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Abstract

Background

APACHE Il is one of the oldest scoring systems and itis still used globally due to
its availability and ease of use. A performance evaluation is necessary when using

a critical care scoring system in any particular ICU and patient population.
Objective

The aim of this study was to evaluate the performance of the APACHE Il scoring
systems in a multidisciplinary ICU at Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH).

Methods

A retrospective evaluation of ICU patients’ records between February and May

2018 was conducted. Follow-up was until death or hospital discharge.
Results

Of the 256 records included, 44.1% were medical and 55.9% were surgical
admissions. The mean (SD) age of the patients was 43.7 (18.3) years and for the
APACHE Il score was 20.3 (8.4). The mean (SD) predicted mortality rate was
39.2% (23.9%) and the actual mortality rate was 33.0%. The standardised
mortality ratio was 0.84 and the correct classification rate was 71%. Discrimination
was good (AUROC =0.8087), as was calibration at 10.55 (p=0.2284) for ICU
mortality and 9.95 (p=0.2684) for mortality at ward discharge. The median (IQR)
APACHE Il score forthe HIV negative and positive groups was 19.0 (13.0 — 25.0)
and 23.5 (17.5 — 30.0), respectively. The predicted mortality rate was 36.3% and
49.4% and the actual mortality rate was 32.3% and 40.0% in the HIV negative and

positive groups, respectively.
Conclusion

This study found a good discrimination and calibration of the APACHE Il score in
the multidisciplinary ICU at CMJAH.
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Section 1: Review of the literature

1.1 Introduction

Critical care is a fast-growing specialty, and it has become an essential part of
global health care systems (1). Due to the increase in the demand for critical care
services and the associated resource burden, the need for efficacious allocation of

this scarce resource has become of paramountimportance (2).

Systematic decision-making processes need to take place in order to decide about
bed allocation to some patients over others. A variety of factors are taken into
consideration when allocating intensive care unit (ICU) resources (3), and critical

care scoring systems are one of the tools used to facilitate this process (4, 5).

These critical care scoring systems are primarily used to predict mortality of
patients admitted to ICU, based on severity of disease and other variables (4).
There are many critical care scoring systems in use, the Acute Physiology and
Chronic Health Evaluation (APACHE) Il, APACHE IV, Simplified Acute Physiology
Score (SAPS) lll and Sequential Organ Function Assessment (SOFA) score, being
the most commonly used critical care scoring systems worldwide. These critical
care scoring systems have been widely validated for differentintensive care
populations (6). The APACHE Il score, which will be the focus of this research,

assesses the severity of disease and provides an estimate of in-hospital mortality

(7).

To reliably use the correct scoring system in any particular ICU and patient
population, a performance evaluation is necessary (8). As the case-mix may be
differentfrom the one used during the development and validation of the scoring
system, this may affectthe accuracy of the scoring system in different populations
(9). APACHE Il is one of the oldest scoring systems and it is still used globally due
to its availability and ease of use and has been validated in many single centre
ICUs (10-13).

In the next section critical care will be discussed with regards to its history, costs,
bed distribution, and patient selection. Then critical care scoring systems will be

discussed, the differenttypes (with a focus on APACHE Il), how they are



classified, theiruses, and their validation internationally and in South Africa (SA).
Lastly there will be a focus on the burden of HIV in SA and its effecton critical

care.
1.2 Critical care

1.2.1 Therole and need for critical care historically and in the modern

hospital

Critically ill patients require intense specialised treatment from a coordinated team
of highly specialised individuals with close observation and monitoring. This is
usually performed in specialised hospital wards called ICUs (14). Patients
admitted to ICUs usually have acute life-threatening medical and surgical
conditions, compromising one or more organ systems and require artificial organ
support. The main aim of ICU care is to provide organ support while diagnosing
and treating the underlying disease process (1,14). The need for a separate ICU in
hospitals evolved due to the realisation that critically ill patients had better

outcomes with closer monitoring and treatment by dedicated staff (14).

The idea of creating a separate area nearthe nurses’ station to take care of
severely wounded soldiers after battle and surgery was credited to Florence
Nightingale, during the Crimean Warin the 1850s. It is believed that thisis where
intensive care first started (15). This conceptwas also applied in World War | in
the 1910s for severely injured soldiers. This was followed by Dr Walter Dandy at
Johns Hopkins Hospital in 1923, who separated his critically ill postoperative
neurosurgical patients in order to improve postoperative care (15). Severely ill
medical patients during the poliomyelitis epidemic requiring ventilation, which was
initially done manually until mechanical ventilators were developed, was done in

the 1950s in specialised units called intensive therapeutic units (15).

Critical care has evolved exponentially, with many advancements in diagnostic,
monitoring and therapeutic approaches being made. It is one of the fastest-
growing fields of medicine, and the ICU has an important role to playin the

structure and operation of every hospital globally (1, 14).



1.2.2 Thecost of ICU

ICUs are one of the key cost drivers of healthcare spending and have thus come
underthe spotlightin debates on healthcare economics (16). This hasled to
rationing of healthcare resources to meet the demands on the healthcare system
(16). Due to population growth, increased life expectancy, and improved access to
healthcare resources, healthcare expenditure is growing in both developed (16)
and developing countries (17). This has increased the demand for measures to

reduce escalating healthcare costs (16).
1.2.3 ICU bed availability in South Africa

ICU beds in SA are a limited resource; thisis mainly due to the steadily increasing
burden on the health care system. The number of people depending on this
system has increased drastically, secondary to a larger proportion of the
population being able to access the system after the end of apartheid, as well as

the influx of immigrants seeking better social circumstancesin SA (17).

A national audit of critical care resources undertaken by the Critical Care Society
of Southern Africa done by Bhagwanjee and Scribante in 2005 (18), showed that
23% and 84% of public and private hospitals, respectively had ICU and High care
units, resulting in 4168 beds. Fifty seven percent of ICU beds in SA are in the
private sector (18). Majority of ICU beds (86%) were located in three of the nine
provincesin SA, namely Gauteng, KwaZulu Natal and Western Cape, this uneven
distribution of ICU beds compounds the problem of limited ICU beds in SA.

A desktop auditdone by Naidoo et al in 2013 (19), identified 4719 ICU beds in SA
during the period 2008 — 2009, 75% of beds were located in the private sector.
And the distribution of beds across the country remained the same, mostly in the

same three provinces mentioned above (19).
1.2.4 Selecting patients for admission to the ICU

With demand for ICU beds often exceeding supply, bed allocation in times of
limited bed availability is a crucial and sensitive issue (2). According to the Values,
Ethics, and Rationingin Critical Care Task Force, “healthcare rationing is the

allocation of potentially beneficial healthcare services to some individualsin the
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face of limited availability that involves the withholding of those services from other
individuals” (20).

Intensivists assess a variety of factors before granting or refusing a patient
admission to an ICU (2). The Society of Critical Care Medicine (21) recommends
guiding ICU admission based on specific patientneeds that can only be addressed
in an ICU environmentsuch as life supporttherapy and available clinical expertise.
An assessment of how the patient would potentially benefitfrom ICU admission as
well as an overall prediction of their outcome based on the severity of the disease,
is useful in making triage decisions (22). Predictions of outcome are often made

using various critical care scoring systems (22).
1.3 Scoring systems

Critical care scoring systems reflect measures of disease severity and are typically
used to predict mortality of patients admitted to the ICU (8). The characteristics of

an ideal scoring system, according to Bouch and Thompson (8) are:

e ‘“easily/routinely recordable variables;
o well calibrated;

e have a high level of discrimination;

e applicableto all patientpopulations,
e can be usedin differentcountries;

e havethe ability to predict functional status or quality of life after ICU
discharge.”
Although an ideal critical care scoring system has yet to be developed (8), there

are many validated scoring systems in currentuse.
1.3.1 Classification of critical care scoring systems

The classification of scoring systems can be done in a variety of ways. Firstly, they
can be classified according to when the variables required for the calculation of the
score were collected, either on admission (first day) or repetitive scores (23).
Secondly, they can be classified according to whetherthe score was developed

subjectively, using variable weighting decided upon by experts; or objectively,



using variable weighted determined by regression analysis from a large patient
database (23). Thirdly, scoring systems can be designed for use in single organ
failure or multiple organ failure syndromes (5). These differenttypes of scoring
systems are complementary rather than competitive or mutually exclusive,
therefore, may be used together at the same time (22). A few of the commonly
used general scoring systems will be briefly discussed, followed by an in-depth
discussion of APACHE Il in section 1.3.4.

The SOFA score was previously known as the Sepsis-Related Organ Failure
Assessment, which was developed in 1994. It was later renamed because the
score hasrelevance for non-septic patients as well. It aimed to objectively and
quantitatively describe the degree of organ dysfunction in a group of patients or in
an individual patientover time (24). Six organ systems were selected to make up
the SOFA score. A score of O (normal function) to 4 (most abnormal) was used for

each organ. The worst value for each day was used (24).

Developedin 1984, as a derivation of the APACHE score, the SAPS is a
physiologically based first-day scoring system that assesses 14 variables,
including age butwith no inputfor pre-existing disease. As with the APACHE
score, the worst values on admission are used to calculate the probability of death
(25). SAPS Il includes a pre-admission status and 17 other variables, which
include age (26). The latest revision is SAPS Ill, which is still used widely and
offers much easier integration with electronic health records than the APACHE

score (27).

The Mortality Probability Model (MPM) is an alternative to APACHE and SAPS,
with scores being able to be calculated on admission, at 24 hoursand at 72 hours.
The first version of MPM was published in 1985 and was based on two models; an
admission model and a 24-hour model including chronic health status and acute
diagnosis (28). The MPM Il was developed in 1993 also containing admission, 24-
hourand 72-hour scores and includes therapeutic variables (29). It is much easier
to collectinformation and calculate than other scoring systems, as it does not use
any laboratory data, only clinical and physiological variables. The MPM may be

usedto calculate mortality risk throughout ICU stay (29).



Lastly, the Multiple Organ Dysfunction Score (MODS) is a repetitive score similar
to the SOFA score. It also uses six organ systems, namely the respiratory,
cardiovascular, renal, neurological, hepatic and hematological systems to
calculate a daily score (30). It can, therefore, be used chart the patient’s progress
inthe ICU. A final MODS score can be calculated by adding the sum of all the
worst scores during the ICU stay (5). This score is still used in some units,
particularly trauma units, however, it has largely been superseded by the SOFA
score (30).

1.3.2 Uses of scoring systems

As mentioned in Section 1.1 critical care scoring systems are used to predict
mortality in ICU patients, as audittools to assess the performance of an individual
ICU over time, for comparison of one ICU with other ICUs (4), they can also be
used as tools for research purposes (6). Additionally, although notdesigned for

this purpose, they have been used to assist in triage decisions (4, 23).

Large numbers of patients from several ICUs are generally usedto develop a
scoring system, using prospectively collected data. This data commonly includes
chronic and currenthealth, vital signs, and laboratory data. These are usedto
calculate a numeric score and a mortality prediction signifying the patients’

severity of iliness. (6).

When using scoring systems as an audittool, an individual ICU’s performance can
be compared to a “standard” ICU. The standard ICU is defined as the theoretical
ICU usedto formulate the scoring system. Many ICUs are used to create a scoring
system. For example, the authors of the APACHE Il score usedthe ICUs of 13
hospitals in its formulation (7).

Performance is assessed using indicators such as the standardised mortality ratio
(SMR), which is a ratio of the actual mortality per scoring category versusthe
expected “standard” ICU mortality for that category (5). For example, if the SMR is
one for patients with an APACHE score of 20, the number of actual deaths is
equal to the expected number of deaths for patients with an APACHE score of 20

in the ideal “standard” ICU. This would mean that the ICU in question has an



adequate performance. If, however,the SMR is greater than one, the death rate is
higherthan expected and the ICU is performing poorly (31).

When comparing one ICU to another, looking only atthe mortality rate of one ICU
in comparison to another ICU is notappropriate because ICU case mix, access to
therapy, ICU staff, administration differences and discharge policies of the unitcan
affect the mortality rate in ICU. Using the SMR allows for these variations to be
accounted forand a better assessment and meaningful comparison can be made
(32).

SMR is also a crude measurementof calibration; calibration is one of the two
methods used to validate a scoring system (5) and will be discussed in Section
1.4. Although itis generally a good instrument, the SMR has limitations including
poor calibration, questionable accuracy in certain case-mixes, and inability to

generalise thisratio to other countries (32).

Researchers can use critical care scoring systems to evaluate different
interventions applied in ICU between patients with similarrisks as quantified by
critical care scoring systems (6). They can be used to compare patient populations

in clinical trials and identify patients eligible forinclusion (22).

Critical care scoring systems can assist in selecting patients for admission by
estimating in-hospital mortality; this is done by using routinely collected clinical and
biochemical variablesin the ICU. This data is then used to calculate a score,
usually given as a number, and an associated probability of in-hospital mortality
(8). Patients with higher scores have a higher mortality risk and, therefore, may be
too severely ill to be considered for ICU admission. A patientwith a lower score
and higher survival probability can then preferentially receive the ICU bed in this

situation (2).

The Critical Care Society of Southern Africa commented in their 2019 guidelines
(33) that although critical care scoring systems are desirable to assist in triage
decisions, they are inadequate if used alone. In summary, critical care scoring
systems assist in allocating the highly sought-after ICU beds in critically ill patients
thereby ensuring efficacious use of this resource. They do however, come with
limitations (6, 22).



1.3.3 Factors influencing the accuracy of scoring systems

When using a scoring system and when interpreting the score there are important
factors concerning the inputvariables to be considered. Factors such asinter and
intra-observer reliability (34), data collection, and entry errors need to be taken into
account (4). These factors affect the quality of the inputvariables and, therefore,

the reliability and accuracy of the score generated by the scoring system (22).

Scores such as the APACHE Il score are admission scores, and the timing of the
recording as well as the severity of the relevant physiological variables is critical in
the accuracy of the score. For example, pre-ICU admission resuscitative efforts,
whetherin the ambulance, the emergency department, or the medical and/or
surgical wards, affect the admission variables when patients are eventually
admitted into the ICU and, therefore ultimately the calculated APACHE or SOFA
score. This is known as lead-time bias which affects variables, such as blood
pressure, heart rate, respiratory rate, pH, blood glucose, and oxygenation most
rapidly (35).

A high score may not always mean a high mortality either because the disease is
self-limiting, or it can be treated rapidly and adequately. An example of thisis
diabetic ketoacidosis. Although patients with diabetic ketoacidosis present with a
high score, with appropriate management, they can return to a normal
physiological status quickly (8) and thus do notnecessarily have a high mortality.
The score is also not a linear scale, meaning there is not a linear relation between
score and predicted mortality. If one doubled the score given by the scoring
system, for example, from 10 to 20 the patientdoes not stand twice as high arisk
of dying (8).

ICU case-mix is anotherimportant, influential factor; it refers to the characteristics
of patients admitted to an ICU, and the case-mix may be differentfrom the one
used during the developmentand validation of the scoring system (5,9). Different
ICUs admit patients with a variety of clinical conditions from different specialties
and with varying severity of illness. As a result, the patient population in an ICU in
a large tertiary centre varies from that of a unitin a district general hospital ICU. It

has been noted that university-affiliated ICUs tend to admit sicker patients



compared to their regional or local counterparts (5). The predictive value of the
scoring systems has been shown to deteriorate with differencesin patientrisks
(36).

1.3.4 The APACHE scoring system

The APACHE score is a physiologically based scoring system originally developed
in 1981 by Knaus et al (37). It comprises of a score and a calculated percentage
probability of mortality. The initial APACHE score was divided into two sections; a
physiological score to determine the acute iliness status of the patient and a pre-

admission evaluation to determine the chronic health status of the patient (37).

Thirty-four deranged physiological measurements from the seven major
physiological systems (neurological, cardiovascular, respiratory, gastrointestinal,
renal, metabolic, and haematological) are used to determine the physiological
score and thisis then reflected as a numerical sum. The pre-admission health
status is allocated according to the patients’ medical history it is then reflected as a
letter (A, B, C, or D) representing a range, A representing excellenthealth to D

representing chronic organ dysfunction (37).

In 1985 the APACHE Il scoring system was developed as an upgrade from
APACHE | by Knausetal (7). The changes made to the score included a
reduction in the number of variables from 34 to 12, some were reweighted,
additional weightings were added for end-organ dysfunction, and emergency or
non-operative admission (7). In addition to the acute physiology variables, age and
the presence of severe chronic organ dysfunction orimmune suppression were

also incorporated (7).

The physiological variablesin the APACHE Il score are; rectal temperature, mean
arterial pressure, heartrate, respiratory rate, oxygenation, arterial pH, serum
sodium, potassium, creatinine, bicarbonate, hematocrit, white blood count, and
Glasgow Coma Scale. The sum of these variables indicates the total Acute
Physiology Score, points are then given for age, and lastly, for chronic health

status (7). The APACHE Il scoring methodology is summarised in Table 2.



Table 1: The APACHE Il Severity of Disease scoring system (7)

Physiological
Variable

+4 [ +3 [+2 [+1

0

+1

+2

+3

+4

Temperature
rectal (C)

>41 39-40.9 38.5-38.9

36-38.4

32-33.9

30-31.9

<29.9

Mean Arterial
Pressure (mmHg)

>160 130-159 110-129

70-109

<49

Heart Rate

>180 140-179 110-139

70-109

55-69

40-54

<30

Respiratory Rate
(nonventilated or ventilated)

>50 35-49 25-34

12-24

10-11

6-9

<5

Oxygenation (mmHg)
a. FIO; >0.5 use A-a
DO2
b. FiO2 < 0.5 use PaO:

>500 350-499 200-349

<200

>70

| 61-70 |

| 55-60

<55

Arterial pH

7.6-7.69 75-7.59

7.33-
7.49

7.25-
7.32

7.15
7.24

<7.15

Serum Sodium
(mmol/l)

>180 160-179 155-159 150-154

130-149

120-129

111-119

<110

Serum Potassium
(mmol/l)

>7 6-6.9 5.5-5.9

3554

3-34

25-29

<25

Serum Creatinine
(mg/l Doublepoint score for
acute renal failure)

>35 2-34 1519

0.6-1.4

<0.6

Hematocrit (%)

>60 50-59.9 46-49.9

30-45.9

20-29.9

<20

White Blood Count
(in 1000/mm3)

>40 20-39.9 15-19.9

3-14.9

1-29

<1

Glasgow Coma Scale

Score =15 minus actual GC

Serum HCO3
(venous, mmol/l,
useifno ABGs)

>52 41-51.9 32-40.9

22-31.9

18-21.9

15-17.9

<15

A= total Acute
Physiology Score APS

Sum of the 12 individual variable points

B = Age Points

C = Chronic Health Points

<44 years 0 points | If the patient has a history of severe organ system insufficiency oris
45-54 years 1 points | immunocompromised assign points as follows:

55-64 years 2 points a. For nonoperative or emergency postoperative patients =5
65-74 years 3 points points

>75 years 5 points b. For elective postoperative patients = 2 points

APACHE Il Score = Sum of A (APS points) + B (Age points) + C (Chronic Health points)

Each variable is rated from 0 to 4, the higherthe score the higherthe deviation

from normal. The maximum score is 71. A score of 25 represents a 50% predicted

mortality, and a score of 35 represents a predicted mortality of 80%. Only the

worst values recorded in the first 24 hours of ICU admission are considered and

usedto calculate the score (7).

APACHE Ill was developedin 1991 by Knaus etal (38) using data collected from

North American databases; physiological variables, as well as chronic health

items, were selected via logistic regression analysis. It was then updated in 1998

due to its declining prognostic performance (38), but the use of the APACHE lll
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score has been limited because the equations used are owned by a commercial
company (5).

The APACHE IV was developedin 2006 by Zimmerman et al (9), using 104 ICUs
in the United States of America (USA). It includes a separate scoring system for
coronary artery bypass patients and can be used to predict the length of hospital

stay as well as the duration of mechanical ventilation (9).
1.4 Validation of scoring systems
1.4.1 Discrimination and calibration

For one to reliably use the correct scoring system in any ICU and patient
population, a performance evaluation or validation is necessary. This is done using
methods such as calibration and discrimination. The sample of patients used to
validate a model needs to eitherbe a new cohort of patients or an already existing
database randomly splitinto two, one portion to develop the model and the other
to validate it (23).

Model discrimination is the ability of the model to distinguish between groups of
patients who survive and those who do not, therefore, the model should assign a
higher probability of death to those who will die (5). This is done by calculation of
the area underthe receiver operating characteristic (AUROC) curve created using
the number of actual deaths versus predicted deaths. An AUROC of 1is
considered perfect discrimination (39); and 0.80 is considered a good fit. An

AUROC of greater than 0.7 is preferred for a good prediction model (40).

The receiver operating characteristic (ROC) developed from these values allows a
graphical representation of the results (5). The ROC plots the sensitivity of a test
against1 minus specificity with the AUROC representing the combined

performance (5).

Model calibration refers to the degree of correspondence between estimated
probabilities and actual observation. It is documented either quantitatively using a
goodness of fit test (commonly the Hosmer-Lemeshow statistic) or graphically

using calibration curves where the distribution of observed to expected mortality
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rates are plotted on a graph (40). If the number of deaths in the actual population
is close to that which was predicted, then the model is well calibrated (8). A model

with good fit should have a p-value >0.05 for the Hosmer-Lemeshow Statistic (40).
1.4.2 Validation of the APACHE Il score

Validation studies of critical care scoring systems are necessary as the predictive

value of the score varies from population to population (40).
International validation of APACHE Il

APACHE Il has been validated extensively in comparison to other models (10 —
13). However, not all studies have demonstrated population-specific validity. A
study conducted in Greece comparing APACHE Il and SAPS Il scores (41)
showed that both models underestimated mortality, therefore, having poor
calibration, although both had a good discrimination ability (AUROC 0.83 and 0.86
respectively) for that population. Similar results were seen in a large ICU study in
Singapore where APACHE Il was shown to have good discrimination AUROC 0.76
and poor calibration p< 0.001 (10). In a Korean study donein nine ICUs, the
APACHE Il showed poor calibration (p <0.001), with modest discrimination
(AUROC 0.729) (13).

All the currentcritical care scoring systems were created in developed countries
under first-world conditions (5). Developing countries such as South Africa face
differentchallenges with regards to healthcare, thus impacting the disease profile

and consequently, the case-mix of patients admitted to ICU (17).

Validation of APACHE Il in South Africa

The APACHE Il has been validated locally in a prospective study conducted in
Tygerberg hospital, a hospital affiliated to Stellenbosch University in SA (42). In
this study, the APACHE Il score was found to have good discrimination with an
AUROC of 0.83. It also showed a good fit with the predicted mortality, being within
the 95% confidence interval of the actual mortality, proving that for that ICU

population,the APACHE Il score was well-calibrated (42).
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The Tygerberg Hospital study had limitations that affected the accuracy of the
results. All patients admitted to the ICU were included in the calculation of
mortality risk prediction, even those who died within the firstfour hours of
admission. This is traditionally an exclusion criterion as the mortality in the ICU
may be overrepresented in this case. Secondly, itis not clear whetherthe study
was powered to determine the sample size. Lastly, the study was designed only to
assess ICU mortality as opposed to hospital mortality, as predicted by the
APACHE Il score, as an outcome (42).

1.5 Theburden of HIV in South Africa

The disease profile in the South African intensive care population is differentas
compared with the rest of the world (17). The high HIV disease burden puts
additional strain on already scarce ICU resources in SA (17). In 2019, of the 58,78
million peoplein SA, 7,97 million are estimated to be HIV positive (13,5% of the
population) (43). There were 240 000 new HIV infections documented in 2018,
with 71 000 South Africans dying from AIDS-related ilinesses (44).

SA also has the most extensive anti-retroviral treatment (ART) program in the
world, with 4.8 million South Africans being estimated to be on ARTs in 2018 (44) .
The success of the ART rolled out in the country has seen the number of those

living with HIV increase (44).

Among the most common indications for ICU admission in this HIV positive group
of patients are respiratory failure, sepsis, and neurological disease (45). These
patients presenta distinct set of challenges. For example, they are susceptible to
opportunistic fungal infections such as pneumocystis carinii pneumonia (46). They
are also at a higherrisk forimmune reactions such as Immune reconstitution

syndrome (46).

The study by Bhagwanjee etal (47) in 1997, showed 13% of the patients admitted
to ICU were HIV positive. They described the outcome of HIV positive patients in
an intensive care population and showed thatthere was no difference in mortality
between HIV positive and HIV negative patients. However, this study was done 20
years ago. Another study donein 2016 by Kwizera et al (48) in Uganda showed

that HIV positive patients have a higher mortality compared to HIV negative
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patients (48), the mortality rate in HIV positive group of patients was 57% and 28%
in the negative group. A hosmer Lemeshow statistic was done p 0.258 showing
good calibration of APACHE Il in this population, a model discrimination wasn'’t
done (48).

The Tygerberg study done by van der Merwe et al (42) study showed that the
APACHE Il score demonstrates a high ICU mortality in the immunocompromised
patient group. However, this group was not exclusive to HIV positive patients,
other patients with immune-suppressing conditions (such as organ transplant

patients and leukaemia patients) were included in the group (42).
1.6 Summary

Critical care is an important part of every healthcare system. Equally importantis
the use of critical care scoring systems to define the ICU population and to monitor
the standard of care (14). These scoring systems need to be updated periodically
for them to remain useful amid changing ICU populations, disease prevalence,
and ICU practices (22). Hence, various upgraded versions of the scoring systems
are seen, for example, APACHE I, Ill, and IV (2).

There is a need for these scoring systems to be validated for every population that
they are usedin (5). SA has a differentICU case mix to that of developed
countries, with a greater number of HIV positive patients admitted to the ICU (17).
ART availability has markedly improved the survival of patientsin the ICU (46).

The APACHE Il scoring system is being used at the Charlotte Maxeke
Johannesburg Academic Hospital multidisciplinary ICU. However, it has notbeen
validated for this population, and the calibration and discrimination of the APACHE
Il scoring system in this context is unknown. Therefore, it is important to validate
this critical care scoring system in this ICU. This will assist with quantifying what
impact the HIV pandemic and the consequent use of ART has had on the

performance of this critical care scoring system scores in this ICU population.
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Editor before submission. A review article should provide a clear, up-to-date
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Abstract

Background

APACHE Il is one of the oldest scoring systems and it is still used globally due to
its availability and ease of use. A performance evaluation is necessary when using

a critical care scoring system in any particular ICU and patient population.
Objective

The aim of this study was to evaluate the performance of the APACHE Il scoring
systems in a multidisciplinary ICU at Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH).

Methods

A retrospective evaluation of ICU patients’ records between February and May

2018 was conducted. Follow-up was until death or hospital discharge.
Results

Of the 256 records included, 44.1% were medical and 55.9% were surgical
admissions. The mean (SD) age of the patients was 43.7 (18.3) years and for the
APACHE Il score was 20.3 (8.4). The mean (SD) predicted mortality rate was
39.2% (23.9%) and the actual mortality rate was 33.0%. The standardised
mortality ratio was 0.84, and the correct classification rate was 71%.
Discrimination was good (AUROC =0.8087), as was calibration at 10.55
(p=0.2284) for ICU mortality and 9.95 (p=0.2684) for mortality at hospital
discharge. The median (IQR) APACHE Il score for the HIV negative and positive
groupswas 19.0 (13.0 — 25.0) and 23.5 (17.5 — 30.0), respectively. The predicted
mortality rate was 36.3% and 49.4% and the actual mortality rate was 32.3% and

40.0% in the HIV negative and positive groups, respectively.
Conclusion

This study found good discrimination and calibration of the APACHE Il score in the
multidisciplinary ICU at CMJAH.

34



Introduction

Intensive care is a fast-growing specialty, and it is an essential part of the global
health care system (1). There is an increase in demand for intensive care services,
therefore efficacious allocation of this scarce resource is imperative (2). A variety
of factors are taken into consideration when allocating intensive care resources

(3), and critical care scoring systems can facilitate this process (4).

Critical care scoring systems predict mortality of patients admitted to the intensive
care unit (ICU), based on the severity of disease and other variables (4). They can
be used as audittools to assess the performance of an individual ICU overtime
and in comparison to other ICUs (5). There are many critical care scoring systems,
for examples, the Acute Physiology and Chronic Health Evaluation (APACHE) I,
APACHE IV, Simplified Acute Physiological score (SAPS) Ill, and Sequential
Organ Function Assessment (SOFA) are among the most commonly used scoring
systems worldwide and have been widely validated for differentintensive care
populations (6). The APACHE Il was the focus of this study. It is a physiological
scoring system (7) that was initially developed by Knaus et al (8) in 1981 and
assesses the severity of disease and provides an estimate of in-hospital mortality
(7). The APACHE Il is one of the oldest scoring systems and is still used globally
due to its availability and ease of use (9-12). However, the accuracy of critical care
scoring systems is dynamic, and they need to be updated periodically when the
accuracy is questioned (13). To reliably use a critical care scoring system in any
particular ICU and patient population, a performance evaluation or validation is
necessary (5). As the patientcase mix may be differentfromthe one used during
the developmentand validation of the scoring system, this may affect the accuracy

of the critical care scoring system in different populations (5, 13).

The disease profile of the South African intensive care population differs fromthe
rest of the world. The high human immunodeficiency virus (HIV) disease burden
puts additional strain on already scarce ICU resources in South Africa (SA) (14). In
2019 there were 7.97 million HIV positive people in SA, which is 13.5% of the
population (15). More HIV positive patients are being admitted to ICU (14) and a

study has shown they have a higher mortality compared to HIV negative patients,
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especially in low-income country ICUs (16). The APACHE Il scoring system is
being used in the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH)
multidisciplinary ICU. It has not been validated for this population, and the
calibration and discrimination in this contextare unknown. The aim of this
retrospective study was to evaluate the performance of the APACHE Il scoring

system in a multidisciplinary ICU at CMJAH over a four-month period.
Methods

Approval to conductthe study was obtained from the Human Research Ethics
Committee (Medical) and other relevant authorities. A retrospective, contextual,

descriptive research design was followed.

The study population was the records of patients admitted to the multidisciplinary
ICU at CMJAH over four months between February and May 2018. A consecutive
convenience sampling method was used and the sample size was realised by the
number of records of patients admitted during the study period. lllegible and
incomplete records, records of patients who died within three hours of admission
to ICU or with an ICU length of stay of less than eighthours were excluded from

the study.

Actual mortality in this study included ICU and hospital mortality. Hospital mortality
was determined by the status of the patient at hospital discharge. One of the
groups of ICU patients in which the APACHE Il scoring system was evaluated was
HIV positive patients. In the ICU where the study was conducted, HIV status is
confirmed on serum ELISA or PCR testing and was recorded retrospectively from

patient records.

The number of admissions, ICU deaths and hospital deaths were recorded from
the admission book and electronic hospital records. Based on anecdotal data from
the ICU management, the ICU case mix is not influenced by seasonality and
therefore, the period February to May 2018 was chosen. Data capturing was done
by one author (KLM).
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Variables from the APACHE Il scoring system (7) were collected from ICU charts
and electronic laboratory results. The APACHE Il mortality predictions for every
patient were calculated and recorded. The following statistical programs were
used, Stata 16.0 (StataCorp, Texas, USA) and SAS University Edition (Version
3.8, SAS, North Carolina, USA). Categorical variables were described using
frequencies and percentages, and continuous variables using mean (SD) or
median (IQR) depending on the distribution of the data. A standardised mortality
ratio (SMR) and correct classification rate were calculated, and a Chi square test
was used to compare the mortality between HIV — and HIV * patients. Calibration
and discrimination were assessed for all patients, the HIV negative as well as the
HIV positive groups of patients. In this study, calibration was determined using the
Hosmer-Lemeshow H statistic. If the number of deaths in the actual population is
close to that which was predicted, then the model is considered to be well-
calibrated (17). A p-value of >0.05 is considered good calibration (18).

Discrimination is the ability of the model to distinguish between groups of patients
who survive and those who do not survive (17). Specificity and sensitivity of the
APACHE Il score were used as an assessment of discrimination. A set of receiver
operating characteristic (ROC) curves was developed from these values, and the
area underthe receiver operating characteristic (AUROC) for each curve was then
calculated. An AUROC of 1 is considered perfect discrimination and an AUROC of

greater than 0.7 is preferred for a good prediction model (17).

Results

The trajectory of the 309 patients admitted to the ICU during the study period is
shown in Figure 1. The characteristics of the 256 (82.8%) patients included are
shown in Table 1. Only the 10 most common admission diagnoses and the 4 most

common comorbidities are shown.
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Total admissions

309 (100%)

Included Excluded
256 (82.8%) 53 (17.2%)
I
I I
Medical Surgical
113 (44.1%) 143 (55.9%)
| ]
I
1 |
Surv_lved to ICU Died in ICU
discharge
(o)
191 (74.6%) 65 (25.4%)
I I
30-day Survival Died in ward Outcome
unknown
0, 0,
150 (78.5%) 9 (4.7%) 32 (16.8%)

Figure 1: Study flow diagram
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Tablel: Characteristics of patients

Characteristic Mean SD
Age (years) 47.3 18.3
Number | Percentage

Comorbidities

Hypertension 63 24.6
Diabetes mellitus 29 113
Malignancies 55 21.5
Renal disease 45 17.6
None 58 22.7
Admission

Emergency 194 75.8
Elective 62 24.2
HIV status

HIV - 191 74.6
HIV* on treatment 40 15.6
HIV* not on treatment 3 1.2
HIV* treatment unknown 2.7
Not documented 15 5.9
Diagnoses

Pneumonia 19 7.4
Perforated viscus 19 7.4
Poisoning 17 6.6
Upper gastrointestinal bleed 9 3.5
Diabetic keto acidosis 8 3.1
Hysterectomy post caesareans delivery 7 2.7
Renal failure 6 2.3
Thyroidectomy 6 2.3
Arthroplasty 6 2.3
Nephrectomy 5 2.0
Other 154 60.2
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The mean (SD) APACHE Il score for the whole group was 20.3 (8.4), with a
minimum and maximum of 5 and 44, respectively. The mean (SD) predicted
mortality rate was 39.2% (23.9%), with a minimum and maximum of 5.8% and
94.8%, respectively. The predicted mortality rate in the HIV positive group was
49.4%, and 36.3% in the HIV negative group. The actual mortality rate for the 224
patients whose hospital outcome was known was 33.0%, while the actual mortality
rate in the HIV positive group was 40.0%, and 32.3% in the HIV negative group.
The was no significant difference between the mortality rate of the HIV —and HIV
+ patients p =0.32. The overall SMR was 0.84, and the overall correct

classification rate was 71% for the 224 patients whose outcome was known.

Table 2. showsthe APACHE Il score distribution, the predicted and actual
mortality scores, and lastly where applicable the SMR among the HIV negative,
HIV positive, and HIV unknown patients, forthose who died in ICU, died in the
ward, survived to hospital discharge, and lastly, those who were lost to follow up

(outcome unknown).

Table 2: APACHE Il score distribution in different patient groups

Known HIV - 191 19.0 (1.03 - 25.0) | 35.5 32.3 (0.91)
Known HIV * 50 23.5(17.5-30.0)| 42.4 40.0 (0.94)
HIV unknown 15 21.0 (16.5-27.5)| 37.2 33.3 (0.90)
Died ICU 65 28.0 (22.0 — 30.0) | 63.9 100.0 (1.56)
Diedin ward 9 20.0 (16.0 —22.0) | 35.5 100.0 (2.81)
30-day survival 150 17.0 (11.0 —24.0) | 26.2 n/a

group

QOutcome unknown | 32 18.5(14.0 —22.8) | n/a n/a

*The predicted and actual mortality is for patients whose outcome is known.

The diagnostic performance of the APACHE Il score in the group overall (n = 256),
known HIV negative (n = 191), and known HIV positive (n =50) group was
evaluated. The AUROC was 0.8087 in the overall group (Figure 2a), 0.8113 in the
known HIV negative group (Figure 2b), and 0.7705 in the known HIV positive
group (Figure 2c).
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Area Under the Curve = 0.8085 Area Under the Curve = 0.7705

T T T T T
0.00 0.25 0.50 0.75 1.00 000 0 050 07rs 100

1 - Specificity 0.00 0 050 ors 1.0 1 - Specificty

1 - Specificy

study population negative group positive group
Figure 2: The diagnostic performance of the APACHE Il score

The Hosmer-Lemeshow H statistic was 10.55 (p=0.2284) for detecting those who
survived to ICU discharge (n=191) and those who died in ICU (n=65), and was
9.95 (p=0.2684) for those who survived to hospital discharge (n=150) and those

who died in the ward (n=9)
Discussion

In this study we found thatthe APACHE Il score showed good overall
discrimination and calibration ability in the CMJAH ICU population. We also sought
to describe the effect, if any, of underlying HIV disease in our patient population.
Although marginally inferior to patients without HIV, we found thatthe APACHE i
score had reasonable diagnostic accuracy in patients with HIV. Of noteis that the
mortality rate of patients with HIV in the ICU was higherthan those without HIV,
but the difference was not significant.

HIV prevalence is very high in low to middle-income countries, especially in SA, in
2019 the adultHIV prevalence in South Africawas 19.07%, the HIV prevalence in
this study was 19.5% (19). HIV positive patients are thoughtto have a poorer
outcome in ICU (16). This was challenged by Bhagwanjee etal (20) in 1997 before
the rollout of antiretroviral therapy (ART), where the authors found thatthe HIV
positive patientsin ICU did not have higher mortality in comparison to the HIV
negative group. HIV prevalence in that study was 13,0%, the mean APACHE

scores were 9 and 8 with a hospitality mortality of 6% and 3% for the HIV- and
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HIV+ groups, respectively. Nonetheless, in this study the HIV positive group had
higher median APACHE Il scores and actual mortality rates than patients without
HIV.

The impact of ART on the outcome of HIV positive patients has been a topic of
much discussion (21-23). Some studies make an argumentthat the severity of the
acute illness (22) as well as better access and treatment in ICU (21), had more to
do with ICU outcomes rather than ARTs (21, 22), while in another study it was
argued that ARTs had a direct effect on ICU outcomes (23). A large proportion of
this study’s sample was on ARTs (80%), subdividing the HIV positive groupinto
those on treatment and not on treatment might have been beneficial to assess the
impact of ART. This was not possible due to the limited sample size of the HIV

positive patients not on treatment and was notin the scope of the study.

Despite these findings supporting APACHE Il use in our population, there is
evidence of declining accuracy of the APACHE Il score, especially in high-income
countries. This could predict the future trajectory of the diagnostic accuracy of the
score in ourinstitution. Initial validation of the APACHE Il score showed good
discrimination and calibration in high-income countries (24-26). Thereafter in the
2000s, the APACHE Il started showing adecline in discrimination and calibration
ability in high-income countries (9, 10, 27). This has been attributed to reasons
such as differences in case-mixto the initial APACHE Il population (27), changes
in disease prevalence (10), and advances in diagnostic and therapeutic

interventions (9, 10).

A systematic review done in 2018 in low to middle-income countries showed that
prognostic scoring systems, such as the APACHE I, still performed well (28) with
AUROC valuesranging from 0.6 to 0.93, itis interesting to note that in this study
the AUROC value was within thisrange. According to the World Bank 2020
country classification (29), SA is classified as an upper-middle-income country.

However, the ICU in which this study was conducted was at an academic hospital,
with diagnostic and therapeutic interventions in keeping to those in high-income
countries. The Tygerberg Hospital ICU in the Western Cape had similar results
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(30), the APACHE Il scoring system was validated with a ROC value of 0.83, and
the study was also conducted at an academic hospital with a similar sample size
and a mean APACHE score of 17.4.

The sample size in this study was small, and that could be the reason the
APACHE Il performed well and was validated in the CMJAH population. Zhu etal
(31) showed that the goodness of fit test produced poor results as the ICU
mortality differed from the original group, but a smaller sample size improved the
performance of the scoring system in spite of this. The p-value may indicate good
calibration even though the fitis notgood. Thisis also believed to be part of the
reason for good calibration in some of the articles in the systematic review (28).
The AUROC valuesin the systematic analysisranges from 0.6 to 0.93, it is

interesting to note that this study’s AUROC value was within thisrange.

Although anecdotally, itwas thoughtthat HIV status would be one of the possible
confounders to this study’s analysis, this was not found to be the case. However,

this conclusion also may be biased by a small sample size.

Other limitations of this study were that it was a contextual single centre study,
therefore, the results may not be generalised to other ICUs. It was also a
retrospective study and dependenton the quality of the completed records. The
study period is a limitation as it may exclude any possible seasonal influence to
ICU case mix. A further limitation was that 27.5% of patient records were excluded

due to missing data and unknown outcomes.

Furthermore, other patientpopulations were not included in this study such as
cardiac, trauma and neurosurgery patients. This study evaluated the APACHE Il
scoring system, and further research needs to be conducted in CMJAH assessing
its performance against more modern scoring systems such as APACHE IV,
SOFA and SAPS. We also recommend that future studies need to include larger

sample sizes and be conducted prospectively.
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Conclusion

The APACHE Il score is a convenientand cost-effective way to benchmark ICUs,
especially within the resource constraints faced in the developing world. Armed
with this APACHE Il information, hospital administrators and physicians can
implementmeasures to align measured mortality with expected mortality and
therefore improving patientoutcomes. This study found thatthe APACHE Il score
has good discrimination and calibration in the mixed surgical and medical ICU at
CMJAH. More work needs to be done to understand the effect of untreated HIV on

scoring system accuracy.
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4.1 Introduction and problem statement

Intensive care is a fast-growing specialty, and it is an essential part of global
health care system (1), there is an increase in demand for intensive care services,
therefore efficacious allocation of this scarce resource is imperative (2). A variety
of factors are taken into consideration when allocating intensive care resources

(3), and critical care scoring systems facilitate this process (4).

Critical care scoring systems predict mortality of patients admitted to the Intensive
care unit(ICU), based on the severity of disease and other variables (4). They can
be used as audittools to assess the performance of an individual ICU overtime,
and in comparison, to other ICUs. They can also assist in the appropriate

allocation of this resource to intensive care patients (4, 5).

There are many critical care scoring systems, for examples, Acute Physiology And
Chronic Health Evaluation Il (APACHE), APACHE IV, Simplified Acute Physiology
Model lll (SAPS) and Sequential Organ Function Assessment (SOFA) are among
the most commonly used scoring systems worldwide and they have been widely
validated for differentintensive care populations (5,6). APACHE Il will be the focus

of this research.

The APACHE Il scoring system assesses the severity of disease and provides an
estimate of in-hospital mortality (7). It is a physiological scoring system that was
initially developed by Knaus et al (8) in 1981. It comprises of a score and a
calculated percentage probability of mortality. The initial APACHE | score was
divided into two sections; a physiological score to determine the acute illness
status of the patientand a pre-admission evaluation to determine the chronic
health status of the patient (8). In 1985 the APACHE Il scoring system was
developed as an upgrade from the APACHE | scoring system (7).

In the APACHE Il scoring system, the physiological variables used to calculate the

score were reduced, some were reweighted, and additional weightings were

added for end organ dysfunction and emergency or non-operative admissions (7).

50



In addition to the acute physiology variables, age and the presence of severe
chronic organ dysfunction orimmune suppression were also incorporated (7). Only
the worst value recorded in the first 24 hours of ICU admission is taken into
accountand used to calculate the score (7,8). The maximum score is 71 (7). The

scoring template is summarised in Appendix Al and 2.

APACHE Il is one of the oldest scoring systems and itis still used globally due to
its availability and ease of use (5, 9, 10, 11). However, the accuracy of critical care
scoring systems is dynamic, and they need to be updated periodically when the

accuracy is questioned (12).

In order to reliably use a critical care scoring system in any particular ICU and
patient population, a performance evaluation or validation is necessary (5). As the
patient case mix may be differentfrom the one used during the developmentand
validation of the scoring system, this may affect the accuracy of the critical care

scoring system in different populations (5, 12).

The disease profile in the South African intensive care population is differentas
compared with the rest of the world. The high human immunodeficiency virus
(HIV) disease burden puts additional strain on already scarce ICU resources in
South Africa (13). In 2019 there were 7.97 million HIV positive people in South
Africa, which is 13.5% of the population (14). More HIV positive patients are being
admitted to ICU (13) and they have a higher mortality compared to HIV negative
patients especially in low income country ICUs (15).

Bhagwanjee etal (16) in 1997, showed 13% of the patients admitted to ICU were
HIV positive. They described the outcome of HIV positive patients in an intensive
care population and showed thatthere was no difference in mortality between HIV
positive patients and HIV negative patients (16). However, this study was done

more than 20 years ago.

The performance of the APACHE Il has been evaluated in a South African general

ICU by van der Merwe etal (17) in Tygerberg Hospital. The study concluded that
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APACHE Il was validated for use in a developing country (17), however, this study

was done in 2005 and it only focused on ICU mortality.

The APACHE Il scoring system is being used in the Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) multidisciplinary ICU, however, it has
not been validated for this population, and the calibration and discrimination in this

contextis unknown.
4.2 Aim and objectives
4.2.1 Aim

The aim of this retrospective study is to evaluate the performance of the APACHE

[l scoring systems in a multidisciplinary ICU at CMJAH over a four-month period.
4.2.2 Objectives

The objectives of this study are to:

e describe principal admission diagnosis

e determine the APACHE score (overall, HIV negative and HIV positive)

e determine and documentthe predicted mortality rate for the study
group (overall, HIV negative and HIV positive)

e measure the actual mortality rate (overall, HIV negative and HIV positive)

compare the actual mortality rate versus the predicted mortality rate in patients

admitted to the multidisciplinary ICU over the study period.
in the group of patients admitted to the multidisciplinary ICU over the study period.
4.3 Researchassumptions

The following definitions will be used in this study.

Actual mortality: in this study included ICU and hospital mortality. Hospital
mortality was determined by the status of the patient at hospital discharge.
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HIV positive patients: will be patients with confirmed HIV on blood results, because
a CD4 countisunreliable in critically ill patients (18). Information aboutHIV status

will be obtained from the patients’ records as this is a retrospective study.

Incomplete record: will be any record that does not have all the variables required
to calculate the APACHE Il score.

4.4 Demarcation of study field

The study will be conducted at CMJAH, a 1 200-bed central hospital, affiliated to
the University of the Witwatersrand. The hospital has six ICUs, with a total of 57
beds. This study will take place in the multidisciplinary ICU, a 12-bed unit, which

admits on average 1 200 patients per.

4.5 Ethicalconsiderations

Approval to conductthe study was obtained from the Human Research Ethics
Committee (Medical), the Graduate Studies Committee of the University of the
Witwatersrand, the CEO of CMJAH (Appendix B) and the Director of the
multidisciplinary ICU (Appendix C) who is also the gatekeeper of the ICU records.

This will be a retrospective study. There will be no identifiable information recorded
on the data collection sheet, only a study number. A list with the patients’ names,
hospital numbers and study numbers will be generated and filed separately. The
raw data will only be accessed by the researcher and the supervisors, therefore,
confidentiality will be maintained. The data collected will be stored securely on a

password-protected electronic database for six years after completion of the study.

This study will be conducted according to the principles of the Declaration of
Helsinki (19) and the South Africa Guidelines for Good Clinical Practice (20).
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4.6 Research methodology

4.6.1 Research design

A retrospective, contextual, descriptive research design will be followed in this

study.

In a retrospective study variablesthat occurredin the past are measured (21). In

this study, data will be obtained from ICU charts that have already been completed

A contextual study is one that refers to a specific group also defined as a “small
scale world” by De Vos et al (22). This study will be conducted contextually in the
multidisciplinary ICU at CMJAH.

A descriptive study, according to Brink et al (21), is concerned with gathering
information from a representative sample of the population to answer a specific
question aboutthe population, without attempting to establish a causal link. This
study will describe how an internationally developed scoring system performs in an

intensive care population at CMJAH
4.6.2 Study population

The study population will be records of patients admitted to the multidisciplinary
ICU at CMJAH, over the period of four months between February and May 2018.

4.6.3 Study sample
Sample size

The sample size will be realised by the number of records of patients 18 years and
older admitted over the four-month study period. This is estimated to be

approximately 300 records.
Sampling method

In this study, a consecutive convenience sampling method will be used. According
to Endacottand Botti (23), convenience samplingis “the use of the most readily

accessible individuals orunits in a study” and consecutive sampling is “a version
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of convenience sampling where every available individual or eventwithin an

accessible population is chosen.

Inclusion and exclusion criteria

The inclusion criterion in this study is all the records of patients 18 years and older
who are admitted to the ICU during the study period.
The exclusion criteriain this study will be:

o illegible and incomplete records

e patients who died within three hours of admission to ICU

e patients with an ICU length of stay of less than eighthours
4.6.4 Data collection

The ICU admissions book will be used to determine the number of admissions
during the period of the study. The names and hospital numbers of the patients will
be recorded on a separate Microsoft Excel ® spreadsheetand each record will be

assigned a study number.

The time period February to May 2018 was chosen because itwas convenient, the
ICU case mix is notinfluenced by seasonality, and therefore our evaluation will not

be affected by the time period of the study.

The ICU charts of the identified patients will be retrieved from storage. The
relevantdata will be collected according to the data collection sheet (Appendix D),
only the worst value recorded in the first 24 hours of ICU admission will be taken
into accountand used to calculate the APACHE Il score (7,8). The data will then
be scored according to the scoring system. The scoring template is summarised in
Appendix Al.

Data capturing will be done in the multidisciplinary ICU at CMJAH, and records will

not be removed from the hospital.
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4.6.5 Data analysis

The data will be captured onto spreadsheets using Microsoft Excel ® 2016. The
APACHE Il mortality predictions for every patient will be calculated and then
recorded.

The ICU death book will be used to documentthe actual mortality in ICU and the
hospital records will be used to document observed 30 day in-hospital mortality.
Calibration and discrimination will be done for all the groups. Calibration refers to
the degree of correspondence between estimated probabilities and actual
observation (24), a goodness of fittest is used. In this study for calibration, the
Hosmer-Lemeshow statistic will be used. If the number of deaths in the actual
population is close to that which was predicted, then the model is considered to be
well calibrated (25).

Discrimination is the ability of the model to distinguish between groups of patients
who survive and those who do notsurvive (5). Specificity and sensitivity will be
used in this study, a receiver operating characteristic curve (ROC) curve will be
developed from these values, and the area underthe receiver operating
characteristic (AUROC) will then be calculated. An AUROC of 1 is considered
perfect discrimination; and lessthan 0.60 is considered to be a poorly
discriminating model. An AUROC of greater than 0.7 is preferred for a modest

prediction model (24).
4.7 Significanceof the study

Dueto theincrease in the demand for intensive care services, the need for
efficacious allocation of this scarce resource is of paramountimportance (1).

Critical care scoring systems are used to facilitate this process (4,5).

It is important that critical care scoring systems be validated in the population in
which they are used (25). South Africa has a differentICU case mix to that of

developed countries, with a greater number of HIV positive patients admitted to
the ICU (13).
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Evaluation of the APACHE Il scoring systems in the CMJAH multidisciplinary ICU

will assist in determining whetherthisis the best scoring system to be used in this

intensive care population.
4.8 Validity and reliability of the study

The validity of the study refers to the degree to which a measurementrepresents a

true value and the reliability is the consistency of the measure achieved (26).
Measurements to ensure the validity and reliability of this study are:

e using an appropriate study design
e astandardised data collection sheetbeing used
e asingleresearcher collecting all the data

e data analysis being donein consultation with a biostatistician.

4.9 Potential limitations

Limitations are defined as restrictions or problems that may decrease the

application of the findings to the general population (21).

The limitations of this study are that the study is done contextually, therefore the
results of this study may not be generalisable to other intensive care patient

populations.
Some patients may be excluded from the study due to incomplete data.

As thisis a retrospective study, the information on the ICU charts will have been
collected by other individuals, the researcher, therefore, relies on others to have

recorded this data accurately.
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4.10 Project outline

4.10.1 Time frame

Activity

Proposal preparation

Literature review

Proposal submission

Ethics approval

Sep

2018 | 2018

Mar
2019

Apr
2019

May
2019

Jun | July
2019 | 2020

Aug
2020

Sep
2020

Nov

2020

Postgraduate approval

Data collection

Data analysis

Draft article

Submission

4.10.2 Budget

Item Price NIEEs Copies Total
per page of pages
Proposal 1 20 10 R 200
Ethics 1 10 25 R 250
Post graduate form 1 1 6 R 6
Complete report 1 100 4 R 400
Grand total R 131 R 856

The Wits Department of Anaesthesiology will incur the costs of paper and printing.
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4.12 Appendices

Appendix Al: APACHE Il scoring system

The APACHE Il Seventy of Disease Classification System

Physiologic

s, +4 +3 +2 +1 0 +1 +2 +3 +4
Variable

Temperature -

i =41 39400 305380 | 36384 | 34350 | 32330 | sos1e L1080
rectal *C)

Mean Arterial

=160 130-15%8 110-12% TO-100 5069 =40
Pressure {mm Hg)

Heart Rate =180 140-170 | 110-132 T0-100 $5-60 40-54 <30

Respiratory Rate
{monventilated of =50 3549 15-34 12-24 10-11 &0 =5
vantilatad)

Oxygenation

¢ = a| =500 | 350490 | 200-340 <200

& Fily > 0 5uze Al
b =T 61-70 55-60 <35
b. FiQ < 0,5 usa Paly

Arterial pH 2717 T.6-7.60 7.5-7.58 | T.33-7.48 725732 | 715724 | =715

Serum Sodium

=180 160-178 | 155-15% 150-154 130-14% 120-129 111-11% 2110
{mmol1)

Serum Potassium | . 6.0 5.55. 3.55.4 33.4 25290 <13
{mmol1)

Serum Creatinine

{mg/dl, Double point - - . e e

zooma for aouta semal 3.3 134 1512 0.6-1.4 0.5
failurs)

Hematocrit () 260 i0-30.0 45400 30450 20-20.0 <20

White Elood

240 0300 | 15188 | 3140 12.0 <1
Count {in 1000/mm?) N ?

Glasgow-Coma-

Soor2 = 15 minus actual GCE
Scale (oC5)

Serum HCO;
{venous, mmoll uss if po =52 41-51.%2 32409 12-31.% 18-21.2 15-17.2 <15
ABGs)

A = Total Acute
Physiology Score | Sumof the 12 individual varisbla points

APS
B = Age Points C = Chronic Health Points
244 vagrs 0 pointz . . . . .
' B If the patient has a history of severs organ system insufficiency or is
45-54 vaarz 2 points

B L mrmunecompromnused assign points as follows:
5564 yaarz 3 pointz
a For nonopatative of emargency postoparative patients — 5 points

b. For alactive postopsrative patisntz — 2 points

85-T4 wasrz 5 points

275 yazrz & points

APACHE 1T Score = Sum of A (APS points) + B (Age points) + C (Chronic Health points)

(From: Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE Il: a seventy of disease
classification system. Crit Care Med 1985;13(10):818-29)
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Appendix A2: APACHE Il scoring system
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AppendixB: Letter requesting permission fromthe CEO of

Charlotte Maxeke Johannesburg Academic Hospital
Dr Kenalemodisa Mogotsi

Department of Anaesthesiology

The University of the Witwatersrand

22 May 2018

Attention: The CEO of Charlotte Maxeke Johannesburg Academic Hospital
Dear Ms Gladys Bogoshi

| am a registrar in the Department of Anaesthesiology, I'm currently doing my
research for my Master of Medicine in Anaesthesiology. My research is on the
evaluation of the Acute Physiology and Chronic Physiology Evaluation Il (APACHE
II) scoring system in the multidisciplinary ICU at Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH).

The study has been approved by the Human Research Ethics Committee, and the

Graduate studies committee at the University of wits.

| am requesting permission to investigate the objectives of my research. There will
be no cost to the hospital as a result of this study, the data will be collected on site,
no records will be removed from the hospital premises and the report of this study

will be available to you should you wish to see it.
Thank You

Kind regards

Kenalemodisa Mogotsi

0835166255
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Appendix C: Letter to the Director of the Multidisciplinary ICU

Appendix C: Letter to the Director of the Multidisciplinary ICU

Dr Kena Mogotsi
Department of Anaesthesiology
University of the Witwatersrand

22 May 2018

Dear Prof Richards

I'am currently doing my research for the Master of Medicine in Anaesthesiology. My
research is on the validation of the Acute Physiology and Chronic Physiology
Evaluation Il (APACHE I) scoring system in the multidisciplinary ICU at Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH).

The study will be submitted for approval to the Human Research Ethics Committee
at CMJAH, and the Graduate Studies Committee of the University of the
Witwatersrand.

| am requesting permission to investigate the objectives of my research, please
allow me to review the charts. There will be no cost to the hospital as a result of this
study, the data will be collected on site, no records will be removed from the hospital
premises and the report of this study will be available to you should you wish to see
it.

Thank You
Kind regards

Kena Mogotsi
0835166255

15
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Appendix D: Data collection sheet

Study No:

Age (in years)

Comorbidities

Admission diagnosis

Planned or unplanned admission

Emergency / elective surgery

Immune compromised or severe
organ dysfunction

HIV status

ARV treatment

Oxygenation (mmHg)

a) FiO2

b) PaO: c)
PaCO:

Heart rate (Bpm)

Mean arterial pressure (mmHQ)

Respiratory rate (nonventilated or
ventilated)

Glasgow Coma Scale

Serum Creatinine (mg/dl)

Presence of Acute Renal Failure

Serum Sodium (mmol/l)

Serum Potassium (mmol/l)

Serum HCOs (venous, mmol/l if no
ABG)

Arterial pH

Temperature (rectal) (°C)

White blood count (x1000)

Haematocrit (%)

Principle diagnostic category
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Section 5: Annexures

5.1 Ethics approval
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UNIVERSHIY OF LI 1
WIHTWATERSRAND,
lmli,-\\:xl SRURG -
R14/49 Dr Kenalemodisa Lindiwe Mogotsi et al
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CL E CERTIFI 180605
NAME: Dr Kenalemodisa Lindiwe Mogotsi et al
(Principal Investigator)
DEPARTMENT: Anaesthesiology
Chris Hani Baragwanath Academic Hospital

Multdisciplinary Intensive Care Unit
PROJECTTITLE:  Retrospeciive evaluation of the APACHE I critcal

care scoring system in a multidisciplinary intensive
care unit

DATE CONSIDERED: ~ 29/06/2018

DECISION: Approved unconditionally

CONDITIONS:
SUPERVISOR: Prof Juan Scribante

APPROVED BY: / Kéﬂ)ﬂ‘/ -
Dr CB Penny, ChaiipersiBPHREC (Medical)
DATE OF APPROVAL: 2600972018~

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.
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5.2 Graduate studies approval

Private Bag 3 Wits, 2050

UNIVERSITY OF THE Fax: 027117172119

WITWATERSRAND, \g7 Tel: 02711 7172076
JOHANNESBURG

Reference: Mrs Sandra Benn

E-mail: sandra.benn@wits.ac.za
12 September 2018

Dr KL Mogotsi Person No: 1725851
No 32 Barbadas Island Villas PAG
9 Wisbeck Road

2091

South Africa

Dear Dr Kenalemodisa Mogotsi

Master of Medicine: Approval of Title

We have pleasure in advising that your proposal entitled Retrospective evaluation of the APACHE Il
critical care scoring system in a multidisciplinary intensive care unit has been approved. Please note that
any amendments to this title have to be endorsed by the Faculty's higher degrees committee and
formally approved.

Yours sincerely

C(/Z_,w

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences
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5.3 CEO approval

y GAUTENG PROVINCE

HEALTH

REPUBLIC OF SOUTH AFRICA

CHARLOTTE MAXEKE JOHANNESBURG ACADEMIC HOSPITAL
Enquiries:
Ms. N. Mzila
Office of the Clinical Director
Tell: (011): 488-4812

Email: Nolwazi.Mzila@gautemg.gov.za
19 October 2018

GP 201810_027

Dear Dr. K. Mogotsi

STUDY TITTLE: Retrospective Evaluation of the APACHE II Critical Care Scoring
System in a Multidisciplinary Intensive Care Unit.

Permission is granted for you to conduct the above recruitment activities as described in your
request provided:

1. Charlotte Maxeke Johannesburg Academic Hospital will not anyway incur or inherit
costs as result of the said study.
2. Your study shall not disrupt services at the study sites.
3. Strict confidentiality shall be observed at all times.
4. Informed consent shall be solicited from patients pamclpatmg in your study.
Please liaise with the HOD and Unit Manager or sister in charge to agree on the dates and time
that would suit all parties.

Kindly forward this office with the results of your study on completion of the research.

Supported / rot supported—
N

Sl
— :K, —

Dr. M. Mofokeng —>

Clinical Dlr ct
DATE: (4 \(;T 20\ §

not approved

Clnef Executwe Officer
Date: | 3 .11. 201K
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5.4 1CU approval

I TN DEPARTMENT OF HEALTH
TN CHARLOTTE MAXEKE
JOHANNESBURG ACADEMIC
HOSPITAL
: 7S/
Ly SET "\\‘///
o o™
20818

Professor G Richards
Head of department
Multidisciplinary ICU
Area 576
CMJAH
17 August 2018

Re Permission to review ICU Charts at CMJAH

Dear Ms Bogoshi

| hereby grant permission for Dr Kenalemodisa Mogotsi to review ICU charts, so as to
investigate the objectives of her research for the Master of Medicine in Anaesthesiology.
Her research is on the validation of the Acute Physiology and Chronic Physiology
Evaluation Il (APACHE 1l) scoring system in the multidisciplinary ICU at Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH).

Thedatamllbeoollectedonsne,noreoordswnlberemovedfrommehosutalpremises
andlhereporlofmisstudywilbeavailable.
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GA Richards

MBBCh PhD FCP (SA) FRCP FCCP

Academic Head Division of Critical Care University of the Witwatersrand
Director Critical Care Charlotte Maxeke Johannesburg Academic Hospital and

Chief Physician Departments Medicine and Pulmonoclogy University of the Witwatersrand
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5.5 Turnitin report

1725851:turn it in document.docx
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Publication

Hekmat, K.. "Daily Assessment of Organ
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UNIVERSITY OF THE S\ FacuLty oF

WITWATERSRAND, &7 | =2) HEALTH SCIENCES
JOHANNESBURG |

10 November 2020

The Chairperson

Graduate Studies Committee
Faculty of Health Sciences
University of the Witwatersrand

Dear Professor Papathanasopoulos

Re: M Med: Retrospective evaluation of the APACHE Il critical care

scoring system in a multidisciplinary intensive care unit

Dr Kenalemodisa Mogotsi, student number: 1725851, has submitted her research report
to Turnitin, which revealed a similarity index of 5%. These similarities appear not

to be plagiarism but mainly the use of common terminology and phrases specific
to the research topic.

Yours sincerely,
Yrikeanty

Juan Scribante
Supervisor
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