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Dear Editor, 

We are sending this letter to share the results of our study which 
retrospectively looked at the relationship between hospital bed occu-
pancy during COVID-19 peak activity and number of out-of-hospital 
fatalities. Understanding and quantifying this relationship will better 
refine control of the epidemic in Oman and fine-tune existing public 
health measures implemented by the Omani government – intermittent 
partial lockdowns, and school and commercial activity closures while 
functioning as proxy indicator for the health system’s surge capacity. 

Oman, population 4.49 million, registered its first COVID-19 case on 
24th February 2020 and the virus has since spread throughout the 
country with two distinct peaks, one in 2020 (July–October) and 
another larger peak starting in March 2021. A study done in Oman 
revealed that out of 68,967 positive COVID-19 cases, 94% of them were 
mild to moderate, 4% were admitted to the general wards, 0.4% to the 
intensive care units, and 0.5% died [1]. 

To investigate the effects of peak epidemic activities on the number 
of out-of-hospital COVID-19 deaths, we conducted a retrospective 
observational study using systematically collected hospital bed occu-
pancy and mortality data of PCR-confirmed COVID-19 patients. Daily 
data on COVID-19 hospital bed occupancy, ICU hospital bed occupancy 
and deaths from 1st of April 2020 to 20th of April 2021 were used. 
Mortalities were classified as in-hospital and out-of-hospital and only 
out-of-hospital deaths were studied. Two periods for the peaks were 
selected, before and after January 2021. Periods of >90% from the 
maximum number of hospital bed occupancy were labeled as peak ac-
tivity periods for each wave. A generalized additive model was con-
structed to examine the number of out-of-hospital deaths (dependent 
variable) with the peak activity period (independent variable) control-
ling for time trend, seasonality (spline smooth function of date), severity 
index (defined as ICU bed occupancy divided by total hospital bed oc-
cupancy) and day of the week with a quasi-Poisson distribution to 
control for overdispersion. The natural logarithm of the total number of 
deaths was used as an offset in the model. Results were expressed as risk 
ratio with 95% confidence interval (CI). All analysis was done using R 
software. 

Maximum hospital bed occupancy was 575 and 823 for the first and 
the second waves, respectively. During the study period, a total of 1911 
deaths were reported out of which 118 deaths occurred out-of-hospital. 
Of these out-of-hospital deaths, 33 occurred during the peak activity 
period, Fig. 1. The results of the model revealed a significant 65% in-
crease in the occurrence of out-of-hospital deaths in the peak compared 
to the non-peak periods, risk ratio = 1.65; 95% CI (1.05–2.61), P-value 
= 0.03]. Our model could not capture significant difference between 
severity index and occurrence of out-of-hospital deaths. 

Our study is supported by evidence that the increase in out-of- 
hospital COVID-19 mortality was higher during times when the health 
care system almost reached its full capacity. This relation between 
health care system saturation and out-of-hospital deaths was also sug-
gested by other studies from high, middle, and low-income countries [2, 
3]. Friedman et al. suggested that excess out-of-hospital deaths during 
COVID-19 might be related to patient avoidance of the health care 
system, silent hypoxemia or social disparities [2]. On the other hand, 
Campo et al. found that myocardial infarction hospitalizations in Italy 
had decreased during the first wave of the COVID-19 pandemic with a 
concomitant increase in the out-of-hospital cardiac mortality while 
outcomes of admitted cases remained the same [4]. 

This study revealed that the period of highest bed capacity had a 65% 
risk of out-of-hospital deaths. These deaths could have been prevented if 
hospital capacity was raised at least 10%, to achieve <90% capacity. 
This could be achieved, for example, by the introduction of lockdown, 
which relieves hospital capacities through decreasing the incidence rate 
of COVID-19 [5]. 

One of the major limitations of our study is that it only considers 
PCR-positive COVID-19 deaths, whereas deaths might have occurred 
without testing. The excess mortality of home deaths in Oman during the 
period from March 15th to August 15th, 2020 was estimated to be 7% 
[6]. In addition, the same study showed that the mortality excess due to 
COVID-19 during that same heavily engaged health system period was 
estimated to be 15%. Therefore, our analysis doesn’t cover 
non-COVID-19 out-of-hospital deaths which can also reflect the impact 
of health care system strain during the pandemic. 

This study shows that in settings where hospitals capacity 
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monitoring is not feasible, the increase in out-of-hospital COVID-19 
deaths can be used as an indicator for health care system saturation and 
the need for urgent intervention. The intervention should include urgent 
capacity expansion and implementing lockdown measures to curtail the 
speed of transmission in the community and surge cases requiring health 
care. 
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Fig. 1. Hospital bed occupancy in the hospitals (bar chart) classified by less 
than and more than 90% capacity, are shown in green and red, respectively. 
Out-of-hospital deaths are shown in a purple-colored bar chart and severity 
index (defined as ICU bed occupancy divided by hospital bed occupancy) as a 
blue line chart, from 1st April 2020 to 20th April 2021, Oman. (For interpre-
tation of the references to color in this figure legend, the reader is referred to 
the Web version of this article.) 
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