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Abstract

findings in 14% of HRCT chest scans.

Introduction Since the outbreak of COVID-19, measures were taken to protect healthcare staff from infection, to
prevent infection of patients admitted to the hospital and to distribute PPE according to need. To assure the proper
protection without overuse of limited supply of these equipments, screening of patients before surgical or diagnostic
procedure was implemented. This study evaluates the results of this screening.

Method All patients screened for COVID-19 before procedure warranting either general, locoregional anaesthesia or
sedation were included. Screening included a symptom questionnaire by phone, PCR and HRCT chest testing.
Surgical or procedural details were registered together with actions taken based on screening results.

Results Three hundred ninety-eight screenings were performed on 386 patients. The symptom questionnaire was
completed in 72% of screenings. In 371 screenings, PCR testing was performed and negative. HRCT chest found 18
cases where COVID-19 could not be excluded, with negative PCR testing. Three patients had their surgery postponed
due to inconclusive screening, and additional measures were taken in three other patients. There were incidental

Discussion Pre-operative screening will differentiate if PPE is needed for procedures and which patients can safely
have elective surgery during this COVID-19 pandemic and in the times to come. HRCT chest has no additional value
in the pre-operative screening of asymptomatic patients. Screening can be performed with a symptom questionnaire,
and additional screening with PCR testing in high-risk patient groups should be considered.
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Introduction

Between 31 December 2019 and 3 January 2020, the World
Health Organization (WHO) China Country Office was
notified of 44 cases of pneumonia with unknown cause in
the city of Wuhan, China [1]. Since then, up until 1 July
2020, 10 450 628 cases have been confirmed and 510 632
patients have lost their lives to the virus, now named
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), causing coronavirus disease 2019
(COVID-19) [2]. The first COVID-19 positive test in the
Netherlands was confirmed in 27 February 2020. To
combat the growing number of patients suffering from
COVID-19 and to ensure patient and healthcare providers
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safety, reductions in elective care were made and measures
were taken for patients who could not wait until medical
care was returning to normal, in line with precautions taken
in China and Italy [3, 4].

As personal protective equipment (PPE) is in high
demand, providing the best protection for healthcare
workers and preventing excessive use of the limited sup-
plies are mandatory. Research has shown that intubation
and electrocautery are an aerosol-generating procedure,
producing particles small enough to stay suspended in the
air. This might expose healthcare providers to disease
transferred through aerosols [4-7].

Additionally, in patients undergoing a procedure while
suffering from COVID-19, the course of the disease can be
detrimental post-operatively [8].

This study assessed the results of the screening
according to our local protocol and aided the further
development of pre-operative screening in this COVID-19
pandemic.

Patients and methods
Patients

The screening took place in a district teaching hospital in
the Netherlands. All patients screened for COVID-19 in
relation to a surgical or diagnostic intervention with
anaesthesia or sedation from 6 April until 29 April 2020
were included, independent of subspecialty performing the
procedure. The Dutch national guideline recommended
screening patients undergoing general anaesthesia [9]. It
was decided to develop a local protocol in our hospital,
also including patients undergoing spinal, locoregional
anaesthesia and sedation. This was to be prepared in case
of conversion to general anaesthesia or deep sedation
requiring manual ventilation.

Methods

Screening included a symptom questionnaire taken by
phone three working days before the procedure. It included
new complaints of coughing, shortness of breath, rhinor-
rhoea, loss of smell and taste, sore throat or fever. Addi-
tionally, contact with suspected or confirmed COVID-19
patients was inquired after. Two days before the procedure,
polymerase chain reaction (PCR) on a nasopharyngeal/
oropharyngeal swab and high-resolution non-contrast
computed tomography of the chest (HRCT chest), to assess
the CO-RADS classification, were performed. In pregnant
women or children <16 years of age, only PCR was taken.
The care personnel taking the PCR was highly trained in
the right method of taking a nasopharyngeal/oropharyngeal
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swab. In emergency admission and surgery, the screening
was performed at the emergency department or as an
inpatient (Fig. 1). When screening had to be repeated
because of multiple interventions or postponed interven-
tion, all screenings were recorded.

For each screening, patient characteristics, comorbidi-
ties and the results of the symptom questionnaire were
registered along with the subspecialty performing the
intervention, type of anaesthesia and results of the
screening. Patients undergoing intervention were seen in
standard pre-operative screening, during which American
Society of Anaesthesiologists (ASA) score was determined.

HRCT scans of the chest were classified according to the
COVID-19 Reporting and Data System (CO-RADS sys-
tem). Five groups were described, ranging from very low
likelihood of COVID-19 infection in the lungs (CO-RADS
1) to high level of suspicion (CO-RADS 5). Bilateral
ground-glass opacities with or without consolidation, in the
vicinity of the pleurae, were described as most important
findings for establishing CO-RADS classification [10].
Scans were interpreted as CO-RADS 1 if no abnormality
was found and conclusion was 'normal CT scan’ or 'no
abnormalities’.

Management after screening

If for any reason the time between testing and intervention
became more than 48 h, repeat screening was performed.
Since the result of the PCR testing would take 24 h,
patients with indication for emergency surgery would be
submitted to the same tests, but if the HRCT chest showed
CO-RADS 1 or 2, intervention would commence without
extra PPE and without waiting for the results of the PCR
testing. In case of CO-RADS 3 or higher, and the PCR
result was not available, surgery was performed assuming
patient was COVID-19 positive. When waiting for the PCR
was possible, this was preferred in patients with CO-RADS
3 or higher and the case would be discussed in a daily
COVID multidisciplinary team (MDT) meeting with a
consultant infectious diseases and consultant medical
microbiologist.

Data analysis
Data analysis was performed using SPSS 20.0 (v24, IBM
Corporation, Armonk, New York).

Results were reported as median with corresponding
range.

Ethical approval

All study procedures were in accordance with the ethical
standards of Dutch law (Medical Research Involving



World J Surg (2020) 44:3199-3206 3201
Screening on COVID-19 in asymptomatic patients (based on history taken and presence of fever)
scheduled for surgery of procedure under general, locoregional/spinal anaesthesia or sedation
Acute surgery Urgent surgery Semi-elective
<24 hours <48 hours surgery >48 hours
Perform PCR Perform PCR Perform PCR testing
testing and Chest testing and Chest and Chest CT 48
cT cT hours before surgery
Covib-19
:rtla:::sta(,f:?dif Chest CT and Chest CT and
. PCR test PCR test
PCR test result
. results results
is not yet
ilabl
l J
CORADS 1-2 CORADS 3 CORADS 4-5 CORADS 1-2 CORADS3 CORADS 4-5 CORADS 1-2 CORADS3 CORADS 4-5
Consider patient Diagnosis Consider and and and/or and and and/or
non infected uncertain patient infected PCR negative PCR negative PCR positive PCR negative PCR negative PCR positive
Consider patient Diagnosis Consider Consider patient Diagnosis Consider
non infected uncertain patient infected non infected uncertain patient infected
Standard care Discuss patient in Take necessary Standard care Postpone surgery Postpone surgery with Standard care Postpone surgery Postpone surgery with
Corona MDT if i with two weeks if two weeks or choose with two weeks if two weeks or choose
possible Discuss patient possible other treatment possible other treatment
Otherwise, consider with consultant Discuss patient in Otherwise, take Discuss patient in Otherwise, take
patient positive, till infectious diseases Corona MDT necessary precautions Corona MDT necessary precautions
PCR negative Discuss patient with Discuss patient with
consultant infectious consultant infectious
diseases diseases
Preg or <16 years
Acute surgery <24 hours Urgent surgery <48 hours ‘Semi-elective surgery >48 hours
Perform PCR testing. Perform PCR testing. Perform PCR testing 2 days before surgery
If test result is not available before surgery, consider patient COVID-19 positive Schedule surgery when outcome is known
Fig. 1 Local protocol for pre-operative and pre-procedure screening for COVID-19 disease

Human Subjects Act) and with the 1964 Helsinki Decla-
ration and its later amendments.

Results

Three hundred ninety-five patients were included. Nine
patients were excluded because neither HRCT chest, nor
PCR testing for COVID-19 was performed. In these
patients, there was no time to perform PCR testing and
HRCT chest would not be performed, since these were
obstetric emergencies and children under 16 years of age.

In the residual 386 patients, 398 sets of screening results
were available, and 200 patients were female (52%), with a
median age of 60 years (range 4-98) (Table 1).

Three hundred eighty-six patients undergoing interven-
tion from 11 different specialties were identified. In 16
cases (4%), surgery was delayed or the decision was made
not to operate at all. This included five elderly patients with
a femur fracture, in which the decision was made to
implement a palliative treatment. Of the remaining 370
patients, 137 patients (37%) had an indication for emer-
gency surgery. Most interventions were performed by
surgeons (n = 208, 56%). General anaesthesia was the
most commonly used type of anaesthesia (n = 216 times,
59%) (Table 2).

Table 1 Patient characteristics

(n = 386)
Age (years), median 60
Sex
Male 186 (48%)
Female 200 (52%)
BMI (kg/m2), median 26.8
ASA score*
I 82 (23%)
I 165 (46%)
I 103 (28%)
v 11 3%)
Diabetes mellitus (%) 33 (9%)
Hypertension (%) 109 (28%)
Cardiovascular comorbidities (%) 99 (26%)
Kidney failure (%) 10 (3%)
BMI, Body mass index, ASA, American Society of
Anaesthesiologists;

“Nine patients undergoing electric cardioversion were not seen in
standard pre-operative screening, and 16 patients were screened but
did not need surgical treatment. This explains why a total number of
registered ASA scores do not combine to the total of 386 patients
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Table 2 Operative or procedural characteristics

(n =370)
Semi-elective intervention 233 (63%)
Emergency intervention (%) 137 (37%)
Anaesthesia technique*
General anaesthesia 216 (59%)
Combined regional anaesthesia and sedation 58 (16%)
Spinal anaesthesia 49 (13%)
Sedation 34 (9%)
Peripheral nerve block 9 (2%)
Local and regional anaesthesia 4 (1%)
Subspecialty
General surgery 208 (56%)
Orthopaedic surgery 60 (16%)
Urology 41 (11%)
Gynaecology 23 (6%)
Cardiology 15 (4%)
Plastic surgery 9 2%)
Neurosurgery 6 (2%)
Gastroenterology 4 (1%)
Otolaryngology 3 (1%)
Pulmonology 1 (0.3%)
Ophthalmology 1 (0.3%)

*In 16 patients, surgery was delayed or the decision was made to not
operate at all, so no anaesthesia method could be registered

Screening

Of all 398 screenings, a symptom questionnaire was taken
in 287 (72%) cases, including histories taken in the
emergency department, where the questionnaire was not
always completed (24 cases, 6%) as only coughing and
shortness of breath were asked. In 24 patients, the ques-
tionnaire was negative, but exact answers were not noted.
In geriatric admissions, cough, fever and dyspnoea are part
of standard admission history taken on the ward. These
results were scored when full symptom questionnaire was
not taken (n =16, 4% of histories). In screenings per-
formed on 21 (5%) clinical patients, no symptom ques-
tionnaire was taken. These include seven repeated
screenings for patients having repeat surgery due to com-
plications. The symptom questionnaire was less often
performed in emergency surgery compared to semi-elec-
tive surgery (49% versus 87% respectively).

Symptoms were reported during the questionnaire by 36
patients (9%), and no patients reported more than two
symptoms. Fever was reported most, by 17 patients (4%).
Least reported was loss of smell and taste, two times (1%)
(Table 3).
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All PCR tests (371 screenings) were negative. Three
hundred eighty-six CT scans were performed on 374
patients. In 12 cases, no HRCT chest was performed,
because of pregnancy or age under 16 years (Table 4).
Three hundred sixty-seven (95%) of the HRCT chests were
either negative (CO-RADS 1 or 2) or inconclusive (be-
tween CO-RADS 1 and 2, 6 cases). Six scans with
unspecified CO-RADS were reviewed by radiologists. In
one patient, the diagnosis changed to CO-RADS 3, but
PCR was negative. The other patients were classified as
CO-RADS 1 and 2.

In 18 cases total, CO-RADS 3 was found. Fifteen
patients were discussed in the daily COVID MDT meeting.
Three patients were not discussed, two had the intervention
without extra PPE, and the other was screened before
decision for palliative treatment without surgery was made.
PCR testing on the others came back negative. In six cases,
the MDT conclusion had impact on the surgical manage-
ment and one patient was transferred to another hospital
due to underlying disease. The other eight patients were
operated without extra PPE as their PCR testing was neg-
ative (Fig. 2).

Of the 398 screenings, ten were double screenings, and
one patient had three screenings, making twelve double
screenings (Fig. 2). In three of the patients with double
screening, surgery was delayed due to pre-operative opti-
misation or logistic reasons and screening had to be repe-
ated because the 48-h window of valid screening results
had passed. Seven patients had a second screening due to
repeat surgery, and one patient had two more screenings
and subsequent surgeries due to complications. In one
patient, PCR testing was not performed in the second
screening. CO-RADS score was different in two patients
(CO-RADS 2 to CO-RADS 1 and CO-RADS 2 to CO-
RADS 3) on repeated HRCT chest, and this seemed due to
interobserver variation.

Incidental findings

In 55 (14% of scans) patients, 56 incidental findings were
made (Table 4). In total, nine abnormalities suspect for
malignancy were found, together with two scans indicating
metastatic disease with unknown primary tumour (20% of
findings). An aortic aneurysm was found in three patients
(5%). A total of 20 pulmonary nodules requiring follow-up
were found, ranging from benign to malignant, constituting
36% of findings and 5% of all HRCT chests performed. In
one patient, a colon carcinoma was found in addition to the
pulmonary nodules. In case of an incidental finding, the
attending physician was notified.
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Table 3 COVID-19 symptoms

(n =398)

Coughing

Yes 7 2%)

No 278 (70%)

N/A 113 (28%)
Shortness of breath

Yes 6 2%)

No 275 (69%)

N/A 117 (29%)
Rhinorrhoea

Yes 4 (1%)

No 251 (63%)

N/A 143 (36%)
Loss of smell and taste

Yes 2 (1%)

No 248 (62%)

N/A 148 (37%)
Sore throat

Yes 3 (1%)

No 254 (64%)

N/A 141 (37%)
Fever

Yes 17 (4%)

No 380 (95%)

N/A 1 (0.3%)
Entrance of endemic regions

Yes 3 (1%)

No 247 (62%)

N/A 148 (37%)
Contact with suspected or confirmed patients

Yes 3 (1%)

No 246 (62%)

N/A 149 (37%)

COVID-19 post-operative

Four patients developed for COVID-19 suspected symp-
toms post-operatively, after which repeat PCR testing came
back positive. Three had negative screening before surgery.
In one patient, CO-RADS 3 was reported pre-operative. In
COVID-MDT, this patient was rated as not suspicious
given a negative PCR and lack of symptoms and was
treated as COVID negative in theatre.

These four patients were aged 87-91 years, and all
received surgery for a subcapital femoral neck fracture and
were admitted to the geriatric department. One patient only
experienced a mild sore throat and was tested before dis-
charge to a nursing home. One patient, the only male of the

four, went into a post-operative delirium, after which pal-
liative management was started and patient died within one
day. PCR testing came back positive afterwards. One
patient developed symptoms in the nursing home after
discharge and was diagnosed there. The last patient expe-
rienced dyspnoea and was tested positive.

Discussion

Pre-operative and pre-procedural screening of all patients
before intervention is a necessary part of protecting med-
ical personnel, proper distribution of PPE and hospital
capacity. This is emphasised by the fact that 3-20% of
patients with symptomatic COVID-19 are healthcare
workers [11]. In this study, the results of the screening
from our local protocol were evaluated.

Screening

Clinical patients had no questionnaire taken, probably
because they were under observation and symptoms would
be observed by the staff. All patients were screened by a
general practitioner before referral to the emergency room.
This included questions to rule out COVID-19 according to
Dutch guidelines. During this study, we could only collect
data from the electronic patient file. The outcome of this
study changed the protocol; all questions were repeated and
recorded in the electronic patient file.

A limited number of patients reported symptoms, and
none had more than two symptoms. There was a relatively
high percentage of patients with fever. This is probably
explained by the inclusion of emergency surgeries, as these
conditions can present with fever.

Pre-operative HRCT chest could not rule out COVID-19
in some cases, but CO-RADS 4 or 5 was not reported.
However, in six patients with CO-RADS 3, this screening
changed the operative management to protect staff and
patient from surgery with the chance of exposure and more
serious complications of COVID-19 [5, 7, 8]. As this
accounts for only 2% of all HRCT chest performed and
incidental findings were made in 14%, it could be discussed
if screening with HRCT chest should be advised. CT
scanning of the chest in asymptomatic people for detection
of COVID-19 infection produces greater disease burden
through incidental findings than help diagnosing patients
[12, 13]. And the added value will be affected by the low
background prevalence of COVID-19 in the general pop-
ulation, estimated to be three to five per cent, although
research into this is ongoing [14].

Sensitivity for COVID-19-related abnormalities on CT
chest (72-79%) compared to PCR showed no statistically
significant difference in two studies [15, 16]. As these
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Table 4 Screening results

n =398

Positive PCR (%) 0 (0%)
HRCT chest*

CO-RADS 1 343

CO-RADS 2 25

CO-RADS 3 18

CO-RADS 4 0

CO-RADS 5 0

Not performed 12
Incidental findings during HRCT chest

Aortic aneurysm 3

Pulmonary nodule 20

Lung emphysema 10

Renal tumours 4

Bone metastasis 2

Diaphragmatic hernia

Colon carcinoma

Others 12

PCR, Polymerase chain reaction, HRCT chest, high-resolution com-
puted tomography chest, results after revision

studies were performed with symptomatic patients, it is
unsure what these numbers would be for asymptomatic
patients. Also, CT chest might not be as sensitive as is
currently presumed [17].

Post-operative COVID-19

COVID-19 patients receiving surgery during the incubation
period of the disease have a higher chance of needing
treatment in ICU and a higher mortality rate. Longer sur-
gery and more difficult procedures were predictors of more
complicated disease progression, together with age and
comorbidity [8]. In this study, four geriatric patients
became SARS-CoV-2 positive post-operatively. Three had
negative screening before surgery, and in one patient, CO-
RADS 3 was reported pre-operative, but not seen as sus-
picious for COVID-19 by the COVID-MDT. Of these
patients, two developed delirium during admission after
which they tested positive. Delirium is now seen as a
possible symptom of COVID-19 and warrants testing. One
patient has had contact with a COVID-19 patient at
unknown time and tested positive before discharge with a
sore throat as sole symptom. The last patient had a single
spike of fever nine days after admission, but no other
symptoms, for which PCR was repeated and was positive.

395 patients

386 patients

9 patients excluded ]

—

398 screenings

[ 10 patients 2x screened
L 1 patient 3x screened

N=371
PCR negative

H[ 27 patients no PCR performed ]

N=12
Pregnant/children <16

N=374
(386 HRCT Chest)

N=368
CO-RADS 1-2

N=18
CO-RADS 3

N=0
CO-RADS 4-5

N=2
N=1 o N=3
Palliative treatment Interver;t;gns with Postponed surgery

N=1
Intervention in

N=1
Other hospital

N=10
Normal procedures

outpatient clinic

Fig. 2 Patient flow and screening outcome of the study
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We think patients either were infected as an inpatient or
infected pre-operative, but due to incubation period, the
viral load was low and therefore the pre-operative PCR
negative.

Follow-up in COVID-19 positive patient is according to
guidelines; after cessation of symptoms, two consecutive
PCRs need to be negative, before isolation will be
withdrawn.

We have reviewed all patients, but if patients developed
symptoms at home and were managed as an outpatient, we
would not be able to record; therefore, there could be more
patients being infected with COVID-10 post-operatively.

Future

As the COVID-19 prevalence in the Netherlands seems to
be decreasing, upscaling surgical treatment is started, but
safety of staff and patients has to be maintained. Additional
measures apart from screening patients can aid in this effort
[18-20].

The semi-elective screening in our hospital was per-
formed centrally for all specialities to avoid delays in
surgery due to missing screening. The logistics around the
screening is challenging and should be well organised. At
this moment, screening in the Netherlands has been chan-
ged to only PCR testing together with a symptom ques-
tionnaire [21].

Possibly, the symptom questionnaire will be the most
important tool in diagnosing COVID-19 and determining
whether PCR screening should be performed [22]. This
method would rely greatly on the completeness of the
symptom questionnaire, and its importance should be
emphasised. Additionally, PCR screening in certain
asymptomatic groups of high-risk patients (>70 years old,
COVID-19 mortality-related comorbidity, aerosol-produc-
ing procedures, major surgery with risk of post-operative
ICU admission) should be considered.

Conclusion

All data combined suggest that screening of patients before
a surgical or diagnostic procedure for COVID-19 is nec-
essary. A symptom questionnaire to exclude symptoms
suspect for COVID-19 is probably the most important tool,
with further screening through PCR testing in certain risk
groups. With a low prevalence of COVID-19, HRCT chest
has no added value.
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