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Abstract
Background Collateral damage of the COVID-19 pandemic on cardiovascular health is increasingly studied. This is a 
population-based study addressing multiple aspects of cardiovascular care during the pandemic in a country of Lithuania, 
in which pandemic waves were significantly different.
Methods Data on cardiology outpatient care, hospitalizations and cardiovascular mortality in 2019 and 2020 were collected 
from Lithuanian nationwide administrative databases and registries. Weekly data and aggregated numbers of corresponding 
6-week phases were analyzed comparing the numbers between 2019 and 2020. Age, sex and regional subgroup analysis 
was performed.
Results Both cardiovascular outpatient care visits and hospitalizations decreased dramatically in 2020 compared to 2019 
with a peak reduction (up to − 60% for both) during the first pandemic wave in spring of 2020. Simultaneously, cardiovas-
cular mortality was much higher in 2020, with a pronounced peak at the end of the year compared to 2019 (up to 46%). The 
increase was even more staggering when analyzing home deaths, which rose up to 91% by the end of 2020. Notable differ-
ences between age groups, regions and sexes were documented.
Conclusion A profound indirect damage of COVID-19 pandemic on cardiovascular care was observed in this study, with 
striking decreases in cardiovascular care provision and concurrent increase in cardiovascular mortality, both overall and, 
even more dramatically, at home.
Trial registration ClinicalTrials.gov: NCT05021575 (registration date 25–08–2021, retrospectively registered).
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Abbreviations
ACHI  Australian Classification of Health 

Interventions
AMI  Acute myocardial infarction
CABG  Coronary artery bypass grafting
CIs  Confidence intervals
COVID-19  Coronavirus disease 2019
CV  Cardiovascular
CVD  Cardiovascular diseases
ED  Emergency department
ICA  Invasive coronary angiography
ICD  Implantable cardioverter-defibrillator
ICD-10  International Statistical Classification of 

Diseases and Related Health Problems 10th 
Revision

PCI  Percutaneous coronary intervention
SE  Standard error
WHO  World Health Organization

Introduction

During the spring of 2020, a lot of countries were severely 
affected by the first pandemic wave, and, unsurprisingly, 
most of the studies focused on direct impact of COVID-19 
on community health. The collateral damage of COVID-
19 pandemic on the provision of cardiovascular (CV) care 
and cardiovascular mortality has been noticed early and 
reported in several nationwide and selected cohort studies 
[1–4].

The research was mainly focused on acute coronary and 
other acute CV syndromes; changes in-hospital admissions 
and early mortality after myocardial infarction were also 
often analyzed [2, 3]. Meanwhile, a substantial proportion 
of routine appointments, diagnostic and therapeutic proce-
dures was canceled, with unclear impact of total changes 
in CV provision on patient prognosis. Data on the changes 
in total national CV services, including out- and in-patient 
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health care facilities, acute and chronic conditions due to 
all CV diagnoses, during the outbreak, between the two 
pandemic waves and onwards are scarce.

First confirmed case of COVID-19 in Lithuania was 
recorded on 28th February 2020. Nationwide quarantine 
was introduced by Lithuanian government on 16th March 
and ended on 16th June 2020. In the period before the end 
of quarantine 1 773 COVID-19 cases were recorded and 86 
patients (of whom 10 patients died from other causes after 
testing positive for SARS-CoV-2) had died. In that period, 
Lithuania was reported among the least affected countries 
according to World Health Organization [5]. However, 
during quarantine Lithuanian government limited contact 
appointments to urgent conditions only. The utmost efforts 
to provide triage, follow-up care by telephone call and e-pre-
scriptions were recommended. This greatly affected avail-
ability of cardiovascular care.

The second pandemic wave in Lithuania was substan-
tially more severe [6]. Consequently, the second nationwide 
quarantine was implemented on 7th November 2020, which 
ended on 30th June 2021. Contact appointments were not 
limited by the government this time; however, the scope of 
CV care was again negatively affected, probably for multiple 
reasons.

The objectives of this population-based study were: (1) to 
assess the impact of the COVID-19 pandemic on provision 
of CV care at the national and regional level; (2) to compare 
the parallel changes of CV mortality in Lithuania in 2020 
to the same period of 2019; (3) to evaluate sex and age dif-
ferences in changes of CV care provision and CV deaths 
during the pandemic.

Methodology

Data collection

Effects of COVID-19 Pandemic on a Health Care Sys-
tem: Case Study of the CirculatORy System in LiThuania 
(COVID-COR-LT, NCT05021575) was a population-based 
study performed in collaboration with nationwide regis-
tries. Outpatient and hospitalization data from 1 January 
2019 to 30 November 2020 were obtained from National 
Health Insurance Fund. This system covers more than 99% 
of Lithuanian health care facilities and collects data from 
electronic health records. To ensure completeness of outpa-
tient data related to cardiovascular diseases (CVD) different 
approaches were used: (1) data on visits were collected using 
ICD-10 codes I00-I99 and other CVD related codes (e.g., 
certain Z, Q codes, J81.0, R57.0); (2) data were collected 
from CVD prevention program; (3) data on interventional 
cardiology were collected from day care facility regard-
less of the diagnosis. Date of the visit, patient age, sex and 

municipality, service level (primary, secondary, or tertiary), 
type of service and main diagnosis were recorded.

Data on hospitalization was collected if any of the diag-
noses (principal or secondary) were in I00-I99 range. Hos-
pitalization data covered hospitalization date, patient age, 
sex, municipality, and outcome. Data on CV procedures 
performed during hospitalizations included date of the pro-
cedure and ACHI (Australian Classification of Health Inter-
ventions) code.

Data on CV mortality was obtained from death certifi-
cates provided by Causes of Death Registry from Institute 
of Hygiene. Death certificates are uploaded to electronic 
system and reviewed by dedicated registry specialists, 
according to WHO recommendations. Uncertain cases 
are additionally compared with the data from Compulsory 
Insurance Information System SVEIDRA and, if it is not 
yet clear, nosologists of the Registry contact the doctor who 
issued the e-certificate. Death certificates were included 
in the study when cause of death was adjudicated to be in 
I00-I99 range. Date and place of death, patient age and sex 
were recorded. Four options can be selected in death cer-
tificate for death place—hospital, home, other or unspeci-
fied. For death place analyses, certificates where place of 
death was unspecified (< 0.5% of all death certificates) were 
excluded. Mortality data covered the period from 1 Janu-
ary 2019 to 31 December 2020. The study was approved by 
Vilnius Regional Biomedical Research Ethics Committee 
(Nr. 2020/8–1247-730) and conducted in accordance with 
the Declaration of Helsinki.

Data analysis

Weekly data using complete weeks (Monday-Sunday) were 
analyzed, hence weeks 2–48 of outpatient care and hospitali-
zations and weeks 2–52 of CV mortality were investigated 
and compared, respectively between 2019 and 2020. We 
calculated 4-week moving average of all analyzed aspects, 
averaging data over each 4-week period, starting 3 weeks 
prior to the week of interest. This method facilitates visuali-
zation of trends and comparison between respective periods 
by smoothing out variability of data. Reference lines for the 
first COVID-19 case (week 9), start of the 1st quarantine 
(week 12), end of the 1st quarantine (week 25) and start 
of the 2nd quarantine (week 45) were added to all weekly 
graphs. We also divided the study period to corresponding 
6-week phases, containing the same number of workdays in 
2019 and 2020: (1) 6 weeks before quarantine (2) 1st stage 
of quarantine (3) 2nd stage of quarantine (4) 1–6 weeks after 
quarantine (5) 7–12 weeks after quarantine (6) 13–18 weeks 
after quarantine (7) 19–24  weeks after quarantine (see 
Online Resource 1). The last periods also cover the begin-
ning of the second pandemic wave in Lithuania and a second 
nationwide quarantine.
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Regional differences in out- and in-patient care were ana-
lyzed by creating informational maps coloring ten Lithu-
anian counties according to percental change in outpatient 
and hospital services during the first quarantine compared 
to corresponding period in 2019.

Sex differences were evaluated performing weekly data 
analyses in men and women. Cases, when sex was not avail-
able (< 0.01% in hospitalization and outpatient data) were 
excluded from this analysis.

Data were analyzed in adult (> 18 years old) patients only. 
Patients were divided into age groups (18–39, 40–49, 50–59, 
60–69, 70–79, 80–89, 90 +). We examined how outpatient 
care, hospitalizations and CV mortality differed between 
these groups in the 1st quarantine period (16th March–16th 
June of 2020) and compared this data to respective period 
in 2019 (18th March–18th June).

Data are provided per 100,000 population, using 2019 
and 2020 estimated monthly populations as reported by 
National Health Insurance Fund (see Online Resource 1). 
Associated 95% confidence intervals (CIs) were estimated 
by calculating standard error (SE) of proportion (rate per 
100,000 population) and using CI formula: Sample statis-
tic ± 1.96*SE. In addition, we calculated percentage change 
from the corresponding period in 2019 together with 95% 
CIs using the Wilson score interval in all analyses described 
above.

Continuous variables are presented as median and inter-
quartile ranges [IQR], categorical variables are presented as 
counts (percentage). The differences between study groups 
were compared using Kruskal–Wallis test for continuous 
variables and χ2 test for the categorical variables. Statistical 
analysis and data visualization was performed with R ver-
sion R 4.0.3 (The ‘R’ Foundation for Statistical Computing) 
and Tableau Software version 2020.3.3.

Results

Provision of CV care

The total number of ambulatory appointments for CV 
reasons from January 1st until November 30 in 2020 was 
1,694,417 (60,643/100,000 population) versus 2,146,908 
(76,878/100,000 population, -21%) in 2019, with 1,377,101 
(49,287/100,000) vs 1,737,625 (62,222/100,000, -21%) 
visits to general practitioners, 229,954 (8,230/100,000) 
vs 283,537 (10,153/100,000,—19%) visits to specialized 
secondary care and 87,362 (3,127/100,000) vs 125,746 
(4,503/100,000, − 31%) visits to tertiary care, respectively. 
The first COVID-19 case in Lithuania was registered on Feb-
ruary 28 (week 9), since then a rapid decline in the scale 
of outpatient visits at all levels has been observed—see 
Figs. 1A, 2.

The peak reduction of outpatient visits occurred at weeks 
13–21 of 2020 (up to 57%, Fig. 1A), relatively less in pri-
mary care (up to 52%), more in secondary (up to 73%) and 
maximally in tertiary care (up to 85%) (Fig. 2). Dividing 
study period into phases in relation to lockdown, the promi-
nent fall of 55% in cumulative outpatient CV visits can 
be seen during the first stage of the quarantine, with 38% 
decrease during the second stage (Fig. 1B). Since week 19 
of the year, the partial recovery of outpatient service had 
started, however, even at week 38 (since September 21) 
it still did not reach the baseline level, with the persist-
ing decline in specialized care (Figs. 1A, 2). A recurrent 
decrease in ambulatory care was again observed after imple-
mentation of 2nd quarantine (weeks 45–48 of 2020).

In the time of officially announced 1st quarantine period, 
which lasted 12 weeks, a cumulative number of primary 
care visits have reduced by 42%, referrals to cardiologists by 
66%; preventive and rehabilitation services have extremely 
decreased—see Table 1.

During study period in 2019 total number of hospitali-
zations due to CV reasons accounted for 101,939 cases 
(3,650/100,000) over Lithuania, while in the corresponding 
period of 2020 it reduced to 76,623 (2,742/100,000, − 26%) 
cases—see Fig. 3. The dip in admissions had started in pre-
lockdown phase, which is reflected in a steep decrease in a 
moving average after start of quarantine. At weeks 13–20 
of 2020 in-patient care decreased dramatically: up to 60% 
(Fig. 3A). The prominent fall of 59% in cumulative in-
patient CV cases can be seen during the first stage of the 
1st quarantine, with 40% decrease during the second stage 
(Fig. 3B). Among in-hospital procedures the least drop 
occurred in percutaneous coronary interventions (PCIs) for 
acute myocardial infarction (by 20%), while the greatest 
scaling down was documented for valve and coronary sur-
gery (− 63% and − 57%, respectively), as well as for total 
invasive coronary angiographies (− 52%)—see Table 2. In 
contrast to the dynamics of outpatient appointments, number 
of cardiovascular hospitalizations remained persistently and 
markedly decreased after 1st quarantine, by 21% before the 
2nd quarantine and declined even further after week 45.

We found regional heterogeneity in the reduction of 
ambulatory and hospital services throughout 10 Lithuanian 
districts (Fig. 4). For example, in the Western districts 
number of all outpatient visits fell by approximately 30%, 
whereas in the Eastern districts the decrease was substan-
tially larger: 42–43%.

CV mortality

Between 1st January and 31st December in 2019 and 2020, 
20,894 (748/100,000) and 22,937 (821/100,000) CV deaths 
(+ 10%), respectively, were documented. Weekly fluctua-
tions in the number of CV deaths are shown in Fig. 5A. 
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Fig. 1  Comparison of numbers of outpatient cardiovascular visits in 
Lithuania in 2019 and 2020. A Weekly variations of the outpatient 
cardiovascular visits. Vertical reference lines denote important dates 

of the pandemic in Lithuania. B Number of outpatient cardiovascular 
visits in 6-week periods before, during and after quarantine
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First peak of excess CV deaths in 2020 compared to 2019 
was registered as early as at weeks 16–18 (first stage of 1st 
quarantine) and reached an increase of 13%. This acute 
effect of pandemic was followed by a stabilization period 
from week 20 to week 24 (second stage of 1st quarantine), 

after which a delayed long-term excess in CV mortality was 
observed, reaching an increase of 46% by the end of the 
2020 compared to 2019 (Fig. 5A). During the first stage of 
1st quarantine cumulative number of deaths rose by 11% and 
remained persistently increased by 11–12% between the two 

Fig. 2  Comparison of the weekly numbers of primary, secondary, and tertiary cardiovascular outpatient visits in Lithuania in 2019 and 2020. 
Vertical reference lines denote important dates of the pandemic in Lithuania

Table 1  Reduction of outpatient CV services by type and level during first quarantine period compared to 2019

Data are provided per 100,000 population, using 2019 and 2020 estimated monthly populations
CI confidence interval, CV cardiovascular, ED emergency department
Bold numbers denotes absolute number of a variable, number per 100,000 populations, and percental change

Type of service 2019 (18th March–18th June) 2020 (16th March–16th June)

Number N per 100,000 (95% CI) Number N per 100,000 (95% CI) Change (95% CI)

Primary care visits 519,148 18,598 (18,552.82 to 
18,644.11)

300,090 10,744 (10,707.64 to 
10,780.28)

− 42% (− 42.94 to − 41.52)

Referrals to cardiologists 83,773 3001 (2981.15 to 3021.18) 28,696 1027 (1015.56 to 1039.21) − 66% (− 67.42 to − 64.02)
Visits by program of CV pre-

vention
86,098 3084 (3064.18 to 3104.74) 15,175 543 (534.68 to 551.92) − 82% (− 83.68 to − 81)

Out-patient rehabilitation 2294 82 (78.82 to 85.54) 145 5 (4.35 to 6.04) − 92% (− 96.47 to − 84.69)
Treat-

ment cases in day care facil-
ities

2563 92 (88.27 to 95.37) 654 23 (21.62 to 25.21) − 74% (− 81.93 to − 64.26)

Visits to EDs 9720 348 (341.31 to 355.13) 7701 276 (269.57 to 281.86) − 21% (− 25.24 to − 16.75)
Observation in EDs 5162 185 (179.89 to 189.97) 3962 142 (137.44 to 146.26) − 23% (− 29.85 to − 17.75)
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Fig. 3  Comparison of numbers of cardiovascular hospitalizations in 
Lithuania in 2019 and 2020. A Weekly variations of the cardiovascu-
lar hospitalizations. Vertical reference lines denote important dates of 

the pandemic in Lithuania. B Number of cardiovascular hospitaliza-
tions in 6-week periods before, during and after quarantine
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quarantines. At the start of 2nd quarantine, the cumulative 
number of deaths was 35% higher than in the same period 
of 2019.

Striking redistribution in the place of CV deaths was 
found comparing 2020 with 2019: much more deaths 

happened at home during the pandemic, reaching the maxi-
mum increase of 37–41% at weeks 17–18 (end of April) 
and moving up extremely up to 40–91% in November and 
December—see Fig. 6A. Notably, throughout all periods 
of year 2020 risk of dying at home was greater compared 

Table 2  Reduction of CV hospital services by type and procedures during first quarantine period compared to 2019

Data are provided per 100,000 population, using 2019 and 2020 estimated monthly populations
AMI acute myocardial infarction, CABG coronary artery bypass grafting, CI confidence interval, CV cardiovascular, ICA invasive coronary angi-
ography, ICD implantable cardioverter-defibrillator, PCI percutaneous coronary intervention
Bold numbers denotes absolute number of a variable, number per 100,000 populations, and percental change

Type of service 2019 (18th March–18th June) 2020 (16th March–16th June)

Number N per 100,000 (95% CI) Number N per 100,000 (95% CI) Change (95% CI)

ICA 4192 150 (145.64 to 154.72) 2015 72 (68.99 to 75.29) − 52% (− 59.78 to − 44)
Total PCI 2448 88 (84.23 to 91.17) 1395 50 (47.32 to 52.56) − 43% (− 53.76 to − 33.45)
PCI for AMI 1264 45 (42.79 to 47.78) 1013 36 (34.03 to 38.5) − 20% (− 33.64 to − 10.83)
CABG 834 30 (27.85 to 31.91) 348 12 (11.15 to 13.77) − 57% (− 72.85 to − 39.38)
Valve surgery 440 16 (14.29 to 17.24) 159 6 (4.81 to 6.58) − 63% (− 82.29 to − 39.33)
Pacemaker implantations 1561 56 (53.15 to 58.7) 854 31 (28.52 to 32.63) − 45% (− 57.7 to − 32.44)
ICD implantations 96 3 (2.75 to 4.13) 121 4 (3.56 to 5.1)  + 29% (5.33 to 74.9)

Fig. 4  Percentage change of cardiovascular services in different districts of Lithuania during the first quarantine compared to 2019. A Total out-
patient visits. B Primary outpatient visits. C Secondary and tertiary outpatient visits. D Hospitalizations
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Fig. 5  Comparison of rate of cardiovascular mortality in Lithuania in 2019 and 2020. A Weekly variations of cardiovascular deaths. Vertical ref-
erence lines denote important dates of the pandemic in Lithuania. B Cardiovascular deaths in 6-week periods before, during and after quarantine



1139Clinical Research in Cardiology (2022) 111:1130–1146 

1 3

Fig. 6  Places of cardiovascular deaths in Lithuania in 2019 and 2020. 
A Weekly variations of cardiovascular deaths at home. Vertical ref-
erence lines denote important dates of the pandemic in Lithuania. 

B Places of cardiovascular deaths in the periods in 6-week periods 
before, during and after quarantine



1140 Clinical Research in Cardiology (2022) 111:1130–1146

1 3

to 2019, with most prominent elevations during the spring 
quarantine and with the rise of the second pandemic wave 
and the late autumn quarantine (Fig. 6B).

At the same time remarkable deviation of in-hospital 
mortality was registered during the two quarantines—see 
Fig. 7. Concomitantly with drop in CV admissions, in-hos-
pital mortality went up dramatically: from baseline 6–7% in 
2019 to 13–14% in corresponding periods of 2020 (Fig. 7). 
However, absolute number of in-hospital deaths decreased 
by 14–16% during the first quarantine, stabilized between 
the two quarantines, and then, conversely, increased by 
up to 21% after the start of second quarantine (see Online 
Resource 1).

To investigate any possible direct influence of COVID-
19 on cardiovascular mortality, we examined the second-
ary diagnoses listed in the death certificates for COVID-19, 
pneumonia or other acute respiratory illnesses (see Online 
Resource 1). Only 3% of the cardiovascular death certificates 
in 2020 had COVID-19 listed as a secondary diagnosis and 
proportions of other acute respiratory diseases were smaller 
or comparable to 2019.

Age and sex subgroups

Of note, reduction of outpatient visits was depend-
ent on age: it was the greatest in younger subjects, with 

proportionate preservation of ambulatory care with 
increasing age (Fig. 8A). Conversely, the fall of hospital 
CV admissions was similar in all age groups (Fig. 8B). 
Also, the age gradient in excess CV mortality was 
detected: increase of deaths was larger, although not sta-
tistically significant, in the younger age groups (36–47%), 
statistically significant in age groups 50–59 and 70–79, 
while death rate of octo- and nonagenarians did not 
change—see Fig. 9. During the first quarantine, a signifi-
cant difference in age was observed between the patients 
deceased in 2020 compared to 2019 (82 [72–88] vs. 83 
[74–88] years, respectively, p = 0.002), this difference dis-
appeared when analyzing the whole year.

The reduction of CV out- and in-patient care did not 
vary with sex (see Online Resource 1); however, during 
the first pandemic wave, increase in CV mortality was 
more pronounced in men than in women (up to 19% vs up 
to 9%, respectively, Fig. 10A). Conversely, after the start 
of second quarantine, redundant CV mortality increased 
more in women compared to men (up to 51% vs up to 
40%, respectively, Fig. 10A). The difference was even 
more striking when analyzing home deaths—although 
the increase was greater in men up until the second wave, 
after it, the mortality at home increased exponentially in 
women (up to 110% by the end of the year, Fig. 10B), and 
less so in men.

Fig. 7  Comparison of weekly cardiovascular hospitalizations and in-hospital mortality in Lithuania between 2019 and 2020
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Fig. 8  Changes in cardiovascular services in different age groups during the first quarantine compared to 2019. A Out-patient visits. B Hospitali-
zations
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Discussion

Our population-based study clearly demonstrates a dramatic 
effect of COVID-19 pandemic on provision of CV care and 
CV mortality in Lithuania. To our knowledge, this is the 
first study to systematically investigate changes in the total 
nationwide CV care and parallel changes in the death rate 
due to CV reasons. There was a striking reduction in CV 
outpatient care and CV hospitalizations, whereas cardiovas-
cular mortality increased compared to corresponding periods 
in 2019. Also, our analysis is one of the first covering not 
only pre-pandemic period and first pandemic wave, but also 
a delayed period after it and a part of a more severe second 
wave.

Out‑patient care

A reduction in outpatient care during the pandemic was 
observed in several studies. Wosik J [7] showed a 33% 
decline of outpatient CV visits between March 15 and June 
30, 2020, within the Duke University Health System in the 
US. A decline of nearly 60 percent of all outpatient vis-
its (including cardiology) in April 2020 was highlighted 
by Mehrotra A [8]. A resurgence in outpatient care was 
observed in this study in later months, but until October 
there still was a persistent reduction of 10% in cardiology 
visits compared to pre-pandemic period [8]. At U.S. Depart-
ment of Veterans Affairs despite the twofold increase of the 
tele-health visits during the first 10 weeks of the pandemic, 
overall number of outpatient visits still decreased by 30% 

[9]. Not only quantitative but also structural changes in the 
primary care delivery are reported, with less assessment of 
blood pressure, cholesterol level concomitantly with less 
office-based visits in the US [10].

In our study, we compared weekly data of CV outpatient 
visits from January to November with corresponding weeks 
in 2019. Our results confirm the data from previous studies, 
as a significant drop in services during quarantine is fol-
lowed by a prolonged recovery to a previous level.

Our research is rather unique for its deeper analysis based 
on the level of care. This additional analysis revealed that 
specialized cardiology care had especially declined, with 
up to 85% reduction of the tertiary referrals, while 50% 
of appointments to general practitioners were preserved 
(the proportion of teleconsultations among them was not 
available). The overall return to the pre-pandemic scale in 
October was mainly owing to primary and secondary level 
outpatient visits, while the number of tertiary CV consul-
tations remained markedly declined. A repeated decline 
throughout all levels at the beginning of the 2nd quarantine 
was observed with the most pronounced reduction in the 
tertiary care again.

Hospitalizations

Bhatt AS [11] highlighted the 43% fall of acute hospitali-
zations due to CVD during the first phase of the COVID-
19 pandemic in Massachusetts, U.S. In Monaco, total CV 
admissions went down by only 18% in March 2020 com-
pared to March 2019, which the authors attribute to a 

Fig. 9  Changes in cardiovas-
cular mortality rate in differ-
ent age groups during the first 
quarantine compared to 2019
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Fig. 10  Difference in cardiovascular mortality in Lithuania by sex 
in 2020 compared to 2019. A Weekly variations of cardiovascular 
deaths in men and women.  B Weekly variations of cardiovascular 

deaths at home in men and women. Vertical reference lines denote 
important dates of the pandemic in Lithuania
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well-organized public health care system [12]. The system-
atic review of 103 observational studies reported a decline 
of hospitalizations for acute coronary syndrome, ischemic 
strokes and heart failure in 89% of studies, with reductions 
ranging from 20 to 73% during the pandemic [13]. Between 
March 11 and April 21, 2020, the number of patients admit-
ted to the U.S. Department of Veterans Affairs for myocar-
dial infarction and heart failure decreased by 40.3% and 
49.1%, respectively [14]. We extended the analysis to all CV 
hospitalizations, regardless of the diagnosis, and, in parallel 
with previous publications, observed a prominent fall up to 
60% in April 2020, compared to 2019. A similar drop in CV 
admission rate during that period was reported in Germany 
[15]. We also demonstrated a remarkable decrease in diag-
nostic and therapeutic percutaneous procedures, pacemaker 
implantations, and rates of cardiac surgery—up to 57–63% 
during the spring quarantine in 2020. Acute treatment, such 
as PCI for myocardial infarction, was mostly preserved: the 
change reached only − 10%. The hospitalization rate had 
not recovered to pre-lockdown numbers during the period 
between the two quarantines and dropped again with the rise 
of the second pandemic wave.

Mortality

The combination of lockdown orders, constant media cover-
age and fear of the novel virus took a toll on the healthcare 
systems around the world and may have caused an increase 
in COVID-19 unrelated mortality observed in several stud-
ies. Wu J et al. [16] demonstrated that during pandemic in 
England and Wales acute CV mortality increased by 8% with 
increase in a death rate at home and simultaneous decrease 
in-hospital deaths. Similarly, a lockdown period was asso-
ciated with an increase of CV mortality by 7.6% in central 
Germany [17]. Data from the National Center for Health 
Statistics in US showed that deaths caused by ischemic heart 
disease and hypertensive disease increased in some regions 
during the initial phase of the COVID-19 pandemic [18].

During the spring of 2020, quarantine measures were 
introduced early in Lithuania reflecting the serious situation 
in other countries. Notably, Lithuania was among the least 
affected countries until the beginning of autumn of 2020 
[6]. Despite a relatively low burden of COVID-19 in the 
spring, we found that weekly CV death rate increased by as 
high as 13% during the early first quarantine phase compared 
to 2019. In the later phase, mortality rate stabilized, how-
ever, in the following months after quarantine it rose again 
to 46%. The second pandemic wave affected Lithuania more 
severely, and consequently a lot of medical resources had to 
be reallocated to sustain the mounting numbers of infected 
patients. This burden on the health care system and an 
observed striking CV care disturbance, reflected in reduction 
in CV outpatient care and hospitalizations, might have had 

an adverse impact on CV patients. This hypothesis is further 
supported by a considerably higher proportion of death at 
home and lower absolute number of in-hospital death during 
the first quarantine compared with the same time period in 
2019, reflecting avoidance to seek medical care [19]. Analo-
gous data were documented in 4 Italian regions with 52% 
increase of out-of-hospital cardiac arrest in the very early 
phase of COVID-19 pandemic [20]. A corresponding redis-
tribution of death places was also reported in a study of Dan-
ish citizens with CV disease [21]. Furthermore, during the 
more severe second pandemic wave, death rate at home has 
risen even more, reaching up to 90% difference compared to 
the autumn of the previous year.

We observed that the highest proportions of weekly in-
hospital mortality were recorded during the same weeks 
when numbers of CV hospitalizations were the lowest, 
although the absolute number of in-hospital deaths was 
lower during the first quarantine. This finding most prob-
ably reflects the extreme situation when only patients with 
urgent and severe conditions were hospitalized. This was 
also reported in a systematic review of twenty-three stud-
ies analyzing several acute CV conditions, with worse in-
hospital outcomes during the pandemic [13]. However, the 
start of the second pandemic wave resulted in an increase in 
absolute death rate both at home and in hospital.

Interestingly, there was a significant reduction in CV mor-
tality in 2020 prior to the pandemic, compared to the same 
period of the previous year. Similar phenomenon was also 
observed in an aforementioned Danish analysis [21]. We 
can hypothesize that this reflected a long-term tendency of 
a decreasing CV mortality and had the COVID-19 pandemic 
and a concomitant lockdown not occurred, the mortality 
would have further decreased throughout the year.

Differences by age and sex

We detected that there were considerable age-related differ-
ences in outpatient appointments during the spring quaran-
tine with a more pronounced decline in younger patients. 
This phenomenon was also documented by Mehrotra A [8]. 
It could be explained by the greater activity of older patients 
with established chronic diseases who actively seek outpa-
tient care and are under closer supervision, while healthier 
or not yet diagnosed younger patients could postpone visits.

In the publication of Stöhr E [22], reporting a 20% decline 
of CV hospital admissions during COVID-19 lockdown in 
Western Germany, a greater drop of emergency admissions 
was seen for patients ≥ 60 years. Conversely, a decline of 
hospitalization rate fluctuated little among all age groups in 
our study. There were no differences in hospitalization rate 
between men and women in the aforementioned study; our 
results corresponded with this finding.
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We found several age-related CV mortality differences 
during spring quarantine, with a higher increase in mortal-
ity in younger subjects (prominent from 18 to 59 years) and 
virtually no difference in the oldest age groups (namely, in 
patients older than 80 years).

While the reduction in out and in-patient care was irre-
spective of sex, we found striking differences in mortality 
between women and men. There was an early impact of the 
pandemic in men, which parallels other studies that reported 
higher mortality related to the pandemic in men [21, 23], 
however we documented a later increased in mortality and 
grave delayed consequences of the pandemic in women, 
which contrasted previous findings. Our results presumably 
correspond to previously reported generally worse CV out-
comes in women [24].

Strengths and limitations

In the present study, we analyze complex unselected data 
from both nationwide outpatient care and hospitalizations, 
and mortality registries. We also provide information on a 
health care system from a country in Eastern/Central Euro-
pean region, which has not been presented as much as other 
regions in previous studies [25]. Furthermore, our analysis 
covers two very different periods—first pandemic wave, 
when the burden of COVID-19 in Lithuania was relatively 
small while the lockdown measures were rather strict, and 
the second wave, which affected Lithuania and its health 
care system more severely. Our study, however, has a few 
limitations. Due to the observational nature of the study and 
limited availability of clinical data, we cannot draw unam-
biguous conclusions about the reasons for the increase in CV 
mortality and the pronounced differences between mortality 
of women and men. Due to the short term of our project, we 
had to halt the collection of outpatient and in-patient data in 
November 2020 and the mortality data at December, 2020, 
therefore our data covers only the beginning of the second 
wave. However, this is one of the most extensive studies on 
CV care during the COVID-19 pandemic.

Implications

Our study adds to the growing concern of the grave collat-
eral damage of lockdown measures [21, 25]. It will probably 
take a lot of years and colossal research efforts to determine 
the full extent of this effect. Measures taken to control the 
coronavirus pandemic and consequences may have been 
rather similar around the world, but our findings in context 
of other studies warrant further research into how the same 
measures affected different regions with different health care 
systems.

Conclusion

In summary, our study provides evidence of a partly col-
lapsed CV care in Lithuania during the first pandemic 
wave, post-pandemic period and the rise of the second 
pandemic wave. Regardless of a relatively small number of 
COVID-19 cases during the first wave, a persistent nega-
tive impact on CV care has expanded far to the period 
between the quarantines and has grown even further in the 
second quarantine. Simultaneously with a more severe rise 
in coronavirus cases during the second pandemic wave, 
this disturbance in the health care system led to grave car-
diovascular outcomes and will possibly affect cardiovas-
cular patients for years to come.
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