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Abstract

BACKGROUND: Hospital adaptation and resiliency, required during public health emergencies 

to optimize outcomes, are understudied especially in resource-limited settings.

RESEARCH QUESTION: What are the prepandemic and pandemic critical illness outcomes in 

a resource-limited setting and in the context of capacity strain?

STUDY DESIGN AND METHODS: We performed a retrospective cohort study among patients 

admitted to ICUs at two public hospitals in the KwaZulu-Natal Department of Health in South 

Africa preceding and during the COVID-19 pandemic (2017–2022). We used multivariate logistic 

regression to analyze the association between three patient cohorts (prepandemic non-COVID-19, 

pandemic non-COVID-19, and pandemic COVID-19) and ICU capacity strain and the primary 

outcome of ICU mortality.

RESULTS: Three thousand two hundred twenty-one patients were admitted to the ICU during 

the prepandemic period and 2,539 patients were admitted to the ICU during the pandemic period 

(n = 375 [14.8%] with COVID-19 and n = 2,164 [85.2%] without COVID-19). The prepandemic 

and pandemic non-COVID-19 cohorts were similar. Compared with the non-COVID-19 cohorts, 

the pandemic COVID-19 cohort showed older age, higher rates of chronic cardiovascular disease 

and diabetes, less extrapulmonary organ dysfunction, and longer ICU length of stay. Compared 

with the prepandemic non-COVID-19 cohort, the pandemic non-COVID-19 cohort showed similar 

odds of ICU mortality (OR, 1.06; 95% CI, 0.90–1.25; P = .50) whereas the pandemic COVID-19 

cohort showed significantly increased odds of ICU mortality (OR, 3.91; 95% CI, 3.03–5.05 P < 

.0005). ICU occupancy was not associated with ICU mortality in either the COVID-19 cohort 

(OR, 1.05 per 10% change in ICU occupancy; 95% CI, 0.96–1.14; P = .27) or the pooled 

non-COVID-19 cohort (OR, 1.01 per 10% change in ICU occupancy; 95% CI, 0.98–1.03; P = .52).

INTERPRETATION: Patients admitted to the ICU before and during the pandemic without 

COVID-19 were broadly similar in clinical characteristics and outcomes, suggesting critical 

care resiliency, whereas patients admitted to the ICU with COVID-19 showed important clinical 

differences and significantly higher mortality.

Keywords

capacity strain; COVID-19; hospital adaptation; hospital resiliency; preparedness

In the face of public health emergencies and acute surge events such as the COVID-19 

pandemic, hospitals are tested on their adaptation, the ability to improve care and outcomes 

for primarily affected (ie, infected) patients by implementing new care processes based 

on accumulated experience, and their resiliency, that is, the ability to continue to deliver 
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high-quality care to patients not primarily affected (ie, bystander patients, those uninfected 

but who still require acute care during this time), despite the presence of a surge event.1–5

Although much attention during a respiratory viral acute surge event initially and naturally is 

focused on adaptation for primarily infected patients, the resiliency required for optimal care 

delivery and outcomes for uninfected bystander patients often is overlooked. However, it has 

the potential for large impacts on population health. Prepandemic research has demonstrated 

a relationship between acute capacity strain and poorer bystander patient outcomes within 

individual hospital wards.6 During the pandemic, COVID-19-related capacity strain has been 

associated with poorer outcomes for patients without COVID-19 or all-comer patients in 

ICUs, hospitals, and the general population.7–10

The COVID-19 pandemic has caused devastating illness globally. Despite a heavy burden 

of disease, resource-limited settings in general and on the African continent in particular 

remain underrepresented in pandemic research,11 and vaccination rates of < 30% portend 

a prolonged regional pandemic.12,13 In those studies that have focused on African patients 

during the pandemic, the absence of high-fidelity prepandemic local cohorts has restricted 

analyses to within-pandemic comparisons.14,15 It remains unclear whether the same 

adaptation and resiliency relationships persist in resource-limited settings, where important 

differences in ICU referral and admission practices and ICU resources exist, and in the 

face of differences in hospital and ICU capacity strain. In particular, our prior research has 

shown that ICU occupancy, as a metric of ICU capacity strain, is highly associated with 

ICU admission decisions in well-resourced settings.16,17 However, this relationship may not 

persist in resource-limited settings where more rigorous ICU gatekeeping practices exist in 

the context of more chronic scarcity and to preserve ICU beds for those patients most likely 

to benefit.18 Chronically resource-limited hospitals may be overwhelmed more easily by 

pandemic-related capacity strain or alternatively may be more resilient owing to experience 

with scarce resource allocation and critical care delivery under adverse circumstances. As 

part of the South Africa ICU Capacity Strain Study Group, we performed a retrospective 

cohort study to analyze critical care outcomes across three study cohorts (prepandemic 

non-COVID-19, pandemic non-COVID-19, and pandemic COVID-19) and across degrees of 

capacity strain.

Study Design and Methods

Study Setting and Data Source

The study data source was the Integrated Critical Care Electronic Database,19 which has 

been the source for multiple prior publications from the South Africa ICU Capacity Strain 

Study Group.18,20–22 The ICU database includes all referrals and admissions for ICU care 

at two public hospitals within the KwaZulu-Natal Department of Health (Pietermaritzburg, 

South Africa): Greys Hospital, a tertiary hospital with approximately 530 inpatient beds, 

and Harry Gwala Regional Hospital (formerly Edendale Hospital), a secondary or regional 

hospital with approximately 900 inpatient beds.

These hospitals serve the large local urban and suburban population, as well as patients 

referred from surrounding district and community hospitals. Each hospital has one 
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multidisciplinary (ie, mixed medical and surgical) ICU that admits adult and pediatric (either 

primary or as overflow) patients and has closed, high-intensity staffing models typically led 

by an anesthesia or surgical critical care consultant (equivalent to an attending physician or 

surgeon in the United States). The critical care consultant oversees daytime rounds with a 

team of medical officers (generalist doctors) and registrars (trainees equivalent to resident 

physicians in the United States) who staff the ICU overnight in remote contact with the 

consultant.

The South African public health system, provided to citizens without out-of-pocket costs, 

treats approximately 84% of the population, but accounts for 43% of the country’s ICU 

beds. ICU case mix is notable for: comprising predominantly Black race, skewing male sex, 

including approximately 20% with HIV infection, and having ICU needs most commonly 

resulting from surgical issues (trauma and other postoperative monitoring) and infection. 

ICU beds at the study hospitals are allocated based on the Society of Critical Care Medicine 

ICU triage priority system and is typically limited to patients needing ICU-specific therapy 

(priority I) or intensive monitoring (priority II), with rare admissions of patients less likely 

(priority III), too well (priority IVA), or too sick (priority IVB) to benefit from ICU 

admission.18,23

The ICU database is integrated into the clinical ICU team real-time workflow and captures 

a discrete set of variables at the time of ICU referral and ICU admission and end-ICU 

disposition.18 Patient-level COVID-19 status was noted in the ICU database by the clinical 

teams in real time and was audited by the study team. National South Africa data on SARS-

CoV-2 case and vaccination trends were extracted separately from the publicly available 

Our World in Data COVID-19 dataset,24 with raw data from the Johns Hopkins University 

Center for Systems Science and Engineering COVID-19 data repository.25

Study Population

The study included adult (aged ≥ 18 years) patients admitted to the ICU at the study 

hospitals from January 1, 2017, through June 30, 2022, and included three patient cohorts: 

the prepandemic non-COVID-19 patient cohort admitted from January 1, 2017, through 

March 4, 2020, and the pandemic non-COVID-19 and pandemic COVID-19 patient cohorts 

admitted from March 5, 2020 (when South Africa recorded its first SARS-CoV-2 case24,25) 

through June 30, 2022. The prepandemic non-COVID-19 cohort included a subgroup of 

patients previously described and studied.20–22 The pandemic cohorts included pandemic 

periods and surges dominated by five viral variants in South Africa: Ancestral Wuhan strain 

(peak July 2020), Beta variant (peak January 2021), Delta variant (peak July 2021), Omicron 

BA.1/BA.2 subvariants (peak December 2021), and Omicron BA.4/BA.5 subvariants (peak 

May 2022).26

Study Design, Outcomes, and Patient-Level Covariates

We performed two coprimary retrospective cohort analyses to measure the association of 

(1) the three study cohorts (prepandemic non-COVID-19, pandemic non-COVID-19, and 

pandemic COVID-19) and (2) degrees of capacity strain, with the primary outcome of ICU 
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mortality. ICU mortality was defined as a death in the ICU or a palliative discharge from the 

ICU.

Patient-level adjustment variables (recorded at ICU admission) for all models included: 

age, sex, HIV status, chronic cardiovascular disease, diabetes, medical vs surgical status, 

and study hospital.14 We additionally adjusted for the national cumulative count of fully 

vaccinated individuals, defined as completion of any primary vaccine series as of the 

calendar day of ICU admission (patient-level vaccination status was not available).24,25 

We did not adjust for SARS-CoV-2 viral variant because we believed it would be colinear 

with COVID-19-based cohorts (an exposure variable), but we accounted for viral variants 

in secondary analyses described herein. Although we adjusted for chronic comorbidities, we 

elected not to adjust for acute physiologic features because this exists in the causal pathway 

between ICU admission indication (ie, COVID-19 vs non-COVID-19) and ICU outcomes.

Association of Peripandemic Cohort and ICU Mortality

In the first cohort analysis, we performed multivariate logistic regression assessing 

the association between patient cohort (ie, prepandemic non-COVID-19, pandemic non-

COVID-19, or pandemic COVID-19) and ICU mortality, adjusted for patient-level covariates 

and national cumulative count of fully vaccinated individuals (first coprimary analysis). 

To account for a relationship between capacity strain and COVID-19 outcomes6,8,27,28 and 

based on prior work in this and other data sets,16,18,29 we performed a sensitivity analysis 

further adjusted for five capacity strain metrics: ICU occupancy, ICU referral burden, ICU 

turnover, ICU acuity (see e-Appendix 1 for metric definitions), and national 7-day rolling 

mean of incident SARS-CoV-2 cases per 1 million residents.24,25 To account for the high 

trauma proportion in the non-COVID-19 cohorts (35.5% prepandemic non-COVID-19 and 

37.0% pandemic non-COVID-19 cohorts vs 5.5% in the pandemic COVID-19 cohort) and 

the important differences between trauma and nontrauma ICU admissions and outcomes, 

in another sensitivity analysis, we restricted the outcome to patients without trauma as the 

primary indication for ICU admission.

Association of Capacity Strain and ICU Mortality

In the second cohort analysis, we performed multivariate logistic regression assessing the 

association between ICU occupancy, as a continuous variable, and ICU mortality, now 

stratified by COVID-19 status and with the same strategy of patient-level adjustment 

(second coprimary analysis). We also report predicted probabilities of ICU mortality for 

ICU occupancy deciles.

Association Between Pandemic Surge Period and ICU Mortality

In a secondary analysis to account for different risk between SARS-CoV-2 viral variants, 

we performed multivariate logistic regression assessing the association between pandemic 

surge periods and ICU mortality, again with the same patient-level adjustment strategy. 

Pandemic surge periods (e-Table 1) were defined based on the dominant national variant26 

and a national 7-day rolling mean of incident SARS-CoV-2 cases of ≥ 50 cases/1 million 

residents as of the calendar day of ICU admission.24,25 Periods between March 5, 2020, and 
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June 30, 2022, with < 50 incident SARS-CoV-2 cases/1 million residents were considered 

between-surge periods.

Statistical Reporting

We calculated descriptive statistics of the prepandemic non-COVID-19, pandemic non-

COVID-19, and pandemic COVID-19 cohorts and for the ICU capacity strain metrics 

and report ORs and predicted probabilities for logistic regression models. Sample size 

estimations were performed assuming a two-sided test with a type I error rate (α) of 5% 

and 80% power (type II error rate [β], 20%). For the association between peripandemic 

cohorts and ICU mortality, based on available sample size, we estimated a detectable OR of 

1.21 for the pandemic non-COVID-19 cohort and a detectable OR of 1.37 for the pandemic 

COVID-19 cohort.30 For the association between ICU occupancy and ICU mortality, based 

on available sample size and allowing for a strong correlation between covariates (R2 0.6), 

we estimated a detectable mortality effect difference of 2.6% for the pooled non-COVID-19 

cohort and a detectable mortality effect difference of 9.2% for the pandemic COVID-19 

cohort.31 Missing values for model outcomes, exposures, and covariates were low (< 1%), 

allowing for a complete case analysis. P values of < .05 were considered statistically 

significant and 95% CIs are presented throughout. All analyses were conducted using Stata 

version 14.2 (StataCorp LP).

The study protocol was approved by the Biomedical Research Ethics Committee of 

Harry Gwala Regional Hospital (“Characteristics and Outcomes of Patients Admitted With 

COVID-19 to a South African ICU,” March 16, 2022, Pietermaritzburg, South Africa) and 

Greys Hospital (“Characteristics and Outcomes of Patients Admitted With COVID-19 to 

South African Regional and Tertiary ICUs,” protocol no. 00002156, November 25, 2020, 

Pietermaritzburg, South Africa), and by the institutional review board of the University of 

Pennsylvania (“Association of ICU Capacity Strain and Mortality in a Resource-Limited 

Setting,” protocol no. 824688, July 29, 2020, Philadelphia, PA). National South Africa 

COVID-19 data are licensed for public use through a Creative Commons Attribution 4.0 

International license.24,25

Results

Patient Characteristics

Table 1 and e-Table 2 report study patient characteristics by cohort. Three thousand two 

hundred twenty-one patients were admitted to the ICU during the prepandemic period and 

2,539 patients were admitted to the ICU during the pandemic period (n = 375 [14.8%] with 

COVID-19 and n = 2,164 [85.2%] without COVID-19). The prepandemic and pandemic 

non-COVID-19 cohorts were similar. Compared with the non-COVID-19 cohorts, the 

pandemic COVID-19 cohort showed older age, a higher female proportion, higher rates 

of chronic cardiovascular disease and diabetes, higher FIO2 requirements but less invasive 

mechanical ventilation at ICU admission, lower ICU admission Quick Sequential/Sepsis 

Organ Failure Assessment scores, less extrapulmonary organ dysfunction, longer ICU length 

of stay, and higher observed ICU mortality.

Anesi et al. Page 6

CHEST Crit Care. Author manuscript; available in PMC 2024 August 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Capacity Strain

Figure 1 plots national SARS-CoV-2 incident cases and ICU occupancy spanning the 

prepandemic period and five South African pandemic surges. e-Table 3 reports ICU capacity 

strain metrics in the prepandemic and pandemic periods as recorded at the time of each 

study patient’s ICU admission, and e-Table 4 reports the same by pandemic period based 

on dominant SARS-CoV-2 viral variant. Compared with the prepandemic period, the study 

hospitals and patients admitted during the pandemic period experienced higher observed 

ICU occupancy (median, 100.0% [interquartile range, 80.0%–122.2%] of prepandemic ICU 

capacity). A median of 100% occupancy indicates that at the time of 50% of ICU admissions 

during the pandemic, ICU surge beds beyond prepandemic ICU capacity were in use. ICU 

occupancy was highest during the Beta variant (median, 115.9% [interquartile range (IQR), 

90.9%–144.4%] of prepandemic ICU capacity) and Delta variant (median 131.8% [IQR, 

106.7%–150.6%] of prepandemic ICU capacity) surges (e-Table 4).

ICU Mortality by Peripandemic Cohort

Table 2 reports the results of ICU mortality modeling among non-COVID-19 and COVID-19 

ICU admissions by peripandemic cohort. Thirty-two patients (0.06%) were excluded 

because of missing covariate data. In the primary model (n = 5,732) adjusted for patient-

level covariates, compared with the prepandemic non-COVID-19 cohort, the pandemic 

non-COVID-19 cohort showed similar odds of ICU mortality (OR, 1.06; 95% CI, 0.90–1.25; 

P = .50), whereas the pandemic COVID-19 cohort showed significantly increased odds of 

ICU mortality (OR, 3.91; 95% CI, 3.03–5.05; P < .0005). The corresponding predicted 

probability of ICU mortality was 18.8% (95% CI, 17.4%–20.2%) for the prepandemic non-

COVID-19 cohort and 19.7% (95% CI, 17.8%–21.5%) for the pandemic non-COVID-19 

cohort, but was 46.1% (95% CI, 40.6%–51.6%) for the pandemic COVID-19 cohort. Based 

on power estimations, the null result for the pandemic non-COVID-19 cohort may miss 

small but statistically significant and potentially important differences compared with the 

prepandemic non-COVID-19 cohort.

Among patient-level covariates, only age (OR, 1.03 per 1-year increase; 95% CI, 1.02–1.03; 

P < .0005) was associated with increased in-ICU mortality, whereas male sex (OR, 1.01; 

95% CI, 0.88–1.15; P = .94), HIV-positive status (OR, 1.09; 95% CI, 0.92–1.29; P = .33), 

chronic cardiovascular disease (OR, 0.95; 95% CI, 0.76–1.17; P = .61), and diabetes (OR, 

0.88; 95% CI, 0.71–1.10; P = .26) were not, although modeling was not designed for these 

outcomes.

These ICU mortality results persisted in sensitivity analyses when adjusting for capacity 

strain (n = 5,732) and when restricting to nontrauma patients (n = 3,960) (Table 2). e-Tables 

5 and 6 and e-Figure 1 report ICU mortality among non-COVID-19 and COVID-19 ICU 

admissions by pandemic surge period. In these secondary, nonpowered analyses, patients 

with COVID-19 during the Beta and Delta variant surges seem to have higher point estimate 

ORs for ICU mortality compared with the ancestral surge.

Anesi et al. Page 7

CHEST Crit Care. Author manuscript; available in PMC 2024 August 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ICU Mortality by ICU Occupancy

ICU occupancy was not associated with ICU mortality in either the COVID-19 cohort (OR, 

1.05 per 10% change in ICU occupancy; 95% CI, 0.96–1.14; P = .27; n = 372) or the 

non-COVID-19 cohort pooled across prepandemic and pandemic periods (OR, 1.01 per 

10% change in ICU occupancy; 95% CI, 0.98–1.03; P = .52; n = 5,360), adjusting for 

patient-level covariates (second coprimary analysis). Figure 2 and e-Table 7 report predicted 

ICU mortality by ICU occupancy decile with differences between the non-COVID-19 and 

COVID-19 cohorts (mean, 18.6% vs 52.5% ICU mortality across deciles, respectively), but 

no apparent differences within each cohort. Specifically, the non-COVID-19 cohort showed 

a range of ICU mortality from 15.6% to 20.3% across ICU occupancy deciles (4.7% range, 

greater than the estimated detectable mortality effect difference of 2.6%), and the COVID-19 

cohort showed a range of ICU mortality from 40.1% to 64.8% across ICU occupancy deciles 

(24.7% range, greater than estimated detectable mortality effect difference of 9.2%), with no 

pattern across deciles. With a much smaller cohort population overall and especially per ICU 

occupancy decile, the pandemic COVID-19 cohort showed less precise estimates with wider 

CIs; the overlapping CIs by ICU occupancy decile are consistent with the null finding when 

treating ICU occupancy as a continuous variable.

Discussion

Adaptation and resiliency are challenged during public health emergencies as hospitals try to 

optimize outcomes for both primarily affected and bystander patients. These operational 

phenomena are understudied and especially so in resource-limited settings. This two-

hospital retrospective cohort study in the South African public health system, leveraging 

access to local prepandemic comparator patients, sought to assess ICU outcomes as a 

proxy for critical care resiliency during the COVID-19 pandemic with primary findings 

that (1) patients without COVID-19 before and during the pandemic showed comparable 

outcomes; and (2) ICU occupancy, one measure of capacity strain, although increased 

during the pandemic, was not associated with ICU mortality for either patients with or 

without COVID-19. Together, these suggest a degree of critical care resiliency—the ability 

to continue to deliver high-quality care to all and specifically patients not primarily affected 

(ie, uninfected bystander patients), despite the presence of a surge event—which may 

exceed that being reported in better-resourced settings.7–9 Although in many important ways 

chronically resource-limited hospitals and the patients they serve may be impacted more 

by pandemic-related surges, in other ways, such as demonstrated herein, these hospitals 

may display greater resiliency perhaps owing to more longitudinal experience with scarce 

resource allocation and critical care delivery under adverse circumstances.

A number of reports have described changes to the population of patients without 

COVID-19 who were hospitalized or admitted to ICUs during the pandemic as compared 

with patients admitted before the pandemic.7,9,32 The results of this study show broadly 

similar patients without COVID-19 before and during the pandemic in terms of patient-

level characteristics and no difference in ICU mortality in both unadjusted and adjusted 

analyses, despite higher ICU capacity strain during the pandemic. This may reflect the 

rigorous approach to ICU gatekeeping that occurs in the study hospitals, similar to many 
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resource-limited settings, which strive to adhere strictly to triage guidelines (in this case, the 

Society of Critical Care Medicine ICU Triage Priority23) that seek to limit ICU admission 

to patients who are most likely to benefit. For example, the study hospitals historically 

admit approximately 50% of patients referred for ICU care, a far lower proportion than in 

many higher-resourced settings.18 In the present study, patients with COVID-19 admitted 

to the ICU showed lower Quick Sequential/Sepsis Organ Failure Assessment scores than 

patients admitted to the ICU without COVID-19, reflecting both the dominant single-organ 

(respiratory) failure picture of early severe COVID-19, as well as potentially the intentional 

exclusion of patients with COVID-19 with higher acuity reflecting early multisystem organ 

failure for whom prognosis is poor. Those gatekeeping practices may have allowed the ICU 

teams to better regulate and maintain a consistent ICU population without COVID-19 and 

consistent non-COVID-19 ICU outcomes despite dynamic pandemic circumstances.

A few additional specific observations can be made about the composition of the cohort with 

COVID-19, which displayed significantly worse outcomes compared with the prepandemic 

and pandemic cohorts without COVID-19. Although in many pandemic reports male sex is 

a risk factor for severe COVID-19,2,33–35 in this sample, the COVID-19 cohort showed a 

notably lower proportion of male patients than the non-COVID-19 cohorts, which is likely 

an artifact of the particularly high male predominance of the study ICUs’ heavy trauma 

population (35%–37% of all patients without COVID-19 admitted to the ICU).18,20,22 

Relatedly, among the COVID-19 cohort, 82.5% of patients showed a primary ICU admitting 

diagnosis of infection, with only 5.5% admitted for trauma, indicating relatively few 

incidental cases of COVID-19 or patients admitted “with rather than for” COVID-19. 

Prior studies have shown conflicting results regarding whether HIV is an independent risk 

factor for severe COVID-19 disease and in-hospital mortality among patients hospitalized 

for COVID-19.14,36,37 Of note, in our adjusted models, HIV status was not associated 

significantly with in-ICU mortality, and HIV prevalence was balanced between the study 

cohorts. Although this was not a prespecified or designed analysis, these findings could 

suggest that although HIV status may influence COVID-19 disease severity, as soon as 

patients are sick enough to warrant ICU admission, HIV status may no longer be a risk 

factor for mortality.

Perhaps surprisingly, patients with COVID-19 showed lower rates of invasive mechanical 

ventilation at ICU admission than the patients without COVID-19 (29.1% vs 66.8% and 

67.8%). This may reflect one of a few phenomena. First, patients with COVID-19 frequently 

have a prolonged clinical course with high, but noninvasive, methods of respiratory 

support (ie, noninvasive ventilation or high-flow nasal cannula) before either progressing to 

requiring invasive mechanical ventilation or improving; the patient characteristics reported 

herein are at ICU admission. Also the non-COVID-19 cohorts include a high proportion 

of still-intubated postoperative patients, reflecting the study ICUs’ predominant surgical 

population (and a low proportion of postoperative patients among the COVID-19 cohort), 

and as above, a low rate of incidental COVID-19 was found.18,20,22 Finally, noninvasive 

ventilation was used frequently for patients with COVID-19 and sparsely for patients 

without COVID-19 (32.8% vs 2.6% and 1.4%) at the study hospitals. Unsurprisingly, 

patients with COVID-19 showed far higher FIO2 requirements at ICU admission (mean, 

80% vs 53%–56%). Patients with COVID-19 were, at least at the time of ICU admission, 
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dominated by single-organ (respiratory) failure also reflected in the lower Quick Sequential/

Sepsis Organ Failure Assessment scores and lower serum lactate levels. As is now widely 

reported, patients with COVID-19 experienced longer observed ICU lengths of stay than 

patients without COVID-19.38

Notable strengths of our study include: the availability of high-fidelity, local, prepandemic 

comparator patients to allow for hospital resiliency assessments; data across five SARS-

CoV-2 viral variant periods; and incorporation of local and national ICU capacity strain 

metrics as both exposure and adjustment variables. The results of this study should be 

interpreted in the context of important limitations. First, the ICU database is limited to data 

at the time of ICU referral and ICU admission and selected end-ICU outcomes. The database 

does not contain information on longitudinal physiological features and interventions during 

the ICU stay (including COVID-19-directed therapy) or post-ICU hospital course and 

outcomes including long-term outcomes. The results of this study comment on critical care 

resiliency, a component of, but not necessarily representative of, hospital-wide resiliency. 

Additionally, the ICU database is assembled as part of routine clinical care by the ICU 

teams. This has the benefit of surmounting challenging retrospective data collection from 

analog records or prospective data collection in a resource-limited setting, but it has the 

caveats of entry error rates and absence of information that occur in a busy clinical setting, 

including underdetection of COVID-19. Second, when studying periods dominated by 

different SARS-CoV-2 viral variants, we relied on publicly available national sequencing 

data26 because individual study patients were not sequenced. We also did not have data 

on patient-level vaccination status (instead using national cumulative population vaccination 

status) nor on preexisting immunity from prior infection,39 which confounds the by-period 

analysis of COVID-19 ICU outcomes. Third, this was a two-hospital, single-country study, 

and although the addition of studies in the resource-limited setting of the South African 

public health system is helpful, resource-limited settings are heterogeneous, including 

those even more resource limited without any critical care available.13,14 Therefore, these 

results should be viewed as additive to the broader global literature base, not automatically 

generalizable to other settings. Finally, for results that rely on a null finding, such as 

comparing ICU mortality between prepandemic and pandemic cohorts without COVID-19, 

the available sample size and power may miss small but statistically significant and 

potentially important differences.

Interpretation

Patients without COVID-19 admitted to the ICU before and during the pandemic broadly 

were similar in clinical characteristics and outcomes, suggesting critical care resiliency, 

whereas patients with COVID-19 admitted to the ICU showed important clinical differences 

and significantly higher mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-home Points

Study Question:

How did critical care outcomes compare across three peripandemic study cohorts 

(prepandemic non-COVID-19, pandemic non-COVID-19, and pandemic COVID-19) and 

across degrees of capacity strain in a resource-limited setting?

Results:

Patients without COVID-19 before and during the pandemic showed comparable 

outcomes, whereas patients with COVID-19 showed significantly increased odds of ICU 

mortality. ICU occupancy, although increased during the pandemic, was not associated 

with ICU mortality for patients either without or with COVID-19.

Interpretation:

These results suggest a degree of critical care resiliency in a resource-limited setting 

that may exceed that being reported in better-resourced settings, perhaps owing to more 

longitudinal experience with scarce resource allocation and critical care delivery under 

adverse circumstances.
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Figure 1 –. 
Graph showing ICU occupancy and SARS-CoV-2 cases and variant surges. ICU occupancy 

(green line) at the time of study patient ICU admissions and standardized to prepandemic 

ICU capacity and national SARS-CoV-2 incident cases (purple line) are plotted spanning 

the prepandemic period and across five pandemic surges with dominant SARS-CoV-2 

viral variants depicted by shaded areas. Compared with the prepandemic period, the 

study hospitals and patients admitted during the pandemic period experienced higher ICU 

occupancy (median, 100.0% [interquartile range (IQR), 80.0%–122.2%] of prepandemic 

ICU capacity). A median of 100% occupancy indicates that at the time of 50% of ICU 

admissions during the pandemic, ICU surge beds beyond prepandemic ICU capacity were 

in use. ICU occupancy was highest during the Beta variant (median, 115.9% [IQR, 90.9%–

144.4%] of prepandemic ICU capacity) and Delta variant (median, 131.8% [IQR, 106.7%–

150.6%] of prepandemic ICU capacity) surges.
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Figure 2 –. 
Graph showing predicted ICU mortality among patients without and with COVID-19 by 
ICU occupancy. ICU occupancy was not associated with ICU mortality in either the 
COVID-19 cohort (OR, 1.05 per 10% change in ICU occupancy; 95% CI, 0.96–1.14; P 

= .27) or the non-COVID-19 cohort pooled across prepandemic and pandemic periods 
(OR, 1.01 per 10% change in ICU occupancy; 95% CI, 0.98–1.03; P = .52), adjusting 
for patient-level covariates. The figure reports predicted ICU mortality by ICU occupancy 
decile (with decile 1 being lowest occupancy and decile 10 being highest occupancy) with 
differences between the non-COVID-19 and COVID-19 cohorts, but no apparent differences 
within each cohort.
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