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We assessed the impact of the first wave of COVID-19 pandemic on non-COVID hospital admissions,
non-COVID mortality, factors associated with non-COVID mortality, and changes in the profile of non-
COVID patients admitted to hospital. We used the Spanish Minimum Basic Data Set with diagnosis
grouped according to the Diagnostic Related Groups. A total of 10,594 patients (3% COVID-19; 97%
non-COVID) hospitalised during the first wave in 2020 (27-February/07-June) were compared with
those hospitalised within the same dates of 2017-2019 (average annual admissions: 14,037). We found
a decrease in non-COVID medical (22%) and surgical (33%) hospitalisations and a 25.7% increase in
hospital mortality among non-COVID patients during the first pandemic wave compared to pre-
pandemic years. During the officially declared sub-period of excess mortality in the area (17-March/20-
April, in-hospital non-COVID mortality was even higher (58.7% higher than the pre-pandemic

years). Non-COVID patients hospitalised during the first pandemic wave (compared to pre-pandemic
years) were older, more frequently men, with longer hospital stay and increased disease severity.
Hospitalisation during the first pandemic wave in 2020, compared to hospitalisation during the pre-
pandemic years, was an independent risk factor for non-COVID mortality (HR 1.30, 95% Cl 1.07-1.57,
p=0.008), reflecting the negative impact of the pandemic on hospitalised patients.

Abbreviations

APR All patient refined

MBDS Minimum basic data set

COPD Chronic obstructive pulmonary disease

DRG Diagnosis related groups

EHR Electronic health record

HR Hazard ratio

ICD-10-EN  Tenth version of the International Classification of Diseases
ICU Intensive care unit
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LOS Length of stay
VRUH Virgen del Rocio University Hospital

The causal agent of the COVID-19 is a virus of the family Coronaviridae named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Its genetic sequence was published in February 2020". Since the beginning
of the pandemic in December 2019, SARS-CoV-2 has been spreading widely worldwide, resulting in more than
566 million confirmed cases and over 6.3 million deaths worldwide until July 2022, according to WHO?.

Mortality statistics are the most widely used source of information to compare health data across communi-
ties, regions or nations, and are basic to public health strategies’. Excess mortality is estimated by comparison
between all-cause mortality and expected mortality, based on the risks of mortality (pre-COVID-19 period) in the
population®. Spain has the highest European record of excess of mortality in 2020, followed by Italy, Switzerland,
and France’. This excess of mortality cannot be only explained by the lethality of the virus on more or less vulner-
able patients (direct effects). A part of deaths may be attributed to the collateral effects of the pandemic and the
associated burden posed on healthcare systems and delivery of care; i.e.: overload of healthcare systems, limited
access to emergency services, impairment of disease monitoring and of preventive medicine, or psychological
and behavioural effects issued from the social confinement. This indirect mortality is partly balanced by the
decrease of some usual external risks such as road and professional accidents during the COVID-19 confinement.

Most published studies on COVID-19 are focused on direct effects of the disease. Its indirect impact, such as
excess mortality due to other causes than COVID-19 or effects of social restrictions on health outcomes remains
insufficiently evaluated, in-hospital as well as out-hospital environment. While there are several studies exploring
non-COVID-19 excess mortality during the pandemic, studies specifically assessing excess mortality overall and
grouped by disease conditions in non-COVID hospitalised individuals are, however, rather limited®-. Addition-
ally, the profile of non-COVID patients admitted to hospital during the first wave are scarcely explored so far’-'!.

The first case of COVID-19 in Andalusia was reported in Seville on February 26, 2020. The Spanish govern-
ment implemented the first lockdown on March 15, 2020, including the mandate that all non-essential workers
remain at home; this first lockdown was in place until June 21, 2020. Formal restrictions regarding access to
health care were not implemented at regional level by the authorities. However, a contingency plan was imple-
mented at the VRUH as of March 16, including: prioritization of teleworking for health-care workers when
presence was not essential, in primary and hospital care; prioritization of external consultations via telephone
and telemedicine, in primary and hospital care; cancellation of non-urgent face-to-face consultations, in primary
and hospital care; postponement of scheduled and elective surgeries, except for oncological surgery and other
conditions with risk of serious clinical deterioration; maintenance of urgent surgery; reduction of major ambula-
tory surgery operations to 50%; suspension of paediatric and adult kidney transplantation; maintenance of code
0 liver and heart transplantations; suspension of the non-heart beating donation program. These measures were
maintained until the end of May 2020, the date when the de-escalation began progressively.

This paper aims to contribute to a better understanding of the high excess mortality observed during the
first wave of COVID-19 in the south of Spain in spring 2020. This real-world data analysis is mainly focused on
admissions, mortality, factors related to non-COVID mortality and changes in profile of non-COVID patients
from a large hospital area of Andalusia. Variations in the number, type and severity of diagnoses contributing to
hospitalizations and in-hospital mortality during the first wave of the COVID-19 pandemic (Feb-Jun 2020) were
investigated and compared to the same period during the last 3-year pre-pandemic period. Results are discussed
with in order to support future public health strategies, care planning and resource management in hospitals for
the management of pandemic or analogous crises.

Results
The study setting and population are described in detail in the “Methods” section. Briefly, the study was con-
ducted at the Virgen del Rocio University Hospital (VRUH) (Seville, Andalusia; Spain), a large, 1500-bed tertiary-
care university hospital that serves a population of more than 550,000 inhabitants. During the period of study, a
total of 52,383 non-COVID patients (10,271 in 2020, and 42,112 in the 2017-19 period [13,788 in 2017; 14,271
in 2018; and 14,053 in 2019]) were admitted to the Hospital and included in the study.

Anonymous patient records were extracted and analysed from the MBDS database.

Hospital admissions. Sub-period 1 (corresponding to the local pandemic first wave: February 27 to June 7,
2020)'% in 2020 10,594 individuals were admitted to hospital (323 with COVID-19 and 10,271 without COVID);
the number of admissions for years 2017-19 were 42,112 (average per year: 14,037 +242) (Table 1). The number
of non-COVID admissions in 2020 decreased by 26.8% compared with the average figure per year in the previ-
ous three pre-pandemic years (p <0.001) (Table 1).

Sub-period 2 (corresponding to the identified period of excess mortality in Andalusia according to the
national monitoring report on daily mortality: March 17 to April 20, 2020)"*: there were 3190 hospital admissions
in 2020 (290 with COVID-19 and 2900 without COVID) and 14,281 in 2017-19 (average per year: 4760 + 158)
(Table 1), that is, a decrease of 39.1% in the number of admissions in 2020 (p <0.001) (Table 1).

Characteristics of hospitalized patients. The characteristics of non-COVID patients hospitalized in
sub-periods 1 and 2 during 2020 and during the period 2017-19 are shown in Table 1.

During sub-period 1, the mean age of patients hospitalized in 2020 was higher than in the previous three
years (50.76 versus 49.00 years, p <0.001).

Emergency admissions increased by 12.0% in 2020 compared with the period 2017-19 (60.8% versus 54.3%,
p<0.001). An increased in the length of hospitalization was also observed in 2020 (mean 7.09 days, versus
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Sub-period 1 (first COVID-19 pandemic | Sub-period 2 (excess mortality in

wave in Seville) Andalusia)

2020 2017-19 p value 2020 2017-19 p value
Total admissions, n 10,271 42,112 2900 14,281
Annual admissions, n 10,271 14,037 <0.001* 2900 4760 <0.001*
Sex (male), n (%) 4768 (46.4) | 19,994 (47.4) 0.083* 1278 (44.1) 6765 (47.4) 0.001**
Age, mean+SD 50.76+4.9 49+25.22 <0.001** 50.99+24.60 | 49.22+25.22 0.001**
Emergency admissions, n (%) 6248 (60.8) | 22,884 (54.3) | <0.001* 1935 (66.7) 8094 (56.7) <0.001*
Days of hospitalisation, mean + SD 7.09£11.09 |6.62+10.6 <0.001* | 7.45+12.31 6.67+10.13 <0.001**
Days of hospitalisation in ICU, mean + SD 0.67+4.96 0.65+4.37 0.657** 0.67+4.93 0.66+4.23 0.900**
Medical APR DRG, n (%) 6229 (60.6) | 23,876 (56.7) | <0.001** 1852 (63.9) 8269 (57.9) <0.001**
Severity level, mean + SD 1.82+0.84 1.71+0.8 <0.001*** | 1.86+0.86 1.72+0.8 <0.001**
Mortality level, mean +SD 1.54+0.79 1.45+0.74 <0.001** | 1.58+0.81 1.47+0.75 <0.001%*
APR-DRG weigh, mean +SD 0.89+1.02 1.17+1.33 <0.001** | 0.89+1.09 1.18+1.39 <0.001**
APR-DRG-adjusted LOS index, mean = SD 0.93+0.87 0.94+0.98 0.052%** 1 0.94+1.01 0.94+0.95 0.976***
Deaths at hospital, n (%) 507 (4.94) 552.0 (3.93) <0.001** 186 (6.41) 192.3 (4.04) <0.001*

Table 1. Characteristics of non-COVID patients admitted to the Virgen del Rocio University Hospital
between February 27 and June 7, 2020 (sub-period 1) and between March 17 and April 20, 2020 (sub-period
2), compared with the same sub-periods in 2017-19. SD standard deviation, ICU intensive care unit, APR-DRG
all patient refined diagnosis related groups, LOS length of stay; *Chi-Square test; **Student T-test; ***Mann-
Whitney U-test. Significant values are in bold.

6.62 days in 2017-19, p <0.001). The percentage of medical diagnoses increased by 6.9% in 2020 compared with
the previous years (60.6% versus 56.7%, p <0.001), and they were associated with a lower level of complexity
according to the mean APR weight (0.89 in 2020, versus 1.17 in 2017-19, p <0.001) and higher levels of severity
(1.82 versus 1.71, respectively, p <0.001) and mortality (1.54 versus 1.45, p<0.001).

The same patterns were observed between year 2020 versus years 2017-19 for the sub-period 2, with similar
or even stronger differences in these variables between year 2020 and years 2017-19 (Table 1).

Mortality. During sub-period 1, global in-hospital mortality in 2020 was 5.31 per 100 admissions (17.33%
for patients diagnosed with COVID-19, and 4.94% for mortality not related to COVID). The corresponding in-
hospital mortality (not related to COVID) in years 2017-19 for the same sub-period 1 ranged between 3.71 per
100 admissions in 2017 to 4.24 per 100 in 2019 (average of 3.93+0.28 per 100 admissions), Table 2. Therefore,
there was a 25.6% increase (p <0.001) in in-hospital mortality from non-COVID causes in year 2020 compared
with the prior 2017-19 years. The estimated and observed trends of in-hospital mortality during sub-period 1
are shown in Fig. 1.

During sub-period 2, in-hospital mortality in 2020 remained similar for patients diagnosed with COVID-
19 (17.3 per 100 admissions) and slightly increased for non-COVID-related mortality causes (6.41 per 100
admissions) when compared with sub-period 1 in the same year 2020 (overall in-hospital mortality during sub-
period 2 in year 2020: 5.8 per 100 admissions). The overall in-hospital mortality (not related to COVID-19) for

2020 2019 2018 2017 p value*
Admissions in VRHU 10,594 14,053 14,271 13,788
Non-COVID 10,271 14,053 14,271 13,788
COVID 323 0 0 0
In-hospital deaths 563 596 549 511
Non-COVID 507 596 549 511
COVID 56 0 0 0
In-hospital mortality per 100 admissions 5.31 4.24 3.85 3.71 <0.001
Non-COVID 4.94 4.24 3.85 3.71 <0.001
COVID 17.33 0 0 0
Reference population of VRHU health area | 480,346 | 478,950 | 480,743 | 478,042
Total deaths in the VRHU health area 1160 1105 1045 1016
Global mortality rate per 100.000 habitants | 241.49 | 230.71 217.37 | 212.53

Table 2. In-hospital and global mortality at the Virgen del Rocio health area between February 27 and June 7,
2020 (sub-period 1: first COVID-19 pandemic wave in Seville), compared with the same period in 2017-19.
*Chi square test. Significant values are in bold.
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Sub-period 1 (first COVID-19 pandemic wave)
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Figure 1. Estimated and observed trends of in-hospital mortality at the Virgen del Rocio University Hospital
during the first pandemic wave (sub-period 1). Estimated mortality is the in-hospital mortality for this period
observed in 2017-2019. Excess mortality due to COVID-19 results in the addition of both direct (COVID-
attributed mortality) and indirect (non-COVID attributed mortality). Mortality rate is expressed as deaths for
100 admissions.

sub-period 2 in years 2017-19 was 4.04 per 100 admissions on average. Therefore, a 58.7% increase (p <0.001)
in non-COVID-related mortality was observed for this sub-period 2 in 2020 compared with years 2017-19.

A total of 1160 patients died during sub-period 1 in 2020 in the VRUH health area, which represents a
mortality rate of 241.5 per 100,000 inhabitants; this figure was higher than the ones registered in years 2017-19,
which ranged between 212.5 and 230.7 per 100,000 inhabitants (for the same VRUH area) (Table 2). The aver-
age mortality for the sub-period 1 in 2017-19 was 219.9 per 100,000 inhabitants; these results indicate an excess
mortality of 10% in 2020 compared to the earlier years studied.

Multivariable Cox regression analyses for the impact of different variables on in-hospital mortality in patients
without COVID for sub-periods 1 and 2 are shown in Fig. 2. In sub-period 1, the adjusted risk of in-hospital
death increased with the higher mortality level (HR 2.73 per level, 95% CI 2.50-2.98) and older age (HR 1.02 per
year, 95% CI 1.02-1.03), whereas this risk decreased for those not living in urban areas (HR 0.83 for rural versus
urban areas, 95% CI 0.75-0.92). In sub-period 2, in addition to the previous variables (with similar magnitudes
of risks), the following variables were also found to increase the risk of in-hospital mortality: a higher severity

HR (95% Cl), p-value
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* Mortality level

¢ Urban address (no vs. yes)
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Figure 2. Impact of different variables on in-hospital mortality in patients without COVID-19 admitted to
the Virgen del Rocio University Hospital. Multivariable Cox analysis with adjusted hazard ratios for the sub-
period 1 (February 27 to June 7, 2020) and the sub-period 2 (March 17 to April 20, 2020). HR, hazard ratio; CI,

confidence interval.
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level (HR 1.18 per level, 95% CI 1.01-1.37) and year of hospital admission (HR 1.30 for year 2020 versus years
2017-19, 95% CI 1.07-1.57).

Changes in APR-DRGs profiles. The characteristics of non-COVID patients admitted to hospital for the
40 most frequent APR-DRGs between the sub-period 1 in 2020, compared with the same sub-period in years
2017-19, are summarized in Supplementary Tables 1 and 2 for medical and surgical admissions, respectively.
Overall, both for medical and surgical admissions, mean age, days of hospitalisation, severity of diagnoses and
in-hospital mortality were higher in 2020 compared to the 2017-19 period. No difference was found in the APR-
DRG-adjusted LOS index between pandemic and pre-pandemic periods for both medical and surgical admis-
sions. In-hospital non-COVID mortality increased by 19.3% for medical disorders (6.8% versus 5.7%, p <0.001)
and by 33.3% for surgical procedures (2.0% versus 1.5%, p=0.026).

Regarding medical diseases, the number of admissions was significantly lower in 23 (57.5%) of the 40 most
frequent APR-DRGs, whereas admissions increased only in four APR-DRGs (lymphoma, myeloma and non-
acute leukaemia; bipolar disorders; kidney and urinary tract infections; and false labour). Variations in mean
age, length of hospital stay, mean severity, APR-DRGs-adjusted LOS index and mortality for medical procedures
are described in Supplementary Table 1.

The medical APR-DRGs categories most impacted by a decrease in the number of hospitalisations (greater
than 50%) were the following: digestive disorders, therapeutics (other chemotherapy); cardiac disorders, nerv-
ous system disorders and soft tissues disorders. Overall, the total medical admissions decreased 22% in the 2020
study period versus the pre-pandemic period.

Regarding surgical procedures, the number of hospital admissions in 2020 was significantly lower in 24 (60%)
of the 40 most frequent APR-DRGs, whereas the number of admissions increased only in one APR-DRGs (Sup-
plementary Table 2). Variations in mean age, length of hospital stay, mean severity, APR-DRGs-adjusted LOS
index and mortality for surgical procedures are described in Supplementary Table 2.

Surgical procedures most impacted by a decrease in hospital admissions (greater than 50%) were namely:
kidney transplant, anal and perineal procedures, trauma procedures (knee joint replacement; other significant
HIP and femur surgery; foot and toe procedures); hernia procedures (inguinal, femoral and umbilical hernia
procedures; hernia procedures except inguinal, femoral and umbilical), otorhinolaryngology procedures (tonsil
and adenoid procedures), breast procedures except mastectomy, and percutaneous cardiac intervention without
acute myocardial infarction. Total surgical procedures decreased by 33% in the 2020 study period versus the
pre-pandemic period.

Discussion

The present study reports, for the first time, the overall impact of the COVID-19 pandemic on the health care
provided and outcomes in a large tertiary university hospital beyond the effect directly related to the SARS-CoV-2
disease itself, i.e. among patients without COVID. In this study, the number of admissions, demographic and
clinical characteristics were analysed, and mortality among hospitalized patients during this first pandemic wave
were compared to patients admitted during the same period within the previous three years. This analysis has
been carried out for two sub-periods, i.e. a broader one (sub-period 1), which includes the entire first pandemic
wave in the studied area'?, and a shorter one (sub-period 2), which corresponds only to the period of time when
the excess of mortality was officially recorded in the first wave'.

During sub-period 1, 12,950 confirmed cases of COVID-19 were reported in the region of Andalusia, of which
2456 cases corresponded to Seville, representing a cumulative incidence of 153/100,000 and 128/100,000 people
in Andalusia and Seville, respectively'. Therefore, the estimated seroprevalence of SARS-CoV-2 in Spain'* in the
first pandemic wave was 3.4% [2.3-4.9] and 2.7% [1.4-4.8] in Seville and Andalusia respectively (subjects result-
ing positive either on print-of-care test or immunoassay), i.e., 66,000 cases in Seville and 227,000 in Andalusia
up to May 11th, 2020. In the health area evaluated, which covers a population of about 550,000 inhabitants, the
officially reported incidence of COVID-19 during the first pandemic wave was low with a maximum 14-day
cumulative incidence rate of 74.1 confirmed SARSCoV-2 cases per 100,000 individuals'?, with a total of 323
admissions and 56 deaths due to COVID-19 during the first sub-period of analysis.

The most relevant findings of this study are the decrease in the number of hospital admissions, the change
in the profile of the patients admitted to hospital, and the increase of the in-hospital and overall mortality of
patients without COVID-19.

Firstly, the number of hospital admissions decreased by 26.8% during the first sub-period of the pandemic
wave in 2020. This decrease was even larger in the second sub-period (39.1%). This reduction was observed
both in patients with medical and with surgical conditions, with a reduction of admissions in 23 of the 40
most frequent medical diseases and in 24 of the 40 surgical conditions. These results are consistent with those
previously reported in several hospital-based studies'>-*'. Moreover, emergency admissions increased by 12%
in 2020 compared to the 2017-19 period. This result could be at least partly explained by the fact that patients
seeking emergency care may have presented with conditions at a more advanced stage upon arrival to the hos-
pital; this is supported by the higher level of disease severity in 2020 for the two periods analysed (Table 1). The
self-dissuasion of patients from seeking care earlier, given the fear generated by the pandemic, together with the
limited access to primary care services, are factors likely contributing to the delay of care attention.

Secondly, the clinical and demographic profile of non-COVID patients admitted during the first pandemic
wave was different from those patients admitted in the years before. During 2020, compared with the period
2017-19, patients admitted were older and the proportion of men was higher. As well, the number of urgent
admissions and the severity of the patient status increased, both overall and stratified by medical and surgical
conditions, and the length of stay was longer. Similar changes in some of these variables have been reported in
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other studies analysing specific conditions as myocardial infarction®>*, stroke
obstructive disease?” or emergency surgical treatment?.

Albeit the patients admitted in the pandemic sub-periods had a more severe status than those admitted in
the prior years, no significant change in the use of intensive care beds for non-COVID patients was observed
between the pandemic period and the prior years. This observation may be influenced by the use of intensive
care beds by COVID-19 patients, however the rate of use of stays was maintained.

A possible conclusion is that, despite the care overload during the pandemic, health care professionals, both
in primary care and in hospitals, with the support of the community (e.g., by complying with public health
recommendations), kept health care as optimized as possible within the ongoing circumstances at that time,
minimising the impact on hospitals.

To date, changes in the characteristics of patients admitted during the pandemic have only been described
for some specific medical and surgical diseases. A study carried out in the United States comparing the first wave
of the 2020 pandemic with the previous years, observed that patients with symptoms of myocardial infarction,
stroke or asthma delayed seeking care due to the COVID-19 pandemic?.

The available studies that have been conducted at a national scale have shown a reduction in overall admis-
sions, without signaling any increase on specific conditions. However, in the VRUH in Seville, the number of
admissions related to “lymphoma, myeloma and non-acute leukaemia”, “false labour”, “kidney and urinary tract
infections” and “bipolar disorders”, increased in the first pandemic wave (Supplementary Table 1). Although the
authorities did not decide on a specific strategy for these diseases, they did not impose restrictions for malignancy
disorders nor for conditions with risk of short-term clinical deterioration.

The significant increase in admissions related to onco-haematological conditions could be explained by the
fact that the number of patients treated on an outpatient basis was drastically reduced and, consequently, these
patients were admitted to the hospital to receive treatment. The increased number of available hospital beds
due to the reduction on admissions for non-malignancy and serious conditions may have led to a higher rate of
hospitalizations of prioritized diseases related to nephro-urology and obstetrical services, even at early stages
of the diseases, partly related to the reduced accessibility to outpatient clinics and treatments. This hypothesis is
supported by the unchanged in-hospital mortality for these conditions (Supplementary Table 1). The increase
of admissions for bipolar disorders supports the findings from previous studies observing a high prevalence of
mental disorders in the global population during the first pandemic wave, including depression, anxiety, distress
and insomnia® and especially bipolar disorders®'. Our findings are also consistent with a study carried out at
the Helio Hospital in Germany, where the increase in admissions concerned quite different diseases (myocardial
infarction, intestinal obstruction, pneumonitis, pulmonary embolism)°. The interpretation proposed here is that
this heterogeneity results from uncoordinated local managements of care services in a period of crisis, for which
health services and hospitals were not prepared and equipped and did not have a defined strategy; this situation
affected differently to each care service and hospital, as did also differ the strategy and contingency plans put in
place in each case; additionally, the severity and impact of the pandemic varied from one region to another; all
together, therefore, necessarily led to differences from one hospital to another.

This hypothesis should be tested by comparing similar data from other hospitals in Spain and other countries,
and should be interpreted in the context of the management of the hospital itself during this period.

At last, during the first pandemic wave of COVID-19, an excess of in-hospital mortality has been found in
patients without COVID-19, which was 25.6% for the first sub-period of analysis (p <0.001), and 58.7% for the
second one (p<0.001).

We expected to find in 2020 patients having more severe conditions and longer delays to seek or receive care
and therefore higher mortality than in pre-pandemic period. Multivariable analyses (Fig. 2) partially confirmed
this hypothesis and showed a higher risk of in-hospital mortality for urban versus rural address, for patients with
higher mortality level, and for older patients. The identification of admission during 2020 as an independent
risk factor for mortality reflects the strong impact of the pandemic on the non-COVID in-hospital mortality,
especially during the second sub-period of analysis.

The data on overall mortality in the reference population for the study area confirm the existence of an
increase in the number of patients who died outside the hospital regardless of the period considered. This excess
of mortality, beyond deaths reported in the international mortality registration system, may be attributed to a
delay in reporting and to attribution errors (e.g. deaths from other respiratory diseases or other non-respiratory
causes) that reflect the complications by COVID-19. These findings are congruent with previous studies suggest-
ing that national registries underestimated the COVID-19 mortality rate in the first weeks of the pandemic®>%.
Actually, as summarized in Fig. 3, the full impact of the pandemic might be much stronger than that indicated
by the COVID-19 death reports, both inside and outside the hospital*.

The increase in the number of patients who died out-of-hospital could be related to health and non-health
factors, including the health system overload, the suspension of non-urgent interventions and face-to-face con-
sultations, the fear of patients to go to hospitals, and the impact of lockdown and other restrictive measures.
Our findings on mortality are globally congruent with those of a study carried out with data from 24 European
countries in which mortality was analysed in the period from March to June 2020 and compared with those that
occurred in 2016-2019°.

However, there are large disparities on the reported in-hospital mortality among countries during the pan-
demic. For instance, studies carried out in Italy and US®® reported an increase of in-hospital mortality. In the
United Kingdom” it was estimated that one "preventable death” (non-COVID) occurred for every 30 hospitalised
COVID patients. In Germany'!, relatively few individuals were affected by COVID during the first wave; and
Romania’ did not report any significant excess mortality during the same period.

The present study has several limitations, related mainly to the use of administrative electronic health records
(EHR) as the source of information. The MBDS is an administrative database that must be completed by all

, cancer®>?®, chronic pulmonary
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Figure 3. Theoretical representation of components of excess mortality in the COVID-19 pandemic. Excess
mortality due to COVID-19 results in the addition of both direct (reported and not reported COVID-attributed
deaths) and indirect mortality (due to the indirect effects of the pandemic on the health care system and on
people’s behaviour), and the subtraction of avoided deaths (due to social restrictions).

hospitals in Spain. The clinical variables were obtained through the hospital discharge reports and, as such,
there could be some missing information and variability issues. However, the coding is carried out by experts
who received specific training and it is conducted using a standardized coding regulation®, which reduces the
probability of information bias. Secondly, the analysis was restricted to data related to one hospital only. Nev-
ertheless, this is a large study that includes the analysis of all hospitalized patients in the largest hospital of the
autonomous region of Andalusia.

The comparison of the pandemic period is made with the findings observed in the previous three years in
order to minimize the possible effect of factors affecting a particular year and so to reduce the risk of bias. All
relevant variables available have been included in the study.

In conclusion, the present study shows for the first time a complete picture of the impact of the pandemic in a
large hospital during the first pandemic wave, through a comparison with pre-pandemic years. A sharp decrease
of non-COVID medical and surgical hospitalizations (22% and 33% respectively) was observed, together with
changes in the characteristics of patients admitted including an increase in the age of the patients, a longer length
of stay, and a higher severity of the condition. Similarly, an increase of 25.6% in in-hospital mortality, and an
excess of overall mortality rate of 10.6%, were observed during this period.

Our results contribute to identify weaknesses in the health care system under crisis situations, and provide
important elements to improve strategies for optimizing the response of the health system to similar challenges.
Management strategies on health care and the robustness of the health systems are determinant on the mortality
and of delivery of health care in non-COVID patients.

Methods

Setting. The study was conducted at the Virgen del Rocio University Hospital (VRUH), a 1500-bed tertiary-
care university hospital in Seville, Spain, which provides approximately the 10% of acute care inpatient bed
capacity in the region of Andalusia, Spain. The hospital serves a population of more than 550,000 inhabitants,
which may be referred for outpatient and inpatient care in all medical areas (internal medicine and specialties,
surgery, orthopaedics and traumatology, emergency and critical care, mental health, paediatrics, and obstetrics/
gynaecology). In 2019, it recorded 48,765 hospital admissions, 42,854 surgical interventions and 330,142 admis-
sions at the emergency department®®. An analysis of real-world data was conducted from Minimum Basic Data
Set (MBDS) registries.

Study periods. Two periods were considered for the present study: a 130-day period corresponding to the
local pandemic wave (subperiod 1: February 27 to June 7, 2020)', and a 33-day period included within the latter,
corresponding to the identified period of excess mortality in Andalusia according to the national monitoring
report on daily mortality (subperiod 2: March 17 to April 20, 2020)". No official data on excess mortality was
available specifically for Seville. For the region of Andalusia, official excess mortality was 21.7%. The two periods
considered in our study were selected in order to test the hypothesis that the period of excess mortality may
also be the period with the largest impact on inpatient care. For each subperiod, data from patients admitted to
VRUH for any cause were collected and compared with patients admitted within the same dates in years 2017,
2018 and 2019.

Collection of data and studied variables. Data from hospitalized patients were obtained from the
(MBDS), a standard management tool in the Spanish National Health System for the coding of hospital admis-
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sions. The diagnoses at hospital discharge were coded according to the Tenth Version of the International Clas-
sification of Disease (ICD-10-EN *, and grouped according to the refined version (APR, "All Patient Refined")
of the Diagnostic Related Groups (DRG) of the primary admission diagnosis in version 36.0%, which allows a
more refined classification of hospital cases by providing information on the severity of the disease and the risk
of mortality.

Data included demographic characteristics (age, sex, municipality of residence), variables related to the epi-
sode of hospitalisation (number of admissions during the study period, type of admission, length of stay (LOS),
days spent in the intensive care unit (ICU) if applicable, severity and mortality indexes according to APR-DRG
definitions, Spanish weight value of each APR DRG, Spanish APR-DRG-adjusted LOS index and in-hospital
mortality), diagnoses at hospital discharge, and in-hospital or in the community cause of death (if applicable).

The population served by the VRUH was considered for each calendar year. The overall mortality data of the
population served by the VRUH were obtained from the Statistical Service of the City of Seville (for the basic
metropolitan health areas) and the Institute of Statistics and Cartography of Andalusia (for non-metropolitan
basic health areas). Data from both sources come directly from the computerized civil registers of the Spanish
Ministry of Justice.

The study was approved by the Andalusian Biomedical Research Ethics Committee, VRUH, Seville, Spain.
All methods were performed in accordance with the guidelines of the WMA Declaration of Helsinki. Patient
records were extracted from the MBDS database in an anonymised way. Patient data were provided anonymised
for analyses.

Data analysis. A descriptive, uni- and bivariate analysis of the variables was carried out. Between-group
comparisons were conducted using independent-samples T-test or Mann-Whitney U-test for normally and not
normally distributed variables, respectively. Categorical variables and proportions were compared using Chi-
squared test (or Fisher Exact Test where appropriate.

Cox regression was carried out to assess any potential association between the risk of death and demographic
and clinical variables in our study. The model allows evaluating, within a set of variables, which ones have an
influence on the risk function, controlling for possible confounders. Variables included in the final model were
selected using the conditional backward elimination method. The model provides an estimate of risk (hazard
ratio and 95% confidence intervals) that accounts for the time at risk of each individual. The analysis time was
the period between the date of hospital admission and date of discharge (or death for patients who died in the
hospital).

In-hospital mortality rates and community mortality rates were estimated. The statistical software IBM SPSS
(IBM Corporation, Somers, NY, USA), version 26.0, was used for the analyses. Tests were two-sided; statistical
significance was set as p < 0.05.

Data availability
The datasets used and analysed during the current study are available from the corresponding author on reason-
able request.
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