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Abstract

Background: The expansion of Groote Schuur Hospital’s (GSH) Intensive Care Unit (ICU)
capacity to accommodate an unprecedented number of patients during the COVID-19
pandemic was an expensive undertaking. There are currently no published formal
retrospective analyses of the financial costs of running and expanding COVID-ICUs in
South Africa.

Objectives: To conduct a cost analysis of the COVID-ICU service at a tertiary state hospital
in Cape Town, South Africa. This analysis included the cost of COVID-ICU admissions
relating to the first four COVID waves. Aims were to estimate total costs, in-patient day
costs, and cost drivers for COVID-ICU.

Methods: A retrospective cost analysis (quantitative observational study) using a mixed-
methods costing approach, was conducted across the COVID-ICUs at GSH. The data used
included two consecutive hospital financial years, between April 2020 and March 2022.
Costs were calculated monthly and then combined to achieve a total cost over the two-year
period. COVID-ICU in-patient days were used as the primary allocation factor. Cost inputs
included recurrent costs such as human resources, diagnostics, pharmaceuticals, oxygen,
enteral feeds, blood products, consumables, and overheads, as well as capital costs including
equipment, and building space.

Results: The study period covered the four COVID waves that affected GSH ICU units
between April 2020 and March 2022. This period included 10 497 COVID-ICU in-patient
days resulting from a total of 776 COVID-ICU admissions. The total calculated spending
across the two financial years was R262 482 904, resulting in a cost per in-patient day of
R25 006, and a utilisation of 4,4% of the total hospital budget during the same period. The
median length of stay was nine days, resulting in a median cost per admission of R225 050.
The top five cost drivers were human resources (60%), consumables (9%), pharmaceuticals
(8%), oxygen (5%), and overheads (5%).

Conclusion:

This is a retrospective costing study of the COVID-ICUs at a tertiary hospital in Cape Town,
throughout the entire portion of the pandemic that required ICU admissions in South Africa.
This analysis provides useful financial insights, a potential economic model for ICU
budgeting, and creates a platform for future economic analyses and policy planning
regarding level-of-care decisions for general ICU admissions or for similar future pandemics
within the South African and LMIC hospital setting.
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Main Article

Background

The emergence and spread of the novel coronavirus, SARS-CoV-2 was declared a pandemic
by the World Health Organization (WHO) on the 11" of March 2020.0412 |ts consequent
clinical illness (hereafter written as COVID), brought significant challenges to the delivery of
adequate healthcare worldwide. The response to the surge of Groote Schuur Hospital (GSH)
in-patient numbers during the COVID pandemic included expansion of both wards and
Intensive Care Units (ICUs), alongside major de-escalations of other services within the
hospital. The first COVID patient who required invasive mechanical ventilation (IMV), was
admitted to the GSH ICU on the 5" of April 2020.51 The subsequent expansion of GSH

ICU capacity to accommodate an unprecedented number of patients during the COVID
waves, came at an unknown financial cost.

The Division of Critical Care at GSH, usually manages 25 ICU beds in units covering
surgical, medical, cardiothoracic and source isolation ICU patients,” but during COVID
wave peaks, Critical Care services expanded to six COVID-ICU units comprising 36 beds,
and two non-COVID-ICU units comprising 12 beds to cover other critical medical and
surgical patients. COVID-ICU beds were utilised exclusively for COVID patients who
needed IMV. Patients who required admission for supplementary oxygen but either did not
yet require IMV or were not suitable candidates for ICU as per the standardised triage
system, were cared for in general wards where they received oxygen via high flow, face
mask, or nasal cannulae depending on their changing requirements. ICU expansion was
dynamic with changes determined by patient demand and resource availability throughout the
respective waves within the hospital.[¥! At the peaks of waves, the ICU medical staff were
divided into teams, each responsible for 12 beds. The number of doctors was increased from
the normal baseline as the bed numbers expanded, primarily through re-distribution of
registrars (trainee specialists) from various departments throughout the hospital to help full-
time in ICU during busy periods. The major limiting factor for creating new COVID-ICU
units, when needed, was the availability of ICU-trained nursing staff. This was due to the
rapid expansion of beds throughout the province, decreasing the availability of staff. The
usual ICU ratio of professional nurse (PN) to patient, is 1:2, but in COVID-ICU this was
reduced to 1:3 with the remainder of nursing support provided by enrolled nurses (ENs) and
enrolled nursing auxiliaries (ENAS).“

There is currently no literature providing retrospective cost analyses of establishing and
operating COVID-ICUs at hospitals in South Africa or other low- and middle-income
countries (LMICs). There is also a paucity of baseline data describing the above-mentioned
costs for non-COVID public-sector ICUs in the country, with only one national study by
Mahomed et al, being published on the subject in 2019.7 A COVID-ICU-related economic
costing model was developed by Cleary et al.,™! early in the pandemic to aid ICU bed
acquisition decision-making, and there was a study published after the first national wave of
COVID admissions by Edoka et al.,’® that estimated daily COVID in-patient costing in South
Africa at varying levels of clinical care within a public hospital setting. The study by Edoka
et al., calculates economic costs by totalling consumables, capital equipment and human
resources, and they provide estimates (both including and excluding facility fees), that are
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based on resource inputs derived from local clinical guidelines, literature, and expert
opinions.®

It is important to estimate COVID-ICU costs to understand the costs and cost drivers of
running and expanding the COVID-ICU service within hospitals from policy, economic, and
service provision perspectives amongst others. This costing provides some of the information
required to further perform an assessment of the economic impact of COVID-ICUs at GSH,
which can inform current and future public health policy, hospital management planning and
resource allocation decisions.

Obijectives

The purpose of this research was to do a cost analysis of the GSH COVID-ICU service. The
primary aim was to determine the total costs of patient admissions to COVID-ICU units at
GSH throughout the two-year period. Secondary aims were to describe the associated unit
costs, reflected as cost per in-patient day, and to identify the major cost drivers.
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Methods

This study took place at GSH, which is a 991-bed, state sector, tertiary-level academic
hospital affiliated with the University of Cape Town (UCT). It was approved by the UCT
Human Research Ethics Committee of the Faculty of Health Sciences (ref. no. 685/2021), and
permission to collect data and conduct the study was granted by GSH management.

This is a descriptive, retrospective cost analysis (quantitative, observational), from a
healthcare provider perspective, of the GSH COVID-ICU spending for two complete
institutional financial years, from April 2020 to March 2022. Costs and in-patient days for all
admissions to the COVID-ICU during this period were included in the study. The study
covered the four COVID waves that the GSH ICU was involved in managing (see Figure 1).

Wave 1 Wave 2 Wave 3 Wave 4
(34 weeks) (25 weeks) (18 weeks) ; (()12 szkz?
. ct -
5 April 2020 - 4 Dec 2020 - 7 June 2021 - e

29 Nov 2020 1 June 2021 17 Oct 2021

2022

Figure 1: Timeline illustrating the COVID waves that affected GSH

In-patient days were used as the main allocation factor throughout this costing study.
COVID-ICU in-patient days at GSH have previously been published.®! Figure 2 illustrates
the trend of GSH COVID-ICU in-patient days, over the two-year study period. Eight patients
required admission to COVID-ICU after March 2022. These patients and costs fell outside
the study period and were excluded from the costing analysis. Total ICU (including non-
COVID-ICU) and total hospital in-patient day information was obtained from Hospital
Information Management.
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Figure 2: Bar graph showing monthly COVID-ICU in-patient days over the two-year study
period

A mixed-methods (both top-down and bottom-up) costing approach was used due to the
varying formats of the costing data available from multiple sources within the hospital
information management system. Actual costs throughout the two-year period were recorded
and calculated in the local currency of spending - South African Rands (ZAR or R).

Table 1 outlines COVID-ICU cost components and their constituents. A bottom-up approach
was used to calculate costs of human resources, diagnostics (laboratory and radiology tests),
consumables, pharmaceuticals, enteral feeds, blood products, maintenance, and building
space (metres squared multiplied by cost per metre, and inflation accounted for to estimate
2021 prices). A top-down approach was used to allocate costs of oxygen, overheads,
equipment, and burial services.
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Table 1: Cost components included in the COVID-ICU service analysis

Human Resources Diagnostics Pharmaceuticals | Oxygen Consumables | Overheads

- Doctors - National - Pharmacy costs | - Oxygen | - Medical and | - Utilities (water,

- Nurses Health usage surgical electricity)

- Operational unit Laboratory supplies - Cleaning
managers Service - Other - Security

- Administrative staff (NHLS) supplies e.g., | - Waste

- Clinical Laboratory stationery management

Technologists - Radiography - Laundry

- Radiographers services
(allied)

- Physiotherapists
(allied)

- Dietitians (allied)

Nutrition Equipment Blood Products | Burial Land and Maintenance

services | building

- Enteral Feeds - Medical - Blood and - Overall | - Building - Engineering
- Feeding sets equipment Blood products cost to space cost maintenance
- General COVID- costs
equipment ICU

Human resources

The doctors running COVID-1CUs at GSH included five permanent intensivists, a specialist
pulmonologist who worked permanently in ICU during waves and busy periods, a critical
care fellow, registrars and other specialists in varying numbers depending on the number of
patients in ICU. Final rosters were analysed, and salaries of all doctors involved in COVID-
ICU in any given month, including those seconded from other areas, were extrapolated from
the hospital functional business unit (FBU) which included accurate monthly salaries
including commuted overtime pay.

The most common nursing staffing allocation per six COVID-ICU beds per 12-hour shift was
two PNs, two ENs and one ENA. These ratios were converted into staff required per ICU
bed, per 24 hours. Based on monthly nursing shift patterns, the average number of shifts per
nurse per month was estimated and used to calculate the number of nursing salaries that were
required to fulfil all shifts per bed per month (i.e., full-time equivalent nurses per in-patient
day). To determine how many COVID-ICU nursing shifts were required per individual
month, accurate daily COVID-ICU in-patient numbers were used to convert the staff number
required per bed into the total staff required for each month. To calculate accurate average
salaries, daily and nightly rosters from the month of January 2021 which included a wave
peak were used to identify exactly which permanently employed nursing staff worked across
one COVID-ICU unit. Their actual individual monthly salaries were then taken from the
hospital FBU which included overtime, and an average salary for each grade of nurse (PN,
EN, ENA) was derived. This was more accurate than using published Western Cape salary
level tables as those do not include accurate overtime. Based on the total number of fully paid
nurses in each category required to cover the fluctuating shifts in each month of the study,
and using the average salary calculated for each group, total nursing salaries for each month
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were calculated. A minority of the shifts were filled by agency staff who had varying pay
rates, but this was excluded from the costing and permanent average salaries were applied to
those agency shifts instead.

Unit managers are all senior nurses who are permanently employed to run the nursing
element of the ICU units. They all continued working full-time throughout the study period,
and their individual salaries were taken from the FBU. The same process was followed for
administrative staff which included the ICU secretaries and a public health specialist who is
the full-time medical manager for critical care.

Allied health professionals who played a large role in the COVID-ICUs included
radiographers, physiotherapists, and dietitians. Their cost allocation per month was calculated
using the published Western Cape 2021 salary scale tables, the number of staff from each pay
category working in COVID-ICUs each month, and the percentage of their workday spent in
the COVID-ICUs. Information regarding the above staff allocation was provided by
respective heads of the clinical departments.

Clinical technologists who are responsible for medical equipment and patient transfers within
the hospital were allocated to specific COVID wards and ICUs throughout the pandemic. The
actual salaries of those allocated to COVID-ICUs were drawn from the FBU.

Consumables, pharmaceuticals, NHLS, blood, engineering maintenance

The hospital consistently maintains an accurate digitised FBU, from which costing
information for COVID-ICU units for the above-headed components were directly drawn for
each month. The FBUs keep per unit costs for each item ordered from each area in the
hospital during each month. Costs therefore include ongoing operating costs and for
engineering maintenance, include replacements of items and purchase of new items when
required, however set up costs pertaining to all equipment and assets are incorporated in cost
of capital.

Oxygen

Liquid oxygen costs during the COVID period were R11 000 per tonne. The usual oxygen
consumption for GSH of one tonne per day, increased during the peaks of waves to between
11 and 15 tonnes per day. At peak, this oxygen was being used by 53 high-flow machines
and around 40 ventilators. For costing purposes, the consumption of oxygen was converted
into ventilator equivalents. As high-flow machines utilise higher flow than ventilators, the 53
high-flow machines’ consumption was converted into an equivalent of 80 ventilators so that
at peak, 14 tonnes of COVID-related excess oxygen were used by 120 ventilator equivalents.
This was then used to calculate oxygen costs per ventilator per day and applied to the
monthly costing calculations for oxygen use for the 40 ventilated beds in COVID ICU
depending on respective in-patient day numbers per month.

X-ray diagnostics

Radiography salaries were included in human resources, whilst the cost of x-rays themselves
were included in diagnostics. The cost per x-ray was obtained from the GSH Case
Management Department, and an average assumption of one mobile chest x-ray per patient
day was applied based on scrutiny of radiographic records.
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Nutrition

Most patients in COVID-ICU were receiving nutrition via nasogastric tubes. The cost of
nutrition included enteral feeds and feeding sets that were changed for each patient daily. In-
patient day costs for nutrition, were obtained from the Dietetics Department, and COVID-
ICU in-patient numbers were used to calculate monthly feeding costs. There were a few
patients who received total parenteral nutrition (TPN), which was included in the FBU costs
for pharmaceuticals.

Cost of capital

Medical equipment replacement costs were obtained from both the director of finance for
GSH and the head clinical technician who is responsible for procurement of the equipment in
the GSH ICUs. An equivalent annual cost for medical equipment was calculated using an
annuity factor at a rate of 3%, and a useful lifespan of 10 years.l' This lifespan decision
was based on literature ™ and experiential accounts by the same lead clinical technician.
COVID-ICU building space cost was estimated by measuring the square metreage of the
space used and then utilising an excel-based order of magnitude estimator, created by the
Department of Health and Centre for Scientific and Industrial Research (CSIR), to calculate
the cost to build new hospitals. Inflation was considered when converting to a 2021 cost
estimate. An annual cost was then calculated for the building space by annuitizing at a rate of
3% over 30 years. This annual amount was doubled to allocate a building cost to the two-year
study period.

Overheads

Overheads included electricity, water, cleaning costs, security costs, waste management, and
laundry services. Most of these costs came from the hospital’s assistant-director of finance, in
the form of annual costs for GSH. A top-down approach was used to apportion these costs to
the COVID-ICUs. This was done by calculating which percentage of the total hospital in-
patient days, were COVID-ICU in-patient days, and applying that percentage to the annual
overhead costs.

Burial costs and COVID waste disposal

A different allocation factor was applied to burial costs and specific COVID waste disposal.
A daily record was kept throughout the pandemic, of the wards and ICUs allocated to COVID
patients. This was converted to monthly allocations, and then the percentage of COVID
rooms in the hospital belonging to COVID-ICU per month was calculated. This percentage
was then used to allocate burial costs and COVID waste disposal costs more accurately than
using only an ICU percentage of whole hospital in-patient numbers. After calculation,
COVID waste disposal costs were added to overheads totals. To note, was the assumption
that almost all deaths in the hospital during the pandemic were COVID-related due to major
de-escalation of most other services.

All costing data collected over the two-year study period, was collated, and analysed in
Microsoft Excel. Monthly costs were calculated and converted to an overall COVID-ICU
cost by totalling them over the full period. In-patient day costs were calculated by dividing
the total amount spent by the total number of COVID-ICU in-patient days recorded
throughout the same period. Cost drivers were ranked by analysing the percentage of the total
spending accounted for by each component group.
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Results

The study period, covering two financial years from April 2020 to March 2022, included
10 497 COVID-ICU in-patient days resulting from 776 COVID-ICU admissions. Table 2
summarises total costs, in-patient day costs, and cost component percentage contributions.

Table 2: Summary of total costs, in-patient day costs and percentage contribution of cost
components over the two-year study period in ZAR

Cost over two-year | Cost per in-patient

period day
Human Resources R156 510 179 R14 910
Consumables R22 853 646 R2 177
Pharmaceuticals R21 268 018 R2 026
Oxygen R13 527 515 R1 289
Overheads R12 830 771 R1 222
Diagnostics R10 912 802 R1 040
Assets and Equipment R8 610 925 R820
Land and Building R5 267 524 R502
Maintenance R4 689 172 R447
Blood Bank R3 393 248 R323
Nutrition R1 945 448 R185
Burial services R673 657 R64
Totals R262 482 904 R25 006

Total cost over 2 years

The total cost to GSH to run COVID-ICU over the study period, which covered four waves
of COVID admissions, was R262 482 904. This utilised 4,4% of the total hospital budget of
R5 977 175 000 for the same period. This budget included an additional COVID budget
allocated to the hospital.

Cost per in-patient day

The cost per in-patient day in COVID-ICU was R25 006. The median length of stay (LoS)
in COVID-ICU was 9 days which resulted in an overall median cost per admission of
R225 050 regardless of outcome. For survivors, the median LoS was 11 days resulting in a
median cost per admission of R275 061 for those who did not demise in ICU.

Cost drivers

Refer to Table 2 for the full breakdown including all cost drivers. A graphical representation
of the leading cost drivers can be seen in Figure 3.
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Figure 3: Pie chart showing the leading cost drivers for COVID-ICU over the two-year
period

Human resources were the leading cost driver, accounting for 59,6% of total costs. The next
biggest cost drivers included consumables (8,7%), pharmaceuticals (8,1%), oxygen (5,2%)
and overheads (4,9%). Within human resources, 46% was spent on nursing and unit
managers, 40% on doctors, and the remainder on allied health (dietitians, radiographers, and
physiotherapists), administrative, and clinical technology staff. See Table 3 and Figure 4.

Table 3: Breakdown of component contributions to the human resources cost driver for

COVID-ICU
HUMAN RESOURCES (HR) | Total cost over Cost per in-
two-year period patient day
Nurses and unit managers R72 673 342 R6 923
Doctors R62 443 858 R5 949
Allied Health Professionals R10 971 036 R1 045
Administration staff R5 449 427 R519
Clinical Technologists R4 972 516 R474
Totals R156 510 179 R14 910
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Figure 4: Pie chart showing the breakdown of contributions to the human resources cost

component for COVID-ICU
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Discussion

Costing of critical care patient services in public and private hospitals in South Africa is
important for many reasons. The costs of individual patient management are not often
considered or updated in the public sector, as no individual billing for services is done.
Despite the small percentage of healthcare facility beds that ICUs normally occupy, the costs
of admissions into ICUs are significant. There is a paucity of data on both COVID-ICU and
baseline general ICU costing in LMICs.

Beginning in 2020, COVID-ICU treatment was a novel experience for healthcare institutions
globally. Within our setting, logistical and clinical protocols were developed by GSH hospital
management and the critical care team as the pandemic progressed. Despite a mortality rate
of nearly 70% for ventilated COVID patients over the first two GSH COVID waves, ¥
efforts continued throughout all four waves, to provide maximal ventilatory support and ICU
treatment to as many patients who fitted the standardised triage criteria as possible. With
dynamic decision-making required at great pace, and no previous universal experience to
guide the process, little was known throughout most of the pandemic, about the financial
implications or economic efficiencies of the resulting healthcare-level decisions. Beyond
early assessments and assumption-based economic modelling estimates, there is no formally
published retrospective data on the actual financial or economic costs of running and
expanding COVID-ICUs in South Africa. By providing a complete retrospective cost
estimate over the two-year admission period, this research starts to fill the gap in ICU costing
knowledge regarding COVID treatment in LMIC tertiary public hospital ICU settings. This
will form the basis of future economic assessments to analyse cost effectiveness of level-of-
care decisions for COVID and similar medical situations within this, and other settings. [t

The findings from our study estimated that the cost of running and expanding the GSH
COVID-ICU over two financial years was R262 482 904. This two-year period covered most
of the COVID-ICU admissions, with only the last eight COVID-ICU admissions, that
occurred after March 2022, being omitted as they fell outside of the study period. An
interesting aspect to note is that, as can be seen from the discrepancy in wave numbers in
figures 1 and 2, GSH was affected by 4 clinical waves of infection, however wave 4 resulted
in negligible numbers of critical care admissions as most patients admitted required only
ward care. There is currently no similar published literature over the complete two-year
period in a public LMIC setting for direct comparison. One of the only private sector
COVID-ICU cost estimates, was shared via web articles written in May 2020 by South
Africa’s largest private medical scheme, Discovery Health. They reported that the average
cost of all COVID hospital admissions across their members at that point was R84 708 per-
person, the average cost of a COVID-ICU admission was R169 525, and the average cost of
stay in ICU for patients on ventilators was R340 737. 411151 Patients being admitted to private
ICU facilities did not all require IMV like they did at GSH. This was due to more bed
availability allowing different triage criteria, which is why Discovery had different overall
ICU costs for ventilated versus non-ventilated patients. There is no publicly available
breakdown or substantiation of these costs in the report.

GSH’s annual budget is comprised of a provincial equitable share (PES) and a national
tertiary services grant (NTSG). For the 2020/21 hospital financial year it was

R2 872 881 000 and for 2021/22 it was R2 993 270 000. This gives a combined total hospital
budget over the two-year study period of R5 866 151 000. The total COVID ICU spending
during this time of R262 482 904 accounted for 4,5% of that total hospital budget. During the
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pandemic, GSH also received an additional COVID budget, which came to a total of

R111 024 000 over the two-year study period. The amount spent on COVID ICU alone
surpassed this additional budget (236,4%). Overall, the COVID ICU spending accounted for
4,4% of the total budget including the additional COVID allocation.

The only local paper addressing general ICU costing in a LMIC which assessed a tertiary
hospital in Durban, South Africa, was published in 2019 by Mahomed et al. ["! It looked at
544 admissions and 4 987 in-patient days throughout the April 2015 — March 2016 financial
year and estimated a general ICU cost per in-patient day of R22 870. [l This study excluded
land and building costs, as well as registrar salaries due to absence of data. The researchers
reported that these daily costs in South Africa were comparable to the mean direct costs for
an ICU-day, determined by standardised costing methodology, across four European
countries. M According to the Western Cape (WC) Government’s new (April 2022) uniform
patient fees schedule (UPFS) tariffs, externally funded patients admitted to public
institutions, will be charged a facility fee of R7 417 plus a professional fee of R630 per 12
hours of a general ICU stay, which equates to R16 094 per in-patient day. There is no
breakdown of these charges, nor any available information about how they have been
calculated.

The estimated cost per in-patient day in GSH COVID-ICU was R25 006, and the median
length of stay in COVID-ICU was nine days which resulted in a median, outcome
independent, cost per admission of R225 050. This daily cost falls near the upper margin of
the assumption-based predictive economic model costs produced by Cleary et al., which
estimated a daily cost range between R8 922 and R26 767. P! A study by Edoka et al. found
an ICU in-patient day cost estimate for patients requiring IMV (including facility fees) to be
USD 1314,24 (R21 829,53), which is only R 3 177 less than our study showed. As an
indirect comparison to our study, the abovementioned general ICU in-patient day costing of
R22 870 in South Africa using 2015-2016 data, [ is R2 136 less than our daily cost
estimate. This small discrepancy can likely be accounted for by inflation, the omission of
land and building costs and registrar salaries from the Mahomed paper, and extra daily
oxygen costs for COVID-ICU. Oxygen consumption was higher overall for COVID-ICU
than general ICU because every COVID-ICU patient required ventilation with high oxygen
percentages and flows due to the clinical presentation of ARDS, whereas in general ICUs,
oxygen and ventilation requirements are far less. COVID-ICU treatment was relatively
standardised, and except for oxygen, required no further additional costly inputs when
compared with regular ICU patients, hence the abovementioned WC UPFS tariffs may
represent an underestimation of the amount needed to recoup general daily ICU costs.

The length of stay (LoS) estimated from the Cleary et al. model was between 4.3 and 13.3
days with a base value of 8.8 B which correlated well with the overall median GSH
COVID-ICU stay of 9 days. The median was used in our study instead of the mean due to a
small cohort of patients with very extended stays skewing the mean LoS to 13.5 days. The
median LoS was longer for COVID-ICU survivors, at 11 days, resulting in a median cost
per admission of R275 061 for those who did not demise in ICU. The Edoka study used an
average length of stay for ICU admissions with IMV of 16 (10-31) days, which they
obtained from the South African COVID-19 Hospital Sentinel Surveillance database. 8l

In our study 59,6% of COVID-ICU costs were attributable to human resources; slightly
more than the recent South African paper showing human resource contributions of 55%. ["!
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In their study however, the authors do acknowledge that their human resource contribution
was under-represented due to the omission of unobtainable salaries of rotational registrars.
In international ICU costing studies, human resources were also the leading cost driver. I7
(91 In our study medical and surgical consumable products were the next biggest cost driver
at 8,7%, followed by pharmaceuticals at 8,1%. Oxygen contributed 5,2%, then overheads at
4,9%, and diagnostics (NHLS specimen pathology testing and x-ray radiology costs) at
4,2%. The remaining cost components contributed even smaller amounts as can be seen in
results Table 2.

Due to the nature of the pandemic, its waves, and the resulting shortage of available nursing
staff, the nurse-to-patient ratio in COVID-ICU was less than that in the general ICU which
decreased nursing costs per patient. This should be noted for policy-making purposes, as
nursing costs in an ideal ICU set up would have been higher had there been less staff
shortages and HR constraints. Despite this, in keeping with an older South African costing
study from 1995, nurses accounted for the highest proportion of human resource costs. 2 In
our study, nurses and unit managers (nurses occupying a managerial capacity within the
units), accounted for 46% of the costs, followed by doctors at 40% who were made up of
intensivists, other specialists, registrars, and medical officers. Allied health professionals
including radiographers, physiotherapists and dietitians accounted for 7%, with
administration staff and clinical technicians accounting for 3% each.

The strengths of this study include a high level of accuracy of costing data kept by GSH,
that is analysed monthly by all departments in the hospital. Access to well-kept financial
information in the form of FBUs, and documented staffing rosters and salaries were integral
to ensuring costs were accurate. Two full financial years were covered to ensure precision,
and account for clinical and logistical changes in practice as the pandemic progressed and
efficiencies within the hospital improved. Fortuitously, the months included, correlated
exactly with the four COVID waves that affected ICU admissions. Although well-justified
assumptions were necessary for some of the costing components and allocations, there were
no costs left out of this study completely. Fluctuations in COVID-ICU costs were minimal
when compared to general ICU costs because COVID-ICU treatment protocols followed a
more standardised approach, so averaging costs per in-patient day over the whole period is
likely to be more accurate than the same approach for a general ICU where a large variety of
pathologies being treated require different ICU treatment. Follow-up and complementary
studies are planned that will further enhance the findings of this research, which include
costing of the non-COVID ICU as a comparison and conducting an economically focussed
study to explore the opportunity costs associated with expanding COVID-ICU services.

There were limitations in this study. Not all cost inputs for ICU admissions at GSH are
electronically based, nor are they all kept in a centralised, accessible source. Due to
availability of data in different forms, including some only in aggregated forms, a mixed-
methods approach had to be employed instead of a complete and ideal bottom-up approach.
The scope of this study was limited to the COVID-ICU at GSH. This single-hospital scope
will have an impact on generalisability of the costing to other LMIC healthcare settings,
however the quantitative nature of the study and the quality of the data makes it an accurate
indication of the spending on COVID-ICU at this tertiary hospital and allows generalisability
to other government healthcare settings in South Africa. Although costs of services will differ
in other LMICs, the model is generalisable as the requirements for an ICU will be similar.
Direct full-time critical care staff management costs were included in the study, however
human resource costs pertaining to external departments such as engineering, supply chain
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management, human resource departments and overall organisational hospital management
teams i.e., head office and senior management costs were not included due to insufficient
information regarding to COVID-ICU specific time allocation during the study period. As
such, the total cost, and the cost per PDE is a minimum cost, as it does not include the full
hospital support costs, or the costs of running a bed within a larger organization, whether
state or private sector. This therefore represents a “within facility” costing. This makes it
slightly more difficult to compare to the private sector costs referenced, that will include not
only the transversal support costs, but also an unknown profit margin at many levels from
consumables through to provider, and funders. Regarding nursing costs, an underestimation
should be noted, as an average working month per nurse was used to calculate average
nursing salaries for each nursing group without factoring in periods of annual leave or sick
leave. During the pandemic, annual leave was not generally taken, however for the purposes
of model generalisability, this should be factored in. For medical staffing we would use a
factor of 13% to cover annual leave, 4 days sickness and 5 days CPD/CME leave to fill a
roster through a 365-day period. Overheads may also have been underestimated as they were
calculated using a top-down approach to apportion costs by using the respectful percentage of
COVID-ICU to total hospital in-patient days, which does not account for the increased
intensity of care for COVID-ICU beds compared with standard hospital beds. Medical air
was not included in the costing study.
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Conclusions

This study provides a retrospective analysis of COVID-ICU costing at a tertiary hospital in
Cape Town throughout the entire portion of the pandemic that required ICU admissions in
South Africa. The cost of R262 482 904 to run the COVID-ICU at GSH over two financial
years, inclusive of almost all patient admissions throughout the pandemic, revealed a cost per
in-patient day of R25 006. Costing per in-patient day in COVID-ICU at GSH was relatively
standardised due to the disease treatment following a routine package of care. This analysis
provides useful financial insights and evidence for ICU budgeting, and creates a platform for
future economic analyses, and policy planning regarding level-of-care decisions for general
ICU admissions or for similar future pandemics within LMIC hospital settings. Further
research within the GSH setting regarding non COVID-ICU costing, as well as opportunity
costing of the COVID-ICU expansion are planned.
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a study are: to fill a gap in the literature, a logical extension of previous work, or to answer
an important clinical question. If other papers related to the same study have been published

32
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Main article
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participating centres.
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o Participants (instead of patients or subjects; within Methods): numbers entering and
completing the study, sex, age and any other biological, behavioural, social or cultural
factors (e.g., smoking status, socioeconomic group, educational attainment, co-
existing disease indicators, etc)that may have an impact on the study results. Clearly
define how participants were enrolled, and describe selection and exclusion criteria.

o Interventions (within Methods): what, how, when and for how long. Typically for
randomised controlled trials, crossover trials, and before and after studies.

e Main outcome measures (within Methods): those as planned in the protocol, and those
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Results
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e Main results with (for quantitative studies) 95% confidence intervals and, where
appropriate, the exact level of statistical significance and the number need to
treat/harm. Whenever possible, state absolute rather than relative risks.
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e E.g.: The mean (SD) birth weight was 2 500 (1 210) g. Do not use the £ symbol for
mean (SD).

o Leave interpretation to the Discussion section. The Results section should just report
the findings as per the Methods section.

Discussion

Please ensure that the discussion is concise and follows this overall structure — sub-headings
are not needed:

o Statement of principal findings

o Strengths and weaknesses of the study

o Contribution to the body of knowledge

« Strengths and weaknesses in relation to other studies

e The meaning of the study — e.g. what this study means to clinicians and policymakers
« Unanswered questions and recommendations for future research

Conclusions

This may be the only section readers look at, therefore write it carefully. Include primary
conclusions and their implications, suggesting areas for further research if appropriate. Do
not go beyond the data in the article.

Ilustrations/photos/scans

« Ifillustrations submitted have been published elsewhere, the author(s) should provide
consent to republication obtained from the copyright holder.
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o Figures must be numbered in Arabic numerals and referred to in the text e.g. '(Fig. 1)".

o Each figure must have a caption/legend: Fig. 1. Description (any abbreviations in
full).

e All images must be of high enough resolution/quality for print.

« All illustrations (graphs, diagrams, charts, etc.) must be in PDF or jpeg form.

o Ensure all graph axes are labelled appropriately, with a heading/description and units
(as necessary) indicated. Do not include decimal places if not necessary e.g. 0; 1.0;
2.0; 3.0; 4.0 etc.

e Scans/photos showing a specific feature e.g. Intermediate magnification micrograph
of a low malignant potential (LMP) mucinous ovarian tumour. (H&E stain). —include
an arrow to show the tumour.

o Each image must be attached individually as a 'supplementary file' upon submission
(not solely embedded in the accompanying manuscript) and named Fig. 1, Fig. 2, etc.

Tables

o Tables should be constructed carefully and simply for intelligible data representation.
Unnecessarily complicated tables are strongly discouraged.

o Large tables will generally not be accepted for publication in their entirety. Please
consider shortening and using the text to highlight specific important sections, or offer
a large table as an addendum to the publication, but available in full on request from
the author

o Embed/include each table in the manuscript Word file - do not provide separately as
supplementary files.

e Number each table in Arabic numerals (Table 1, Table 2, etc.) and refer to
consecutively in the text.

o Tables must be cell-based (i.e. not constructed with text boxes or tabs) and editable.

e Ensure each table has a concise title and column headings, and include units where
necessary.

o Footnotes must be indicated with consecutive use of the following symbols: * 1 1 §
|| then ** T+ It etc.

Do not: Use [Enter] within a row to make ‘new rows’:

Rather:
Each row of data must have its own proper row:

Do not: use separate columns for n and %:

Rather:
Combine into one column, n (%):

Do not: have overlapping categories, e.g.:

Rather:
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Use <> symbols or numbers that don’t overlap:

References

NB: Only complete, correctly formatted reference lists in Vancouver style will be
accepted. Reference lists must be generated manually and not with the use of reference
manager software. Endnotes must not be used.

O O O O o

Authors must verify references from original sources.

Citations should be inserted in the text as superscript numbers between square
brackets, e.g. These regulations are endorsed by the World Health Organization, and
others. 346l

All references should be listed at the end of the article in numerical order of
appearance in the Vancouver style (not alphabetical order).

Approved abbreviations of journal titles must be used; see the List of Journals in
Index Medicus.

Names and initials of all authors should be given; if there are more than six authors,
the first three names should be given followed by et al.

Volume and issue numbers should be given.

First and last page, in full, should be given e.g.: 1215-1217 not 1215-17.

Wherever possible, references must be accompanied by a digital object identifier
(DOI) link). Authors are encouraged to use the DOI lookup service offered

by CrossRef:

On the Crossref homepage, paste the article title into the ‘Metadata search’ box.
Look for the correct, matching article in the list of results.

Click Actions > Cite

Alongside 'url =" copy the URL between { }.

Provide as follows, e.g.: https://doi.org/10.7196/07294.937.98x

Some examples:

Journal references: Price NC, Jacobs NN, Roberts DA, et al. Importance of asking
about glaucoma. Stat Med 1998;289(1):350-355. http://dx.doi.org/10.1000/hgjr.182
Book references: Jeffcoate N. Principles of Gynaecology. 4th ed. London:
Butterworth, 1975:96-101.

Chapter/section in a book: Weinstein L, Swartz MN. Pathogenic Properties of
Invading Microorganisms. In: Sodeman WA, Sodeman WA, eds. Pathologic
Physiology: Mechanisms of Disease. Philadelphia: WB Saunders, 1974:457-472.
Internet references: World Health Organization. The World Health Report 2002 -
Reducing Risks, Promoting Healthy Life. Geneva: WHO, 2002.
http://www.who.int/whr/2002 (accessed 16 January 2010).

Legal references

Government Gazettes:

National Department of Health, South Africa. National Policy for Health Act, 1990 (Act No.
116 of 1990). Free primary health care services. Government Gazette No. 17507:1514.

1996.

36


http://www2.bg.am.poznan.pl/czasopisma/medicus.php?lang=eng
http://www2.bg.am.poznan.pl/czasopisma/medicus.php?lang=eng
http://www.crossref.org/
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In this example, 17507 is the Gazette Number. This is followed by :1514 - this is the notice
number in this Gazette.

. Provincial Gazettes:

Gauteng Province, South Africa; Department of Agriculture, Conservation, Environment

and Land Affairs. Publication of the Gauteng health care waste management draft
regulations. Gauteng Provincial Gazette No. 373:3003, 2003.

. Acts:
South Africa. National Health Act No. 61 of 2003.
. Regulations to an Act:

South Africa. National Health Act of 2003. Regulations: Rendering of clinical forensic
medicine services. Government Gazette No. 35099, 2012. (Published under Government
Notice R176).

. Bills:
South Africa. Traditional Health Practitioners Bill, No. B66B-2003, 2006.
. Green/white papers:

South Africa. Department of Health Green Paper: National Health Insurance in South
Africa. 2011.

. Case law:

Rex v Jopp and Another 1949 (4) SA 11 (N)

Rex v Jopp and Another: Name of the parties concerned
1949: Date of decision (or when the case was heard)

(4): Volume number

SA: SA Law Reports

11: Page or section number

(N): In this case Natal - where the case was heard. Similarly, (C) woud indicate Cape, (G)
Gauteng, and so on.

NOTE: no . after the v

o Other references (e.g. reports) should follow the same format: Author(s). Title.
Publisher place: Publisher name, year; pages.

o Cited manuscripts that have been accepted but not yet published can be included as
references followed by '(in press)'.

o Unpublished observations and personal communications in the text must not appear
in the reference list. The full name of the source person must be provided for personal
communications e.g. "...(Prof. Michael Jones, personal communication)'.
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