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Abstract

Objectives: To investigate the safety of robotic surgery during COVID‐19 pandemic

concerning new‐acquired COVID‐19 infections for patients and healthcare workers.

Patients: We performed a retrospective single‐centre cohort study of patients

undergoing robotic surgery in initial period of COVID‐19 pandemic. Patients and

healthcare workers COVID‐19 infection status was assessed by structured tele-

phone follow‐up and/or repeated nasopharyngeal swabs.

Results: After 61 robotic surgeries (93,5% cancer surgery), one patient (1.6%) had

COVID‐19 infection. Sixty healthcare workers cumulatively exposed to 1187 h of

robotic surgery had no infection. One patient with postoperative proof of SARS‐
CoV‐2 had complete recovery. After this potentially contagious robotic surgery,

eight healthcare workers had no COVID‐19 infection after follow‐up with each

three nasopharyngeal swabs.

Conclusions: Early clinical experience of robotic surgery during COVID‐19

pandemic shows that robotic surgery can be safely performed for patients and

healthcare workers. Despite our results we recommend elective surgery only for

verified COVID‐19 negative patients.
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1 | INTRODUCTION

The corona virus disease 2019 (COVID‐19) pandemic is disrupting

global urology healthcare.1 In order to protect patients and health-

care workers and to ensure ventilators and equipment for the flood

wave of COVID‐19 patients, elective surgeries had been cancelled

worldwide. In urology, global elective surgery cancellations are esti-

mated to be as high as 458,151 (cancellation rate 36.6%) for cancer

surgery and 2,492,604 for benign surgery (cancellation rate: 81.7%).2

While the burden of delayed surgeries is accumulating,3 strategies to
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safely restore surgical activity are warranted to clear the backlog of

operations resulting from COVID‐19 disruption. In this concern,

safety for both patients and healthcare workers during surgery is of

utmost importance.

Data on safety for elective surgeries during COVID‐19 show a

huge variation ranging from 100% hospital‐acquired COVID‐19

infection rate among general surgery patients in China4 to 3%5 and

0% formost recently reportedurological surgery patients in theUnited

Kingdom6 and Germany.7 While nearly 10%–20% of confirmed

COVID‐19 cases worldwide are reported to be healthcare workers,8

data on safety of surgery for healthcare workers during COVID‐19

pandemic is highly warranted. In this concern, robotic surgery is

currently a topic of expert debate since transmission of SARS‐CoV‐2
might be fostered by aerosol generating procedures during CO2

insufflation/evacuation and use of electrocautery or the harmonic

scalpel.9 Therefore, safety recommendations have most recently been

published by a number of major surgical societies including ERUS (EAU

Robotic Urology Section), SAGES (Society of American Gastrointes-

tinal and Endoscopic Surgeons), Royal College of Surgeons (RCS) and

SRS (Society of Robotic Surgery).10–13 However, clinical data on safety

of robotic surgery during COVID‐19 pandemic for patients and

healthcare workers has not been reported yet.

The epidemiological analysis demonstrated for Germany on 31

March 2020 a total of 61,913 confirmed COVID‐19 infections and

583 deaths. The catchment area of the Department of Urology of the

University Medical Center Mainz include the federal states

Rhineland‐palatinum with 67/1000.000, Saarland 79/100.000 and

Hessen with 52/100.000 infections per inhabitants.14 By Comparison

to the European Union Germany was affected by moderate infection

and death rates between March and May 2020.

In this study, we investigated the safety of robotic surgery during

the pandemic period concerning new‐acquired COVID‐19 infections

for both patients, assessed by structured follow‐up telephone inter-

view, and healthcare workers, assessed by structured swab tests

through real time PCR on SARS‐CoV‐2.

2 | PATIENTS AND METHODS

We performed a retrospective data analysis on patients treated with

robotic surgery at our Tertiary Referral Academic Centre after WHO

declaration of the pandemic for a 2‐months‐period from March 12 to

11 May 2020. Initially we performed as a high volume center (in total

296 robotic surgeries in 2020) robotic surgery for benign and malign

diseases but due to local increasing infections rates we rapidly

initiate prioritization towards high‐risk cancer patients according to

ERUS (EAU Robotic Urology Section) guidelines.11 The local ethic

board approved the study (2020‐0997).

Demographical information about age and gender of patients was

collected. Clinical information about date of surgery, type of surgery,

ASA score, risk factors for an adverse COVID‐19 outcome

(age ≥ 50 years, circulatory disease, diabetes, respiratory disease, liver

disease, renal disease, history of oncological disease,

immunosuppression at the time of the interview, nicotine abuse and

hypertension), surgery time, preoperative screening with SARS‐CoV‐2
swab or COVID‐19 questionnaire, intraoperative adverse incident

complication according to EAU classification, and postoperative com-

plications according to Clavien Dindo Classification were collected.

Patients were followed‐up by structured telephone interviews

on 25 May 2020 (minimum follow‐up time: 14 days) for COVID‐19

infection status and SARS‐CoV‐2 swabs performed postoperatively.

We implemented preoperative swab PCR testing (maximum 24 h

ago) for every robotic surgery ongoing since 26 May 2020. We

performed furthermore a 11‐months post‐hoc extension analysis

from 12 May 2020 until 11 April 2021 with assessment of COVID‐19

in‐hospital infections for patients undergoing robotic surgery.

All healthcare workers involved in robotic surgery including

urology console surgeons, urology bedside surgeons, anaesthetists,

urology scrub nurses, and anaesthesia nurses were structurally

investigated for presence of SARS‐CoV‐2 in nasopharyngeal swabs at

three different time points during the study period on 08/09 April,

15/16 April and 6/7/8/11 May. Additionally, all healthcare workers

involved in surgery on the patient in whom COVID‐19 infection was

proven on postoperative day two were tested three times negative

on day 3, 7 and 11 with nasopharyngeal swabs. During this time

period, these healthcare workers were sent to quarantine. Personal

protective equipment included besides common surgical gown and

gloves the mandatory use of FFP2/3 masks, safety glasses and pro-

tective face visor. There was fortunately no shortage of protective

equipment in our hospital at any time.

Preoperative COVID‐19 screening was performed by informal

history interview on symptoms and travel history in the initial phase

from March 16 to March 27. Since March 28, a specific preoperative

COVID‐19 screening questionnaire. It contained questions on res-

piratory symptoms, fever, travel history to a COVID‐19 risk area,

history of contact to a COVID‐19 positive patient, and on immuno-

suppression as most important risk factor for a severe course of

COVID‐19. After the above mentioned safety recommendations on

robotic surgery had been published, COVID‐19 screening regimen

was extended to the inclusion of nasopharyngeal swabs taken 2 days

before admission of patients that were scheduled for robotic surgery.

This COVID‐19 screening regimen, defined as extended COVID‐19

screening regimen, was applied from 01 April until 20 April. As

COVID‐19 swab testing availability within the hospital decreased,

swab testing was abolished again and the screening regimen, now

defined as limited COVID‐19 screening regimen, was restricted to

using the COVID‐19 screening questionnaire. These rapidly changing

screening approaches are depicted in Figure 1. Descriptive statistic

was used for data reporting of patients and healthcare workers.

3 | RESULTS

Overall, 61 robotic surgery procedures were performed during the 2‐
months‐period. Robotic surgeries included robotic‐assisted radical

prostatectomy (n = 37, 60.7%), partial nephrectomy (n = 14, 23%),
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pyeloplasty (n = 3, 4.9%), radical cystectomy (n = 2, 3.3%), radical

nephroureterectomy (n = 2, 3.3%), adrenalectomy (n = 1, 1.6%),

simple prostatectomy (n = 1, 1.6%), and super‐extended lymphade-

nectomy (n = 1, 1.6%), resulting in 57 (93.4%) cancer surgeries and 4

(6.6%) surgeries on benign disease. The preoperative screening

questionnaire showed for none of these 61 patients symptoms that

are suspicious for COVID‐19 infection. Patient and surgery charac-

teristics are listed in Table 1.

In 1/61 patients (1.6%), a COVID‐19 infection was diagnosed

postoperatively. Six patients (9.8%) had negative test results during

the postoperative period. Overall, 60 healthcare workers were

exposed to robotic surgery a total of 1187 h and 7 min including four

urology console surgeons, eight urology bedside surgeons, 21

anaesthetists, 14 urology scrub nurses and 13 anaesthesia nurses

(Table 2). All healthcare workers were tested negative for SARS‐
CoV‐2 in nasopharyngeal swabs each three times during the study

period. Complication rate of robotic surgery was low, with 6 (9.2%)

intraoperative and 19 (31.1%) postoperative complications (Table 1).

Complication rate of robotic surgery was low, with 1 (1.6%) intra-

operative and 7 (11.5%) postoperative complications ≥ grade 3 (Ta-

ble 1). The 11‐months post‐hoc extension analysis from 12 May 2020

till 11 April 2021 including the 2nd and beginning of the 3rd COVID‐
19 infection peak demonstrated among 276 robotic surgeries malign

(77,9%) and benign (22,1%) diseases a single COVID‐19 infection

(0,36%) after robotic‐assisted radical prostatectomy on

postoperative day 10 due to proven contact to a COVID‐19 positive

patient on the ward. The post‐hoc analysis discloses no intra-

operative COVID‐19 transmission after implementing preoperative

testing (real time PCR) within one day before robotic surgery. In

addition there was no nosocomial COVID‐19 infection among 293

patients who underwent non‐robotic surgeries (64 major and 229

minor surgery) from March 12 to 11 May 2020. However, 13 nurses

on urological ward suffered from a COVID‐19 infection during this

time frame and were immediately sent to quarantine after positive

swab PCR test.

The clinical course of one patient diagnosed with COVID‐19 two

days after robotic‐assisted radical prostatectomy is depicted in

Figure 2. The patient reported dyspnoea in the night of postoperative

day 1. Diagnostic work‐up revealed a myocardial infarction resulting

in emergency coronarartery bypass graft surgery. A nasopharyngeal

swab taken during diagnostic work‐up on the morning of post-

operative day 2, returned SARS‐CoV‐2 positive. Although this patient

was high‐risk being contagious at the time of robotic surgery, all eight

healthcare workers involved in his robotic surgery had neither

COVID‐19 symptoms nor a positive swab on three different time

points postoperatively. Beyond that potential postoperative contact

persons on regular ward including nurses and patients were tested

negative.

Preoperative COVID‐19 screening for this patient had been

negative by COVID‐19 screening questionnaire. The patient had

F I GUR E 1 Time‐related clinical adjustment of screening approaches for robotic surgery. Upcoming date of ERUS (EAU Robotic Urology
Section) recommendations (yellow circle) for robotic surgery.11 ERUS, EAU Robotic Urology Section
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been asymptomatic preoperatively, thus not being detected by the

limited screening regimen, restricted to using the COVID‐19

screening questionnaire. During limited screening regimen, 1 out of

40 patients had a postoperative COVID‐19 infection (infection rate:

2.5%). During the extended COVID‐19 screening regimen, including

nasopharyngeal swabs, none out of 20 patients had a postoperative

COVID‐19 infection (infection rate: 0%). In the meantime we

changed our preoperative procedure due to the escalating pandemic

and implemented preoperative testing since 26 May 2020 for all

patients one day before surgery. Beside that we focused on regular

intraoperative use of protective equipment and follow strictly the

ERUS recommendations (minimum number of staff, reduce surgical

smoke, avoid pneumoperitoneum leakage, low intra‐abdominal

pressure, short surgery time, disinflation of the pneumoperitoneum

at the end of the procedure)11 for robotic surgery while COVID‐19

pandemic. To date we also initiated coverage through post-

operative nasopharyngeal swabs for all stationary patients every fifth

day on ward.

4 | DISCUSSION

Our single‐center cohort study of 61 consecutive patients undergo-

ing robotic surgery during the 2‐months‐period in early COVID‐19

pandemic showed promising results on the safety of robotic sur-

gery for both patients and healthcare workers. COVID‐19 infection

was found in one patient (1.6%) postoperatively and in none of the 60

healthcare workers exposed to robotic surgery. Most importantly,

the team of eight healthcare workers involved in robotic surgery of

the potentially contagious patient that was diagnosed with COVID‐
19 infection two days after surgery, had no symptoms and repeat-

edly negative SARS‐CoV‐2 swab tests.

COVID‐19 has disrupted urology healthcare in an unprece-

dented manner including surgery cancellations,2 reduced emergency

room visits for urological conditions15,16 and re‐organisation of

urological working practice.17–19 To clear the backlog of operations

resulting from COVID‐19 disruption, safe perpetuation of elective

surgery including robotic surgery is highly necessary, aiming to

minimize the collateral damage of morbimortality in urology

patients.

TAB L E 1 Clinical data on 61 robotic surgeries performed
during COVID‐19 pandemic

Parameter, unit Value

Patient factors

Age, years, median (IQR) 68 (63–73)

Male gender, n (%) 53 (86.9%)

ASA score, n (%)

1 6 (9.8%)

2 34 (55.7%)

3 21 (34.4%)

COVID‐19 risk factors, n (%)

0 1 (1.6%)

1 11 (18%)

2 21 (34.4%)

3 15 (24.6%)

4 9 (14.8%)

5 3 (4.9%)

6 1 (1.6%)

Surgery data

Type of surgery, n (%)

Robot‐assisted radical prostatectomy 37 (60.7%)

Robot‐assisted partial nephrectomy 14 (23%)

Robot‐assisted pyeloplasty 3 (4.9%)

Robot‐assisted radical cystectomy 2 (3.3%)

Robot‐assisted radical nephroureterectomy 2 (3.3%)

Robot‐assisted adrenalectomy 1 (1.6%)

Robot‐assisted simple prostatectomy 1 (1.6%)

Robot‐assisted super‐extended

lymphadenectomy

1 (1.6%)

OR time, minutes, median (Q1–Q3) 171 (138–198)

Preoperative COVID‐19 screening, n (%)

COVID‐19 screening form 46 (75.4%)

COVID‐19 swab 21 (34.4%)

Intraoperative adverse events (EAUiaiC), n (%)

None 54 (90.2%)

Grade 1 3 (4.9%)

Grade 2 2 (3.3%)

Grade 3 1 (1.6%)

Grade 4 00 (0%)

Grade 5 00 (0%)

Postoperative complications within 7 days, Clavien‐
Dindo, n (%)

None 42 (68.9%)

Grade 1 10 (16.4%)

T A B L E 1 (Continued)

Parameter, unit Value

Grade 2 2 (3.3%)

Grade 3 5 (8.2%)

Grade 4 2 (3.3%)

Postoperative COVID‐19 infection

Follow‐up period, days, median (Q1–Q3) 48 (28–60)

Proven COVID‐19 infection, n (%) 1 (1.6%)

COVID‐19 swab test performed, negative result, n

(%)

6 (9.8%)
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Safety data on robotic surgery is ultimately warranted since

SARS‐CoV‐2 RNA has been detected in the blood, urine, and

gastrointestinal tract of infected patients raising the question

whether active virus particles can be released and transmitted during

robotic surgery on urinary tract and bowel segments20 Moreover,

CO2 insufflation together with cautery may enhance aerosolization

of the virus during robotic surgery.10,21 Subsequently, safety rec-

ommendations have been published by a number of major surgical

societies. For instance, ERUS Guidelines offer recommendations for

general health and COVID‐19 screening prior to surgery, necessary

protective measures such as wearing goggles and FFP2/3 masks and

utilizing intelligent integrated flow systems to reduce intraabdominal

pressure (8–10 mmHg), thus preventing aerosol dispersal.11

Following these recommendations is of utmost importance since

preoperative COVID‐19 screening might be insufficient in detecting

asymptomatic or paucisymptomatic SARS‐CoV2‐carriers when

restricted to history/questionnaire assessment. In our cohort, one

postoperative COVID‐19 infection occurred when limited screening

regimen was applied (infection rate: 2.5%). When extended COVID‐
19 screening regimen including nasopharyngeal swabs was applied,

no postoperative COVID‐19 infection occurred ensuring maximal

safety for patients and healthcare workers.

According to “COVIDSurg Collaborative” preoperative confirmed

COVID‐19 infection is associated with worse postoperative outcome.

Our colleagues demonstrated a postoperative pulmonary

complication rate of 51,2% and a massive 23,8% 30‐days mortality.22

Male sex, age > 70 years, ASA grad III–IV, cancer diagnosis, emer-

gency surgery and major surgery were identified as risk factors.

These international data including 1128 patients revealed a greatly

increased postoperative risk for patients contaminated with COVID‐
19 infection, especially for the above‐mentioned vulnerable groups.22

For preoperative symptomatic and asymptomatic positive SARS‐
CoV2‐carriers, we postpone robotic surgery until two repeated

nasopharyngeal swabs (real time PCR) verified COVID‐19 negativity.

In case of negativity these patients undergo again physical exami-

nation and complete resolution of COVID symptoms was presumed.

Surgery for patients with an active COVID‐19 infection is considered

on an individual risk‐benefit‐analysis in case of symptomas (hema-

turia) or highest cancer‐risk.

Whereas a lot of countries still face an escalating pandemic,

COVID‐19 infection rates are decreasing in some countries, allowing

to enter presently into a phase post COVID‐19 pandemic. During this

phase, safely ramping up surgical activity in order to reduce the

backlog of operations that had been delayed is a major goal. In

urology, global elective surgery cancellations in urology are esti-

mated to be as high as 458,151 (cancellation rate 36.6%) for cancer

surgeries.2 Of these urology cancer surgeries, the proportion of ro-

botic surgery was reported to be 92% for prostate cancer, 61% for

renal cell carcinoma, 40% for bladder cancer, and 48% for upper tract

urothelial carcinoma.3

TAB L E 2 Demographic characteristics and exposure time of 60 healthcare workers involved in 61 robotic surgeries during COVID‐19

Occupational Group N Male (%) Age, range Cumulative OR exposure time COVID‐19 infections

Urology console surgeons 4 4 (100%) 39–51 175 h 2 min 0 (0%)

Urology bed‐side surgeons 8 4 (50%) 28–44 213 h 29 min 0 (0%)

Anesthesists 21 12 (57%) 26–61 282 h 8 min 0 (0%)

Urology scrub nurses 14 4 (29%) 27–59 246 h 52 min 0 (0%)

Anesthesia nurses 13 3 (23.1%) 20–59 269 h 36 min 0 (0%)

All healthcare workers 60 27 (45%) 20–61 1187 h 7 min 0 (0%)

F I GUR E 2 Clinical course of a patient undergoing robotic prostatectomy with proof of COVID‐19 infection on postoperative day two
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Our study has strengths and limitations. To the best of our

knowledge, this cohort is an early report of clinical data on safety of

robotic surgery for both patients and healthcare workers during

COVID‐19 pandemic. In particular, healthcare workers were struc-

turally followed‐up by repeated nasopharyngeal swabs three times

during the study period, inheriting the potential to detect the

transmission of asymptomatic or paucisymptomatic SARS‐CoV‐2
patients onto healthcare workers. Limitations include the restric-

tion of follow‐up to telephone interview assessment and inter‐
individual differences in length of follow‐up time for patients. Be-

side the limited sample size and restricted benefit of screening

questionnaires for definite exclusion of COVID‐19 infection, we

particulary need to indicate the heterogeneous preoperative

screening approaches due to rapidly changing recommendations

while the pandemic.

In conclusion, early clinical experience of robotic surgery during

COVID‐19 pandemic on 61 patients shows that robotic surgery was

safely performed for most patients (COVID‐19 infection rate: 1/61;

1.6%) and all healthcare workers (no COVID‐19 infections). In

particular, there was no COVID‐19 infection among 60 healthcare

workers with direct contact during robotic surgery, performed using

COVID‐19 safety precautions, on a patient for whom COVID‐19

infection was proven two days after surgery. Limited COVID‐19

screening regimen, restricted to questionnaire use and withholding

nasopharyngeal swabs for real time PCR, did not detect this patient

who was potentially contagious during robotic surgery. According to

several colleagues we also state that patients with confirmed COVID‐
19 infection carry high perioperative risk. Despite our results without

a single infection in the group of healthcare workers we recommend

further analysis of potential SARS‐CoV‐2 transmission during robotic

surgery and recommend robotic surgery only for verified COVID‐19

negative patients.
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