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ABSTRACT
Background: The Covid-19 pandemic necessitated a decrease in non-Covid-19 related diagnos-
tic and therapeutic procedures in many countries. We explored the impact on tertiary hyperten-
sion care.
Methods: We conducted an electronic survey regarding 6 key procedures in hypertension care
within the Excellence Center network of the European Society of Hypertension.
Results: Overall, 54 Excellence Centers from 18 European and 3 non-European countries partici-
pated. From 2019 to 2020, there were significant decreases in the median number per centre of
ambulatory blood pressure monitorings (ABPM: 544/289 for 2019/2020), duplex ultrasound of renal
arteries (Duplex RA: 88.5/55), computed tomographic/magnetic resonance imaging angiography of
renal arteries (CT/MRI RA: 66/19.5), percutaneous angioplasties of renal arteries (PTA RA: 5/1),
laboratory tests for catecholamines (116/67.5) and for renin/aldosterone (146/83.5) (p< 0.001 for
all comparisons, respectively). While reductions in all assessed diagnostic and therapeutic proce-
dures were observed in all annual 3-months periods in the comparisons between 2019 and 2020,
the most pronounced reduction occurred between April and June 2020, which was the period of
the first wave and the first lockdown in most affected countries. In this period, the median reduc-
tions in 2020, as compared to 2019, were 50.7% (ABPM), 47.1% (Duplex RA), 50% (CT/MRI RA),
57.1% (PTA RA), 46.9% (catecholamines) and 41.0% (renin/aldosterone), respectively. Overall differ-
ences in reduction between 3-month time intervals were statistically highly significant.
Conclusion: Diagnostic and therapeutic procedures related to hypertension were dramatically
reduced during the first year of the Covid-19 pandemic, with the largest reduction during the
first lockdown. The long-term consequences regarding blood pressure control and, ultimately,
cardiovascular events remain to be investigated.
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Introduction

The unprecedented ongoing global Corona-virus dis-
ease 2019 (Covid-19) pandemic undoubtedly has a
dramatic influence on many, if not almost all, aspects
of daily life. Lifestyle, psychological, socioeconomic

and environmental factors have changed profoundly
during and in reaction to the pandemic [1,2]. The
impact of the Covid-19 pandemic on healthcare was
particularly strong. Out of the blue, Covid-19
emerged as the third leading cause of death in the
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United States in 2020 [3]. The Covid-19 pandemic
obviously necessitated healthcare systems globally to
focus on its rapid, demanding and persistent manage-
ment. Consequently, healthcare resources for other
diseases had to be redirected to Covid-19 care. This
led to a substantial reduction of care for acute non-
Covid-19 diseases, but even more for a wide range of
chronic diseases. For instance, endoscopies in general
[4] and particularly for cancer screening [5] including
colorectal cancer service [6], elective urological proce-
dures [7], elective non-urgent orthopaedic operations
[8–10], and the access to diabetes education and
multidisciplinary care [11] were reduced. In cardio-
vascular medicine, during the first month of the lock-
down in 2020, there have been dramatic reductions in
face-to-face clinical meetings in heart failure services
and cardiac rehabilitations of up to 100% [12], but
also of chest pain, acute coronary syndromes [13] and
heart failure admissions as well as emergency depart-
ment attendance of 50% and more [12–14].

Cardiovascular procedures, such as percutaneous cor-
onary interventions, cardiac pacemaker implantations,
coronary artery bypass graft surgery, carotid artery
endarterectomy/stenting, cerebral aneurysm coiling,
aortic aneurysm repair and limb revascularizations
have been reduced by 50–90% [14]. Diagnostic tests
for cardiovascular diseases were reduced by 42%
(March 2020) and 64% (April 2020), as compared to
March 2019 [15], with reductions for individual tests
by more than 90% [16]. A closer look at the time
course of these changes in the acute setting revealed
that hospital admissions for acute coronary syndrome
were reduced from mid-February 2020 to the end of
March 2020 by 40%, as compared to the previous
year. This decline was partly reduced in the following
weeks, arriving at a 16% reduction from baseline in
the last week of May 2020 [13].

In an attempt to explore the impact of Covid-19
and the associated lockdowns on hypertension man-
agement, the European Society of Hypertension

Table 1. Study questionnaire.
þ Name participant, name Excellence Centre, country
ABPM
þ Number of ABPM performed 2019
þ Overall
þ January–March 2019, April–June 2019, July–September 2019, October–December 2019

þ Number of ABPM performed 2020
þ Overall
þ January–March 2020, April–June 2020, July–September 2020, October–December 2020

Renal artery duplex ultrasound
þ number of renal artery duplex ultrasound performed 2019
þ overall
þ January–March 2019, April–June 2019, July–September 2019, October–December 2019

þ number of renal artery duplex ultrasound performed 2020
þ overall
þ January–March 2020, April–June 2020, July–September 2020, October–December 2020

Renal artery CT–angiography1MRI–angiography
þ Number of renal artery CT–angiographyþMRI–angiography performed 2019
þ Overall
þ January–March 2019, April–June 2019, July–September 2019, October–December 2019

þ Number of renal artery CT–angiographyþMRI–angiography performed 2020
þ Overall
þ January–March 2020, April–June 2020, July–September 2020, October–December 2020

Renal artery angioplasty
þ Number of renal artery angioplasty performed 2019
þ Overall
þ January–March 2019, April–June 2019, July–September 2019, October–December 2019

þ Number of renal artery angioplasty performed 2020
þ Overall
þ January–March 2020, April–June 2020, July–September 2020, October–December 2020

Laboratory tests for plasma1 urinary catecholamines
þ number of laboratory tests for plasmaþ urinary catecholamines performed 2019
þ overall
þ January–March 2019, April–June 2019, July–September 2019, October–December 2019

þ number of laboratory tests for plasmaþ urinary catecholamines performed 2020
þ overall
þ January–March 2020, April–June 2020, July–September 2020, October–December 2020

Laboratory tests for plasma renin and aldosterone
þ Number of laboratory tests for plasma renin and aldosterone performed 2019
þ Overall
þ January–March 2019, April–June 2019, July–September 2019, October–December 2019

þ Number of laboratory tests for plasma renin and aldosterone performed 2020
þ Overall
þ January–March 2020, April–June 2020, July–September 2020, October–December 2020
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(ESH) conducted, in 2020, the first survey among its
Excellence Centers [17]. It was observed that the
number of patients treated per week by the centers
decreased by 90% and that the majority of the centers
could not provide ambulatory blood pressure moni-
toring (ABPM) during the lockdown. In order to
investigate these changes in hypertension care in
more detail, and to clarify the time course of the
reduction in performing hypertension-related diag-
nostic tests and selected therapeutic procedures, we
conducted a second survey among our Excellence
Centers in 2021.

Methods

Similar to the first Covid-19 survey of the ESH, we
developed a 60-questions electronic survey designed
to quantify the impact of Covid-19 and the associated
lockdowns in 2020 on 5 diagnostic tests (ABPM, renal
artery duplex ultrasound – Duplex RA, renal artery
angiography by computed tomography or magnetic
resonance imaging – RA CT/MRI, laboratory test for
plasma/urinary catecholamines, laboratory test for
plasma renin/aldosterone) and one interventional pro-
cedure (percutaneous transluminal angioplasty of the
renal artery – PTA RA) related to hypertension care
(Table 1). The survey was drafted by the coordinator
of the Excellence Center program (T.W.) and subse-
quently reviewed and finalised by the Covid-19 Task
Force of the ESH. The survey, written in SoGoSurvey
software, was made available online to all Excellence
Centers between April and June 2021. The participat-
ing centers were asked to extract exact numbers of
diagnostic tests and selected procedures from depart-
mental and hospital administrative databases for the
years 2019 and 2020, divided into 3 months intervals.
The results were compiled by ESH staff. The current
work was an evaluation of clinical service provided by
physicians and nurses and not related to individual
patient data, therefore ethical approval was
not required.

Statistics

Results are presented as medians (interquartile range),
as all numerical parameters were not normally distrib-
uted. Numbers per time interval were compared,
using the Wilcoxon test for paired samples, with
Bonferroni correction for multiple testing. Changes in
hypertension-related diagnostic tests and therapeutic
procedures between 2019 and 2020 were expressed as
percentages. Probability (p)-values were calculated

with the Friedman test to detect overall differences in
reduction between 3-month time intervals; post-hoc
analyses using the Wilcoxon test for paired samples
using Bonferroni correction were used for pairwise
comparison of reduction between 3-month time inter-
vals. Statistical analysis was performed using MedCalc
version 13.0.2.0 (MedCalc Software, Mariakerke,
Belgium) and Matlab, version 2019b (MathWorks,
Natick, MA, USA).

Results

In all, 54 Excellence Centers located in 18 European
and 3 non-European countries participated in the sur-
vey (10 from Greece, 7 from Italy, 6 from Spain and
France, 3 from Belgium and Hungary, 2 from Czech
Republic, Germany, Serbia and Switzerland, and 1
from Armenia, Austria, Brazil, Bulgaria, Estonia,
Finland, Lebanon, Luxembourg, Poland, Portugal, and
Sweden, respectively).

All evaluated diagnostic and therapeutic procedures
were performed less often during the pandemic
(Table 2): The median number of ABPMs dropped
from 544 per center in 2019 to 289 in 2020
(p< 0.001), a reduction of 30.8% (Table 3, Figure 1).
Similar changes were observed for the number of
Duplex RA (from 88.5 in 2019 to 55 in 2020), the
number of CT/MRI RA (from 66 in 2019 to 19.5 in
2020), the number of laboratory tests for catechol-
amines (from 116 in 2019 to 67.5 in 2020), the num-
ber of laboratory tests for renin/aldosterone (from
146 in 2019 to 83.5 in 2020), and the number of PTA
RA (from 5 in 2019 to 1 in 2020). Thus, we observed
a consistent reduction of hypertension-related diag-
nostic tests and one selected procedure by roughly
one-third. Specifically, the reductions were: for
Duplex RA 33.3%, CT/MRI RA 35.1%, laboratory
tests for catecholamines 31.7%, laboratory tests for
renin/aldosterone 29.7%, and for RA PTA 38.9%,
respectively.

Breaking down the results by 3-months periods,
the reductions analysed in diagnostic procedures and
one therapeutic intervention were least pronounced
from January to March 2020, reaching a maximum
from April to June 2020, slowly returned to the num-
bers of 2019 in July to September, and increased
again from October to December 2020 (Figure 1).

Discussion

To the best of our knowledge, this is the first multi-
national study to quantify the impact of the Covid-19
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pandemic on hypertension-associated diagnostic tests
and one selected therapeutic procedure. Taking
advantage of the Excellence Center network of ESH,
we observed on a mainly European level that the
Covid-19 pandemic led to a dramatic overall reduc-
tion of key diagnostic hypertension-related tests by
about one-third and a peak reduction of about one-
half in periods with more strict lockdowns.

The current report extends our previous findings
in Excellence Centers during the first phase of the
pandemic [17], which documented an even greater
(by 90%) reduction of face-to-face patient visits. The
time course of the reductions in diagnostic tests and
therapeutic interventions is fully consistent with our
previous findings: the first Covid-19 associated shut-
down for hypertension care in Excellence Centers
lasted a median of 9weeks (from March 2020
onwards), and the reductions in diagnostic tests were
most striking from April to June 2020. This in turn
closely mirrors the evolution of the Covid-19 associ-
ated governmental responses across Europe, from
school closures to travel bans, expressed in a so-called
stringency index [18]. The governmental responses,
which can be summarised as ‘lockdown’, started in
Europe at the end of February 2020 and were strictest
in April and May 2020, somewhat released during
summer 2020 and tightened again from October to
November 2020 onwards. In parallel, the reductions
in hypertension-related diagnostic tests and the eval-
uated therapeutic procedure just started from January
to March 2020 (because the first weeks of the year
2020 were unaffected), were most pronounced from
April to June 2020, less pronounced during summer
2020, and increased again from October to
December 2020.

The extent of reduction in hypertension-related
diagnostic tests in our study (by about 50% from
April to June 2020) is of the same magnitude as
reported for other diagnostic tests for cardiovascular
diseases: global surveys revealed, that diagnostic tests
for cardiovascular diseases (transthoracic and transe-
sophageal echocardiography, coronary CT angiog-
raphy, cardiac MRI, invasive angiography) were
reduced by 42% – in March 2020 – and 64% – in
April 2020 –, as compared to March 2019 [15], with
reductions for individual tests reaching maximum
decline of more than 90% [16].

To compensate for the observed reductions in face-
to-face consultations, an increase in the use of tele-
health using self-home blood pressure monitoring
(HBPM) has been recommended in hypertension care
[19]. HBPM can be used to confirm or disprove the

presence of hypertension in the setting of elevated or
normal office blood pressure [20], thus allowing the
diagnosis of established, white coat hypertension or
masked hypertension. However, as recently outlined
[21], the use of HBPM also faces some limitations.
Thus, although increasing the use of HBPM may to
some degree have attenuated the decrease of Covid-19
lockdown-associated reductions of ABPM, the use of
HBPM cannot fully substitute ABPM in several clin-
ical scenarios and needs training and supervision to
avoid its drawbacks, such as the use of unreliable
devices, measurement in inappropriate posture and
conditions, and misreporting of readings by patients
[21]. More important, for all other hypertension-
related diagnostic tests in our study, alternatives using
telehealth methods are not available.

In an excellent summary, the World Health
Organisation (WHO) stated that [22], ‘large scale
physical distancing measures and movement restric-
tions, often referred to as ‘lockdowns’, can slow
Covid-19 transmission by limiting contact between
people. However, these measures can have a profound
negative impact on individuals, communities, and
societies by bringing social and economic life to a
near stop’. On top of that, and worsening the situ-
ation, lockdowns considerably impaired healthcare for
non-Covid-19 diseases. As medical care even for acute
health problems and life-threatening conditions such
as myocardial infarctions was compromised [13],
healthcare for chronic conditions was – not unexpect-
edly – much more affected [6,7,9,11]. Hypertension is
a classic paradigm of chronic cardiovascular disease
and remains the major preventable cause of cardio-
vascular disease and all-cause death globally, includ-
ing in Europe [20,23,24]. Although our findings do
not show nor necessarily imply a subsequent increase
in hypertension-related morbidity and mortality in
the future, they may serve as an alarming signal to
alert physicians, but also healthcare systems and
administrations to monitor closely hypertension
awareness, treatment and control rates now and in
the future. The next step is to understand the imme-
diate impact of the Covid-19 pandemic on blood
pressure levels. Therefore, the Covid-19 Task Force of
the ESH has initiated the ESH ABPM COVID-19
study (ClinicalTrials.gov Identifier: NCT05167240),
which will compare ABPM results obtained before
and during the COVID-19 lockdown in treated
hypertensive patients.

A possible limitation of our survey is its retrospect-
ive nature and the possibility that some of the investi-
gations have been performed not exclusively for the
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diagnostic workup of hypertension. Furthermore, a
selection bias (Excellence Centers with the availability
of the data and less dramatic reductions may have
been more willing to report their performance) may
have affected the results. Finally, Excellence Centers
are mainly secondary and tertiary care centres, and
the situation regarding ABPM in primary care may
have been different.

In summary, these data document a considerable
decline in the use of hypertension-related diagnostic
tests and selected therapeutic procedures during the
first year of the Covid-19 pandemic, with the largest
reduction seen during the first lockdown in the spring
of 2020. The long-term consequences regarding blood
pressure control and, ultimately, cardiovascular events
remain to be investigated.
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