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Abstract
Purpose The coronavirus disease 2019 (COVID-19) pandemic reshaped the usual risk: benefit equilibrium that became a trade-
off between the infection exposure risk for the patient (and for staff) and the risk associated with delaying or cancelling the
nuclear medicine examination. This study aimed at quantifying the impact of the first COVID-19 lockdown in France on nuclear
medicine examination volume together with volume of examination cancellation and non-attendance.
Methods We retrospectively assessed the volume of planned examinations from 1 month before to 1 month after the first
lockdown in French high-volume nuclear medicine departments (NMD) sharing the same information management system
including both university hospitals, UH (n = 7), and cancer centres, CC (n = 2).
Results The study enrolled 31,628 consecutive patients referred for a nuclear medicine examination performed or not (NMEP or
NMEnP). The total volume of NMEP significantly dropped by 43.4% between the 4 weeks before and after the starting of the
lockdown. The comparison of the percentage of NMEP and NMEnP between UH and CC is significantly different (p < 0.001).
The percentage of NMEP during the study was 67.9% in UH vs 84.7% in CC. Percentages of NMEnP in UH and CC were due
respectively to cancellation by the patient (14.9 vs 7.4%), cancellation by the NMD (9.5 vs 3.4%), cancellation by the referring
physician (5.1 vs 4.4%) and non-attender patients (2.7 vs 0.2%).
Conclusion The study underlines the public health issue caused by COVID-19 above the pandemic itself and should be useful in
preparing for potential resource utilisation and staffing requirements.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has
largely impaired the access to healthcare providers and is still
hampering the management of patients with elective prob-
lems. Different countries experienced a lockdown that had a
major impact on the volume and processes of care for patients
without COVID-19 [1–5]. The nuclear medicine community
which deals with both in- and outpatients suffering from var-
ious conditions had to reconsider its practice globally [6–9].
This unique situation allowed to reveal the potential of using
2-deoxy-2-[18F]fluoro-D-glucose ([18F]FDG) positron emis-
sion tomography combined with computed tomography
(PET/CT) to incidentally detect asymptomatic patients
suspected of COVID-19 infection. Also, the prevalence of
incidental findings suggestive of COVID-19 detected with
[18F]FDG PET/CT was directly related to the prevalence of
COVID-19 locally [10, 11]. This pandemic and ultimately the
associated lockdown situations reshaped the usual risk: bene-
fit equilibrium that became a trade-off between the infection
exposure risk for the patient (and for staff) and the risk asso-
ciated with delaying or cancelling the nuclear medicine exam-
ination. Different teams assessed the impact of the pandemic
on nuclear medicine either quantitatively together with the
other medical imaging volumes [12, 13] either qualitatively
but with details regarding the nuclear medicine subspecialties
[14–16]. The authors of these studies reported an important
drop in volumes of nuclear medicine scans globally. However,
among the different nuclear medicine examinations, PET/CT,
that is, predominantly indicated in oncology had a declared
average decline inferior to conventional nuclear medicine and
nuclear cardiology. So far, the different published studies and
surveys conducted were unable to differentiate whether re-
duced numbers of nuclear medicine studies and interventions
were due to the patient, the prescriber or the nuclear medicine
physician to postpone or cancel examinations. We aimed to
evaluate and quantify the impact of the COVID-19 nationwide
lockdown in France on nuclear medicine departments in both
university hospitals and cancer centres. This study (named the
CORALINE study) especially assessed the volume of nuclear
medicine examinations and applicant of cancelled examina-
tions together with patient non-attendance.

Methods

Study design

The CORALINE study retrospectively enrolled all patients
referred for a nuclear medicine examination at nine French

high-volume centres (usually more than 6000 patients per
year) including university hospitals (Caen Normandie,
Grenoble Alpes, Hospices Civils Lyon Est, Hospices Civils
Lyon Sud, Nantes, Saint-Etienne and Bichat-Claude-Bernard
Hospital Assistance Publique-Hôpitaux de Paris) and cancer
centres (Nantes Institut de cancérologie de l’Ouest and Rennes
Centre Eugène Marquis). In France, university hospitals pro-
vide care in a wide range of disciplines including oncology
whereas cancer centres are only focused on oncological dis-
eases. The study was approved by the local research ethics
committee (Comité local d’éthique de la recherche en santé,
CHU de CAEN Normandie – Université de CAEN
Normandie) under registration number 1565. Dates of interest
in France were as follows: March 17, 2020, lockdown;
March 18, 2020, guidelines of the French Society for
Nuclear Medicine; March 27, 2020, first extension of lock-
down; April 13, 2020, second extension of lockdown;
May 11, 2020, end of lockdown. Inclusion criteria consisted
of all patients who had a scheduled nuclear medicine exami-
nation without exclusion criteria. Data were collected using
the nuclear medicine information management software
GERA (Thélème, Angers, France) including the following:
date of scheduled examination, type of examination (conven-
tional nuclear medicine, nuclear cardiology, positron emission
tomography), group of examination (diagnostic or therapeu-
tic), gender (male of female), age, status of patient (inpatient
or outpatient), venue of the patient to the scheduled examina-
tion (yes or no), cancellation of the examination: attenders,
cancellers and non-attenders (cancelled by the patient, can-
celled by the referring physician, cancelled by the nuclear
medicine physician, not cancelled and the patient came, not
cancelled and the patient did not come also called non-at-
tenders), and centre where the nuclear medicine examination
was scheduled. Each centre investigator was asked about their
local policies regarding the management of patients and
scheduling of nuclear medicine examination during lockdown
with open-ended questions.

Statistical analysis

Data are summarised as mean and standard deviation (SD) for
continuous variables and percentage for categorical variables.
Means were compared using the Student t test after testing the
assumption of homoscedasticity by the Levene test and per-
centages by the chi-square test or Fisher’s exact test.

A 2-tailed p value of less than 0.05 was considered as
statistically significant. All statistical analyses were performed
using IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY, IBM Corp.
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Results

Between February the 17th 2020 (1 month before the starting
of the lockdown in France) and the 11th of June 2020 (1month
after the end of the lockdown), the CORALINE study retro-
spectively enrolled 31,628 consecutive patients referred for a
nuclear medicine examination at nine high-volume centres (7
university hospitals and 2 cancer centres). The total volume of
examinations performed was 23,307 (30,779 at the same pe-
riod in 2019); it significantly dropped by 43.4% between
weeks 8–11 and weeks 12–15 (i.e. 4 weeks before and 4
weeks after the March 17, 2020, lockdown in France). Then,
decreased by 43.0% between weeks 8–11 and weeks 16–19
(i.e. 4 weeks before the lockdown and the 4 weeks between
the second extension and the end of the lockdown) before a
volume recovery (+2.9%) between weeks 8–11 and weeks
20–24 (i.e. 4 weeks before and after the lockdown) as shown
in Fig. 1. Also, the observed decrease of examinations was not
on the same order of magnitude depending on the type of
examination performed (−52.8%, −76.5% and − 13.4% for
conventional nuclear medicine, nuclear cardiology and posi-
tron emission tomography, respectively) between weeks 8–11
and weeks 12–15 as shown in Fig. 2. Then, a progressive
partial recovery in examinations volume occurred in the fol-
lowing weeks. Conversely, the number of examinations not
performed (including cancellation and missed appointments)
followed an inverse evolution over time (Figs. 1 and 2) with
an increase by 138.67% between weeks 8–11 and weeks 12–
15, 22.9% between weeks 8–11 and weeks 16–19, and 9.2%
between weeks 8–11 and weeks 20–24. The percentage of

patients who attended their nuclear medicine examination dur-
ing the study was 67.9% in university hospitals and 84.7% in
cancer centres (p < 0.001) as shown in Fig. 3. The proportions
of non-performed examinations in university hospitals and
cancer centres were significantly different and due to cancel-
lation by the patient (14.9 vs 7.4%), cancellation by the nu-
clear medicine department (9.5 vs 3.4%), cancellation by the
referring physician (5.1 vs 4.4%) and non-attenders patients
(2.7 vs 0.2%).Major age categories were 31–65 and 66–80 for
attenders (46.8 and 37.7%), and cancellers and non-attenders
patients (42.2 and 39.6%) as shown in Fig. 4 and Table 1.
Patient characteristics of the studied population for attenders
on one hand and cancellers and non-attenders on the other
hand are summarised in Table 1. Briefly, non-attenders
and canceller patients were significantly overrepresented
in the following characteristics: hospitalised, male, over
66 years old and referred for a diagnostic examination
especially a nuclear cardiology procedure compared with
attenders. The volume of examinations performed and
not performed over time differed between centres as
depicted in Fig. 5 (supplemental file) and Table 2.
Most university hospitals experienced a drop in exami-
nations performed in the first weeks following the lock-
down combined with a rise in non-performed examina-
tions that exceeded the number of examinations per-
formed (Fig. 5; 1, 2, 3, 4, 5 and 6). Interestingly, can-
cer centres (Fig. 5; 7 and 8) and a university hospital
that has a major cancer diagnosis and treatment activity
(Fig. 5; 9) displayed a relatively stable amount of ex-
amination volume over time.

Fig. 1 Timeline of nuclear
medicine examinations volume in
the French participating centres,
before, during and after the first
COVID-19 lockdown from
February 17 to June 11, 2020.
Weekly planned examination
volumes that were performed
(green bars) and not performed
(red bars) are represented.
*SFMN is the French acronym
for French Society of Nuclear
Medicine
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Discussion

Nuclear medicine has been one of the imaging modalities that
exhibited the greatest degree of volume reduction during the
COVID-19 pandemic [12, 13, 17, 18]. In our study, we

observed a reduction of around 43% in nuclear medicine ex-
aminations volume between the periods directly before and
during the lockdown. Then, the volume of examinations al-
most recovered when comparing 4 weeks before the lock-
down and 4 weeks after the end of the lockdown.

Fig. 2 Timeline of nuclear medicine examinations volume by type of
planned procedure in the French participating centres, before, during
and after the first COVID-19 lockdown from February 17 to June 11,
2020. Weekly planned examination volumes that were performed (up)

and not performed (down) of positron emission tomography (blue), con-
ventional nuclear medicine (green) and nuclear cardiology (red) are
represented

Fig. 3 Comparison of the
percentage of nuclear medicine
examinations performed
(attenders) and not performed
(cancellation by the patient,
cancellation by the department,
cancellation by the referring
physician and non-attenders) be-
tween university hospitals (n = 7)
and cancer centres (n = 2) from
February 17 to June 11, 2020
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Depending on the type of nuclear medicine examinations, the
drop/recovery in imaging volume was of different magnitude
between conventional nuclear medicine, nuclear cardiology
and positron emission tomography. The provided quantitative
results regarding the drop in nuclear medicine imaging vol-
ume are consistent with the global qualitative assessment pub-
lished so far [14]. Our results are in line with those from the
global declarative study of Freudenberg et al. study that re-
ported an average decline of 54% (36% for PET and 66% for
nuclear cardiology) [14] or the quantitative results from
Madhuripan et al. who found a maximum 44% decrease com-
pared to baseline (37% for PET and 76% for other nuclear
medicine examinations) in a large centre in the USA
[12]. We also observed a drop of nearly 24.5% of ex-
aminations performed between 2019 and 2020 at the
same period. Furthermore, the trend in examination

volume drop and recovery were temporally related to
national public health announcements such as depicted
by Lang et al. [17].

To our knowledge, no prior publications have quantified
the cancellation of nuclear medicine examinations and com-
position mix during the COVID-19 pandemic stratified by
applicant of the cancellation and identification of non-at-
tenders. As expected, we observed an inverse trend in the
volume of cancelled nuclear medicine examinations com-
pared to performed examinations characterised by an increase
followed by a normalisation that were also temporally related
to national public health announcements. Interestingly, pa-
tients were the most frequent applicants to examinations can-
cellation in both university hospitals and cancer centres with
nearly 15% and 8% of global cancellation rate respectively.
These findings suggest public health awareness of the

Fig. 4 Timeline of nuclear
medicine examination volume by
age of patients in the French
participating centres before,
during and after the first COVID-
19 lockdown from February 17 to
June 11, 2020. Weekly planned
examination volumes that were
not performed (up) and performed
(down) are represented. Age cat-
egories in years were 0–17 (blue),
18–30 (green), 31–65 (yellow),
66–80 (purple) and over 80 (red)
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population regarding the infection transmission risk together
with a potential level of stress related to the COVID-19 pan-
demic that was shown to be particularly high during lockdown
[19] and might have affected the way patients have used
healthcare facilities. We found that inpatients, male, referred
for a diagnostic examination were statistically more represent-
ed in the cancelled nuclear medicine examinations. Over-
representation of inpatients may be attributed to hospitals’
policies to avoid nosocomial infections in the pandemic con-
text. Naidich et al. [18] observed in a large integrated
healthcare system a decline of around 50% in nuclear medi-
cine examinations volume between the pre- and post-COVID-
19 periods for inpatients. Diagnostic examinations were more
cancelled or non-attended compared to therapeutic nuclear
medicine procedures probably because the latter are dedicated

to treat oncological diseases. Male were more inclined to can-
cel or non-attend their planned examination, this observation
with previously published data [20]. Non-attendance is well
known as a major cause of inefficiency in healthcare delivery
with substantial monetary costs for the health system that lead
to delays in diagnosis and appropriate treatment [20]. In our
study, non-attenders represented 2.7% and 0.2% (p < 0.001)
of planned examinations for university hospitals and cancer
centres, respectively; this difference might be explained by
patients’ perception regarding their conditions giving priority
to oncological diseases. However, the non-attendance rate can
be considered low compared with previous studies conducted
in outpatient departments [21–23]. Rosenbaum et al. observed
the rate of no-show visits in 2.9 million outpatients scheduled
for an imaging examination including radiology and nuclear

Table 2 Examination volume of
the different participating centre,
university hospitals (UH) and
cancer centres (CC) separated for
attenders or cancellers and non-
attender patients, before, during
and after the first COVID-19
lockdown from February 17 to
June 11, 2020

Attenders (%) Cancellers and
non-attenders (%)

p

Caen UH 2774 (12.2) 1947 (21.7) < 0.001
Grenoble UH 3193 (14.0) 1789 (20.0)

Lyon Est UH 1881 (8.3) 1152 (12.9)

Saint-Etienne UH 2045 (9.0) 841 (9.4)

Lyon Sud UH 1964 (8.6) 754 (8.4)

Rennes CC 4308 (18.9) 715 (8.0)

Nantes CC 3415 (15.0) 681 (7.6)

Nantes UH 1957 (8.6) 556 (6.2)

Paris Bichat UH 1219 (5.4) 527 (5.9)

n/N %

Table 1 Study volume by
patients’ characteristics separated
for attenders and cancellers or
non-attender patients in the nine
French participating centres be-
fore, during and after the first
COVID-19 lockdown from
February 17 to June 11, 2020.
Volume of patients depending on
status (inpatient or outpatient);
gender (male or female); group
(diagnostic or therapeutic exami-
nation); type of planned exami-
nation: positron emission tomog-
raphy (PET), nuclear cardiology
(NC), conventional nuclear med-
icine (CNM); date of the planned
examination (weeks); and age
categories of patients (years) is
reported

Attenders (%) Cancellers and
non-attenders (%)

p

Status Inpatient 3924 (17.2) 1797 (20.1) < 0.001

Gender Male 11,528 (50.7) 4714 (52.6) 0.002

Group Diagnostic 21,979 (96.6) 8705 (97.1) 0.014

Examination PET 10,134 (44.6) 2839 (31.9)

NC 4005 (17.6) 2857 (32.1) < 0.001

CNM 8585 (37.8) 3208 (36.0)

Weeks 8–11 7189 (31.6) 1570 (17.5) < 0.001
12–15 4072 (17.9) 3747 (41.8)

16–19 4100 (18.0) 1930 (21.5)

20–24 7395 (32.5) 1715 (19.1)

Age (years) 0–17 591 (2.6) 237 (2.6) < 0.001
18–30 737 (3.2) 326 (3.6)

31–65 10,659 (46.8) 3778 (42.2)

66–80 8576 (37.7) 3551 (39.6)

> 80 2193 (9.6) 1067 (11.9)

Mean ± sd 61.4±17.0 62.8±17.8 < 0.001

n/N %, PET positron emission tomography, NC nuclear cardiology, CNM conventional nuclear medicine
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medicine over 16 years; they found that modality type and
scheduling lead time were the most predictive factors of no-
show [23]. Patients’ forgetfulness is known to be one of the
main reasons for missed appointments [24] and can be related
to scheduling lead time but it remains to assess if other impor-
tant associated factors may explain missed appointments in
the context of a pandemic. For instance, during the first lock-
down in France, patients were allowed to travel with a specific
authorisation for different needs including: “Consultations
and care that cannot be provided remotely and cannot be post-
poned”. However, we may probably assume that the restric-
tive policies of the lockdown may have led patients to cancel
their nuclear medicine examinations. We reported herein a
significant difference of trend between university hospitals
and cancer centres that was not previously assessed. The
French COVID-19 guidelines regarding nuclear medicine
may be able to explain why the imaging volume in cancer
centres was less affected than in most of the university hospi-
tals. Indeed, the French society for nuclear medicine especial-
ly advised to maintain examinations planned for oncological
indications [25]. These guidelines were followed by all par-
ticipating centres of the study. University hospitals mostly
cancelled non-oncological examinations explaining the differ-
ence of volume evolution with cancer centres. So far, the
hospital size was identified as a factor positively associated
with volume of examination during the pandemic. Indeed,
Lang et al. compared imaging volumes between a large aca-
demic urban hospital and its affiliated imaging centre in which
they found a decrease to a greater degree than in the main
hospital campus and showed a slower rate of recovery [17].
Our presented data support that the kind of medical activity
practiced is also to consider as an important factor associated
with the trend of examinations volume. Therefore, a scoring
system to rank the timeframe of examinations may be pro-
posed and conducted by local committees of experts.

The main limitations of this work are the use of a retrospec-
tive study design analysing aggregated and anonymised data.
Although the overwhelming majority of PET examinations
were dedicated to oncological explorations, they are not re-
stricted to these indications and included patients referred for
non-oncological diseases. The study did not assess if cancel-
lers and non-attenders were systematically rescheduled for a
new appointment. Also, the reason of cancellation is not
tracked in our nuclear medicine information software. As ra-
diopharmaceuticals’ supply in France during the first lock-
down was well maintained, as attested by the authors’ expe-
rience, this reason can be considered very minor. Further stud-
ies are needed to assess if an activity rebound able to compen-
sate cancelled examinations is observed and to quantify pa-
tient outcomes in terms of delayed treatment, morbidity/
mortality and patient satisfaction. Studies aiming at to corre-
late the presented data with the local COVID-19 prevalence
rate are ongoing.

The results from this study reflect the impact of the
COVID-19 pandemic on practice and may have significant
implications for health authorities preparing for management
of the COVID-19 crisis. These real-world data underline the
major public health issue caused by COVID-19 above the
pandemic itself and should be useful in preparing for potential
resource utilisation and staffing requirements.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00259-021-05361-9.
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