critical care
physicians known as intensivists now manage the ICUs. There are several benefits
associated with having a full time intensivist in charge of an ICU such as shorter
ICU length of stay, lower ICU mortality rates and more efficient bed utilisation
(242-244). However, in Nigeria and most developing countries where ICUs were
initially set up to provide ventilatory support for post-surgical cases,
anaesthesiologists and the admitting consultants were responsible for ICU patients
and despite current changes in critical care practice anaesthesiologists have

maintained control of the intensive care units(245).

8.5 Generalisability

Generalisability which is defined as ‘the extent, to which a study’s findings can be
applied in different settings’, is considered to be quite problematic by some
qualitative researchers as they believe that it is more suited to quantitative
research(246, 247). In the case of this present study, respondents were recruited
from hospitals in only one state in Nigeria, and questions might arise about how

true these findings are in relation to hospitals in other parts of Nigeria. There are
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certain points to consider in relation to the generalisability of this study’s findings,
the first being the distinction in the meaning of ‘study sample’ when used in
quantitative studies vs. a qualitative studies. In quantitative studies a study
sample is expected to be representative of a general population, while in a
qualitative study the participants are chosen to be key informants who have a
potentially important perspective on the issue being studied. Therefore, the study
population in quantitative research is chosen based on size, while in qualitative
research the population is chosen based on relevance and how much information
they can provide(248). The participants in this study were considered to be key
informants being medical staff who are involved in the care of critically ill patients
in Nigerian hospitals, and as such possess specialised knowledge and capable of
providing a full spectrum of views on critical care practice.

It has also been suggested that a possible approach to judging the generalisability
of qualitative study findings to another setting is by taking into consideration any
similarities in terms of location, participants and social contexts (249). Therefore
it is important to note that all public hospitals irrespective of state/ location in
Nigeria are ranked according to the three tiers of government such that all
hospitals at the same level of the healthcare system are similar in terms of
structure and organisation. Based on this, it is conceivable that the findings on
structure and delivery of critical care from this study are generalisable to
government owned hospitals in other parts of Nigeria. Findings relating to the
participants’ understanding or definition of critical care are however not
generalisable as these were personal views based on acquired knowledge or
training.

Though it is important to note that broadly speaking, all the definitions provided

by the participants expressed a common understanding of critical care and need
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for critical care, this is the one aspect of this study’s findings which may not be
generalisable as these definitions were based on personal knowledge or training.
This is an inescapable dilemma as studies have also reported variations in the

definition of critical care across settings.

8.6 Strengths

One of the key strengths of this study is its philosophical underpinning; this study
was conducted within a pragmatic framework which allowed the researcher to
achieve the study aims without the paradigmatic restrictions typical of qualitative
research. Despite the flexibility provided by adopting a pragmatic approach, this
study showed theoretical rigor by providing justification for the research question,
obtaining ethical clearance for data collection and also by choosing appropriate
methods for conducting the study. Secondly, procedural rigor was demonstrated
by using a recognised framework to perform the thematic analysis and as such,
transcripts were analysed in a consistent and transparent manner (109).
Interpretative rigor was also achieved through independent coding by the
researcher and supervisor as this ensured that researcher bias was minimised.

By using semi structured interviews both the researcher and the respondents were
allowed some degree of flexibility which encouraged an open in-depth discussion
of certain topics which might not have been possible with structured interviews or
other methods of data collection. Furthermore data saturation was reached for
each of the study’s objectives, meaning that the responses provided by the
participants were adequate for answering the research question and further
interviewing of new participants was unlikely to have provided additional findings.

This assumption is based on the fact that no new information was obtained with
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subsequent interviews as the thematic analysis processes was exhaustive and no

further codes were generated.

8.7 Limitations

Although the study participants were recruited to represent the major clinical
specialities, none of the doctors were from the department of obstetrics and
gynaecology and this study’s findings did not include gynaecological patients as
typical ICU patients. Although other studies from Nigeria have reported that
gynaecological patients were commonly found in the ICU following surgery, the
contribution of such patients to the ICU patient population in these studies was

minimal.

8.8 Reflexivity

The initial idea to conduct a qualitative study came about as a result of a tripartite
meeting between the researcher(RA) and her PhD supervisors (PM and JVT). The
protocol for the external validation study was being developed, when it became
apparent that dissimilarities in critical care practices between Nigeria and the UK
might pose certain issues in terms of assessing the CATs ability to predict outcome
variables associated with critical illness. The researcher (RA) had certain
professional connections to the study centres, being a former employee and
clinician in one of the tertiary care hospitals and it is likely that this might have
had an impact on the respondents who agreed to participate as they might have
been more comfortable with discussing issues and working practices with the

researcher than they might have been with an unfamiliar interviewer.
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The researcher (RA) also considered the possibility that her professional
background might bias data collection and analysis, and in a bid to minimise
researcher influence and maintain a “degree of distance of self”, the interview
guestions were initially drafted by the study supervisor. Furthermore, coding of
the interview scripts was independently done by both the supervisor (PM) and
researcher (RA) to ensure transparency.

Also, as the researcher (RA) did not begin to conduct interviews until several
months after data collection for the quantitative aspect of this thesis had begun,
it is possible that the researcher’s observations of the critical care system during
this time may have changed and influenced some of the interview questions.

The researcher(RA) was concerned about not having undergone any formal
training in qualitative research methods as this might have an effect on the
interview process; as such a pilot interview was initially conducted and shared
with the thesis supervisor (PM) for review before going ahead with the rest of the
interviews. The researcher (RA) was able to enrol in a qualitative research
methods course which informed the post-interview stages of this study
(transcribing, coding and analysing) and this also helped the researcher(RA)

become more reflexive in the interpretation of the study findings.
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8.9 Summary

The purpose of this study was to gain insight into critical care practice in Nigeria
using qualitative methods. Fourteen health care workers in four secondary and
tertiary care hospitals were interviewed using a semi-structured approach;
thematic analysis of the interview transcripts was conducted and 3 key themes
relating to the study objectives were identified.

Participants generally had a good understanding of critical care, as their definitions
were comparable with those used in more developed settings, encompassing the
salient aspects of critical care such as severity of illness, level of monitoring and
need for organ support.

Inequalities in terms of financial resources and economic development were the
main factor responsible for disparities in critical care practice across settings;
intensive care units were only found in tertiary hospitals in Nigeria and these
hospitals did not have high dependency units. Availability of bed space and
financial resources were the two major determinants of admission and discharge
in the tertiary centres offering ICU services; as a result bed rationing was the
norm for deciding on admission and discharge of patients. There were no explicit
protocols or guidelines being followed in these hospitals for admitting and
discharging critically ill patients, as most decisions were made on first come first
serve basis and clinicians’ assessments of patients’ suitability for ICU care.

The hospitals in this study operated an open unit ICU managing all types and ages
of patients together; post-surgical and trauma patients were prioritised over most
medical cases, and even within medical cases neurological patients were more
commonly found in the ICU compared to patients with severe respiratory illnesses.

As there were no high dependency units, patients who had made good recovery

205



but still required some level of monitoring were either kept back in the ICU or
discharged to the general wards.

Finally, intensive care medicine training was lacking in the tertiary hospitals; only
one of the two centres had an intensivist and critically ill patients were being co-
managed by the admitting physicians and anaesthetists.

The implications of these study findings with regard to the contextualisation and

interpretation of the CATs validation study will be discussed in the next chapter.
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9: Thesis conclusions and recommendations.

9.1 Recap of the thesis objectives and key findings

Data prospectively collected between December 2013 and July 2014 on the
clinical assessment and management of 1016 children and adults presenting
with symptoms suggestive of an acute lower respiratory tract infection to the
emergency departments of four large hospitals (two tertiary and two secondary
care facilities) in Lagos Nigeria, were used to assess the external validity of the
Community Assessment Tools (CATs) for the severity assessment of patients
with ALRTIs. In addition, an exploratory study involving doctors and nurses in
the participating hospitals was conducted using qualitative methods of inquiry
to gain an understanding of critical care practice in Nigeria in comparison to
more developed healthcare settings.

This chapter recaps the key findings of the five objectives of this thesis which
were treated as standalone chapters, as well as implications for clinical practice

and potential areas for future work.

Objective 1: assessing the external validity of the individual CATs
criterion for predicting the need for hospital based care and the risk of

in-hospital mortality in adults and children with ALRTI

Unadjusted and adjusted logistic regression analyses were used to assess the
relationship between each CATSs criterion and five predefined clinical outcomes;
need for hospital admission, intravenous therapy (antibiotics or fluids),
supplemental oxygen therapy and the risk of in-hospital mortality. Each CATs
criterion was significantly associated with outcomes which were indicative of
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the need for hospital care or the risk of death in the unadjusted analysis, and
none of these criteria were redundant in the adjusted analyses. A comparison
of two multivariable modelling approaches for the adjusted analyses did not
reveal much difference in the performance of the CATs criteria. Study outcomes
were independently predicted by similar CATs criteria irrespective of whether
all seven criteria were included based on pre-determined clinical significance
or if only criteria found to be statistically significant at p <0.05 were included
using a forward stepwise regression approach.

After adjusting for the effect of other CATs criteria, only criterion G (causing
other clinical concern) predicted all five study outcomes in children < 16 years.
Except for the outcome ‘need for intravenous fluids’; criterion G was seen to
perform similarly in the adult analyses, predicting the other four study
outcomes irrespective of modelling approach used. Criteria C (oxygen
saturation levels of <92%), G (causing other clinical concern), and D
(respiratory exhaustion) were seen to be the only independent predictors of in-
patient mortality in both adults and children.

This study also examined the predictive accuracy of each CATs criterion using
AUROC, specificity, sensitivity, negative and positive predictive values. Criteria
A (severe respiratory distress) and B (increased respiratory rate) had better
sensitivity for predicting all study outcomes in both adults and children, while
the other four criteria C to G were seen to be more specific predictors. In terms
of overall predictive accuracy, AUROC values of the criteria were seen to fall
within the range of 0.53-0.86 in adults and 0.49-0.77 in children, indicating
low to moderate levels of accuracy at predicting the study outcomes. On the
whole, CATs criteria A (severe respiratory distress) and C (oxygen saturation

levels <92%) had the highest AUROC values in adults and children for
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predicting the need for hospital admission, supplemental oxygen and
intravenous therapy (antibiotics and fluids); while criterion C (oxygen
saturation levels of <92%) and the subjective criterion G (causing other clinical

concern) had the highest accuracy for predicting in-hospital mortality.

Objective 2: assessing the predictive performance of CATs as a
combined un-weighted or weighted scoring index for severity

assessment of ALRTI in adults and children

This thesis assessed the performance of the CATs criteria as combined un-
weighted and weighted scoring systems on the premise that scoring systems
or indexes which are able to assign patients into specific treatment or risk
groups will aid better decision making in practice than single standalone
parameters. The performance of the newly created CATs scoring systems
reaffirmed this theory, as in comparison to the standalone criteria these scoring
systems were shown to have better predictive accuracy in terms of AUROC
values for identifying high risk adults and children who would benefit from
hospital based care. Of the two scoring systems, the weighted CATs score had
a higher range of AUROC values; however, this may not necessarily translate
into better performance when used in practice as the differences in AUROC
values between the un-weighted and weighted scores were clearly marginal. It
was also difficult to identify a suitable weighted score threshold for predicting
any of the outcomes, as the use of statistically derived weights did not allow
for a sensible consensus on appropriate scoring scales. On the other hand, an
un-weighted CATs score of >3 was identified as a suitable threshold for making

management decisions regarding the need for hospital care and interventions
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in both adults and children. It is worth mentioning that one thing which was
common to both CATs scoring systems, was that the calibration of their
predictions as assessed by the Hosmer-Lemeshow goodness-of-fit test were
better in adults than in children, although this was likely as a result of the effect

of sample size on the performance of this goodness-of-fit test.

Objective 3: assessing the predictive performance of the combined un-
weighted CATs score in comparison to the CRB65 score in adults with

ALRTI

As part of the external validation, this thesis also comparatively validated the
performances of CATs and CRB65: the simplified variant of CURB65 which is a
well-established and widely used pneumonia severity scoring system. These
comparative analyses were performed using data from adult participants, as
one of the variables included in the CRB65 score - ‘blood pressure’ is not
routinely recorded in children presenting to Nigerian hospitals without suspicion
of a cardiac illness.

The unweighted CATs was seen to consistently predict the need for hospital
based care and risk of in-hospital mortality with higher accuracy and calibration
than the CRB65 in adults with ALRTI. A further comparison of these scores in
a sensitivity analysis involving adults with a clinical diagnosis of pneumonia
revealed that although the un-weighted CATs score was better at identifying
the need for hospital based care and life saving interventions such as
intravenous antibiotic and supplemental oxygen therapy, the difference in

AUROC values between CATs and CRB65 was marginal and statistically
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insignificant for predicting the risk of in-hospital mortality and on the whole the

CRB65 score was better calibrated for this purpose.

Objective 4: assessing the value of the subjective criterion G (causing
clinical concern) in the performance of CATs when used as a combined

un-weighted score

The fourth study in this thesis explored the value of subjective judgement in
clinical prediction by comparing the performance of a six-criteria un-weighted
CATs score (without the subjective criterion G) against a seven criteria un-
weighted CATSs score inclusive of criterion G. This comparison revealed that the
seven-point un-weighted CATs scoring system was superior to the six-point
score in terms of identifying the risk of in-hospital mortality in both adults and
children. In addition to improving mortality prediction, the inclusion of the
subjective criterion G was also seen to significantly improve the performance
of the seven-point un-weighted CATs at predicting the need for hospital
admission and intravenous antibiotics in adults, and intravenous fluids in
children. Although the reported differences in AUROC values of the two versions
of the un-weighted CATs score were marginal, these findings provide additional
evidence to support the usefulness of intuitive clinical judgement in practice.

Most of the reasons for meeting criterion G were based on abnormal findings
recorded by the doctors during the clinical assessment of patients on initial
presentation to the study hospitals and no differences were reported in the
validity of such intuitions with regards to the level of seniority or experience of

the doctors.
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Objective 5: qualitative exploration of critical care practice and

utilization in Nigerian health facilities

The qualitative aspect of this thesis was aimed at providing contextual insights
into critical care practices in the participating hospitals, which was premised on
the fact that the use of a clinical prediction tool to inform decisions regarding
ICU admissions of critically ill patients will most likely be influenced by the
heterogeneity of critical care practice across settings.

Three key themes were identified from the thematic analysis of the responses
of the fourteen doctors and nurses who were interviewed at the four study
hospitals.

The first theme which focused on the definition and structure of critical care
revealed that the participants’ definitions were mostly comparable and
consistent with definitions used in other published writings from developed
countries; which meant that, broadly speaking there was a common
understanding of critical care and the need for critical care across these
settings. Irrespective of this, the structure of critical care in the Nigerian
hospitals was quite distinguishable from the structure in more developed high
income countries. The hospitals in this thesis lacked clearly defined levels of
care for managing critically ill patients as only tertiary care hospitals provided
specialised critical care services and there were no designated Step Down or
High Dependency units which in turn resulted in an overburdened ICU with
potential negative impacts on patient care. The second theme identified cost of
critical care services and ICU-bed space availability as the major factors
determining admission and discharge; healthcare in Nigeria is financed by out

of pocket payments and as a result most patients are unable to afford the high
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cost of ICU care, also the limited number of ICU beds and lack of High
Dependency Units results in very strict and sometimes inappropriate rationing
of critical care in these hospitals.

The third and final theme which described ICU organisation and patient profile
revealed that the ICUs in Nigerian hospitals were run by anaesthesiologists and
operated as open or mixed units catering to both medical and surgical cases.
This is unlike ICUs in developed countries where the intensive care units are
more decentralised, and operate as specialised units managed by intensivists.
Furthermore, ICUs in Nigerian hospitals tend to admit more surgical,
particularly neurosurgical and trauma cases. Although several explanations
have been offered for why surgical cases were given more priority over medical
cases in these hospitals (see discussion in chapter 8), one key reason was the
lack of designated High dependency or Step Down units as most of these
surgical cases were post-surgery patients who required monitoring in a more

specialised unit than a hospital ward.
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9.2 Discussion of the thesis findings

Based on the findings from this thesis it can be said that the CATs has shown
geographical generalisability, seeing as it performed reasonably well and
replicated most of the findings reported in the other CATs studies conducted in
the UK despite case-mix and geographical differences. These findings are
particularly relevant in low and middle income countries, as majority of the
existing clinical prediction tools for ALRTI are developed in high income
countries and are rarely validated for use in resource poor geographical settings
where the reported burden of such diseases is greater. The evidence provided
in this thesis will potentially improve the management of acute lower
respiratory tract infections in low and middle income countries; as clinicians
working in such settings will be more confident in using a prediction tool which
has been validated in the context of medical practice in a developing country.
A further advantage which makes the CATs even more applicable for use in
resource-constrained settings, is the simplicity of its criteria which does not
require extensive laboratory investigations and can be used by clinical staff at
different levels of expertise. CATs only requires the use of a finger-tip pulse
oximeter which is a low-cost, non-invasive point-of-care equipment used in
recording oxygen saturation levels, and based on the reported performance of
the CATs criterion C (low oxygen saturation levels <92%) in this thesis, it can
be said that the CATs provides a rapid and relatively simple means of
identifying illness severity in patients of all ages in resource-poor, ‘under-
pressure’ and ‘high through-put’ LMIC settings.

At present, more than 100 developing countries have adopted the use of the

WHO Integrated Management of Childhood Illnesses (IMCI) strategy in the care
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of sick children under the age of five presenting to first-level outpatient
healthcare facilities(250). The IMCI guideline covers the most common
conditions responsible for morbidity and mortality in this age group such as
ALRTI, malaria, measles, diarrhoea and malnutrition. This strategy was
recommended to improve the accurate assessment, identification, and
treatment of sick children, as well as ensure the prompt referral of the severely
ill for further care in hospital. However, this strategy does not cover all
childhood conditions, and local adaptations of the IMCI have been proposed to
include the major causes of childhood morbidity and mortality specific to each
country. As the CATs criteria are not specific to ALRTI alone, but are able to
identify the most likely presentations of severe illness and deterioration in
children (irrespective of the condition), the genericness of the CATs provides a
unique solution for the local adaptations of the IMCI guidelines. Also, CATs only
requires the use of few clinical signs which will not require the need for
extensive training of health workers without a formal clinical background. If
adapted into the WHO IMCI, CATs could ensure consistency in prioritising the
most critically ill patients for ED referral, and also standardise the recognition
of severe illnesses across countries which will make comparison and multi-
country evaluations of the effectiveness of care possible. While the IMCI applies
to outpatient management of childhood illnesses, the WHO Emergency Triage
Assessment and Treatment (ETAT) guidelines were developed for use in
developing countries to ensure the timely triage of critically ill children and the
initiation of urgent assessment and emergency interventions in order to reduce
mortality in children presenting to ED(251). Like the IMCI, the ETAT guidelines
also focus on the emergency management of children with severe

ALRTI/pnemonia, malaria, diarrhoea, malnutrition and dehydration. ETAT
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prioritises patients into three groups: children having emergency signs and in
need of urgent immediate treatment; those having priority signs and need full
assessment and treatment; and thirdly non-urgent patients who are able to
wait for treatment and assessment. Using simple clinical signs, both ETAT and
CATs are both able to provide guidance on the need for administering
intravenous fluids and airway management with supplemental oxygen to
severely ill children, however the CATs also has the potential for use as a
mortality predictor, while the WHO ETAT does not. In times of extreme surge,
triage decisions will prioritise patients who are more likely to survive from
treatment; while the use of ETAT may be limited in such scenarios, the CATs
and its threshold scores will allow for such prioritisation of care.

An important finding from this study which corroborates the reports of the
previous CATs validation studies is that the CATs criteria perform better at
discriminating between patients who will or will not benefit from hospital based
care when combined into weighted and un-weighted scoring indices than when
used as individual standalone triggers. Using the CATs as a combined scoring
system will provide a means of defining suitable score thresholds or cut-off
points which would reflect the severity of a patient’s condition and thus guide
clinicians in making more objective therapeutic decisions. Despite the weighted
combined CATs score being superior to its un-weighted counterpart in terms of
a higher range of AUROC values, the statistical differences between the two
scoring systems were marginal (see results section in chapter 5). It is also
quite likely that the complexities of calculating the weighted scores would limit
its clinical utility in practice, as clinicians are more likely to favour a simpler
and more user-friendly tool over one which requires complicated mathematical

imputations. The un-weighted CATs score also had better specificity and
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positive predictive values which makes it a more useful tool for triaging, as it
will limit excessive and liberal hospital admission of patients who would
otherwise cope well outside a hospital without compromising the overall safety
of patients as its good positive predictive values will ensure that the actual
patients who would benefit more from admissions are correctly identified. This
is not to say that the there is no role for the use of weighted CAT scores; these
findings only indicate that the weighted index may require refinement possibly
through expert clinical consensus scoring using the Delphi technique or by
creating a nomogram to help clinicians calculate scores in practice.

Calibration which is an equally important aspect of describing the validity of
severity scoring systems appeared to better when the combined CATs scores
were used in adults than in children; particularly for predicting outcomes ‘need
for supplemental oxygen, intravenous antibiotics and fluids’. This does not
necessarily mean that the predictions of the combined CATs scores in children
are not accurate, giving that a major drawback of the Hosmer-Lemeshow
goodness-of-fit test which was used to assess calibration in this study is its
reliance on sample size. (141). Significant p-values suggesting miscalibration
are more likely to be discovered in larger samples and as this study’s data was
heavily populated by children, this possibly explains why the calibration of the
combined CATs score was poorer in this patient group. It has been suggested
by Vergouwee et al. and Peek et al. (252, 253) that the use of Hosmer-
Lemeshow test should be avoided in external validation studies, instead they
have recommended that other methods such as calibration slopes and intercept
proposed in a paper by Cox (254), might be more useful in this regard.

Giving the correlation between influenza and pneumonia such that more cases

of pneumonia are reported during influenza seasons or pandemics, a sensitivity
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analysis was conducted to compare the CATs with a well validated and
established pneumonia mortality prediction tool in adult patients with a
diagnosis of pneumonia. Although the discriminatory ability of the CATs was
comparable with that of the CRB65, the CRB65 score appeared to be a better
calibrated tool for predicting in-patient mortality in adults with pneumonia;
which is not surprising as this was the purpose for which it was developed.
However as pneumonia was the most prevalent diagnosis and major cause of
the mortality amongst adults in the study population, it will be worth
conducting a head to head randomised trial comparing the CATs and CRB65
scores in a less homogenous sample of adult patients as this may eliminate
any bias which a high number of pneumonia cases might have introduced.

It is also worth mentioning that this thesis adopted a pragmatic approach
aimed at reflecting existing conditions in Nigerian hospitals and as such
pneumonia diagnosis was not based on radiological evidence. Although the
concept of radiologically confirming a diagnosis of pneumonia is not foreign to
low income settings, it has been reported that pneumonia in Nigeria is usually
diagnosed based on clinical grounds particularly as a result of infrastructural
and economic constraints. With chest radiographs being the accepted gold
standard for confirming a diagnosis of pneumonia, it is possible that the
findings from this thesis may not be comparable with other studies where chest
X-rays have been used to confirm the presence of pneumonia. On the other
hand, it is unlikely that all clinical decisions made during a pandemic event will
be supported by extensive clinical investigations as demand may outstrip
clinical capacity both in terms of staff and resources. Chest x-rays may not be
readily available to confirm a diagnosis of pneumonia and clinicians will thus

have to rely on clinical signs and examinations alone. By assessing the CATs in

218



a low-resource setting, this thesis therefore provides evidence to support the
suitability of the CATs for use in a somewhat similar under-pressure scenario
such as a pandemic event.

As mentioned earlier, time and resource constraints may limit the extent to
which patients will be investigated in the event of a pandemic or a similar high-
pressure scenario, as such it is likely that there will be more scenarios where
clinicians may have to rely on gut feelings or intuition to make decisions
regarding admission. The findings from this thesis complement reports from
other studies which are in support of the use of intuitive decision making among
clinicians, which will be quite useful in difficult scenarios where a clinician may
have strong suspicions regarding the condition of a patient in spite of seemingly
normal physiological parameters. As earlier mentioned, these reported
differences between the AUROC values of the un-weighted CATs score with only
objective criteria and the un-weighted CATs score with the subjective criterion
G (causing other clinical concern) were quite marginal, but there is reason to
believe that this might be as a result of instances where clinical intuitions may
have been used tacitly and therefore unrecorded. Although based on the
findings of this thesis it can be hypothesised that intuition is independent of a
clinician’s level of expertise, exploring the relationship between level of
expertise and subjective medical decision making was beyond the scope of this
thesis objectives. Caution should be exercised in applying this finding in
practice as it contradicts the opinions of other authors, and further research
will be required to truly establish this assumption.

One limitation of this thesis was the low numbers of patients identified as
needing critical care admission, which made it impossible to conduct the

required statistical analyses for assessing the performance of the CATs score
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in relation to predicting the need for mechanical ventilation or ICU admission.
Despite findings from the qualitative study not indicating much differences
between Nigerian clinicians and those in more developed settings in terms of
their definition and understanding of the need for critical care, it was evident
from the responses of the participants that surgical patients were prioritised
over medically unwell patients in regard to ICU admissions in the study
hospitals. Given that several other studies conducted in Nigeria have reported
similar patterns in critical care admissions, it may not be appropriate for
validation studies to consider outcomes such as ‘admission to critical care’ or
‘need for mechanical validation’ as suitable outcomes in LMIC without the
independent assessment of these outcomes by researchers using standardised
criteria in order to avoid misclassification.

Regardless of this limitation, it is reasonable to conclude that CATs presents a
simple rule by which clinicians in low-resource clinical settings can identify
children and adults with ALRTI who are more likely to benefit from hospital
based acute care interventions. There is no explicit statement in the literature
on predictive research on how many external validation studies are required
for a tool to be considered acceptable for use in practice, it is only logical to
expect that the more external validation studies conducted in a variety of
clinical settings and populations the higher the possibility of clinicians gaining

confidence in such a tool.

9.2.1 Implications for clinical practice and future research

This section outlines the potential clinical implications of the thesis findings as

well as recommendations which could direct further research on the CATs.
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9.2.1.1 Implications for practice

e CATs is well suited to low-resource settings based on its simplicity and
the use of criteria which do not require extensive diagnostic
investigations.

e The CATs criteria have more clinical validity when used as a combined
scoring system than as stand-alone predictors of severity; however the
reliance on statistically derived weights may limit the use of the weighted
score in practice.

e Although both the Un-weighted CATs and CRB65 scores demonstrated
good predictive performance in adults with pneumonia in Nigeria; the
CATs is better for predicting hospital interventions, while the CRB65 is a
better mortality predictor.

e Gut-feelings and clinical intuition are able to improve clinical decision
making when used alongside objective clinical signs of illness severity.
As such the inclusion of criterion G in the CATs is particularly useful in
the context of resource poor settings, where doctors do not have access
to laboratory or other diagnostic investigation results before making
management decisions.

e ICU admissions in Nigeria decisions are not solely dependent on clinical
signs, as other factors such as bed availability and cost of admission are
also considered. It is therefore recommended that careful consideration
of such factors is required before using the CATs in new settings.

e Unweighted CATs score thresholds could be potentially adapted to suit
the different tiers of the Nigerian health system, as this will ensure a
more efficient use of resources by preventing patients bypassing the

referral system and overburdening the tertiary hospitals.
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e In relation to the above point, the CATs could serve as a link between
the WHO IMCI and ETAT, by ensuring consistency in the identification
and referral of patients by health workers in first-level facilities in

Nigeria.

9.2.1.2 Recommendations for future research

e As this was the first geographical validation of the CATs criteria, it will
be worth conducting further validation studies in a variety of settings to
provide further evidence of its generalisability.

e Further research is needed in terms of a head to head randomised trial
of CATS vs CRB-65 as this may eliminate any bias which may have been
present in this study’s data.

e It will be interesting to know if the level of experience of a doctor affects
the validity of their clinical intuitions; this is quite important as medical
staff illness or absence during a surge may result in less experienced
staff replacing the regular doctors.

e Interms of using the CATs as a weighted scoring index, further research
is needed to explore different approaches to assigning weights to the
CATs criteria in order to ensure an unbiased comparison of the scores.

e Further research involving a comparison of the unweighted CATs score
and WHO ETAT would be useful in validating the CATs for use in Nigeria

e Further validation studies using multiple external data to test the
potential for using different thresholds of the unweighted CATs score in
outpatient and hospital settings is required before piloting the CATs in

practice.
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APPENDIX I: TRIPOD checklist -methods section

Section/ Study Checklist Item
type
Topic
Source of D;V Describe the study design or source of data (e.g., randomized trial, cohort, or registry data),
data separately for the development and validation data sets, if applicable.
D;V Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-
up.
Participants D;V Specify key elements of the study setting (e.g., primary care, secondary care, general population)
including number and location of centres.
D;V Describe eligibility criteria for participants.
D;V Give details of treatments received, if relevant.
Outcome D;V Clearly define the outcome that is predicted by the prediction model, including how and when
assessed.
D;V Report any actions to blind assessment of the outcome to be predicted.
Predictors D;V Clearly define all predictors used in developing or validating the multivariable prediction model,
including how and when they were measured.
D;V Report any actions to blind assessment of predictors for the outcome and other predictors.
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Sample size D;V Explain how the study size was arrived at.

Missing data D;V Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple
imputation) with details of any imputation method.

Statistical D Describe how predictors were handled in the analyses.
analysis
methods D Specify type of model, all model-building procedures (including any predictor selection), and method

for internal validation.

Y For validation, describe how the predictions were calculated.

D;V Specify all measures used to assess model performance and, if relevant, to compare multiple models.

Y Describe any model updating (e.g., recalibration) arising from the validation, if done.
Risk groups D;V Provide details on how risk groups were created, if done.
Development Y For validation, identify any differences from the development data in setting, eligibility criteria,
vs. validation outcome, and predictors.

*Items relevant only to the development of a prediction model are denoted by D;
*Items relating solely to the validation of a prediction model are denoted by V;

*Items relating to both are denoted D; V.
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APPENDIX II: Data collection Forms

Hospital :

Hospital number:

Data Collection Form for Patients under 16 years

PART 1: INITIAL ASSESSMENT IN EMERGENCY DEPARTMENT

1. PATIENT DEMOGRAPHICS

Patient details (complete all fields)

Forename : Surname :

poB: O/00,/,000 0 orage (years): or age if < 12months:
Gender: M [ F [

Ethnicity:  Yoruba[d Igbo[] Hausa [0 Other[]

Was patient referred: Y [ N [

Route of referral : Private clinic: [ Primary Health Centre: [ General Hospital: [
Date of presentation to referral hospital: [ [/ 0 O/ 0 O O O

Date of first presentation to this hospital : [ L1/ 0 O/ 0 O O O
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2. PRESENTING SYMPTOMS

2.1 Inclusion Criteria (tick all boxes that apply)

[0 | Cough Date of onset: [1 [/ 1 O/ 0 O O [
or Duration (in days):

[0 | Difficulty in breathing Date of onset: [1 [/ 1 O/ 0 O O O
Or Duration (in days):

[0 | Difficulty in feeding/drinking | pate ofonset: 1 0/ O O,/ 0 O O O
Or Duration (in days):

[0 | Fastbreathing Date ofonset: L1 L1/ 00 O/ 0 O O [
Or Duration (in days):

[0 | Lower chestin-drawing Date of onset: [1 [/ 0 O/ 0 O O [
Or Duration (in days):

2.2 other symptoms (tick all boxes that apply)

Fever Diarrhoea Nasal flaring
Vomiting Seizures Persistent crying
3. EXAMINTION

Respiratory rate (breaths per minute)

Oxygen saturation on pulse oximetry

Blood Pressure (mmHg)
Systolic

Diastolic

Heart rate (beats per minute)

Temperature (°C)
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4. TRIAGE CRITERIA

CATs Criteria for patients under 16 years (tick all boxes that apply)

Criteria met

Presenting symptoms

A

Severe respiratory distress

Lower chest wall indrawing, sternal recession, grunting or noisy breathing
when calm

Increased respiratory rate

Measured over at least 30 seconds, >50 breaths per minute if under 1 year
or >40 breaths per minute if over lyear

Oxygen saturation <92% on pulse oximetry breathing air or on oxygen

Absence of cyanosis is a poor discriminator for severe illness

Respiratory exhaustion or apnoeic episode

Apnoea defined as a >20 second pause in breathing

Evidence of severe clinical dehydration or clinical shock

Sternal capillary refill time > 2seconds, reduced skin turgor, sunken eyes or
fontanelle

Altered conscious level

Strikingly agitated or irritable, seizures or floppy infant

Causing clinical concern to the clinical team or specialist doctor

e.g. rapidly progressive or unusually prolonged illness

[J None identified
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5. PROVISIONAL DIAGNOSIS

Pneumonia

Acute bronchitis

Bronchiolitis

6. ADMITTED TO HOSPITAL OR DISCHARGED FROM EMERGENCY
DEPARTMENT

Admitted Y O N O pate( 1 O/ 00 0,0 0O 0O )

Admit for observation in ED

Admit to ward

Admit to ICU

Discharge from ED

Reason for discharge: Not severe enough to admit toward/ICU Y [ N O

Financial reasons Y [ N [

7. INTERVENTIONS AT TIME OF DECISION

Intravenous fluids Intravenous antibiotics
Supplemental oxygen Mechanical ventilation
Antipyretics Others (please state):
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Hospital :

Hospital number:

PART 2: WARD/ ICU ASSESSMENT AND OBSERVATIONS

8. PAST MEDICAL HISTORY

8.1 Comorbidities (tick all that apply)

Asthma Endocrine disease
Sickle cell anaemia Malnutrition
Malaria HIV +VE
Neurological disease Tuberculosis
Malignancy: haematological Oral steroids or immune suppressing
medication/treatment
Solid tumour
Renal disease Congenital heart disease

8.2 Risk factors

Does any member of family smoke: yOd ~n0O

9. PRE-ADMISION MEDICATIONS

Self-medication for this illness prior to presentation : yd ~Nn0O

Prescribed medication for this illness from referral hospital: Y [ N [

Name of medication Dose Date started Days completed
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10. BIRTH HISTORY & IMMUNISATION HISTORY (CHILDREN < 5YEARS)

10.1 Mode of delivery

Spontaneous vaginal delivery [] Assisted vaginal delivery [] Caesarean section []

Gestational age at birth :

Birth weight :

Neonatal problems : y [ ~Nn0O

Details if yes:

10.2 Immunisation

At Birth BcG [ opv O HBV1[O

6 weeks prp1 O opvi O HBV20O Hib1O
10 weeks ppT2 [0 opv2 OO Hib2 [

14 weeks ppT3 [0 opv3 O HBV3 O Hib3 [
9 months Measles + Yellow fever + Vitamin A []

11. OBSERVATIONS

Day 1= (first day on admissiononwards) O/ 0O 0,0 O O O

**indicate oxygen administration witha v/
**indicate oxygen free day on the ward with an X
**indicate discharge with D

**indicate death with O
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2 6 10 14 18 22 26
3 7 11 15 19 23 27
4 8 12 16 20 24 28
Day 1= (first day on admissioninIcU) [ O/ OO/ 0 O O O

**indicate mechanical ventilation with a v/

**indicate ventilation free day with an X

**indicate discharge D

**indicate death with O

1 5 9 13 17 21 25
2 6 10 14 18 22 26
3 7 11 15 19 23 27
4 8 12 16 20 24 28

12. OUTCOMES

12.1 Length of stay

Length of stay on Oxygen

Length of stay on mechanical ventilator

Length of stay on the wards

Length of stay in ICU
Moved from ICU to ward Yyl NO
Moved from ward to ICU vy NnO
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12.2 Discharge from ward or Death

Discharge date: O0O00,0000
Was patient ready for Ready Y O N [
discharge

On this date?

Not ready - but discharged self, due to financial

(tick as appropriate) reasons Y [ N [

Other reasons:

Death Ward [ Emergency department [1 IcU [

Cause of death:
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Hospital :

Hospital number:

Data Collection Form for Patients 16 years and older

PART 1: INITIAL ASSESSMENT IN EMERGENCY DEPARTMENT

1. PATIENT DEMOGRAPHICS

Patient details (complete all fields)

Forename : Surname :
D.0.B.: [] |:|/ ] |:|/ O0O0O or age (years): Gender: M O F O
Occupation:

Ethnicity:  Yoruba[d Igbo[] Hausa [0 Other[]

Was patient referred: Y [ N [

Route of referral : Private clinic: [ Primary Health Centre: [ General Hospital: [
Date of presentation to referral hospital: [ 1/ O/ 0O O O O

Date of first presentation to this hospital : [ L1/ 0 O/ 0 O O O

2. PRESENTING SYMPTOMS

2.1 Inclusion criteria (tick all boxes that apply)

O] Cough Date of onset: L1 L/ 00 O/ 0 O O O

or Duration (in days):

Productive of sputum: Y .1 N [

[0 | Difficulty in breathing Date of onset: L1 L/ 00 O/ 0 O O O

Or Duration (in days):
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[] | Fastbreathing

Date of onset: L1 L/ 00 O/ 0 O O O

Or Duration (in days):

[] | ChestPain

Date ofonset: L1 L/ 00 O/ 0 O O O

Or Duration (in days):

2.2 other symptoms (tick all boxes that apply)

Fever

Headache

Myalgia

Sore throat

Nausea & vomiting General unwellness

3. EXAMINTION

Respiratory rate (breaths per minute)

Oxygen saturation on pulse oximetry

Systolic

Diastolic

Blood Pressure (mmHg)

Heart rate (beats per minute)

Temperature (°C)
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4. TRIAGE CRITERIA

4.2 CATs Criteria for patients 16 years and over (tick all boxes that apply)

Criteria met

Presenting symptoms

A

Severe respiratory distress

Severe breathlessness: e.g. unable to complete sentences in one breath, use
of accessory muscles, supraclavicular recession, tracheal tug or feeling
suffocation.

Increased respiratory rate

Measured over at least 30 seconds. Over 30 breaths per minute.

Oxygen saturation <92% on pulse oximetry breathing air or on oxygen

Absence of cyanosis is a poor discriminator for severe illness

Respiratory exhaustion or apnoeic episode

New abnormal breathing pattern e.g. alternating fast and slow rate or long
pauses between regular breaths

Evidence of severe clinical dehydration or clinical shock

Systolic blood pressure <90mmHg and/or diastolic blood pressure
<60mmHg. Sternal capillary refill time > 2seconds, reduced skin turgor

Altered conscious level

New confusion, strikingly agitated or seizures

Causing clinical concern to the clinical team or specialist doctor

e.g. rapidly progressive or unusually prolonged illness

[J None identified
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5. PROVISIONAL DIAGNOSIS

Pneumonia

Acute Bronchitis

Exacerbation of COPD

6. ADMITTED OR DISCHARGED FROM EMERGENCY DEPARTMENT

Admitted Y O N O

pate(d O/0 0O,/0 O 0O O)

Admit for observation in ED

Admit to ward

Admit to ICU

Discharge from ED

Reason for discharge

Not severe enough to admit toward/ICU Y [ N O

Financial reasons yd NO

7. INTERVENTIONS AT TIME OF DECISION

Intravenous fluids

Intravenous antibiotics

Supplemental oxygen

Mechanical ventilation

Antipyretics

Others (please state):
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Hospital :

Hospital number:

PART 2: WARD/ ICU ASSESSMENT AND OBSERVATIONS

8. PAST MEDICAL HISTORY

8.1 Comorbidities Tick all that apply

Asthma Other chronic lung disease
Sickle cell anaemia COPD

Malaria HIV positive
Cardiovascular disease Tuberculosis

Pregnant

y O N[O

Number of weeks?

Oral steroids or immune suppressing
medication/treatment

Diabetes

Malignancy : haematological

Solid tumour

8.2 Risk factors

Does any house hold member smoke:

yOd N[O

Smoking

Daily

Occasional

Ex -smoker Never

Alcohol

Quantity :

Frequency :

9. PRE-ADMISSION MEDICATIONS

Self-medication for this illness prior to presentation : y O ~n0O

Prescribed medication for this illness from referral hospital: Y [ N [
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Name of medication

Dose

Date started

Days completed

10. OBSERVATIONS

Day 1= (first day on admission on wards)

OO/O000000

**indicate oxygen administration witha v’

**indicate oxygen free day on the ward with an X

**indicate discharge with D

**Indicate death with O

1 5 9 13 17 21 25
2 6 10 14 18 22 26
3 7 11 15 19 23 27
4 8 12 16 20 24 28
Day 1= (first day on admissioninIcU) OO/ 0O00,/000 0

**indicate mechanical ventilation with a v/

**indicate ventilation free day with an X

**indicate discharge with D

**indicate death with O

1 5 9 13 17 21 25
2 6 10 14 18 22 26
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19 23 27

20 24 28

11. OUTCOMES

11.1 Length of stay

Length of stay on Oxygen

Length of stay on mechanical ventilator

Length of stay on the ward

Length of stay in ICU

Moved from ICU to ward

OdO00,,0000

Moved from ward to ICU

Od/ab/Ooooan

11.2 Discharge from ward or Death

Discharge date :

O0O/00/0808$00

Was patient ready for discharge Ready Y O N [

On this date?

(tick as appropriate)

Not ready - but discharged self, due to financial
reasons Y [ N [

Other reasons:

Death Ward [ Emergency department [J IcU [

Cause of death:
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APPENDIX III: Qualitative interview questionnaire

1. How is ‘critical care’ defined?

2. Are there different levels of critical care? Is this the same for adults and
children?

3. What treatment or care is provided in critical care facilities (that is different
from treatment/care provided on regular wards)? Is this the same for adults
and children?

4. What factors influence admission to critical care in general (irrespective of a
given presenting diagnosis)?

5. What factors influence admission to critical care specifically in patients
presenting with acute respiratory tract illness? Are any predefined criteria
used? If yes, what are these? Is this the same for adults and children?

6. What factors influence discharge from critical care facilities?

7. How is the condition of patients monitored in critical care (for e.g. SOFA
scores /APACHE scores or similar)?

8. What is done if a patient is assessed as needing critical care but cannot be
admitted due to shortage of beds?

9. Is there an explicit or implicit ‘'maximum acceptable length of stay’ in critical
care facilities (for e.g. if a patient has been admitted to critical care for a month

but no improvement is seen)? Is this the same for adults and children?
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APPENDIX IV: Distribution of un-weighted CATs scores by

patient age group

Distribution of un-weighted combined CATs scores for adults
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APPENDIX V: Distribution of weighted CATs combined

scores in children

1. In-hospital mortality [Median (IQR) = 15
(5-29)]
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4. 1V antibiotic [Median (IQR) = 18 (12-
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APPENDIX VI: Distribution of weighted CATs combined
scores in adults

1. In-hospital mortality [Median (IQR) = 33 3. Admission [Median (IQR)] =23 (10-44)
(15-75)]
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APPENDIX VII: Lowess plots showing linearity of logit

assumption for un-weighted CATs scores in adults
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APPENDIX VIII: Lowess plots showing linearity of logit

assumption for un-weighted CATs scores in children
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APPENDIX IX: Lowess plots assessing the linearity of logit

assumption for CRB-65 scores in adults with ALRTI
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APPENDIX X: Comparison of ROC curves for CRB65 score

thresholds in adults with ALRTI

0.25 0.50 0.75

0.00

0.25 0.50 0.75 1.00

0.00

0.25 0.50 0.75 1.00

0.00

In-hospital mortality

T T
0.00 0.25 0.50

T
0.75

1.0
1-Specificity
—=e— CRB65 1/2 : 0.5333 —— CRB65 3/4: 0.6103
Reference
Admission
) T T T T 1
0.00 0.25 0.50 0.75 1.0

1-Specificity

—=e—— CRB65=0: 0.7153 —*— CRB65=1/2: 0.6778

—=— CRB65=3/4: 0.5375 Reference
IV fluid
0.00 0.25 0.50 0.75 1.00
1-Specificity

—=— CRB65=0: 0.6461 —*—
—=— CRB65=3/4: 0.5483

CRB65=1/2: 0.5978
Reference

0.25 0.50 0.75 1.00

0.00

o
<
—

wn
~N
o

0.25 0.50

0.00

IV antibiotics

T T T T T
0.00 0.25 0.50 0.75 1.00

1-Specificity

—— CRB65=0: 0.7093 —*— CRB65=1/2: 0.6673

—=e— CRB65=3/4: 0.542 Reference
Supplemental oxygen
0.00 0.25 0.50 0.75 1.00
1-Specificity

—=e— CRB65=0: 0.6523 —e— CRB65=1/2: 0.5761
—— CRB65=3/4: 0.5762

Reference

CRB65=0
CRB65=1/2

CRB65=3/4

Blue line
Red line

Light green line

261



APPENDIX XI: Data extracts from interview transcripts

Themes

Definition
and
structure of
critical care

Sub-themes

Care involving
organ support

Care involving
close monitoring

Data extracts

“CC is an increased level of care provided
by doctors, nurses, health workers to
patients who need some form of organ
support” (SSR-LUTH)

“critical care, is the care given to
patients who require higher organ
support, such as cardiac and respiratory ,
renal support, more than two organ
support” (AJR-LASUTH)

“it is basically taking care of critically ill
patients who need multi organ support”
(ASR-LASUTH)

“is the care given to a patient who is
critically ill and needs organ support”
(SNO-LUTH)

“means intensive care provided in
specialized units for patients that are
critically ill or have one or more organ
system failure, and is essentially the
same for adults and children” (SJR-LUTH)

“CC means the care of patients requiring
organ support in the ICU” (SSR-LASUTH)
“it equally means intensive care, where
patients are being cared for or given a
high level of care in terms of patient care
giver proportion whereby ,there is a
nurse to one patient, the monitors ..the
level of monitoring is more than what is
found in an ordinary ward” (AJR-LUTH)

“we try to sort out patients that are
critically ill , which means
haemodynamically unstable patients or
with severe organ dysfunction and would
benefit from closer monitoring than other
patients, based on that recommendation
we can get them into critical care” (MJR-
LASUTH)
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Critical care | Critical care
delivery : delivery in tertiary
structure care hospitals
and services

(Levels,

capacity,

cost)

“what i think it is, is the care of the sick
patient that are not able to express
needs or that require close monitoring
basically” (SR-RGH)

“Well on the general ward the support or
care usually is about 2 nurses to 24
patients while the HDU and ICU operate
on a 1:1 (a nurse for a patient)” (SSR-
LUTH).

“in the theatre we have a recovery room
which performs the functions of an

HDU and we have a 4 bedded ICU"”
(SSR-LASUTH)

", no but we try: What we have is an
ICU, we don't have an HDU, but, we are
building a new ICU :and the old ICU
which has four beds will be used as the
HDU” (AJR-LASUTH)

“In LASUTH we do not have different
levels of CC; we have just the intensive
care unit. we have a 4 bedded ICU, but
even though it is 4 bedded we

have rapid turnovers (ASR-LASUTH)

“Yes there are different levels, even in
the main emergency room we have some
patients we keep in the resuscitation
room where they have dedicated oxygen
administration with hourly monitoring of
their vitals. They also have access to
suctioning and are typically kept closer
than other patients to the nurses’ station.
Then there is the ICU unit where patients
require MV and will have a dedicated
anaesthetist on call and also specially
trained ICU nurses in addition to the
primary team handling that patient.”
(MJR-LASUTH)

“We do have an ICU there are six beds
and LUTh is a 700 bed hospital and we
have a two bed HDU; well on the general
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ward the support or care usually are
about 2 nurses to 24 patients while the
HDU and ICU operate on a 1:1 (a nurse
for a patient). also in the ICU you have
anaesthetist but not in the HDU , where
the anaesthetists are invited if needed”
(SSR-LUTH)

“we have the ICU which is "shared by all
departments in the hospital, however the
surgical specialties have access to a
portion of the recovery room which
functions as a HDU, it is just beside the
ICU but not within the ICU and
sometimes patients who are critically ill
but have not met the criteria for being in
the ICU might stay there and may benefit
from some level of intensive care from
anaesthetists, and nurses. Sometimes
they might have access to ventilators. if
they recover they might be taken to the
open ward but if they deteriorate then
they are taken into the ICU” (SJR-LUTH)

“We are trying to create some kind of
HDU right beside the recovery room,
where if the patient is doing well we
transfer to the ICU. In the HDU here we
keep post-op patients or patients who
need close monitoring. If the patient is
not doing well then we move the patient
to the ICU. when patients recover we
take them to the wards” (SNO-LUTH)

“in LUTH presently we have HDU, that is
the high dependency unit, so that one
the level is a little bit lower than that of
the ICU; well in the ICU , we have five
beds, but it is not limited to adults alone,
beds are allocated as the patients come,
so it's first come first serve” (ASR-LUTH)
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Critical care
delivery in
Secondary care
hospitals

“the levels are the ICU, the HDU or the
recovery room, and the operating
room/theatre” (AJR-LUTH)

“the practice in LUTH has been modified
in such a way that will be appropriate for
the level of skill and resources available
to us and in terms of the different levels
you would expect internationally , we
clearly do not fall within that ambience
yet but we have been able to modify as
much as possible the practice of CC to
suit our local limitations in terms of
manpower skills and available resources
o there is an ICU and a recovery room /
post resuscitation room which serves as
HDU ™ (CO-LUTH)

“unfortunately we do not have an ICU in
this hospital so the best thing we can do
here is that we stabilise any critically ill
child and refer to a tertiary institution for
further management” (SMO-MASSEY)

“Presently there is no formal ICU care
here, although we do get critically ill
patients that are meant for ICU care” I
am aware of the different levels of critical
care, I believe we offer critical care at the
first level here. if we have a patient who
needs a chest tube we refer but if it is
respiratory failure secondary to an
infection or metabolic changes we can
manage such a patient here” (MO-RGH)

“no we don't have an ICU, .we refer such
patients to LUTH, LASUTH and general
hospital Lagos” (SR-RGH)

“we have an oxygen concentrator and
tanks, suction but when you talk about
ICU care you are referring to nurse
patient ratio and doctor patient ratio
which we can’t provide” (SR-RGH).
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Factors
affecting
admission
to critical
care

Decision making

Use of triage
criteria

“The head of the team on call headed by
the consultant followed by the senior
registrar, take the decision on who is to
be admitted”.(AJR-LUTH)

“a lot is based on clinical judgement,
because in LUTh admission into the ICU
is ultimately a decision made by the head
of the managing unit and the
anaesthesiologist” (SJR-LUTH)

“The decision is made by the consultant
anaesthetist” (SNO-LUTH)

“it's a joint decision between the
consultant anaesthetist and the
consultant of the managing team” (SSR-
LUTH)

“Both the managing team and the
anaesthetist. so the managing team
decides who needs critical care based on
assessment and the anaesthetist

also review prior to accepting the
patients” (MJR-LASUTH)

“the ICU has a protocol for admitting
patients, the person requesting ICU
admission will get in touch with the
anaesthetist who will then review and
ascertain whether or not the patient will
benefit from ICU admission/care” (SSR-
LASUTH)

“We have an initial triage of patients who
come into the ER using the emergency
severity index which is an internationally
accepted triage rule which classifies
patients based on their clinical
presentation into levels 1-5 and this
helps us immediately identify the
patients we need to give priority
attention. in the adult emergency once
we are through the triage stage and
realize the patient falls into the ESR1 and
2 which we consider as a critically ill

266



patient who needs resuscitation” (CO-
LUTH)

“For now at least from my experience as
I just recently joined the unit. There is
really no guideline used, the head of the
team on call headed by the consultant
followed by the senior registrar, take the
decision on who is to be admitted.
However where there are classical cases
that qualify for admission, for example a
young fit adult in a RTA (that is age is
considered), then the GCS, who has
sustained severe traumatic brain injury;
such cases will not require a consultant
to make such a decision. but the
guideline is not defined” (AJR-LUTH)

“, I don't know whether, that rule does
exist for patients , but presently with
experience and time we just happen to
know those that are more urgent or can
improve on icu admission; That
notwithstanding anyone that we intubate
outside the ICU area, depending on the
case most of them have a reduced GCS
some of them may need to be supported
with ventilators, we usually admit such
straight into the ICU” (ASR-LUTH)

“A lot is based on clinical judgement,
because in LUTh admission into the ICU
is ultimately a decision made by the head
of the managing unit and the
anaesthesiologist. But other than the
GCS there isn't really a scoring system
used by the department of anaesthesia”
(SJR-LUTH)

“yes we do, you know we have
intensivists here “"Well Dr Odom, who is
the intensivist in the ICU, he has a
protocol for admission, but it is not like
we have to look at this all the time we
already know the protocol, so once a
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Factors for
admission

patient is not doing well, especially on
SP02, GCS <9, (ASR-LASUTH)

“Basically finance is a huge factor. it cost
about 250 thousand naira to admit a
patient for a week in the ICU and they
pay per day after a week” (SSR-LUTH);

“Prognosis of the diagnosis of the patient
to be admitted, if the benefit to the
patient is not justifiable compared to the
high level of cost then the patient will
rather be managed on the ward”.(SSR-
LUTH)

“there are certain things we consider, we
look at patient's age, the illness if it is
possible the patient will recover, we do a
quick triage” (SNO-LUTH)

“We only have 6 beds here and one is for
isolation. Most times we have the issue of
lack of bed space and we try to use our
HDU from time to time” (SNO-LUTH).

“Well, one thing is that at times we have
more people trying to come into the ICU
than the number of bed spaces available,
so what we usually do is first of all see
cases that are reversible, so not terminal
stage cases. So the younger people that
we know can benefit from the ICU care
are given preference before the patients
with terminal illnesses or with bad
prognosis. Then again if there is going to
be any operation that is going on and we
know that such surgery might need post-
op ICU care we usually reserve a bed for
such cases.” (ASR-LUTH)

“Yes definitely, you find patients
admitted into the ICU where the patient
is not able to afford the fee, also bed
space is a factor, here we have a five bed
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ICU, and if the beds are filled that
becomes an issue as well” (AJR-LUTH)

“well two tings clearly determine this: 1
is the availability of bed space in the ICU
, to the best of my knowledge the last
time i checked , the ICU had about 8/10
bed spaces available, and if this number
is situated against a back drop of a seven
hundred bed hospital and tertiary centre
in a city with such a large population
ranging between 4 to 9 million, this is
grossly inadequate .the second which
sadly is a major determinant is the ability
of the patient to afford the admission
that is the cost implication”(CO-LUTH)

“The ICU has a protocol for admitting
patients, the person requesting ICU
admission will get in touch with the
anaesthetist who will then review and
ascertain whether or not the patient will
benefit from ICU admission/care. often
times the review will be that the patient
will indeed benefit from ICU care but
there maybe or may not be bed space”
(SSR-LASUTH)

“Then sometimes the ICU is full so we
can’t cope or admit new patients. also
sometimes patients cannot even afford
ICU fees” (AJR-LASUTH)

“Okay, well firstly, the commonest factor
is availability of bed space. there are
limited beds in the ICU” so if there is no
space available it becomes difficult to
admit patients, secondly the financial
factor as most of the patients provide
health care cost out of pocket and paying
for ICU admission is more expensive than
being on the wards”.(MJR-LASUTH)

“Yes you see finance and bed space are
indeed major factors in LASUTH, as i said
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Factors
affecting
discharge

Length of stay

we have only just 4 beds. And we may
have 6 people requiring admission into
the ICU at the same time so we need to
triage and find out who will benefit from
ICU and who will not. Not all the patients
who want to come into the ICU will
benefit from the admission so we have to
triage. Also if they do not have enough
money how do you manage them? This is
a general hospital and patients buy all
they need for care, it's out of pocket
payment they pay for everything from
syringes to drugs. So if they cannot
procure all that is required it will be
impossible to manage such patients. So
the monetary aspect is very important it
is @ major factor for admission into ICU
in LASUTH, not even LASUTH alone;
everywhere any ICU” (ASR-LASUTH).

“Like i said no, even right now we have a
patient that has been in the ICU for 127
days so that patient can stay and there is
no maximum length of stay, it comes
down to what the patient or the family
can afford” (AJR-LUTH)

“"We have to ensure the patient is fit to
be discharged before we release them to
the ward; we even had a case of a
patient who was coming in and out of the
ICU for six months. This patient stayed
for 3 months was discharged to the ward,
and in less than 3 days she was brought
back. so you can’t determine the length
of stay.(ASR-LASUTH)

“The patient can stay as long as they can
afford the bills or as long as is needed for
care” (MJR-LASUTH)

“We have patients staying longer than
4/5 months.” (SNO-LUTH)

", i have seen patients stay from as little
as a few days and others up to 120 days.
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Critical care
Patient
profile and
pathway

Factors affecting
discharge

Patient profile

But the decision to move a patient out
rests on the admitting consultant, the
anaesthetists and the patient's family”
(SJR-LUTH)

“there are three possible exits, one is if
the patient improves and gets better
based on established physiological
parameters i.e. Oxygen saturation. the
second determinant is that patient
deteriorates and dies, and the third is if
the relatives are not able to afford the
continued care in the ICU and may need
to be taken off the MV for care
elsewhere” (CO-LUTH)

“obvious clinical improvement, or in the
case where the bed is needed for a more
critical patient, we can step down the
intensity of care of one patient to allow
for another patient” (SJR-LUTH)

“improvement in the condition of the patient,
and if the level of care can be stepped down”
(SSR-LUTH)

“The spectrum includes both medical and
surgical patients... the common
denominator for these patients will be
that their cardiopulmonary function
cannot be sustained unsupported * (CO-
LUTH)

“Well mostly patients with head injury,
post-op patients are common too, well
respiratory tract infection wow as a cause
of ICU admission, well once in a while but
it's not that common. We do have burns
patients, tetanus mainly from paediatric
patients. we rarely see adult tetanus
cases” (AJR-LUTH)

“ well there is no preference for them, we
only admit them when they have gotten
to the stage of respiratory failure” (ASR-
LUTH)
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“We see a variety of cases, and majority
of our patients are neurology cases, who
have haemorrhagic stroke, tumours, we
also see medicine patients who are in
coma, who have renal problems, we see
sepsis, ARDS: most of our pneumonia
cases do not need ICU admissions, most
of them are managed on the wards with
oxygen, but those that develop ARDS or
actually require ventilatory support who
aren't doing well on oxygen via face
mask or nasal cannula, they have to
come to the ICU. an HDU would have
been appropriate but since we don't have
that we use the ICU”(AJR-LASUTH)

“Yes we do get ALRTI patients, but not
often. in a situation where we have a
more critical case such as post op patient
from an open heart surgery, the surgical
patient takes precedence over the ALRTI
“(ASR-LASUTH)

“well do see occasionally , but not too
common we do see cases of diphtheria”
(SNO-LUTH)

“Head injury patients, post-op especially
those who had extensive surgery, and
critically ill pre-op patients who need
stabilization before surgery. but not a lot
of paediatric patients get into the ICU
except burns victims” (SSR-LUTH)

“if the ALRTI patient is deemed to require
ventilatory support, yes; but we don’t not
get them often” (SSR-LUTH)

“All kinds of patients needing organ
support, most of the time we get more
surgical patients than medical patients
especially neuro surgical cardio thoracic
and post-op. occasionally we see general
surgery patients in renal failure.
sometimes we take paediatric patients to
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Route of admission

Use of ICU severity
scores

the ICU especially patients with
tracheoesophageal fistula” (SSR-LASUTH)

“Yes i am aware patients with ALRTI may
be in need of respiratory support, but the
ICU here is pressed for space so i am not
sure that it will admit such patients.
ideally every patient who needs
admission should go to the ICU , however
they will be admitted based on priority
because of space constraints” (SSR-
LASUTH)

“Most are post-op, but we still get people
from outside the hospital for ICU care.
they could be post -op or medically ill
patients” (ASR-LASUTH)

“Patients come in either from the ward,
theatre or the ER, for patients from the
ER these are patients with severe head
injury people who cannot maintain their
airway, people with respiratory failure
and burns or patients who had a stroke
and are unconscious. From the ward,
patients who have deteriorated are taken
into the ICU” (SJR-LUTH)

“Well we just started using the APACHE
score, like i said we have an intensivist
that takes care of all these. Most of the
time we weigh the risk and benefit of the
patient on the ventilator on a daily basis,
if they are improving or deteriorating, in
view of weaning them off the ventilator.
but now we have begun using the
APACHE2"” (ASR-LASUTH)

“i am aware of the APACHE but i am not
sure if it is followed strictly in the ICU”
(MJR-LASUTH)

“We usually look at the indication for
admission, that's the number one thing
then we look at the organs involved,
whether it is the central nervous system
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which is involve then we use the Glasgow
coma scale..” (ASR-LUTH)

“OK. we are familiar with the APACHE
score, so we use that” (AJR-LASUTH)

“Yes i am aware of the APACHE, but i am
not sure as most of my patients don't go
to the ICU simply because there is no
neonatal ICU as i am a paediatric
surgeon . but i believe they do severity
risk assessment in the ICU” (SSR-
LASUTH)

“mainly the GCS is used, for trauma
patients” (SSR-LUTH)

Route of discharge | “most of our patients stay for long
periods, because we do not have the
HDU unit to keep them in when their
condition is less critical , so we make
sure they are fine and fit in the ICU
before we send them to the ward”(ASR-
LASUTH)

“they go straight to the ward most times”
(SSR-LUTH)

“if we had a functioning HDU we might
be able to step down care for patients in
the ICU. But i am afraid most of the
patients here go straight from the ICU to
the regular wards or from wards to the
ICU where there might not be any other
form of monitoring but i am aware that
some wards now have electronic
monitors” (SSR-LASUTH)

Outcome of “well what then happens is that the
patients not continued care of the patient is
admitted undertaken on the ward or the

designated space in the ED as the HDU,
but after a while we need to move these
patients and most end up on the wards

or they continue staying in the ED” (CO-
LUTH)

“well we have a privately run ICU in the
hospital premises , if the patient is able
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to afford the cost of the private ICU ,
then we advise them to use that service”
(ASR-LASUTH)

“Ok we explain the situation and give
them the option of going elsewhere i
mean there are private ICUs but they are
quite expensive and might not have as
much staff as compared to the ICUs in
the government hospitals. we might also
sometimes manage the patient in the ED
and try to care for them as closely as
possible until there is an available bed in
the ICU” (MJR-LASUTH)

“it depends on the kind of patient it is , if
it is a surgical case, requiring post up ICU
care, we actually keep them in the
recovery room, or use our

ventilators “..actually in the theatre,
that's the best we can do when the bed
spaces are full, but they are usually
managed on the wards and as soon as
we get a free bed then we can quickly
bring the patient in.(AJR-LASUTH)

“most times we carry out conservative
management and intubate the patients
wherever they are” (SNO-LUTH)

“there might be a joint review with the
anaesthetist to determine if the patient
currently in the ICU can manage in the
HDU or the open ward so that someone
else might be able to move into that
space. Other times we can postpone
surgeries in the event of an elective
decision to admit in the ICU. At other
times we refer to other tertiary centres
and on a few occasions we send

the patients to LASUTH"” (SJR-LUTH).

“If this was to happen, we have a 4
bedded section in the A&E for patients
who require some form of intensive care,
known as the resuscitation room, there
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are monitors and we also provide
endotracheal intubation, but there are no
nurses here, monitoring is done by the
doctors, usually there is only one doctor
and the anaesthetist come to review”
(SSR-LUTH)

“well we do give them the option of
referral but most of these patients are
managed conservatively and i am afraid I
cannot say what the outcome of such
cases will be” (SSR-LASUTH)
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APPENDIX XII: Conference presentations based on this

thesis

Oral Presentations

o Institute of Lung Health Joint Respiratory Research day (Leicester-2016):
comparative validation of CATs vs. CRB65 for severity assessment of
ALRTI in adults: an external validation.

e School of medicine divisional seminar-EPH (Nottingham-2015): Validation

and comparison of CATs for prognosis of ALRTI.

Poster presentation

e Midlands Academy of Medical Sciences Research Festival (Leicester-2016):
comparative validation of CATs vs. CRB65 for severity assessment of

ALRTI in adults: an external validation.
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