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ABSTRACT

Objectives: To assess potential nosocomial coronavirus disease-2019 (COVID-19) transmission in patients who underwent robot-

assisted laparoscopic procedures during the pandemic.

Material and methods: Prospective study in patients undergoing robot-assisted laparoscopy in urology or gynaecology within 2 aca-

demic hospitals. Patients underwent local preoperative COVID-19 screening using a symptoms questionnaire. Patients with suspicious

screening underwent coronavirus real time-polymerase chain reaction (RT-PCR) and were excluded from robotic surgery if positive.

Patients with symptoms postsurgery were systematically tested for coronavirus by RT-PCR. One-month postsurgery, all patients had a tele-

phone consultation to evaluate COVID-19 symptoms.

Results: Sixty-eight patients underwent robotic surgery during the study period (median age: 63-years [IQR: 53−70], 1.8 male: female

ratio). Oncology was the main indication for robotic surgery (n = 62, 91.2%) and 26 patients (38.2%) received a chest CT-scan prior to sur-

gery. Eleven patients (16.2%) were symptomatic after surgery of whom only 1 tested positive for coronavirus by RT-PCR (1.5%) and was

transferred to COVID-19 unit with no life-threatening condition. No attending surgeon was diagnosed with COVID-19 during the study.

Conclusions: Robot-assisted laparoscopic surgery seemed safe in the era of COVID-19 as long as all recommended precautions are fol-

lowed. The rate of nosocomial COVID-19 transmission was extremely low despite the fact that we only used RT-PCR testing in symptom-

atic patients during the preoperative work-up. Larger cohort is needed to validate these results. � 2020 Elsevier Inc. All rights reserved.
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1. Introduction

Starting in the Wuhan region of China in December 2019,

coronavirus disease-2019 (COVID-19), caused by the virus

SARS-CoV-2, has spread worldwide and was declared a
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pandemic by the World Health Organisation on 11th March,

2020. COVID-19 has currently been detected in more than

200 countries and has caused more than 200,000 deaths

worldwide [1]. In order to reduce virus spilling, social distanc-

ing and hygienic protective measures were rapidly introduced,

especially in hospitals. This has led to a major challenge for

physicians to maintain optimal healthcare access for patients

while ensuring a low transmission risk for both healthcare

workers and patients. Such a consideration is particularly
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relevant for the management of urogynaecological cancers,

given that surgical removal of these tumours cannot be

delayed for too long [2,3].

While the use of robotic surgery has dramatically

increased in urology and gynaecology over the past 2 decades,

it involves work in an environment employing gas. Impor-

tantly, the use of a gas insufflator to create a pneumoperito-

neum is considered to have the same effect as an aerosol and

this could result in an increased risk of COVID-19 transmis-

sion during these surgical procedures. Although no specific

data are currently available on this subject, some precaution-

ary measures have been promoted by different scientific soci-

eties in order to minimise the theoretical risk of nosocomial

COVID-19 dissemination [4,5]. Similarly, it has been sug-

gested that hospital stay for surgery could represent an impor-

tant risk factor for COVID-19 infection by promoting contact

with positive cases. Nevertheless, the role of surgery overall,

especially surgery using a robotic approach, in nosocomial

COVID-19 dissemination remains unclear.

Our aim was to assess the nosocomial transmission of

COVID-19 among urogynaecological patients who under-

went robotic surgery during the pandemic.
2. Patients and Methods

2.1. Study population and data collection

All patients who underwent robotic surgery for any uro-

gynaecological condition during the COVID-19 pandemic at

2 academic hospitals in Paris, France, were considered for

the present study. Cases operated on between the start of

pandemic stage 3 (i.e., “sanitary crisis”) in France on March

2nd, 2020, and April 14th, 2020, were selected in order to

have a 1 month delay for analyses, in line with the theoreti-

cal incubation period for COVID-19 [6]. Patients who had a

positive preoperative COVID-19 status and who did not

undergo local screening were excluded from the study.

All patients were screened systematically for COVID-19

symptoms prior to surgery using a standardized questionnaire

in both centres. The questionnaire was created urgently and

validated by the local crisis committee of the Assistance
Table 1

Preoperative questionnaire used for screening COVID-19 symptoms

Have you been diagnosed as COVID-positive?

& Yes

& No

Have you been symptomatic but not-tested for Covid-19 in the last

15 days?

& Yes

& fever& cough& headache& flu-like syndrome

& any digestive symptom& anosmia

& No

Have you been in contact with a symptomatic person?

& Yes

& No

Translated into English from the questionnaire available at: www.aphp.fr.
Publique des Hôpitaux de Paris. This questionnaire allowed

us to look for previously described symptoms of COVID-19

such as fever, flu-like syndrome, anosmia or digestive symp-

toms, as well as previous contact with COVID-19 cases

(Table 1). Moreover, each patient had a forehead temperature

check at the time of hospitalisation. Patients with any positive

item listed in the questionnaire 72- or 24-hours before surgery

and/or positive CT-chest imaging at admission to 1 of the

2 centres were considered as suspected cases and under-

went nasopharyngeal swabs for coronavirus real time-

polymerase chain reaction (RT-PCR).

Robotic surgery was postponed for 2 patients with posi-

tive RT-PCR who were excluded from the present study,

while those with negative RT-PCR were hospitalized in sin-

gle rooms in a COVID-19 negative unit and considered for

further analysis. The following data were collected for all

included patients: gender, age, surgical indication, opera-

tive time, blood loss, blood transfusion, length of hospital

stay, postoperative complications and surgical report.

2.2. Robotic surgery and healthcare workers

All robotic procedures were performed using an Xi Intui-

tive system, following precautionary recommendations

[4,5]. A pneumoperitoneum was generated using a 1-way

insufflator with an intelligent integrated flow system (Air-

Seal system) configured in continuous smoke evacuation

and filtration mode. The system was unique and was

renewed for each patient. Surgery was performed with the

lowest possible intra-abdominal pressure. Disinflation was

carried out using the integrated active smoke evacuation

mode. Patient intubation was performed when the surgical

team was outside the operating theatre. Ventilation filters

were changed between each patient.

Each member of the surgical and anaesthetic team wore

adequate protective equipment including glasses, Filtering

Facepiece Particles 2 masks and body protective overalls.

No COVID-19 infection was diagnosed among the health-

care workers who managed the included patients (surgical,

anaesthetic, and nursing teams) over the study period.

2.3. Postoperative screening and follow-up

Postoperative assessment of COVID-19 symptoms was

performed systematically during hospitalization. After dis-

charge, patients were instructed to return to the hospital for

retesting for coronavirus by RT-PCR if any specific symp-

tom developed. In addition, all patients were called by tele-

phone 1 month after surgery by a resident to record any

symptoms of COVID-19. Patients were also asked to score

their fear of being infected during hospitalization and/or

surgery on a Likert scale (1 = no fear, 10 = major fear).

2.4. Statistical analysis

Quantitative variables are described as median and inter-

quartile range (IQR) and qualitative variables as numbers

http://www.aphp.fr


Fig. 1. Flow chart.

Table 3

Surgical outcomes

Total cohort (N = 68)

Operative time (min), median [IQR] 162 [142‒225]
Peroperative blood transfusion, n (%) 3 (4.4)

Dindo-Clavien score, n (%)a

Grade I 1 (1.5)

Grade II 2 (2.9)

Grade III 1 (1.5)

Grade IV 2 (2.9)

Grade V 0 (0)

Postoperative complications, n (%)a

Haematoma 2 (2.9)

Urinary infection 2 (2.9)

Evisceration 1 (1.5)

Digestive leak 1 (1.5)

Length of hospitalization (days), median [IQR] 4 [3‒5]
1-month complications, n (%) 1 (1.5)

Neutropenia 1 (1.5)

a During hospitalization.
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and percentage. All statistical analyses were performed

using R version 3.6.2. (2009-2019 RStudio, Inc.).

3. Results

3.1. Study population

Overall, 68 patients without any suspicion of COVID-19

underwent robotic surgery during the study period (Fig. 1).

Median age was 63 years (IQR: 53‒70) and sex-ratio was

1.8 (male: female) (Table 2). Prior to surgery, 26 patients

(38.2%) received a chest CT-scan that were all negative for

COVID-19 radiological signs. Among the patients’ rela-

tives, no-one had a confirmed COVID-19 positive status.

Of the 68 robotic surgeries, 56 (82.4%) and 12 (17.6%)

were performed for urological and gynaecological
Table 2

Demographic characteristics of the study population

Characteristic Total cohort (N = 68)

Age (years), median [IQR] 63 [53‒70]
Gender, n (%)

Female 24 (35.3)

Male 44 (64.7)

Reason for surgery, n (%)

Infection 3 (4.4)

Functional 3 (4.4)

Oncology 62 (91.2)

Type of surgery, n (%)

Radical prostatectomy 25 (36.7)

Partial nephrectomy 11 (16.2)

Total nephrectomy 9 (13.2)

Cystectomy 4 (5.8)

Nephroureterectomy 5 (7.4)

Prostate adenectomy 1 (1.5)

Pyeloplasty 1 (1.5)

Sacro colpopexy 1 (1.5)

Hysterectomy 10 (14.7)

Ovariectomy 1 (1.5)

COVID-19 status, n (%)

Suspected 4 (5.9)

Confirmed 0 (0)

No symptoms 64 (94.1)
conditions, respectively (Table 2). Cancer cases represented

most of the indications for robotic surgery (n = 62, 91.2%),

including 25 radical prostatectomies (36.7%), 10 hysterec-

tomies (14.7%), 11 partial nephrectomies (16.2%), 6 radical

nephrectomies (8.8%), 5 nephroureterectomies (7.4%), 4

cystectomies (5.8%) and 1 ovariectomy (1.5%) (Table 2).

There were 3 nephrectomies for chronic infections (4.4%).

3.2. Surgical outcomes

Median operative time was 162 minutes (IQR: 142‒225)
and 3 patients (4.4%) underwent per-operative blood trans-

fusion (Table 3). There were 6 surgical complications

(8.8%) during hospitalization: 2 haematomas (2.9%), 2 uri-

nary tract infections (2.9%), 1 evisceration (1.5%), and 1

digestive leak (1.5%). Median length of stay was 4 days

(IQR: 3‒5). Only 1 patient had a complication within

1-month postsurgery (neutropenia in a patient treated for

myeloma).

3.3. Postoperative COVID-19 status

Overall, 11 patients (16.2%) had COVID-19 symptoms

postsurgery (Table 4). Among these patients, 1 tested posi-

tive for COVID-19 (1.5%) and 10 tested negative (14.7%).

None of these 10 patients was re-admitted to hospital.

The patient with COVID-19 was a 78-year-old woman

who tested positive during hospitalization, 5 days after radi-

cal nephroureterectomy for upper tract urothelial carci-

noma. She complained of fever (maximum temperature

was 38.3˚C) associated with flu-like syndrome since post-

operative day 3. Haematological investigations revealed

mild lymphopenia (minimum 1.07 g/l) and anaemia (7.7 g/

dl). None of the patient’s relatives was symptomatic or

tested positive before the onset of her symptoms. With

regards to management, she was isolated and transferred



Table 4

Postoperative COVID-19 status

COVID-19 status Total cohort (N = 68)

Symptomatic patients 11 (16.2)

Negative RT-PCR 10 (14.7)

Positive RT-PCR 1 (1.5)

Symptoms details among RT-PCR-negative

patients

Cough 3 (30)

Fever 5 (50)

Influenza like syndrome 0 (0)

Anosmia 2 (20)

All values shown are n (%).
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to a dedicated COVID-19 unit. She did not develop a

life-threatening condition and did not need supplemen-

tary oxygen. The patient was finally discharged from

hospital 2 days after the positive diagnosis of a mild

COVID-19 illness.

3.4. Anxiety

The fear of being infected by coronavirus during hospi-

talization or surgery was expressed with a median score of

5 out of 10 (IQR: 2‒7). Overall, 26 (38.2%), 22 (32.4%),

and 20 (29.4%) patients expressed a mild (0‒3), moderate

(4‒6), and major (>6) fear of being infected, respectively.

4. Discussion

The theoretical risk of coronavirus infection during hos-

pitalization and/or surgery was mentioned at the start of the

outbreak, resulting in a dramatic decrease in surgical vol-

ume, especially for robotic procedures in some centres.

Since then, safety recommendations and guidance from sci-

entific associations has emerged and almost all nonurgent

surgical robotic procedures were postponed in line with

French national guidelines [7], given that COVID-19 can

easily be transmitted from person to person through small

respiratory droplets or direct contact with contaminated sur-

faces [8,9]. In parallel, a lot of resources from the operating

room have been reallocated to intensive care units (ICUs)

for the management of severe COVID-19 patients. Thus,

the daily practice of surgeons has had to be adapted and

flexible, but reductions in surgical volume of >60% have

been observed in academic hospitals in Paris [10].

At the moment of this study, in our departments we did

not have routinely access to SAR-Cov2 tests, this is the

main reason why all patients did not undergo RT-PCR pre-

operative screening. Indeed, we were limited by the daily

test available that were used only for suspicious patients.

Our capacity to perform test in France increased at the mid-

dle of the month of April. From the end of April, when

enough tests were available in France, it has been recom-

mended to perform a test for SARS-Cov 2 48 hours prior to

any surgery.
In this study, only 1 (1.5%) female patient developed a

minor form of COVID-19 out of 68 individuals who under-

went robotic surgery for urogynaecological conditions.

This is an oncological procedure for which the risk of

COVID-19 transmission has to be weighed against the risk

of cancer progression. In these patients, the cure is unlikely

to be worse than the disease. This isolated event demon-

strates the safety of robotic surgery with regards to the post-

operative risk of COVID-19 and robotic surgery should not

be considered as a risk factor for nosocomial COVID-19. In

addition, 1 key point of our study is that our only nosoco-

mial COVID-19 patient did not develop a life-threatening

condition requiring oxygen or admission to an ICU.

The possibility of nosocomial COVID-19 transmission

has become a sad reality and hospital management has had

to adapt day-by-day by editing guidance based on pandemic

knowledge and behaviour [11]. Various studies have dem-

onstrated that elderly patients in ICUs are more likely to

acquire nosocomial COVID-19 [12,13]. However, nosoco-

mial COVID-19 transmission has been poorly evaluated

postoperatively [14] and our study represents one of the

largest reports on the specific risk of nosocomial COVID-

19 after robotic surgery for urogynaecological conditions.

With regards to the risk of COVID-19 transmission

through the pneumoperitoneum during robotic procedures,

previous reports have already warned about the risk of

transmission of viral particles by surgical smoke [15,16].

Moreover, human papilloma virus transmission has been

shown to be higher during laparoscopic surgical procedures

[17]. A pneumoperitoneum is obtained by high pressure

insufflation in the abdominal cavity with low mobility

forming aerosols with human bodily fluids. Given that

many of these bodily fluids, including urine, blood, and fae-

ces [18,19], have been shown to contain SARS-CoV-2, it is

also likely that this virus can be found in peritoneal secre-

tions. Although the possibility of oro-faecal transmission is

still unknown, contamination via urine or blood seems pos-

sible [20−22] and it could be the same for peritoneal secre-

tions. However, we believe that the systematic use of the

Airseal system for all of our procedures with a unique filtra-

tion system for insufflated air was a great tool to avoid mas-

sive contamination with the virus during our robotic

procedures. This was done in accordance with the crisis rec-

ommendations provided by the ERUS and other urological

societies to drastically reduce the transmission risk [23].

With regards to the risk of COVID-19 transmission during

the hospital stay, we observed that the use of a robotic

approach was associated with a shorter length of stay. This

may have resulted in a decreased risk of nosocomial COVID-

19 transmission when compared to open procedures. Several

reports have shown that robotic procedures were associated

with a shorter length of stay than open surgery.

Importantly, almost all of the patients included in our

study underwent robotic procedures for urogynaecological

cancers. Following the lockdown in France on March 17th,

2020, many surgeries considered as non-urgent were
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cancelled or delayed, even in the field of oncology. As a

consequence, we are facing an imminent oncological

healthcare crisis that could be exacerbated if patients fear

nosocomial infection [24]. It is our duty to comfort patients

by providing COVID-19-free procedures and ensure that

the best protective measures are used in order to maintain

healthcare access for all. Our study is along these lines and

should reassure both patients and surgeons.

Our study has several limitations. Its small sample size

could bias our results and prevent us to draw definite con-

clusions. It could be argued that the preoperative protocol

was far from perfect and that even patients without symp-

toms should have been tested for coronavirus. In addition,

the predictive value of chest-CT scans in asymptomatic

patients with COVID-19 has not been demonstrated. It

should be remembered that all these procedures were

decided in an emergency situation with no clear guidance

from colleagues from other areas of the world were the

virus had already hit (e.g., China, Italy). In addition, previ-

ous reports have shown that the sensitivity of tests for coro-

navirus is low, with a maximum sensitivity of 83% [25]. As

a consequence, we may have missed positive asymptomatic

patients or had negative tests in both the preoperative and

postoperative settings. We also cannot exclude detection

bias in the case where patients misanswered initial screen-

ing survey. Finally, rapidly evolving practice such as gener-

alization of SARS-Cov 2 RT-PCR may limit the

generalizability of these findings, especially regarding pro-

tective equipment used during surgery.

In conclusion, in the light of our data, we believe that

performing robotic surgery during the COVID-19 pandemic

does not seem to be a risk factor for nosocomial COVID-19

transmission. However, given that the pandemic crisis is

likely to last, we should define the optimal preoperative

protocol in order to provide the safest environment for our

patients and surgical teams. These results will need an

external validation within a bigger cohort.
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