S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Thrombosis Research 212 (2022) 44-50

Contents lists available at ScienceDirect

Thrombosis Research

ELSEVIER

journal homepage: www.elsevier.com/locate/thromres
Full Length Article ' :.)
Deaths related to pulmonary embolism and cardiovascular events before

and during the 2020 COVID-19 pandemic: An epidemiological analysis of
data from an Italian high-risk area

Davide Voci?, Ugo Fedeli, Ioannis T. Farmakis ¢, Lukas Hobohm ““, Karsten Keller ¢,
Luca Valerio ¢, Elena Schievanou‘b, Claudio Barbiellini Amidei ¢, Stavros V. Konstantinides ©,
Nils Kucher?, Stefano Barco®“"

@ Department of Angiology, University Hospital Zurich, Zurich, Switzerland

b Epidemiological Department, Azienda Zero, Veneto Region, Padua, Italy

¢ Center for Thrombosis and Hemostasis, Johannes Gutenberg University Mainz, Mainz, Germany

4 Department of Cardiology, Cardiology I, Johannes Gutenberg University Mainz, Mainz, Germary

€ Department of Cardiologic, Vascular and Thoracic Sciences and Public Health, University of Padova, Padova, Italy
f Department of Cardiology, Democritus University of Thrace, Greece

ABSTRACT

Background: Pulmonary embolism is a known complication of coronavirus disease 2019 (COVID-19). Epidemiological population data focusing on pulmonary
embolism-related mortality is limited.

Methods: Veneto is a region in Northern Italy counting 4,879,133 inhabitants in 2020. All ICD-10 codes from death certificates (1st January 2018 to 31st December
2020) were examined. Comparisons were made between 2020 (COVID-19 outbreak) and the average of the two-year period 2018-2019. All-cause, COVID-19-related
and the following cardiovascular deaths have been studied: pulmonary embolism, hypertensive disease, ischemic heart disease, atrial fibrillation/flutter, and ce-
rebrovascular diseases.

Results: In 2020, a total of 56,412 deaths were recorded, corresponding to a 16% (n = 7806) increase compared to the period 2018-2019. The relative percentage
increase during the so-called first and second waves was 19% and 44%, respectively. Of 7806 excess deaths, COVID-19 codes were reported in 90% of death cer-
tificates. The percentage increase in pulmonary embolism-related deaths was 27% (95%CI 19-35%), 1018 deaths during the year 2020, compared to 804 mean
annual deaths in the period 2018-2019. This was more evident among men, who experience an absolute increase of 147 deaths (+45%), than in women (+67 deaths;
+14%). The increase was primarily driven by deaths recorded during the second wave (+91% in October—December). An excess of deaths, particularly among men
and during the second wave, was also observed for other cardiovascular diseases, notably hypertensive disease, atrial fibrillation, cerebrovascular disease, and
ischemic heart disease.

Conclusions: We observed a considerable increase of all-cause mortality during the year 2020. This was mainly driven by COVID-19 and its complications. The relative
increase in the number of pulmonary embolism-related deaths was more prominent during the second wave, suggesting a possible underdiagnosis during the first
wave.

1. Introduction

Since the beginning of the severe acute respiratory syndrome coro-
navirus (SARS-CoV)-2 pandemic, a dramatic increase in the number of
deaths was reported. However, recent studies suggested that this in-
crease cannot be attributed to coronavirus disease (COVID)-19-related
deaths alone [1]. At the same time, other studies have demonstrated a
decrease in hospital admissions for acute cardiovascular disease such as
acute myocardial infarction, acute heart failure, or stroke [2-4]. This

phenomenon is not yet fully understood. It may reflect fewer patients
with acute cardiovascular events presenting to medical attention for fear
of in-hospital infection, a delay of potentially life-saving elective in-
vestigations and interventions for cardiovascular disease, or COVID-19
representing a competing risk for the occurrence of acute cardiovascu-
lar syndromes. Indeed, an overall concomitant increase in the number of
deaths from cardiovascular causes, notably arterial ones, has been
described in other studies [5-7].

Pulmonary embolism is a frequent complication of COVID-19,
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particularly among hospitalized patients [8]. Physicians and the general
population became aware of the prothrombotic potential of COVID-19
early in 2020 [9]. Despite this, the real magnitude of the burden of
pulmonary embolism on a population level is still unclear. The reasons
are various. The COVID-19 pandemic may have led to a reduction in the
use of imaging tests for diagnostic workup [8,10]. Furthermore, a
broader and more aggressive use of pharmacological preventative
measures for venous thromboembolism may have partly reduced this
risk, as recently shown by trials conducted in the hospital and ambula-
tory setting [11,12]. One nationwide French study illustrated that the
number of pulmonary embolism-related hospitalizations and in-hospital
fatality increased in 2020, particularly during the COVID-19 waves [13].

It is of outstanding interest to analyze data from regions in Europe
and North America with high mortality rates during the first two COVID-
19 waves, including Northern Italy and the province of New York, to
investigate whether the overload of the health care systems or differ-
ences regarding patient characteristics and/or complication rates may
partly explain the increased mortality. In this context, data on pulmo-
nary embolism-related mortality in the same period is sparse and we do
not currently have any large-scale analysis investigating the impact of
excess mortality from COVID-19 in relation to pulmonary embolism
events. Veneto, a large high-income region of Italy characterized by a
homogeneous healthcare system, geography, and demographic struc-
ture, was the first European region hit by the COVID-19 pandemic [14].
We retrospectively investigated time trends in COVID-19-related mor-
tality, as well as that of pulmonary embolism and other cardiovascular
causes in this region as a proxy for other regions in high-income
countries.

2. Material and methods

Veneto is a region in Northern Italy, which in 2020 counted
4,879,133 inhabitants. Causes of death were classified according to the
International Classification of Diseases, 10th edition (ICD-10), from the
death certificates routinely filled by physicians and transferred to the
regional epidemiology department. The standard mortality statistics are
derived by applying international rules that identify the underlying
cause of death (UCOD) among all conditions listed in the certificate.
Usually the UCOD is chosen on the basis of what is indicated by the
treating physician, but in some cases a different UCOD is chosen from
those listed in the death certificate if considered more appropriate based
on standardized algorithms. In order to correctly classify and stan-
dardize UCODs, the program IRIS was used, which is established in
several European countries. The database also records the comorbidities
listed in each death certificate, therefore providing information about
multiple causes of death (MCODs).

All death certificates between 1st January 2018 and 31st December
2020 were examined. The causes of death of the year 2020 were
compared with those of the two-year period 2018-2019. The analysis
was conducted both on MCOD and the UCOD. The ratio of deaths
observed in 2020 to those expected (2018-2019 average) was computed
with 95% CIs based on the Poisson distribution both for the whole year,
and separately for the two epidemic waves involving Italy in March-May
and October-December.

The following diseases with their respective ICD-10 codes were used
to identify the different conditions: hypertensive diseases (I10-115),
ischemic heart diseases (120-125), atrial fibrillation/flutter (148), cere-
brovascular diseases (160-169), and pulmonary embolism (126). In the
analysis of the UCOD, COVID-19 deaths were considered both separately
and together with codes of respiratory diseases more likely to be used in
cases of misrecognized COVID-19 infection (pneumonia and influenza,
J09-J189; ARDS-acute respiratory distress syndrome, J80; interstitial
pneumonia, J849; respiratory failure, J96.x).

Finally, data on the excess mortality by cause in the whole popula-
tion and subdivided by sex and age groups are reported. Analyses were
limited to deaths for COVID-19 and the main cardiovascular causes
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(I00-199, excluding cardiac arrest-146.9). The deviation in deaths
observed in 2020 is expressed as the absolute number of deaths higher or
lower than in 2018-2019.

3. Results

During the years 2018 and 2019, respectively, 48,618 and 48,594
deaths were recorded in Veneto, with an average of 48,606 deaths over
the two years. In the year 2020 a total of 56,412 deaths were recorded.
Compared with the previous two years, this corresponded to a 16% (n =
7806) increase in the number of deaths overall. In the period between
March and May 2020, the relative increase was 19%, as compared to the
same period in the two previous years. If one focuses only on the period
comprised between October and December 2020, the so-called “second
wave”, the relative increase was 44%. Fig. 1 provides information on the
monthly number of deaths in the period 2018-2019 and in 2020: two
peaks of excess deaths from all causes can be observed during the two
coronavirus epidemic waves (March-May 2020 and October—December
2020). The largest increase in the number of all-cause deaths was
recorded in nursing homes and long-term institutions (+31%), followed
by patients homes (+26%), and hospitals (+12%).

Of 7.806 excess deaths, COVID-19 was listed as the underlying cause
of death (UCOD) in 5925 (76%), whereas COVID-19 was reported in any
position (MCOD) of 7056 (90%) death certificates. Fig. 2 shows the
monthly excess deaths expressed as absolute counts (year 2020 vs
average two-year period 2018-2019) for patients with and without
COVID-19-specific codes. The total number of COVID-19-related deaths
and the proportional mortality rate increased with age, in men more
rapidly than in women. In the 50-69 age group, 9% of all deaths
recorded in men were due to COVID-19 (COVID-19 as the UCOD),
compared to 5% in women. The proportional mortality rate peaked
among patients aged 70 or older: in this group, COVID-19 explained at
least 11% of all deaths among men and at least 8% among women, as
depicted in Table 1.

We analyzed the number of deaths related to pulmonary embolism
during the year 2020 and compared the absolute count with the average
of the years 2018-2019. Tables 2 and 3 provide information on the total
number of deaths due to COVID-19, pulmonary embolism, and other
cardiovascular diseases in 2020 and during the period 2018-2019. In
2020, there were 1.018 pulmonary embolism-related deaths (MCOD),
476 among males and 542 among females (1.8% of total deaths in
2020). This reflected a 27% (95%CI 19-35%) increase compared to the
period 2018-2019. Deaths from pulmonary embolism without mention
to COVID-19 codes increased in 2020 only by 9%. The increase in pul-
monary embolism-related mortality was more evident in men (+45%, CI
32-58%) than in women (+14%, CI 5-24%). A 14.7% increase was
observed also for pulmonary embolism listed as the UCOD.

The majority of excess deaths related to pulmonary embolism were
recorded during the second wave (October-December 2020), Fig. 3. If
one focuses only on this three-month period, deaths with a diagnosis of
pulmonary embolism in any position (MCOD) increased by 91% and
deaths with pulmonary embolism as the main cause of death (UCOD) by
46%. This increase was larger in the male population than in the female
population, with 140% more deaths versus 58% in cases with pulmonary
embolism as concomitant (MCOD) cause, respectively. Two-third of
confirmed pulmonary embolism-related deaths were recorded in hos-
pital: the relative increase of deaths occurring in nursing homes and
long-term institutions was 44%, followed by patients’ homes (4+33%),
and hospitals (+28%).

An excess of deaths was also observed for other cardiovascular dis-
eases (Tables 2-3), notably atrial fibrillation and hypertensive disease as
UCOD, and hypertensive disease, atrial fibrillation, cerebrovascular
disease and ischemic heart disease as MCOD. The relative increase in
cardiovascular deaths was more prominent in men than in women, and
during the second wave than in the first wave (Fig. 4). The increase in
the number of deaths (COVID-19, cardiovascular diseases, respiratory
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Fig. 1. Total deaths by month in Veneto, Italy (year 2020 vs. mean of the years 2018-2019).
Exponential increase of the number of deaths during the two epidemic waves of coronavirus disease in the year 2020 (blue line) compared to the mean number of
deaths in the years 2018-2019. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Monthly excess deaths. Overall and by
mention of COVID-19 as underlying or concomitant
cause in Veneto, Italy (year 2020 vs mean of years
2018-2019).

Exponential increase during the two epidemic waves
of COVID-19 in the total monthly excess deaths in the
year 2020 vs mean of the years 2018-2019 (blue line)
and monthly excess deaths caused by (red dotted
line) and with mention of (red continuous line)
COVID-19. (For interpretation of the references to
colour in this figure legend, the reader is referred to
the web version of this article.)

Age- and sex-specific COVID-19 and non-COVID-19 mortality rates (per 100,000 population) and proportionate mortality (%) in Veneto, Italy (2020).

Age group COVID-19 as the underlying cause of death (UCOD) Other underlying causes of death

Men ‘Women Men Women

N MR PM N MR PM N MR N MR
<50 16 1.2 2.2 15 1.2 35 707 52.9 409 31.8
50-54 35 16.8 6.6 6 2.9 1.8 494 236.5 333 160.8
55-59 67 35.2 8.5 20 10.3 4.2 723 380.3 458 237.0
60-64 102 65.1 8.4 36 22.0 5.7 1106 706.2 591 360.6
65-69 182 133.2 10.6 43 29.4 4.8 1540 1127.2 846 579.2
70-74 317 250.6 11.7 129 91.1 8.2 2393 1891.7 1438 1015.9
75-79 484 473.7 12.9 212 170.6 8.6 3269 3199.6 2254 1814.4
80-84 709 931.7 13.1 435 411.8 9.5 4704 6181.8 4144 3922.9
85-89 641 1629.2 11.9 774 1075.7 11.6 4741 12,049.8 5904 8205.0
90+ 491 2988.4 10.6 1211 2467.4 10.5 4129 25,130.9 10,304 20,994.3

Abbreviations: N, count; MR, mortality rate; PM, proportionate mortality (%).

46



D. Voci et al. Thrombosis Research 212 (2022) 44-50
Table 2
Underlying cause of death: number of deaths observed in 2020 and % difference from the mean of the years 2018-2019. Patients in the Veneto region, Italy.
Total Men Women
2020 A % vs 2018-2019 2020 A % vs 2018-2019 2020 A % vs 2018-2019
Any cause 56,412 16.1 26,850 17.4 29,562 14.9
COVID-19 5925 - 3044 - 2881 -
COVID-19 or influenza/pneumonia 7779 369.7 3962 410.6 3817 333.3
Pulmonary embolism 121 14.7 52 25.3 69 7.8
Ischemic heart diseases 4721 3.4 2452 2.8 2269 4.0
Cerebrovascular diseases 3708 1.9 1532 4.7 2176 -0.0
Atrial fibrillation 849 15.0 290 7.4 559 19.4
Hypertensive diseases 3026 13.9 1050 18.1 1976 11.8

Abbreviations: COVID, Coronavirus Disease.

Table 3
Underlying or contributing cause of death: number of deaths observed in 2020 and % difference from the mean of the years 2018-2019. Patients in the Veneto region,
Italy.
Total Men Women
2020 A % vs. 2018-19 2020 A % vs. 2018-19 2020 A % vs. 2018-19
COVID-19 7056 - 3518 3538
Pulmonary embolism 1018 26.6 476 44.7 542 14.1
Ischemic heart diseases 8874 11.5 4987 12.6 3887 10.0
Cerebrovascular diseases 7355 11.4 3156 14.0 4199 9.5
Atrial fibrillation 7170 20.7 3233 24.7 3937 17.6
Hypertensive diseases 11,351 26.0 4765 31.3 6586 22.4

Abbreviations: COVID. Coronavirus Disease.
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diseases) across age groups is depicted in Fig. 5, showing a substantial
burden of cardiovascular diseases especially for the elderly.

4. Discussion

In this retrospective analysis of death certificates in a large Italian
region, we observed a dramatic increase in the number of all-cause
deaths during the COVID-19 pandemic. COVID-19 itself was the main
cause of death or a concomitant cause in 9 out of 10 excess deaths. Death
from pulmonary embolism, a frequent and harmful complication of
COVID-19, also increased during the period considered. Its presence as
MCOD almost doubled at the peak of the pandemic, with a substantial
increase in pulmonary embolism-related deaths during the second
COVID-19 wave of October-December. At the same time, an excess of
mortality was also observed for other cardiovascular causes. The in-
crease in the number of deaths from cardiovascular diseases was larger

Sep
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* Italy (year 2020 vs mean of years 2018-2019).
Exponential increase of the number of deaths for
pulmonary embolism during the year 2020 (red
dotted line) vs the mean numbers of deaths for pul-
monary embolism in the years 2018-2019 (contin-
uous red line). Number of deaths for pulmonary
embolism without mention of COVID-19 during the
year 2020 (blue line). (For interpretation of the ref-
erences to colour in this figure legend, the reader is
referred to the web version of this article.)

Oct Nov Dec

in men.

An excess of mortality associated with the COVID-19 pandemic has
been reported in several countries [15-17]. A time series analysis of
mortality data confirmed a mortality excess in 2020 in 29 high-income
countries. Specifically, Italy had among these countries the highest
number of excess deaths. In the first wave of the pandemic, when Italy
suffered a major surge of COVID-19 cases, an estimated excess of 47,490
deaths was reported, corresponding to nearly 30% increase in expected
mortality. This phenomenon was particularly marked in Northern Ital-
ian regions, such as Veneto [18]. In our study, we have also observed a
larger excess of COVID-19 deaths and cardiovascular deaths in the male
population. Previous studies have also highlighted the importance of
age- and sex-specific patterns in excess mortality. Mortality rates in the
younger population did not deviate from the expected levels, but excess
death numbers rose linearly with advancing age [19]. Age-
standardization for the analysis of sex differences showed that men
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Fig. 4. Trends in monthly cause-specific mortality in Veneto, Italy (year 2020 vs mean of years 2018-2019).
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Fig. 5. Excess mortality by cause: absolute deviation in 2020 compared to the mean in 2018-2019 in Veneto, Italy.
Panel A. Age group <50 years; Panel B. Age group 50-64 years; Panel C. Age group 65-79 years; Panel D. Age group >80 year.

were affected more markedly than women [15]. During the peak of the
first pandemic wave in Italy age-standardized mortality rates were 37.5
and 23.7 per 100,000 population-year among men and women,
respectively [20]. As expected, women represented the majority of the
population aged 80 or older and the total number of deaths, as well as
the crude mortality, was higher in women.

Our study provides insights in the different causes of excess death
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rates observed during the pandemic. Pulmonary embolism was one of
the death causes that showed substantially increased rates in 2020
compared to the period 2018-2019. A previous study on the time trends
in the pulmonary embolism-related mortality rates in Veneto showed a
decreasing trend consistent with the overall decreasing trend in the
European population until 2018 [21,22]. In contrast, the current study
demonstrated an upward trend of pulmonary embolism-related
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mortality in 2020 and showed a marked relationship with COVID-19.
Notably, pulmonary embolism as cause of death increased also in pa-
tients without any mention of COVID-19 in the death certificate. These
findings are similar to what reported by French authors concerning
national emergency hospitalisations due to pulmonary embolism and in-
hospital fatality in 2020 [13]. The recognition (or not) of COVID-19 as
the cause of pulmonary embolism may have therapeutic consequences
also concerning the length of anticoagulation. Although small, this
change in trend compared with the previous years can be attributed to
the fact that some patients affected by COVID-19 may have been undi-
agnosed, and that risk factors for pulmonary embolism, such as seden-
tary lifestyle, may have been exaggerated during the pandemic. A study
of 272,423 hospital admissions in England showed an increased inci-
dence and mortality from thromboembolic events (both arterial and
venous) during 2020 compared to 2018 and 2019. Similarly to our
findings, the higher risk was observed particularly in pulmonary em-
bolism, with an adjusted relative risk of 1.49 over the pre-COVID-19
period [23]. Furthermore, in accordance with our results, the fre-
quency of deaths from venous thromboembolism among those not
diagnosed with COVID-19 also increased [23].

We postulate that the difference observed between the two waves
may indicate underdiagnosis of pulmonary embolism, particularly dur-
ing the first wave and especially considering the discrepancy with
reference data from the literature, which estimates a prevalence of
pulmonary embolism of at least 15% among hospitalized patients and a
6-week cumulative incidence of 1-2% after hospital discharge [8,24].
Indeed, one cannot exclude that the increased number of in situ pul-
monary thrombosis detected during the course of the pandemic could
partly explain this rise [25]. However, the published information con-
cerning the period February—March 2020 from the so-called “red areas”
in Italy, including Veneto, suggests a much lower prevalence of pul-
monary embolism compared to other European regions a few weeks
later, but a similar overall fatality [26-28]. This is consistent with the
challenging logistic situation caused by a novel disease [10] and with
the fact that several centers, in line with available guidances, opted for a
routine increase in the dosage of anticoagulation for COVID-19 patients
with progressive respiratory worsening even in the absence of a
confirmed pulmonary embolism diagnosis.

Mortality from other diseases than COVID-19 also increased in 2020
compared to 2018-2019, especially as concomitant causes (MCOD).
This finding is probably related to the fact that older individuals with
mostly cardiovascular comorbidities such as arterial hypertension, atrial
fibrillation/flutter and diabetes mellitus were particularly vulnerable to
COVID-19. Moreover, excess deaths from cardiovascular disease and
diabetes present with a similar temporal trajectory to deaths from
COVID-19 [29]. There is also evidence that the pandemic also affected
the outcomes of patients with chronic diseases through the disruption of
usual care. Patients with cardiovascular disease presented with
increased diagnostic delay and disease severity, especially in the early
phases of the pandemic. This effect was particularly evident in patients
with ischemic heart disease [30-33]. In the United States, in the first
semester of 2020 deaths by ischemic and hypertensive heart disease
increased [7]. However, in Brazil, no changes in cardiovascular disease
mortality rates were found during the pandemic, although at-home
cardiovascular mortality, especially among older and more socially
vulnerable individuals, increased [34]. Whether or not the disruption of
care for chronic diseases, such as cardiovascular diseases, will affect
mortality rates in the future remains to be investigated [35].

A major strength of this study is the use of causes of death data coded
by a standardized method in an administratively homogeneous popu-
lation to investigate mortality during the years 2020 and 2018-2019,
which minimizes the risk of selection bias. This study has several limi-
tations. It refers to the Veneto region of Italy and extrapolation to other
European regions must be cautious, given the differences in the baseline
characteristics among populations (particularly age), but, most impor-
tantly, given the disparate mitigation measures taken by the healthcare
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authorities to control the surge of the pandemic and the differences
across the capacity of healthcare resources and lock-down measures.
What these results could, however, suggest is that several countries may
have faced a huge discrepancy in the way venous thromboembolic
complications were assessed, prevented, and treated between the two
waves: to some extent, this data indicates that pulmonary embolism-
related mortality paralleled all-cause mortality. Indeed, due to the
limited testing capacity at the beginning of the pandemics as well as the
increased prevalence of COVID-19 during pandemic peaks (with sub-
sequent reduction of the negative predictive value of testing), COVID-19
deaths were prone to being underestimated. This may have especially
been the case in patients who died with pulmonary embolism. In addi-
tion, especially in the early phases of the pandemic, misclassification of
non-COVID-19 deaths in the elderly and those with comorbidities
(cardiovascular disease, diabetes) could have occurred [36]. Access to
patient level data for the in-hospital stay as well as long term follow-up
(such as demographics and comorbidities) to explore the mechanisms of
death was not available in our analysis. Conclusions on the causality
between comorbidities and death should be drawn with care: COVID-19
may have simply accelerated the natural process of death in certain
vulnerable individuals, who would have soon died anyway from pre-
existing diseases (the so-called “mortality displacement™). However,
the study design is not appropriate to reject or confirm this hypothesis.

5. Conclusions

In summary, our study highlights a considerable increase of mor-
tality in Veneto, Italy, during the year 2020, which was driven princi-
pally by the presence of COVID-19, and which mainly affected older
individuals with cardiovascular comorbidities. Deaths from pulmonary
embolism increased particularly during the second wave and even in
non-COVID-19 patients, suggesting possible underdiagnosis of both
pulmonary embolism and COVID-19 during the first wave. Future
studies should confirm these findings in diverse populations and explore
whether the mass vaccination programs deployed in 2021 will result in a
“normalization” of mortality rates in subsequent years.
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