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Abstract: Objectives: COVID-19 patients thought unlikely to benefit from organ support, thereby
having a ward-based ceiling of care (WBCoC), represent a distinct subgroup. There are no associated
studies in mortality. We sought to identify clinical risk factors for inpatient COVID-19 mortality.
Design and setting: this was a retrospective observational study of patients admitted to Northumbria
Healthcare NHS Foundation Trust. Clinical variables were associated with inpatient mortality via
logistic regression. Participants: all patients admitted with COVID-19 infection and who had a
WBCoC at point of admission were included (n = 114). Main outcome measures: the outcome
measure was inpatient death.

Keywords: COVID-19; clinical epidemiology; assisted ventilation; emergency medicine

1. Summary

What is already known on this subject?

Frailer and more elderly patients are at increased risk of COVID-19 mortality and are
also more likely to have a ward-based ceiling of care (WBCoC).

Being better able to prognosticate patients with a WBCoC would allow more informed
discussions with patients and relatives and would better enable services to provide holistic
and end-of-life cares, such as family visits.

What are the new findings?

Mortality rate in this patient group was 48.2%.

Risk factors for inpatient mortality included increasing clinical frailty, raised inflam-
matory markers, increasing oxygen requirement and increasing serum creatinine.

Within this patient group, age and residential status were not risk factors for inpatient
mortality.

How might it impact clinical practice in the foreseeable future?

More objective means to prognosticate COVID-19 patients with a WBCoC would
allow strained healthcare systems to appropriately allocate resources and would enable
clinicians to provide better holistic and clinical care.

2. Introduction

Older, frailer and co-morbid patients are disproportionately affected by COVID-19 [1-3].
Guidance from the National Institute of Clinical Excellence suggests that such individuals
are less likely to benefit from organ support on intensive care and high-dependency units,
thus being more likely to have a ward-based ceiling of care (WBCoC) [4]. Patients with
a WBCoC represent a distinct clinical subgroup, which has become increasingly relevant
during the COVID-19 pandemic. Whilst it is anticipated that those patients with severe
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COVID-19 infection and a WBCoC will have a guarded prognosis, to our knowledge there
are no studies outlining their risk factors for mortality.

3. Methods

Northumbria Healthcare NHS Foundation Trust (NHCT) serves a population of
600,000 in the North East of England with care organized across four sites, including a
purpose built acute care center [5]. All NHCT COVID-19 inpatients admitted between
1 March 2020 and 27 April 2020 were identified. With local Caldicott approval, data and
outcomes were collected retrospectively from clinical records. Rockwood clinical frailty
scores (CFS) [6] were individually checked by two consultants in geriatric medicine.

WBCoC was defined as not being for level 2 and 3 care (not for non-invasive ventilation
or admission to intensive care), as established at admission (Supplemental Information). We
analyzed all COVID-19 inpatients with a WBCoC and for whom infection was confirmed
by polymerase chain reaction (PCR) swab within the week preceding presentation, or
within five days following presentation.

We carried out univariate logistic regression of common clinical variables against
inpatient mortality (Supplemental Information). Significance was inferred if p < 0.05. We
included significant variables in a progressive multivariate logistic regression analysis,
adjusted to optimize the Akaike information criterion (AIC).

Patient and public bodies were not consulted regarding study design or reporting.

4. Results

114 patients were identified, 61 (53.5%) were male and 55 patients (48.2%) died.
Median age was 83 (IQR 78-87, range 58-100). Of the 109 patients for whom data was
available, 60 (55.0%) lived at a private residence, with 49 (45.0%) living in care homes or
supported accommodation prior to admission.

Results from univariate logistic regression are displayed in Tables 1 and 2. ACE-
inhibitor use was associated with reduced odds of inpatient death (odds ratio 0.354, 95%
confidence interval 0.145-0.863; p = 0.022) (Table 1). Increased odds of inpatient death
were seen with admission high FiO, requirements of 60% or more (23.111, 5.087-104.989;
p < 0.0001) and 28% or more (15.562, 5.738—42.202; p < 0.0001). Chest X-ray changes at
presentation (2.684, 1.232-5.847; p = 0.013) and requirement of antibiotics for suspected
bacterial infection (2.355, 1.028-5.392; p = 0.042) were also associated. No association with
inpatient death was seen with either male gender (0.817, 0.391-1.708; p = 0.591) or living in
a private residence (0.898, 0.422-1.911; p = 0.780).

Table 1. Results of univariate logistical regression of categorical variables against inpatient death. OR, Odds ratio; CI,
Confidence interval. !, As opposed to care home residence or supported living. *, p < 0.05; ***, p < 0.001.

Total (Died) Percent Positive (%) OR (95% CI) p-Value
All patients 114 (55)
Demographics
Male Gender 114 (55) 535 0.817 (0.391-1.708) 0.591
Livine oo
1VIng Ih private 109 (54) 55.0 0.898 (0.422-1.911) 0.780
residence
Clinical history
Atrial Fibrillation 114 (55) 333 1.111 (0.510-2.422) 0.791
Chronic Kidney 114 (55) 465 0.828 (0.395-1.950) 0.617
Disease
Dementia 114 (55) 29.8 0.666 (0.296-1.499) 0.326
Diabetes Mellitus 114 (55) 333 0.949 (0.435-2.069) 0.895
Hypertension 114 (55) 41.2 0.503 (0.235-1.076) 0.076
Ischaemic Heart 114 (55) 333 0.690 (0.315-1.513) 0.354
Disease
ACE-inhibitor 114 (55) 263 0.354 (0.145-0.863) 0.022 *

Smoking history 82 (42) 52.4 0.818 (0.343-1.950) 0.651
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Table 1. Cont.

Total (Died) Percent Positive (%) OR (95% CI) p-Value
Admission history
Admission high FiO, st
requirement > 28% 103 (53) 43.7 15.562 (5.738-42.202) p <0.001
Admission high FiO, » -
requirement > 60% 103 (53) 27.2 23.111 (5.087-104.988) p <0.001
Antibiotics for lower
respiratory tract 113 (55) 69.0 2.355 (1.028-5.392) 0.042 *
infection
Chest X-ray changes at 108 (53) 51.9 2.684 (1.232-5.847) 0.013 *
presentation

Table 2. Results of univariate logistical regression of continuous variables against inpatient death. All odds ratios given as
per unit increase. OR, Odds ratio; CI, Confidence interval. *, p < 0.05; **, p < 0.01; ***, p < 0.001.

Total (Died) OR (95% CI) p-Value
All patients 114 (55)
Demographics
Age (years) 114 (55) 0.997 (0.951-1.045) 0.908
Number of hospital
admissions in preceding 12 114 (55) 1.318 (1.012-1.718) 0.041 *
months
ROCkWOOC;CCi‘rr;maI frailty 108(54) 1.308 (1.002-1.705) 0.048 *
Physiological measurements
at presentation
Bodyweight (kg) 84 (35) 1.002 (0.979-1.025) 0.879
Body mass index (kg/ m?) 84 (35) 1.027 (0.962-1.097) 0.428
Peripheral o saturation 113 (54) 0.891 (0.807-0.984) 0.023*
Heart rate (beats/minute) 114 (55) 1.009 (0.993-1.026) 0.271
Respiratory rate _ ok
(breaths/mintte) 114 (55) 1.206 (1.099-1.323) <0.001
Systolic blood pressure 114 (55) 0.989 (0.975-1.002) 0.100
(mmHg)
Diastolic blood pressure 114 (55) 0.992 (0.968-1.017) 0.517
(mmHg)
Temperature (°C) 114 (55) 1.110 (0.791-1.559) 0.546
Inhaled FiO; (%) 114 (55) 1.072 (1.025-1.122) 0.003 **
Venous blood at presentation
Neutrophils (10° /L) 113 (54) 1.099 (1.008-1.198) 0.033*
Lymphocytes (10°/L) 113 (54) 0.709 (0.313-1.605) 0.410
Platelets (10° /1) 113 (54) 0.998 (0.994-1.003) 0.476
C-reactive protein (mg/L) 111 (52) 1.009 (1.004-1.015) <0.001 ***
Procalcitonin (ng/mL) 43 (22) 1.610 (0.646—4.013) 0.307
Urea (mmol/L) 113 (54) 1.039 (0.994-1.087) 0.089
Creatinine (umol/L) 113 (54) 1.009 (1.002-1.016) 0.017 *
ALT (IU/L) 109 (53) 1.003 (0.999-1.007) 0.205
Bilirubin (umol/L) 106 (51) 1.030 (0.972-1.091) 0.315
Fibrinogen (g/L) 63 (35) 1.143 (0.809-1.613) 0.449
Lactate (mmol/L) 91 (47) 1.374 (0.995-1.896) 0.053
Blood gas at presentation
pH 63 (34) 2.506 (0.007-965.303) 0.763
po2 (artemlg‘;?d gases only, 46 (27) 0.971 (0.884-1.066) 0.532
pCO, (kPa) 62 (34) 0.428 (0.248-0.739) 0.002 **
Bicarbonate (mmol/L) 61 (32) 0.858 (0.763-0.964) 0.010*
Base excess (mmol/L) 60 (31) 0.894 (0.806-0.993) 0.036 *




Stresses 2021, 1

280

Table 2. Cont.

Total (Died) OR (95% CI) p-Value
During admission
Peak C-reactive protein 111 (52) 1.009 (1.005-1.014) <0.001 #*+
(mg/L) ' ’ ' '
Peak creatinine (umol/L) 113 (54) 1.009 (1.002-1.015) 0.012*
Number of affected zones on 108 (53) 1.532 (1.170-2.009) 0.002 **

worst chest X-ray

Age was not associated with inpatient mortality (0.997, 0.951-1.045, per year increase;
p = 0.908), whereas Rockwood CFS was (1.308, 1.002-1.705, per unit increase; p = 0.048)
(Table 2). At presentation, lower peripheral oxygen saturations (0.891, 0.807-0.984, per %
increase; p = 0.023), requirement of higher inhaled FiO, (1.072, 1.025-1.122, per % increase;
p = 0.003) and increased respiratory rate (1.206, 1.099-1.323, per beath per minute increase;
p < 0.0001) were associated with inpatient mortality.

From serum blood tests at presentation, neutrophilia (1.099, 1.008-1.198, per 10°/L
increase; p = 0.033), increasing C-reactive protein (CRP; 1.009, 1.004-1.015, per mg/L;
p = 0.0003) and increasing creatinine (1.009, 1.002-1.016, per pmol/L; 0.017) associated with
later mortality. In the smaller number of patients with blood gases at presentation, odds
of inpatient death increased with decreasing pCO; (0.428, 0.248-0.739, per kPa; p = 0.002),
bicarbonate (0.858, 0.763-0.964, per mmol/L; p = 0.010) and base excess (0.894, 0.806-0.993,
per mmol/L; p = 0.036).

During admission, number of affected zones on worst chest X-ray (1.532, 1.170-2.009,
per zone; p = 0.002), and higher peak measurements of CRP (1.009, 1.005-1.014, per mg/L;
p < 0.001) and creatinine (1.009, 1.002-1.015, per umol/L; p = 0.012) all associated with
increased odds of death.

For multivariate logistic regression, we selected from variables with significant uni-
variate relationships and included all patients for whom we had data for all selected
variables (n = 95). After optimizing AIC, we observed adjusted odds ratios as shown in
Table 3. Inpatient requirement of FiO, greater than or equal to 28% (10.479, 2.888-38.023;
p < 0.001), respiratory rate at presentation (1.181, 1.030-1.353, per breaths per minute;
p = 0.017), Rockwood CFS (1.612, 1.040-2.499, per unit increase; p = 0.033), admission
high CRP (1.010, 1.002-1.019, per mg/L; p = 0.010) and admission high creatinine (1.011,
1.001-1.020, per pmol/L; p = 0.029) all increased odds of inpatient mortality.

Table 3. Adjusted odds ratios of variables from adjusted multivariate logistical regression against
inpatient death, in the 95 patients for whom data for all patients was available. OR, Odds ratio;
CI, Confidence interval. !, continuous variable, OR presented as per unit increase. ¥, p < 0.05; ***,
p < 0.001.

Adjusted OR (95% CI) p-Value

Admission high FiO, requirement > 28% 10.479 (2.888-38.023) <0.001 ***
Respiratory rate ! (breaths/minute) 1.181 (1.030-1.353) 0.017 *
Peak C-reactive protein ! (mg/L) 1.010 (1.002-1.018) 0.010 *
Peak creatinine ! (umol/L) 1.011 (1.001-1.020) 0.029 *
Rockwood clinical frailty score ! 1.612 (1.040-2.499) 0.033 *

5. Discussion

The mortality rate (48.2%) in this patient group was higher than in previous studies [1-3].
Whilst our population was clearly elderly when compared to the general COVID-19 pop-
ulation [1-3], we did not find any association of age with mortality within our group. In
contrast to previous studies [1], care home or supported residence were not associated with
inpatient mortality. Additionally, no significant association was seen with any individual
comorbidity.
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Our strongest predictors of mortality were those reflective of respiratory distress, as
were clinical frailty and biomarkers indicative of inflammatory response, such as neu-
trophilia, CRP and chest X-ray changes. These findings are consistent with previous clinical
studies and autopsy reports [1,3,7]. The results of multivariate analysis evidence organ
failure (in the form of type 1 respiratory failure and declining creatinine clearance) as
implicit in mortality risk, which is especially pertinent in those unlikely to benefit from
organ support.

Limitations to this analysis include our reliance on retrospective data collected from
clinical records, which resulted in missing data and may result in errors in the effect sizes of
some variables. However, our main conclusions are based upon objective measures within
which there were minimal missing data. Additionally, it is possible that not all WBCoC
patients were successfully identified. However, data selection is unlikely to have been
biased towards either outcome, minimizing effects on our findings. Another limitation was
our reliance on laboratory tests that were collected during routine clinical care; inclusion of
investigations such as serum cardiac troponin, brain natriuretic protein (BNP), D-dimer
and procalcitonin may further aid prognostication [3,8-10].

We conclude that having more objective means to assess risk factors of mortality in
patients with a WBCoC would better enable clinicians, patients and relatives to discuss
appropriate settings of care, likely trajectories and to balance the provision of holistic care
with infection risk. Whilst our results suggest some concordance with mortality risk factors
observed in the general COVID-19 population [1,2,11], there is sufficient divergence to
warrant investigation with larger prospective studies.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/stresses1040020/s1, Treatment escalation plans at Northumbria Healthcare Trust; Selection of
clinical variables.
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Table A1. Cont.

Name Email Affiliation
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United Kingdom
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United Kingdom
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