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Introduction:  

As the COVID-19 pandemic begins to loosen its initial grip on the globe and we contemplate 

starting the long road back towards normalcy, the medical community will be facing many 

challenges, none more paramount than preventing the further spread of COVID-19 and limiting the 

possibility and the extent of a potential ‘second wave.’  

The purpose of this document is to provide a list of recommendations aimed at reducing pathogen 

transfer during the reintroduction of elective orthopaedic surgeries, with a specific focus on 

preventing spread of SARS-CoV-2 infection. Although we are assuming that we will be operating 

on patients without SARS-CoV-2 infection, because of the complexities involved in accurate 

diagnosis of SARS-CoV-2 infection, including false negative results  of the RT-PCR tests, we 

believe precautions need to be in place that will minimize the chance of infection transmission by 

potentially infected patients. 

Elective surgery specifically refers to medically-necessary, time-sensitive procedures. Examples of 

these include the treatment of osteoarthritis, infection or malignancy, alleviation of pain, or other 

procedures designed to improve function and quality of life for the patient. Elective surgery 

includes only those surgical procedures that are scheduled in advance and does not include medical 

emergencies. We specify this definition to provide clarity of scope for these recommendations. 

We realize that the situation is evolving on a daily basis and some of the recommendations in the 

document may need to be altered as new evidence emerges. In addition, we are aware that the 

infection prevention measures stated in the document will highly depend upon the prevalence of 

COVID-19 in the affected areas and the ability to implement the recommended diagnostic tests to 

properly rule out COVID-19 prior to surgery. We will continue to monitor the literature and update 

the document as needed.  

  

https://journals.lww.com/jbjsjournal/Documents/P-FINAL-Parvizi.pdf
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I. General 

 

Question I.1: When will the SARS-CoV-2 pandemic end? 

Response/Recommendation:  Unknown. Epidemics/Pandemics end when:  

a) A large portion of the society has acquired immunity with neutralizing antibodies to the 

pandemic agent after being infected, leaving a small percentage of individuals susceptible 

to infection (herd immunity). This occurred with the Spanish Flu in 1918 caused by 

Influenza A (H1N1), when over 60% of the population were infected and to some extent 

with the following Swine flu in 2009 that infected over 60 million people in the United 

States;  

b) The pathogen (virus) mutates sufficiently to become non-virulent; 

c) An effective treatment against the disease is available; or 

d) An effective vaccine against the virus is developed and delivered to the population. 

  

Grade of Recommendation: Moderate 

Delegate vote:  Agree (100%) 

Rationale: There are multiple models being constructed to try to determine answers related to this 

question. Many of these answers depend on whether the virus mutates, whether it can proliferate at 

any time of the year, whether people are able to develop long or short-term immunity to the disease 

and what treatments or vaccines are developed for SARS-CoV-2 
1
. SARS-CoV-2, like all 

coronaviruses, and unlike other classes of RNA viruses, possesses a proof-reading RNA polymerase 

that greatly reduces mutation. Although the virus does mutate, it does so at a far lower frequency 

than traditional seasonal viruses such as influenza and rhinoviruses. 

 

Question I.2: How can hospitals or surgery centers know when they should resume elective 

procedures?  

Response/Recommendation: Elective surgery may be resumed when:  

a) Lock-down in the region has been lifted and a mandate allowing return to elective 

surgery has been issued by local/state/provincial/governmental authorities  

b) The number of COVID-19 cases in the region have been consistently declining 

c) The hospital/surgical facility has the capacity to admit non-COVID patients to an area of 

the hospital separated from COVID-19 positive patients 

d) The facility has an adequate supply of effective personal protection equipment (PPE), 

RT-PCR-testing kits for SARS-CoV-2 virus, and is able to perform the surgery safely 

with low risk of transmission of SARS-CoV-2 virus 

e) The facility is able to maintain social distancing throughout the process in all phases 

(pre-intra- and postoperatively) 

f) The facility has an adequate stockpile of necessary equipment for a potential second 

wave 

Grade of Recommendation: Moderate 
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Delegate vote:  Agree (97.5%), Disagree (2.5%) 

Rationale: In most regions of the world elective surgery was halted as the SARS-CoV-2 pandemic 

started to gain momentum. Elective surgeries were cancelled in order to: a) free up capacity in the 

hospital systems including hospital beds, intensive care unit (ICU) beds and mechanical ventilators 

in anticipation of a surge in the number of COVID-19 cases that would require respiratory support; 

b) preserve PPE, which has been and is still in short supply in some areas of the world; c) reduce 

human contact and the risk of nosocomial transmission of the disease between staff, visitors and 

patients.   

The American College of Surgeons jointly with the American Society of Anesthesiologists (ASA), 

the Association of peri-Operative Registered Nurses (AORN), and the American Hospital 

Association (AHA)  have suggested the following roadmap for resuming elective surgery 
2–4

: 

 

a. Timing of resumption: There must be a sustained reduction in rate of new COVID-19 cases 

in the relevant geographic area for at least 14 days before the resumption of elective surgical 

procedures[1-4] 

b. Any resumption should be authorized by the appropriate municipal, county and state health 

authorities   

c. Facilities in the state are safely able to treat all patients requiring hospitalization without 

resorting to crisis standards of care 

d. The facility needs to have an appropriate number of ICU and non-ICU beds, PPE, 

ventilators, medications, anesthetics and medical surgical supplies to cope with a second 

wave of pandemic 

e. Appropriate decontamination of the hospital and necessary equipment has occurred  

f. The facility needs to have an adequate number of trained and educated staff available to 

handle the planned surgical procedures, patient population and facility resources. Given the 

known evidence supporting health care worker fatigue and the impact of stress, the facilities 

should be able to perform planned procedures without compromising patient safety or well-

being of the staff 

g. Ideally all the staff who will be involved in patient care have been tested for SARS-CoV-2 

(RT-PCR) on a regular basis and/or undergone serum antibody testing for the virus  

h. The facility should be able to organize two different pathways inside the structure for 

COVID and non-COVID patients, and to have two different, separated surgical blocks for 

the two categories of patients 

 

Question I.3: Should patients with active COVID-19 undergo elective surgery?  

Response/Recommendation: It is the opinion of this group that elective surgery should be delayed 

in patients with active COVID-19 until they are shown to have recovered from the infection as 

defined by local guidelines. The Centers for Disease Control (CDC) has guidelines based on testing 

and non-testing that are useful in defining recovery 
5
 that includes 14 days of quarantine and the 

absence of fever and other symptoms. 

Grade of Recommendation: Weak 
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Delegate vote:  Agree (100%) 

Rationale:  The risk of infecting healthcare workers and spread of the infection through contact 

constitutes the main reason to avoid performing elective surgery in patients who are SARS-CoV-2 

virus positive.  

Despite the absence of high-level evidence reporting a higher rate of complications and a worse 

outcome in infected patients, the only current reasonable and ethical approach is to delay any 

elective surgery until the patient is totally free from the disease as determined by the local definition 

used. Several case reports have shown severe peri-operative complications in COVID-19 positive 

patients 
6
 and a recent study on hip fracture COVID-19 positive patients, demonstrated that the 

patients may carry a very high mortality 
7
.  

 

Question I.4: Should elective surgery be delayed in elderly patients or those with 

comorbidities that places them at high risk for COVID-19?  

Response/Recommendation: It is the opinion of this group that elective surgery should be risk-

stratified and possibly deferred based upon a patient’s age (>75 years), morbid obesity, diabetes, 

uncontrolled-hypertension, chronic pulmonary disease, obstructive sleep apnea, chronic heart 

disease and immunocompromised state (e.g. organ or bone marrow transplant patients, active 

cancer, those who are receiving or have recently received chemotherapy or radiotherapy) in the 

early days when elective surgery is resumed. Patients with significant comorbidities and risk factors 

should be scheduled after healthier patients have been treated and experience amassed from 

establishing screening, prevention, and treatment protocols.  

 

Grade of Recommendation: Weak 

Delegate vote:  Agree (98.75%), Abstain (1.25%) 

Rationale: Every elective orthopedic surgery should be planned and organized in advance to 

achieve optimal results. For instance, in arthroplasty procedures, diabetes, obesity or other known 

modifiable risk factors as described by the International Consensus Meeting (ICM) criteria should 

be optimized prior to the planned procedure to minimize postoperative complications 
8
. However, 

there are no SARS-CoV-2 specific, evidence-based, risk-stratification systems in place for elective 

orthopedic procedures. Several studies have analyzed patient risk factors that may be associated 

with a more severe clinical course of the COVID-19 infection. Several groups of patients have been 

deemed to be extremely vulnerable to significant and potentially life-threatening illness if exposed 

to SARS-CoV-2 
9
. 

It is reasonable to offer surgical procedures to patients with the above comorbidities who have an 

emergent or urgent condition such as severely painful or loose implant, infection, impending 

fracture, fracture, soft-tissue compromise, and similar conditions.  

Our recommendation is that elective surgery should be started with the healthiest patients and only 

life or limb threatening conditions would justify operating on higher risk patients during the 
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pandemic and early weeks when elective surgery is resumed. It is paramount that enough ICU beds 

are available to accept patients, who may develop respiratory or severe systemic complications.  

An important factor to be considered during this COVID-19 pandemic, which represents a major 

assistance bottleneck, is the number of ICU beds available, which can often be a determining factor 

in the management of severe cases. Since we still do not have a reliable projection for reducing the 

use of beds in ICUs during this pandemic, it is of utmost importance to control the scheduling of 

elective surgeries of all specialties so that excess ICU beds are not occupied, thus guaranteeing the 

technical reserve for the cases of COVID-19. 

Specifically for major surgery in orthopedics, such as hip and knee arthroplasty, the need for beds in 

ICUs for these procedures can be as high as 19%. 
10

 According to one study, patients that may 

require admission to ICU includes those with congestive heart failure, procedures with high blood 

loss such as revision hip arthroplasty, chronic obstructive pulmonary disease, and body mass index> 

35 kg / m
2
. 

11
 

Patients with advanced age are at increased risk of a severe course of COVID-19, with a higher 

mortality described in several studies 
12–14

 
15

. Immunocompromised patients, including those with 

solid organ transplants, active cancers, 
15,16

 those undergoing chemotherapy or radiotherapy, those 

with cancers of the blood or bone marrow, bone marrow transplant patients, those on 

immunosuppressants and those with cystic fibrosis, severe asthma and severe chronic obstructive 

pulmonary disease (COPD) 
15

 are also at risk of severe infection. In addition, patients with genetic 

diseases which predispose them to infection such as severe combined immunodeficiencies (SCID), 

and homozygous sickle cell disease may be at higher risk. Fatality with COVID-19 has been 

reported to be higher for patients with comorbidities as follows: 10.5% for those with 

cardiovascular disease, 7.3% for diabetes, and approximately 6% each for chronic respiratory 

disease, hypertension and cancer 
17

. Even if appropriate screening tools are incorporated into 

hospitals to rule out COVID-19 prior to surgery, hospital admission in and of itself probably places 

patients at increased risk of contracting COVID-19, and thus should be avoided as much as possible 

in highly vulnerable patient groups. 
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Fig. 1: Patient selection criteria for elective orthopaedic procedures.  

 

 

Question I.5: What type of education should patients receive prior to undergoing an elective 

surgery during the pandemic related to risk of SARS-CoV-2 transmission? 

Response/Recommendation: It is critical that patients undergoing elective surgery are educated on 

the protocols in place to minimize SARS-CoV-2 transmission to themselves, family members, other 

patients, and hospital personnel. An overview of the protocols implemented by the hospital to 

reduce the risk of transmission of the infection should be included.  

Grade of Recommendation: Strong 

Delegate vote:  Agree (100%) 

Rationale: It is important for patients and their families to understand the precautions that the 

surgical team, hospital staff and administrators are taking to ensure everyone’s safety with regard to 

SARS-CoV-2 transmission. While each hospital and surgical practice may differ in specific details 

of these protocols and procedures, patients should be informed of the generalized practices that are 

being utilized to decrease the risk of SARS-CoV-2 transmission.   Patients should be made aware 

that practices adhere to local, state, provincial and federal government recommended guidelines, in 

addition to local practice considerations when determining which patients are able to undergo 

elective surgery 
18

. 
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There are many reputable websites with updated information regarding COVID-19 that should be 

shared with patients who are considering a surgical procedure 
19

. More specifically, patients should 

be educated about the steps they should take on the day of the operation, how they should enter the 

hospital, that a limited number of family members (one preferred) can accompany them, what the 

family member(s) should do during the procedure, and be informed of the expected pre-operative 

and post-operative course. It is also important to inform patients that screening is implemented for 

all patients and staff in an effort to decrease the risk of disease transmission 
20

. It is likely that such 

education will decrease confusion and anxiety amongst patients.  

The need for inpatient rehabilitation after surgery should be discussed in advance with the patient 

and their family given the higher potential for increased SARS-CoV-2 transmission in congregated 

settings. During the early days of resuming elective surgery, priority must be given to patients who 

do not require admission to inpatient rehabilitation.  

 

Question I.6: Can patients/individuals who were infected with SARS-CoV-2 be infected with 

SARS-CoV-2 again? 

Response/Recommendation: Unclear. There are reports of individuals who contracted COVID-19, 

recovered, and then tested positive for SARS-CoV-2 again.  

Grade of Recommendation: Strong 

Delegate vote:  Agree (95%), Abstain (5.0%) 

Rationale: SARS-CoV-2 reinfection is currently unproven. Animal experiments suggest that 

reinfection with SARS-CoV-2 is not possible 
21

. However, this may not hold true in a real-life 

situation due to viral dynamics and the concomitant host immune responses in humans. Indeed, 

there are some reports of patients having a positive RT-PCR testing for SARS-CoV-2 after 

previously contracting SARS-CoV-2 and supposedly recovering from the disease 
1
. There are a few 

possible explanations for this phenomenon: 

a. The individual did not develop immunity against the (mutated) virus 

b. The developed immunity expired. If this is the case, then a resurgence in SARS-CoV-2 can 

happen (second wave) 

c. The test is picking up residual RNA from a non-viable virus 

d. The test that was done to show the individual had recovered was false negative 

e. The new test to show re-infection is false positive 

f. The individual suffered a relapse of an infection that had previously progressed to a 

subclinical state 

g. Chronic infection and shedding by the virus may occur, similar to colonization by bacteria 

such Staphylococcus aureus 

 

II. Pre-operative 
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Question II.1: What additional steps should be taken during the pre-admission process for 

patients undergoing elective surgery during the SARS-CoV-2 pandemic?  

Response/Recommendation: This workgroup recommends that 

 Information on TOCC (Travel, Occupation, Contact, Cluster) should be obtained and 

documented. Screening for symptoms (see Question II.3) of COVID-19 should be 

performed and documented. 

 If tested, the Reverse-Transcriptase Polymerase Chain Reaction (RT-PCT) test for SARS-

CoV-2 should be performed within 3-7 days of elective surgery and be documented in the 

clinical charts of the patient. Appropriate clinical and/or microbiological screening 

procedures for each patient should be undertaken. 

 Additional education should be provided to the patients regarding infection prevention 

protocols (hand hygiene, wearing a mask, etc.).  

 All patients and providers should use a surgical mask during encounters. Providers should 

use protective eye wear as well.  

 The risk of infection and transmission should be minimized by utilizing general social 

distancing principles. 

 “No eating or drinking” rules in restricted areas need to be enforced. 

 Patients should avoid the use of common spaces or surfaces (e.g. check-in desks), where 

possible, and these surfaces should be thoroughly cleaned between patients. Bedside check-

in should be encouraged. 

 The use of waiting rooms should be minimized. Social distancing in the waiting room and 

other communal areas should be exercised. Frequent cleaning is also recommended. 

 Family members and visitors should limit the time they spend within the hospital. Some 

institutions may ban the entry of family members and visitors to the hospital. 

 The surgeon and surgical team should avoid direct contact with family members and update 

the families via phone or video conferencing.  

 Family members of pediatric patients should be screened for SARS-CoV-2 virus before 

pediatric surgery. 

 Patients should be housed in single rooms, if possible. When patients are housed in the same 

room, the beds should be distanced at least 2 meters (6 feet) from each other and all patients 

should wear a surgical mask. 

 Commonly touched surfaces should be wiped down and cleaned with an effective 

disinfectant solution (e.g. 70% alcohol) at least twice a day.  

 Any close contact with the patient should be done using appropriate PPE, as directed by the 

institutional policy and in conjunction with national and local guidelines. 

 In the early weeks following the return to elective surgery each patient should be placed in a 

single room or cubicle where check-in, registration and other administrative tasks can be 

performed. 

 Consideration should be given to having a screening ward to house patients, especially those 

who may not have been tested for SARS-CoV-2 preoperatively 

 At all cost, large surgical bays with multiple patients sharing one room should be avoided 

 Consideration should be given to the use of portable High Efficiency Particulate Air 

(HEPA) filtration systems in relatively crowded areas/rooms 
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 Presently in most parts of China, even low prevalence areas, the patients are required to 

have a green digital health code and one negative RT-PCR test prior to admission. In the 

absence of the latter the patients are quarantined for 2 weeks.    

 

Grade of Recommendation: Moderate 

Delegate vote:  Agree (97.5%), Abstain (2.5%) 

Rationale: Contact and droplet precautions are recommended during the routine care of patients.
22

 

There is controversy if patients without symptoms and a negative screening-questionnaire should 

wear masks 
23–26

.  

Social distancing must be practiced throughout the journey of the patients in the hospital.
18

 This 

means that patients should be distanced at least 2 meters (6 feet) from each other. Accordingly, 

surgical waiting rooms should not be used, or the number of people in one room should be limited. 

Patient beds should be distanced at least 2 meters (6 feet) from each other. Medical staff should 

wear masks and, preferably, gloves when interacting with patients . 
18,22,23,27

 Commonly used areas 

such as desks, computers and phones should be frequently wiped down and cleaned with an 

effective disinfectant solution (e.g. 70% alcohol). 
28

 

 

Question II.2: Should asymptomatic patients undergoing elective surgery wear protective 

masks during the SARS-CoV-2 pandemic? 

Response/Recommendation: It is the opinion of this group that all patients entering hospital to 

undergo elective surgery should wear a mask.   

 

Grade of Recommendation: Weak 

Delegate vote:  Agree (97.5%), Disagree (1.25%), Abstain (1.25%) 

Rationale: It remains controversial as to whether asymptomatic patients with a negative screening-

questionnaire should wear masks 
23–26

. The World Health Organization recommends that 

symptomatic individuals visiting a healthcare setting should wear a medical mask while waiting in 

triage or other areas and during transportation within the facility. However, they should not wear a 

medical mask when isolated in a single room, and instead cover their mouth and nose when 

coughing or sneezing with disposable paper tissues. Tissues must be disposed of appropriately, and 

hand hygiene should be performed immediately afterwards.  

The CDC recommends face coverings to limit the transmission of virus from those who may be pre-

symptomatic or asymptomatic. Everyone, including patients entering the hospital should wear a 

mask or face-covering during the pandemic, to avoid asymptomatic patients from spreading the 

virus by talking, coughing, sneezing or otherwise spreading the respiratory droplets.
26

 N95 and 

Filtering Facepiece Particles (FFP2 or FFP3) masks should be reserved for healthcare workers, 

especially as the supplies are currently limited in many countries. 
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Question II.3: Should patients undergoing elective surgery be screened for symptoms of 

COVID-19 during the pandemic? 

Response/Recommendation: Yes. All patients undergoing surgery during the pandemic should 

have their temperature and pulse oximetry measured and be screened with a series of questions that 

will stratify them into various risk groups. The questions should aim to ask the patients about 

COVID-19 symptoms (fever, shortness of breathing, cough, loss of smell and taste, diarrhea, 

headache, sore throat) as well as TOCC information (Travel to regions with high prevalence of 

COVID-19, Occupation with high risk of COVID-19 infection, Contact with people known to be 

infected with COVID-19, or Close proximity with a COVID-19 positive cases). Those with a high 

risk for being infected should have surgery deferred, and be quarantined as per local guidelines, 

unless adequate testing can be performed to rule out COVID-19. 

Grade of Recommendation: Moderate 

Delegate vote:  Agree (98.75%), Disagree (1.25%) 

Rationale:  In regions where there is a limited capacity for SARS-CoV-2 RT-PCR testing, patients 

should be selected for RT-PCR based on a comprehensive screening history and physical 

examination. The history should focus on the symptoms of COVID-19 (Table 1). Patients reporting 

a history of travel or stay in areas with a high prevalence of SARS-CoV-2 and/or contact with a 

patient who is known to have tested positive with COVID-19 should be considered for RT-PCR 

testing 
29,30

.  

Patients deemed to be infected or at high-risk of COVID-19 infection should have elective surgery 

deferred and receive RT-PCR testing as per local guidelines. Those with confirmed infection should 

be quarantined for at least 7 days and for 72 hours after resolution of symptoms 
5
. Those with a 

high-risk of exposure without symptoms should quarantine for 14 days. The duration of domestic 

quarantine comprises the maximum time interval from potential initial virus infection to clinical 

symptom occurrence (Incubation Period [ICP],14 days). Therefore, it is helpful to identify the 

index-patient with verified COVID-19 infection and the point of time of potential contagion 
31–33

. 

 

Question II.4: Should patients undergoing elective surgery be tested for SARS-CoV-2? If so, 

should the testing be done on all patients or a select group? 

Response/Recommendation: RT-PCR testing for SARS-CoV-2 is becoming more accessible. 

Testing of patients should be mandatory in high prevalence areas, given the risk of disease 

transmission by asymptomatic patients. Routine testing is not feasible in all locations due to 

limitations in testing capacity and therefore local guidelines should be followed in these areas. 

Grade of Recommendation: Strong 

Delegate vote:  Agree (96.25%), Disagree (1.25%), Abstain (2.5%) 

Rationale:  As described above, patients with a history of travel or stay in areas with a high 

prevalence of SARS-CoV-2 or direct contact with people who have tested positive for COVID-19 

should be tested [10]. Furthermore, there are other clinical characteristics that can indicate a 

potential COVID-19 infection 
34–37

(Table 1). A symptom which has been increasingly discussed is 
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the loss of the smell and taste 
38

, particularly in the absence of nasal congestion and rhinorrhea 
39

. 

The main clinical findings in the scenario of a screening environment are likely to be the presence 

of a fever, cough, shortness of breath, cough and anorexia. Concurrent infection with other 

respiratory, mainly viral, pathogens has been reported in up to 21% of patients with SARS-Cov-2 

infection, and a high degree for suspicion for co-infection should exist 
40

. 

 

Symptom Frequency (%) 

Fever 83 – 99% 

Cough 59 – 82% 

Fatigue 44 – 70% 

Anorexia 40 – 84% 

Shortness of breath 31 – 40% 

Sputum production 28 – 33% 

Loss of taste and smell 18.6 – 33.9% 

Sore throat 5 – 17.4% 

Diarrhea 2 – 12.5%  

Nasal congestion 4 – 4.8%  

Table 1: Frequency of clinical symptoms in COVID-19 infection.   

 

Question II.5: For patients being considered for molecular testing of SARS-CoV-2, what type 

of test should be used?  

Response/Recommendation: We recommend a RT-PCR test for SARS-CoV-2 that is known to 

have high sensitivity and negative predictive value. Currently, a nasopharyngeal swab appears to 

have a reasonable yield, although RT-PCR of a combination of saliva, sputum and even the use of 

oropharyngeal swab are also effective. These may replace the more painful and invasive 

nasopharyngeal tests in the future. Next generation sequencing (NGS), CRISPR/Cas, and other 

molecular technique can be used as an adjunct, when available. Emerging data suggests specimens 

should be transported in media (Virus Transport Medium, Universal Transport Medium, or saline) 

approved for use with each respective testing platform. 

Grade of Recommendation: Strong 

Delegate vote:  Agree (100%) 

Rationale: Nasopharyngeal swabs have shown good detection of SARS-CoV-2 
5,40,41,42 [40]5

. As 

false negative results may occur, repeat testing in high-risk patients should be considered. However, 

nasopharyngeal tests are uncomfortable for some patients and may be replaced by a combination of 

saliva, oropharyngeal and/or sputum tests 
5
. Although a few point of care (POC), rapid turnaround 
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tests are available, their sensitivity is currently limited and most institutions do not have access to 

the POC test. Patients should consider self-isolating themselves during the preoperative period and 

after the RT-PCR test is done.  

 

Question II.6: Should antibody testing for SARS-CoV-2 be performed? If so, in whom should 

this test be carried out?  

Response/Recommendation: At this time, there is no data to support routine antibody testing of 

patients undergoing elective surgery. There are a number of serum antibody tests available which 

include point of care (POC) lateral flow tests. The accuracy of these kits in detecting the relevant 

antibody against SARS-CoV-2 is variable. There is also genetic variability in SARS-CoV-2 strains 

being isolated in different parts of the world which may limit the accuracy of current antibody tests. 

The degree of immunity conferred with detectable antibodies and the significance of antibody 

quantification are unknown at this time.  

Grade of Recommendation: Strong 

Delegate vote:  Agree (96.25%), Disagree (1.25%), Abstain (2.5%) 

Rationale: There is currently no evidence supporting routine serum antibody (IgG) testing for all 

patients. When/if a vaccine becomes available, antibody testing will be crucial to differentiate the 

at-risk populations. At the time of writing this, among 115 vaccine candidates, only 5 have moved 

into clinical development phase
44

. The global vaccine R&D effort in response to the COVID-19 

pandemic is unprecedented in terms of scale and speed. Still, it does not appear that a vaccine will 

be available against COVID-19 before first part of 2021 at the earliest.
44

 Antibody testing of the 

general population will be critical in monitoring the status of the pandemic locally and globally, and 

determining when it is over. Thus, there is epidemiologic value in testing elective surgery patients 

for antibodies against COVID-19. If antibody testing with high specificity becomes available, all 

patients undergoing elective surgery should undergo such tests, in addition to RT-PCR testing for 

the virus. 

 

Question II.7: What additional tests other than molecular and serology tests are available to 

detect SARS-CoV-2 and when should they be done? 

Response/Recommendation: For patients with symptoms suggestive of COVID-19, but a negative 

SARS-CoV-2 RT-PCR test, repeat testing should be considered. If still negative, and without any 

alternative explanation for the patient’ symptoms, a chest radiograph and a low-dose CT chest 

should be performed to determine if COVID-19 specific lung abnormalities are present. Elective 

surgery should be deferred in this patient population. 

Grade of Recommendation: Strong 

Delegate vote:  Agree (95%), Disagree (3.75%), Abstain (1.25%) 

Rationale: Every patient with symptoms suggestive of COVID-19 should receive a chest 

radiograph. In addition, a low-dose chest CT has shown good diagnostic performance in detecting 

COVID-19 
45

.  Specific lung imaging findings include multifocal, bilateral, peripheral, ground-glass 
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opacities with nodular configurations and a slight predominance in the lower lungs 
46,47

. However, 

the utility of performing a chest CT for preoperative screening is largely debated. It is known that 

COVID-19 specific lung abnormalities can be found on CT imaging in a relatively large proportion 

of symptomatic patients tested negative with RT-PCR 
48–51

. For example, Tao et al. evaluated 1,014 

patients in whom 147 out of 308 patients (48%) with a negative throat swab test showed lung 

abnormalities on CT that were highly suspicious of COVID-19 
49

. However, at the time of writing, 

it is unknown how many asymptomatic patients have COVID-19 specific lung abnormalities on CT. 

For this reason, we argue that for asymptomatic patients with a high risk of having COVID-19 (i.e. 

having an epidemiological link and/or living in a high endemic area), a nasopharyngeal swab for 

SARS-CoV-2 RT-PCR should be strongly considered, but that no additional imaging is needed in 

this patient group. However, in patients with symptoms suggestive of COVID-19 but with a 

(repeated) negative nasopharyngeal swab, a chest x-ray and possibly a low-dose CT chest should be 

performed to search for COVID-19 specific lung abnormalities.  

 

III. Intra-operative 

 

Question III.1: What considerations should be given to the operating room ventilation systems 

while SARS-CoV-2 is still highly prevalent and elective cases are resumed? 

Response/Recommendation:  The operating room ventilation system should reduce the presence 

of airborne pathogens to a minimum. We recommend to: 

i. Have a ventilation system in the operating room with a minimum of 20 air 

changes per hour. 

ii. Reduce the number of equipment in the operating room and limit it to those 

essential for the surgical procedure 

iii. Install filters that are able to remove aerosol and droplets such as HEPA 

filters  

iv. Have normal positive pressure rooms for elective cases. There is no need to 

convert to negative pressure rooms, but modalities to decrease efflux of 

contaminated air into the hallways, such as in-room air filters and negative 

pressure antechambers, can be considered 

v. Minimize the number of people in the operating room at all times, 

particularly during intubation or extubation of a patient 

 

Grade of Recommendation: Strong 

Delegate vote:  Agree (98.75%), Abstain (1.25%) 

Rationale: There are several steps during surgery that are thought to produce aerosols including 

electrocautery, saws, drills, reamers and impaction of broaches and other components.  It is not 

known if SARS-COV-2 virus particles are present in blood, bone and fat in significant numbers in 

infected patients. One study demonstrated that in up to 1% of patients, SARS-CoV-2 could be 

detected in the blood 
52

. However, it is safe to assume that there must be some risk of orthopedic 
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procedures producing aerosols that can contain virus particle.
52,53

  Intubation and extubation are 

aerosol generating procedures as virus is known to be present in the nasopharynx of infected 

patients.
27

   

Ventilation systems may vary between operating rooms in a single hospital and even more broadly 

between operating rooms in hospitals within different countries. However, almost all operating 

rooms are fitted with HEPA (high efficiency particulate air) filters which remove viral particles in 

aerosol form. Typical standards require the ventilation system to produce a minimum of 20 air 

exchanges per hour.  At this rate, 99.9% of viral particles will be removed in 21 minutes (7 

cycles)
54–57

.  The ventilation systems in operating rooms are generally set to maintain positive room 

pressure to minimize the ingress of contaminated air into the operating room from corridors and 

other adjacent spaces. Airborne infection isolation rooms (AIIR) are generally negative pressure to 

prevent the egress of contaminated air from the isolation room to surrounding spaces.  The 

engineering modifications required to convert a positive pressure operating room environment into 

a negative pressure (isolation) environment may be complex, time consuming and expensive.
 58 

Consideration should be given to the use of portable HEPA filter systems that can remove viral 

particles from the operating room air without converting to a negative pressure environment.  

In facilities implementing vertical laminar flow; aerosols produced at the surgical site will 

theoretically flow down to the floor level and exit through vents without circulating widely in the 

operating room. This in turn minimizes the exposure of individuals and equipment in the room to 

aerosolized particles. Of note however, laminar flow may be distorted by additional equipment and 

personnel in the room. Minimizing the operating room traffic and streamlining equipment will 

facilitate the intended laminar airflow and mitigate the risk to personnel and essential equipment.
 

The strict incorporation of the above-mentioned recommendations highly depends upon the 

prevalence of COVID-19 in the affected area and the ability to fully implement the recommended 

diagnostic tests to properly rule out COVID-19 prior to elective surgery. 

 

Question III.2: Should standard surgical helmets and protection suits be utilized when 

performing elective surgery during the SARS-CoV-2 pandemic?  

Response/Recommendation: We recommend that surgical helmets should not be used as the 

primary protection against aerosol and airborne diseases, including COVID-19. Fans within the 

helmets and the helmets themselves can harbor viruses and these devices cannot be sterilized 

between cases, increasing the potential spread of infection from patients to surgeons, or surgeons to 

the next patient. If, however, surgical helmet use is mandated by the hospital standard protocols for 

total joint arthroplasty, this should be continued with appropriate disinfection protocols in place and 

an N-95 (or equivalent) mask should also be worn when using the helmet. 

Grade of Recommendation: Strong 

Delegate vote:  Agree (92.5%), Disagree (2.5%), Abstain (5.0%) 

Rationale: Surgical helmets are designed to protect surgeons from being contaminated by patients’ 

bodily fluids and particulate that may become airborne during surgery. They are not designed to be 

air filtration devices capable of removing small aerosolised particles. Previous studies regarding the 
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air filtration abilities of standard surgical helmets during the SARS-CoV-1 pandemic in 2003 found 

that N100 masks were 20-25 times better at filtering out submicron air particles than surgical hoods 
1
.  In fact, these helmets may actually concentrate the virus within the front of the helmet, increasing 

the viral exposure to the oropharynx and ocular mucosal membranes- further increasing the risk of 

disease transmission during the COVID-19 pandemic. In addition, there are no standardized 

protocols in place for the sterilization of surgical helmets between cases which can allow SARS-

CoV-2 to remain on the helmet during, between and after cases. Thus, the use of helmets, at least 

during the early period of resuming elective orthopaedic procedures, should be questioned. 

Especially given the lack of convincing data to support the use of surgical hoods in order to 

decrease the risk of periprosthetic joint infection 
59

.  

Powered air-purifying respirators (PAPR) filter air through a HEPA filter and create a high-flow, 

positive-pressure environment within a mask in order to decrease the risk of disease transmission. 

While some modifications to the standard surgical helmet have been made in an effort to turn them 

into a PAPR device 
60

, these modifications are still under evaluation for effectiveness and safety. 

The build-up of carbon dioxide inside the helmet is a real concern when using these modified 

helmets. 

 

Question III.3: What type of protective equipment should the surgeons, and assistants, utilize 

during elective surgery performed at the time of SARS-CoV-2 pandemic?  

Response/Recommendation: In areas of high prevalence of COVID-19, and during surgery on 

patients who have not been RT-PCR-tested for SARS-CoV-2, we recommend that surgeons and the 

entire surgical team that scrub during the case wear a mask (preferably N95, FFP2 or P3) and a face 

shield with a neck cover that wraps around the face and has an extension that can be placed inside 

the gown. In the absence of a face shield, protective eye wear that provides a seal around the eyes 

(i.e. goggles) should be worn. In patients who have been tested for SARS-CoV-2 by RT-PCR 

within 3 days of surgery and quarantined for 14 days prior to elective surgery, regular protective 

equipment (surgical mask, etc.) may be worn. These measures should be implemented until the 

pandemic ends. Global variation in access to the aforementioned PPE is currently reported and will 

influence the implementation of some of these guidelines. 

Grade of Recommendation: Strong 

Delegate vote:  Agree (98.75%), Disagree (1.25%) 

Rationale:  Considering that the SARS-CoV-2 appears to be mainly transmitted via respiratory 

droplets 
27

, it is reasoned that N95, FFP2 or FFP3 masks provide improved protection against 

transmission of aerosol droplet nuclei 
61

. Regular surgical masks are effective against the 

transmission of droplets. As it is possible that a patient may need to be intubated during surgery, 

patients and staff may be unable to properly protect themselves or others during coughs and other 

situations in which aerosolization of particles may occur. Thus, wearing a N95 (FFP2 or P3) mask 

during these procedures appears to provide the best protection against transmission of any potential 

disease 
62

.  

While it appears possible that the cleaning and disinfection of N95(FFP2 or P3)  masks could be 

performed by using ionized hydrogen peroxide or ultraviolet light 
63

, this practice has not been 
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studied enough to be widely recommended. Furthermore, there are many unknowns of how many 

times a N95(FFP2 or P3) mask can be disinfected or if wearing a previously cleansed N95(FFP2 or 

P3)  mask may pose new risks to the healthcare provider (i.e. the inhalation of hydrogen peroxide, 

etc.) 
63

.  

Face shields can be used in order to decrease the potential contamination of the surgeon and staff 

from patient’s bodily fluids and particulate during the procedure 
61

. The neck wrap tucked into the 

surgical gown provides further protection in this regard. It is also important for staff to remember 

that hand washing should be performed both before and after the donning or doffing of PPE 
61

. 

However, it is imperative that staff members understand that hand hygiene alone, regardless of the 

use of PPE, is also effective in limiting transmission of SARS-CoV-2 
27

.  

 

Question III.4: Does the type of anesthesia influence the potential spread of COVID 19?  

Response/Recommendation: Yes. General anesthesia that requires airway manipulation, 

endotracheal intubation, and positive ventilation is more likely to predispose the anesthesia and 

surgical team to transmission of SARS-CoV-2. The use of regional anesthesia, whenever  possible, 

should be strongly considered for patients undergoing elective surgery during the pandemic. 

    

Grade of Recommendation: Moderate 

Delegate vote:  Agree (97.5%), Disagree (1.25%), Abstain (1.25%) 

Rationale:  Performing surgical procedures during a global pandemic carries immense risks for 

disease transmission. Thus, reducing the risk of aerosolization and spread of infectious viral 

particles through the air to others should be a priority. The risk of aerosolization increases with the 

manipulation of the airway to perform direct or indirect laryngoscopy during endotracheal 

intubation 
64,65

. However, the risk of viral transmission is not eliminated with regional anesthesia. 

Aerosolization of viral particles can occur when simply providing supplemental oxygen with a nasal 

cannula with a high-flow rate of oxygen increasing the risk for dispersion and viral spread 
66

. It is 

important to take appropriate precautions and assume that viral aerosolization will occur with 

regional anesthesia. Anesthesia team in charge of patient’s airway should use proper PPE 

throughout the procedure. At a minimum, a surgical mask should be fitted to cover the patient’s 

face throughout the procedure and, if possible, an enclosed oxygen mask with a proper seal used to 

deliver oxygen, especially if high-flow rates are required. A HEPA filter may be necessary, 

especially for patients at high risk. If general anesthesia is required for the procedure, certain 

techniques can help reduce the risk for exposure to healthcare workers. Patients should be 

adequately pre-oxygenated to avoid multiple attempts at endotracheal intubation, and rapid 

sequence intubation is appropriate for all patients. Anesthesia team should use appropriate PPE 

during aerosol generating procedures. This includes both intubation and extubation, as well as 

airway suction. A good seal is required for an endotracheal tube to avoid additional exposure to 

aerosols. A laryngeal mask airway may be appropriate, in particular after a failed attempt at 

endotracheal intubation and to avoid multiple attempts, but a good seal is absolutely necessary to 

avoid exposure. Again, a HEPA filter should be used, especially with high risk patients even with a 
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previous negative test. During intubation and extubation the number of personnel in the room 

should be minimized as much as possible. 

 

 

Question III.5: What precautions should be taken by the operative staff during elective 

surgery performed at the time of the SARS-CoV-2 pandemic ?  

Response/Recommendation: A number of precautions should be taken by the operative staff that 

includes:   

a. Limiting the number of people in the operating room 

b. Reducing door opening in the operating room 

c. Cautious use of the electrocautery and judicious use of suction to remove smoke 

d. Keeping the power setting to as low as possible, when high power tools are being used or 

consider using Gigli saw, sharp osteotomes, and manual reaming, whenever possible 

e. Keeping equipment in the room to a minimum. This includes navigation consoles, X-ray 

machines and robots, which all represent surfaces for contamination by the virus. 

 

Grade of Recommendation: Strong 

Delegate vote:  Agree (97.5%), Disagree (1.25%), Abstain (1.25%) 

Rationale: During any surgical procedures, and particularly those performed during a pandemic, 

there should be a strict adherence to universal precautions at all times 
20

. There is strong evidence 

showing that decreasing the number of people within the operating room can decrease the risk of 

contamination of surgical wounds and reduce the risk of infection in patients undergoing total joint 

arthroplasty 
67

. There is also ample evidence to show that increased flow of particulate matter and 

disruption of the ventilation system in the operating room does occur by door opening and entry of 

people to the operative theater 
67,68

. As such, staff members should limit the operating room traffic 

to essential personnel 
61

. SARS-CoV-2 is mainly transmitted via aerosolized droplets, therefore 

decreasing the air turbulence and the number of air particles should help decrease disease 

transmission. Reducing the number of door openings during an operative case also helps the 

efficiency of air management systems within the operating room and decreases the spread of 

particles from within the operating room to the outside environment. Likewise, decreasing the 

number of people in each operating room will help implement the social distancing concept within 

the operating room as much as possible 
18

 while also decreasing the demand for PPE 
27

.  

The electrocautery device has been previously shown to create a number of aerosolized particulates 

which can be inhaled 
57

. While it is unknown if the SARS-CoV-2 particles are able to survive 

electrocautery, minimizing the amount of smoke that enters the operating room will help decrease 

the potential transmission of disease. Furthermore, these suction devices should be attached to a 

HEPA filter, whenever possible 
69

. Similarly, it is possible for any power tools used during the 

surgical case to generate aerosolized particles. While it is unknown if SARS-CoV-2 can be spread 

through bodily fluids, soft tissue or bone particulate, putting the power settings as low as possible to 

accomplish the task will decrease the formation of any aerosolized particles. 
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As SARS-CoV-2 has been shown to survive on inanimate surfaces for a relatively long time 
70

, all 

non-essential equipment should be kept outside of the operating room, whenever possible. It is also 

paramount that gowns, and other material are not unnecessarily stored in the locker rooms and other 

areas that could potentially be contaminated and come into contact with individuals. 

 

 

Question III.6: Should additional cleaning or sterilization of instruments be performed for 

elective surgical procedures during the SARS-CoV-2 pandemic?  

Response/Recommendation: The standard recommendations for cleaning and sterilizing of 

instruments are still adequate and need to be followed vigilantly. We refer to the standards posited 

by the Association for the Advancement of Medical Instrumentation (AAMI) and the Association of 

periOperative Registered Nurses (AORN). 

Grade of Recommendation: Moderate 

Delegate vote:  Agree (98.75%), Abstain (1.25%) 

Rationale: During any outbreak, and especially the current COVID-19 pandemic, it is critical to 

treat reusable medical devices as potential sources of pathogen transmission. At the time of writing, 

there were no studies that suggested using different cleaning, washing and sterilization techniques 

for surgical instruments. In addition to standard infection prevention measures, the CDC notes that 

task-specific training is essential during an outbreak, including implementing refresher training to 

reinforce procedures and manufacturers’ instructions for use.
71

 Equipment decontamination should 

be ensured after each use. Reusable surgical instruments require steam sterilization. Heat resistant 

or sensitive items may be sterilized with ethylene oxide gas, hydrogen peroxide gas plasma, ozone 

or liquid chemical sterilant.
72

  

When evaluating the existing literature of the closely related SARS-CoV-1 (SARS), of which there 

was an outbreak in 2003, there was one study that reported detecting SARS-CoV-1 systemically in 

tissues from patients who died of SARS. SARS-CoV-1 was found in lung, trachea/bronchus, 

stomach, small intestine, distal convoluted renal tubule, sweat gland, parathyroid, pituitary, 

pancreas, adrenal gland, liver and cerebrum, but was not detected in oesophagus, spleen, lymph 

node, bone marrow, heart, aorta, cerebellum, thyroid, testis, ovary, uterus or muscle.
53

 Another 

study evaluating the detection of SARS-CoV-2 in different types of clinical specimens has shown 

that a small percentage of blood samples had positive RT-PCR for SARS-COV-2, suggesting that 

infection sometimes may be systemic.
52

 Nevertheless, SARS-CoV-1, SARS-CoV-2, Middle East 

respiratory syndrome (MERS) coronavirus and endemic human coronaviruses (HCoV) can persist 

on inanimate surfaces, such as metal, glass or plastic, for up to 9  days
70,73,74

. However, these  can  

be  efficiently  inactivated  by  surface  disinfection  procedures  with  dilute povidine-iodine, 62–

71% ethanol,  0.5%  hydrogen  peroxide or  0.1%  sodium  hypochlorite  within 1 min.
75

 

Other biocidal agents often used include 0.05–0.2% benzalkonium chloride (Clinell
TM

) or 0.02% 

chlorhexidine digluconate. Since information about COVID-19 is incomplete, additional use of 

high-level disinfectants is recommended.  High-level disinfectants  include ethanol 80-95% 

(exposure time 30 sec), 2-propanol 75-100% (exposure time 30 sec), 2-propanol and 1-propanol 
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45%  and  30%  (exposure  time  30 sec),  sodium  hypochlorite  0.21%  (Antisapril  Blu  2%,  

exposure  time 30 sec),  glutaraldehyde  2.5%  (exposure  time  5 min)  and  0.5%  (CIDEX  OPA,  

exposure  time  2 min), hydrogen  peroxide  0.5%  (REVITAL-OX  RESERT,  exposure  time  

1 min). Protective  eyewear  and  gloves should be used when cleaning, disinfecting or sterilizing 

any equipment. 
75

 Standard guidelines for cleaning and sterilization are developed by different 

organizations. The Association for the Advancement of Medical Instrumentation (AAMI) has 

supplied information about this process on their website. Summarized, they recommend
76,77

: 

 Ideally, soiled items (especially surgical instrumentation) should be transported immediately 

to the decontamination area for processing to prevent blood, body fluids, and other 

contaminants from drying on the surfaces. Pick-up schedules should be designed to facilitate 

transport as soon as possible after use and to avoid high-traffic areas 

 Gross soiling should be removed at the point of use with a disposable gauze pad or a cloth 

moistened with water. Saline should not be used for this purpose because it can be corrosive 

to surgical instruments. 

 Instrumentation should be placed into containers, instrument pans, or other transportation 

pans so as to prevent damage to the instrumentation. In addition, all instrumentation should 

be placed in its original container or basket and should be protected from damage.  To 

prevent sharps injuries, separate all reusable sharp instruments from non-sharps inside the 

container or basket.   

 Soaking contaminated items in an enzyme solution at the point of use is discouraged 

because the solution must be discarded before transport. As each item is introduced into the 

solution, the contamination level increases, as does the potential for cross-contamination of 

staff and the environment.  

There is also concern about formation of biofilm, so cleaning should occur as soon as possible after 

use.  Some manufacturers are now specifying a time frame from use of the instruments to 

implementation of cleaning.  One way to prevent formation of biofilm is to prevent organic soils 

from drying.  Once biofilm forms, direct friction and/or oxidizing chemicals are needed to remove 

it. Prompt cleaning reduces or eliminates the population of biofilm-forming microorganisms and 

thus prevents the formation of biofilm. 

 

Question III.7: How should each operating room be cleaned in between cases during the 

SARS-CoV-2 pandemic?  

Response/Recommendation: Consideration should be given to performing a thorough cleaning of 

the room at the end of each case. The surfaces of all equipment in the operating room (including 

computers, lead gowns, robots, case carts and so on) should be wiped down after each case. 

Manufacturer’s instructions on the surface contact time requirements of the disinfectant, which can 

range from 4 to >10 min, must be followed. Random testing of surfaces may need to be carried out 

to ensure that contamination with SARS-CoV-2 has not occurred. At the end of the day ultraviolet 

(UV) lights should be left on in the operating room or UV machines should be used for further 

sanitization when available and feasible. It is also determined that 21 minutes of air cycle, in 

operating rooms fitted with efficient ventilation system, can remove aerosolized viral particles and 

may be used in lieu of terminal cleaning 
54–57,78

.  
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Grade of Recommendation: Strong 

Delegate vote:  Agree (93.75%), Abstain (6.25%) 

Rationale: It seems that SARS-CoV-2 is capable of surviving on the surfaces of metal and plastic 

for up to a few days 
70,79,80

. While the current recommendation should reduce the risk of viral load 

on surfaces, especially in the operating room, the current SARS-CoV-2 pandemic can act as a 

triggering event to implement further protocols for the cleaning and sanitation of operating room 

surfaces. One agent that has been demonstrated to be viricidal, including activity against 

coronaviruses, is dilute povidone iodine 
81–83

. Dilute povidone iodine was tested against SARS, 

MERS and Ebola and found to have absolute efficacy. Other agents with potential activity against 

viruses, as well as bacterial and fungal pathogens, includes hypochlorite and high-concentration 

alcohol (>70%). Thus, it is crucial that all reusable material in the OR, including lead aprons, 

tourniquets and so on, be sanitized and decontaminated routinely. The current sterilization systems 

in the hospitals for instruments and trays are effective in eliminating viruses and may not need to be 

altered.  

 

Question III.8: How should the surgeon and the surgical team clean themselves following the 

conclusion of each procedure during the SARS-CoV-2 pandemic?  

Response/Recommendation: The surgeon and the surgical team should change scrubs frequently 

during a surgical day. If respirators (N95, FFP2, P3) are being worn, they can be used for 6-8 hours 

and need not be discarded after each use, unless soiled. A new respirator is required each day.  

 

Grade of Recommendation: Strong 

Delegate vote:  Agree (96.25%), Disagree (1.25%), Abstain (2.5%) 

Rationale: There is limited evidence to support specific protocols 
63

. However, in terms of 

reasonable asepsis, we suggest that each member of the operating room staff consider changing 

scrubs, head gear and other PPE frequently, and possibly after each case. This applies to surgeons, 

scrub technicians, nurses, assistants, residents, anesthesiologist, and tech representatives. 

 

Question III.9: Are there any considerations to give towards, or concerns regarding, surgeons 

utilizing multiple operating rooms during the operative day?  

Response/Recommendation: Because of the implementation of extra steps aimed at reducing the 

transmission of COVID-19, and an expected decline in operating room efficiency, the use of 

multiple operating rooms is preferred, whenever possible. However, the surgeon and surgical team 

should follow strictly the personal cleansing procedures between cases.  

Grade of Recommendation: Strong 

Delegate vote:  Agree (97.5%), Abstain (2.5%) 
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Rationale: The optimal strategy is to do a case and then have the room thoroughly cleaned before 

the next case starts. This process can be time consuming and depends on the number of people 

carrying out this task and whether UV-C light is utilized between cases. Thus, having access to 

multiple rooms allows for proper cleaning of the room between the cases without disrupting the 

flow of the procedures in a given day. 
27

  

 

Question III.10: Should wound closure be altered in patients undergoing elective surgery?  

Response/Recommendation: The use of suture material (such as staples and non-absorbable 

sutures) that requires the patient to return to the office, or a visit by a nurse, for suture removal 

should be minimized. The wound should also be covered in an occlusive dressing.  

Grade of Recommendation: Strong 

Delegate vote:  Agree (96.25%), Disagree (1.25%), Abstain (2.5%) 

Rationale: The use of an occlusive dressing (that requires minimal maintenance) and absorbable 

sutures would eliminate the need for the patient to visit the office or for a nurse to visit the patient in 

the house to perform wound management tasks. While offices are likely to be designed to minimize 

personal contact and implement the rule associated with social distancing, using surgical techniques 

that decrease the need for patients to enter the community appears likely to decrease the possible 

transmission of SARS-CoV-2 
19,20

.  

 

IV. Post-operative 

 

Question IV.1: What steps should be taken if a patient who underwent elective surgery tests 

positive for SARS-CoV-2 in the postoperative period?  

 

Response/Recommendation: If a patient is positive for SARS-CoV-2 by RT-PCR test after a 

surgical procedure, all healthcare workers who came into contact with the patient without using 

PPE, and are not known to have antibody against SARS-CoV-2, should be tested and quarantined 

until test results become available. Decisions regarding the need to quarantine staff should be made 

in tandem with the hospital infection control team and employee health department. The patient 

should also be isolated and any contact with the patient should occur using full PPE.  

Grade of Recommendation: Strong 

Delegate vote:  Agree (96.25%), Disagree (2.5%), Abstain (1.25%) 

Rationale: The development of a policy to manage identified COVID-19 positive patients and 

healthcare workers is required to resume elective surgeries during the COVID-19 pandemic 
2–4

. The 

most common source of exposure for infected medical staff with SARS-CoV-2, including surgeons, 

were the general wards rather than emergency departments
26,84,85

. Further disease transmission to 

family members can also occur 
26

. However, following strict perioperative measures, especially for 

suspected cases, both patients and healthcare workers can be protected 
13

. Inappropriate screening 
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of patients undergoing elective surgery during the COVID-19 pandemic could deplete the resources 

necessary to correctly identify SARS-CoV-2 positive cases in high-risk patients. Postoperative 

detection of SARS-CoV-2 infection can result from missed identification of a preoperative exposure 

or by disease transmission during, or after, hospitalization. Healthcare workers can be 

asymptomatic carriers and spread SARS-CoV-2 to patients, as some cases have been infected from 

asymptomatic contacts or during the incubation period  
86–88

. The mean incubation time of SARS-

CoV-2 varies widely between 2 and 14 days 
23

. Regardless of the timing of the results, all 

healthcare workers who had contact with the COVID-19 positive patient need to be tested and 

quarantined at home until the negative result is available. Additional steps may also need to be 

taken that includes: 

a. Public health authorities should be notified of positive testing 

b. Patient, and those who came into contact with the patient, should be closely monitored for 

signs of respiratory illness 

c. Adequate oxygen therapy and nutritional support should be administered to the patient 

during recovery 

d. If the patient is still admitted, clinical and laboratory tests (including CRP, LDH, and D-

dimer) should be performed to monitor the patient 

e. Patients may be allowed to go home and self-isolate 

f. The use of stronger anticoagulants should be considered 

 

Question IV.2: What changes should be implemented in the recovery room and in the 

postoperative care of patients?  

Response/Recommendation: In the post-anesthesia care unit (PACU): 

a. Patients should be separated from each other by a minimum distance of 2 meters (6-feet) 

b. Personnel taking care of the patient should be wearing an appropriate mask at all times 

c. Patient stay in the recovery area should be minimized while maintaining perioperative safety 

d. Over-crowding and non-essential personnel traffic should be avoided 

e. Patients who could not be extubated in the operating room, should be transferred to ICU 

directly, bypassing the PACU 

f. Surfaces around the bed of each patient in the PACU should be wiped down after transfer of 

the patient and prior to arrival of the next patient  

g. Consideration should be given to recovering patients in the operating room and bypassing 

PACU, if possible 

h. Consideration should be given to the use of a separate PACU or recovery space for non- 

COVID cases and short-stay cases, to avoid admission to hospital floors where exposure to 

SARS-CoV-2 may be higher. 

Grade of Recommendation: Moderate 

Delegate vote:  Agree (100%) 

Rationale: Post-anesthesia care units (PACUs) are a standard and integral part of daily anesthesia 

care in most developed countries. Their main purpose is to safely recover patients from surgical and 

interventional procedures. Through structured and tight clinical observation combined with 
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continuous patient monitoring, patient discomfort and complications can be identified and treated 

early, thereby reducing adverse outcomes and increasing efficacy.
89

 Several practice guidelines for 

post-anesthesia care are available and have been recently updated, such as those from the European 

Board of Anesthesiology and the American Society of Anesthesiologists. 
90,91

  

Currently, there is no evidence available that the PACU should be redesigned or altered in order to 

facilitate safety. A PACU should be designed to limit the flow of patients/staff to only those 

necessary and to create a safe and quite environment for the patients to wake up. Besides the 

inherent design specifics, the standard measurements regarding hand hygiene and patient safety 

remain in place.  

During a pandemic it is recommended not to have patients go into a large, pooled, phase-1 PACU, 

because of the risk of contaminating the facility and the staff members. Instead of bringing patients 

to a the PACU, they could be recovered in the operating room. This is a routine practice in certain 

countries.
92

 When the time of patient recovery was compared between a hospital where anesthesia 

recovery occurred in the operating room versus a center where phase-1 PACU was utilized with 

dedicated nursing staff, the longest recovery time in the OR was shorter than the shortest recovery 

time in PACU. 
27,92

 

We also advocate an increased frequency and quality of cleaning of the PACU. This approach will 

reduce the overall potential contamination of the work area. Spraying all surfaces and the 

workspaces, including but not limited to keyboards and mice, with an antiseptic agent is believed to 

be effective in minimizing disease transfer. 
27

 

There is ample evidence showing that UV-C is also effective against viruses.
27,93,94

 Treatment with 

UV-C is, however, logistically difficult. It requires UV-C light to be applied over a period of time 

(some minutes), requires wearing eye-protection glasses for those in the vicinity and so on. Thus, 

UV-C should be reserved for the high-risk anesthesia work area and should also include the 

circulating nurse desk area that is likely to be contaminated and often excluded from cleaning 

procedures. The removal of residual environmental contamination involves a combination of deep 

cleaning with surface disinfectants and UV-C. This combination is necessary as UV-C alone may 

be limited by shadowing. If UV-C is not available or feasible, use the above mentioned cleaning 

process for at  risk environments (enhanced terminal cleaning).
27

  

 

 

 

Question IV.3: Should patients wear a mask in the postoperative period during the SARS-

CoV-2 pandemic? If so, what type?  

Response/Recommendation: All patients should wear a surgical mask post-operatively. This will 

decrease the spread of droplets during coughing, sneezing and talking while patients are mildly 

incapacitated and may not be able to control these functions as they would without anesthesia.  

 

Grade of Recommendation: Moderate 
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Delegate vote:  Agree (97.5%), Disagree (1.25%), Abstain (1.25%) 

Rationale: If there is a sufficient supply of standard surgical masks, despite the absence of 

evidence, all patients should wear a mask during the pandemic, to avoid asymptomatic patients 

from spreading the virus.
26

 N95, FFP2 or FFP3 masks should be reserved for health care workers 

who are working with COVID-19 infected patients, especially as the supplies are currently limited 

in many countries. 

 

Question IV.4: Should routinely performed postoperative radiographs be taken in the post-

anesthesia care unit (PACU) or somewhere else?  

Response/Recommendation: It is preferable that postoperative radiographs are taken in the 

operating room or not at all. If radiographs need to be taken in the PACU, the x-ray plate and other 

equipment coming into contact with the patient should be thoroughly cleaned after use.  

Grade of Recommendation: Weak 

Delegate vote:  Agree (93.75%), Disagree (2.5%), Abstain (3.75%) 

Rationale: Radiographs taken in the PACU require additional equipment and personnel. Each 

additional person increases the risk of transmission of SARS-CoV-2. Each additional piece of 

equipment provides another surface that may harbor and transmit virus particles. With X-ray 

machines this would include keyboards, handles and buttons. If they are to be used, all components 

related to the radiograph should be thoroughly cleaned after use. In addition, the radiology 

technicians should be cognizant of social distancing principals and implement these during the 

procedures. 

 

 

 

Question IV.5: Should the antibiotic or venous thromboembolism (VTE) prophylaxis be 

altered in patients undergoing elective surgery during the SARS-CoV-2 pandemic? 

Response/Recommendation: No. The available data on thrombotic risk in COVID-19 patients is 

limited, although an increased risk of thromboembolic disease has been reported. VTE prophylaxis 

needs to be administered to patients with COVID-19, unless there is a contraindication (bleeding 

risk and so on). The type of VTE prophylaxis for patients undergoing elective surgery needs to be 

determined by the treating surgeon and does not need to differ from the protocols used prior to the 

pandemic. Bacterial coinfection in patients with COVID-19 is low and there is no need to alter the 

antibiotic prophylaxis. 

Grade of Recommendation: Strong 

Delegate vote:  Agree (98.75%), Abstain (1.25%) 

Rationale: Advanced SARS-CoV-2 infection has been associated with an increased risk of 

disseminated intravascular coagulation and hypercoagulable states 
95

. Case series from China, The 
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Netherlands and France suggest a potential increased risk of thrombotic event 
96–98

. Bacterial 

coinfection in patients with COVID-19 is low.  

 

Question IV.6: Should any changes be made in post-operative care protocols for patients 

undergoing elective surgery during the SARS-Cov-2 pandemic? 

Response/Recommendation: This workgroup recommends that the following changes be made in 

the postoperative care of patients during the pandemic: 

a. The length of hospital stay for patients should be minimized 

b. Postoperative rounds by the surgeon may be done by using telemedicine, whenever possible 

c. Patients should be discharged home and transfer to inpatient rehabilitation minimized 

d. The patient should be instructed how to perform self-directed physical therapy at home 

e. Post-discharge visits to office should be minimized with the majority of the follow-up being 

done by tele-medicine 

f. Office visit should be limited to those who are having issues/complications such as wound 

healing problems, suspected fracture, stiffness and so on.   

g. Digital health programs and wearable sensor technologies that allow monitoring of patients 

will play a larger role in management of patients in the future 

h. Social distancing should be resumed and at-home visits avoided, unless absolutely essential 

 

Grade of Recommendation: Moderate 

Delegate vote:  Agree (100%) 

Rationale: Using the general principles of social distancing and minimizing contact between 

individuals, we resorted to make the above recommendations. Although no specific studies have 

been completed relating to the postoperative care of orthopaedic patients, logically one would 

expect that minimizing hospital stay, minimizing transfer to rehabilitation facilities, and other 

measures are likely to reduce risk for transmission of disease.  

 

Question IV.7: What considerations, if any, should be given to the use of non-steroidal anti-

inflammatory drugs (NSAIDS) to patients undergoing elective surgery during the SARS-CoV-

2 pandemic? 

Response/Recommendation: This workgroup recommends that NSAIDs can be used, as part of 

multimodal analgesia regimen, in patients who do not have COVID-19 infection and have 

undergone elective surgery. 

Grade of Recommendation: Moderate 

Delegate vote:  Agree (97.5%), Disagree (1.25%), Abstain (1.25%) 

Rationale: Numerous reports have suggested that non-steroidal anti-inflammatory drugs (NSAIDs) 

may exacerbate or mask the early symptoms in patients with SARS-CoV-2, potentially leading to 

worsening of symptoms or a delay in diagnosis.  However, currently there is no scientific evidence 
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for or against the use of NSAIDs in this patient population 
99–101

. Additionally, patients taking 

NSAIDs for other reasons should not stop its use for the fear of increasing their risk of contracting 

SARS-CoV-2 
100

. SARS-CoV-2 negative patients may take NSAIDs in the post-operative period as 

normally prescribed in a multimodal protocol, by their operative team.  Should symptoms or a 

positive test of SARS-CoV-2 develop after surgery, the current literature should be reviewed to 

determine if discontinuing NSAIDs should be considered.  

 

References 

1.  Kissler SM, Tedijanto C, Goldstein E, Grad YH, Lipsitch M. Projecting the transmission 

dynamics of SARS-CoV-2 through the post-pandemic period. Science (80- ). April 

2020:2020.03.04.20031112. doi:10.1101/2020.03.04.20031112 

2.  Safely resuming elective surgery as COVID-19 curve flattens: ACS, ASA, AORN and AHA 

develop roadmap for readiness | AHA. https://www.aha.org/press-releases/2020-04-17-

safely-resuming-elective-surgery-covid-19-curve-flattens-acs-asa-aorn-and. Accessed April 

22, 2020. 

3.  Local Resumption of Elective Surgery Guidance. https://www.facs.org/covid-19/clinical-

guidance/resuming-elective-surgery. Accessed April 22, 2020. 

4.  Joint Statement: Roadmap for Resuming Elective Surgery after COVID-19 Pandemic. 

https://www.facs.org/covid-19/clinical-guidance/roadmap-elective-surgery. Accessed April 

22, 2020. 

5.  Testing for COVID-19 | CDC. https://www.cdc.gov/coronavirus/2019-ncov/symptoms-

testing/testing.html. Accessed April 21, 2020. 

6.  Aminian A, Safari S, Razeghian-Jahromi A, Ghorbani M, Delaney CP. COVID-19 Outbreak 

and Surgical Practice. Ann Surg. March 2020:1. doi:10.1097/sla.0000000000003925 

7.  Mi B, Chen L, Xiong Y, Xue H, Zhou W, Liu G. Characteristics and Early Prognosis of 

COVID-19 Infection in Fracture Patients. J Bone Jt Surg. 2020:1. doi:10.2106/jbjs.20.00390 

8.  Zainul-Abidin S, Amanatullah DF, Anderson MB, et al. General Assembly, Prevention, Host 

Related General: Proceedings of International Consensus on Orthopedic Infections. J 

Arthroplasty. 2019;34(2):S13-S35. doi:10.1016/j.arth.2018.09.050 

9.  Guidance on shielding and protecting people who are clinically extremely vulnerable from 

COVID-19 - GOV.UK. https://www.gov.uk/government/publications/guidance-on-shielding-

and-protecting-extremely-vulnerable-persons-from-covid-19/guidance-on-shielding-and-

protecting-extremely-vulnerable-persons-from-covid-19#who-is-clinically-extremely-

vulnerable. Accessed April 22, 2020. 

10.  Courtney PM, Whitaker CM, Gutsche JT, Hume EL, Lee GC. Predictors of the need for 

critical care after total joint arthroplasty: An update of our institutional risk stratification 

model. J Arthroplasty. 2014;29(7):1350-1354. doi:10.1016/j.arth.2014.02.028 

11.  Courtney PM, Melnic CM, Gutsche J, Hume EL, Lee G-C. Which patients need critical care 

intervention after total joint arthroplasty? Bone Joint J. 2015;97-B(11):1512-1518. 

doi:10.1302/0301-620X.97B11.35813 

12.  Chen T, Wu D, Chen H, et al. Clinical characteristics of 113 deceased patients with 

coronavirus disease 2019: retrospective study. BMJ. 2020;368:m1091. 



 28 

doi:10.1136/bmj.m1091 

13.  Gao Y, Xi H, Chen L. Emergency Surgery in Suspected COVID-19 Patients with Acute 

Abdomen. Ann Surg. April 2020:1. doi:10.1097/SLA.0000000000003961 

14.  Grasselli G, Zangrillo A, Zanella A, et al. Baseline Characteristics and Outcomes of 1591 

Patients Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. 

JAMA. April 2020. doi:10.1001/jama.2020.5394 

15.  Wang L, He W, Yu X, et al. Coronavirus Disease 2019 in elderly patients: characteristics and 

prognostic factors based on 4-week follow-up. J Infect. March 2020. 

doi:10.1016/j.jinf.2020.03.019 

16.  Guan W, Liang W, Zhao Y, et al. Comorbidity and its impact on 1590 patients with Covid-

19 in China: A Nationwide Analysis. Eur Respir J. March 2020:2000547. 

doi:10.1183/13993003.00547-2020 

17.  Yang S, Cao P, Du P, et al. Early estimation of the case fatality rate of COVID-19 in 

mainland China: a data-driven analysis. Ann Transl Med. 2020;8(4):128-128. 

doi:10.21037/atm.2020.02.66 

18.  Massey PA, McClary K, Zhang AS, Savoie FH, Barton RS. Orthopaedic Surgical Selection 

and Inpatient Paradigms During the Coronavirus COVID-19 Pandemic. J Am Acad Orthop 

Surg. April 2020:1. doi:10.5435/JAAOS-D-20-00360 

19.  Patient education: Coronavirus disease 2019 (COVID-19) overview (The Basics) - 

UpToDate. https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-

overview-the-basics?topicRef=127551&source=see_link. Accessed April 21, 2020. 

20.  Greenland JR, Michelow MD, Wang L, London MJ. COVID-19 Infection. Anesthesiology. 

March 2020:1. doi:10.1097/aln.0000000000003303 

21.  Ota M. Will we see protection or reinfection in COVID-19? Nat Rev Immunol. April 2020:1-

1. doi:10.1038/s41577-020-0316-3 

22.  Australian Government Department of Health. Interim recommendations for the use of 

personal protective equipment (PPE) during hospital care of people with Coronavirus disease 

(COVID-19). 2020;2:1-3. 

23.  Klompas M, Morris CA, Sinclair J, Pearson M, Shenoy ES. Universal Masking in Hospitals 

in the Covid-19 Era. N Engl J Med. 2020:1-3. doi:10.1056/nejmp2006372 

24.  Leung CC, Lam TH, Cheng KK. Mass masking in the COVID-19 epidemic: people need 

guidance. Lancet. 2020. doi:10.1016/S0140-6736(20)30520-1 

25.  Zhou Z-G, Yue D-S, Mu C-L, Zhang L. Mask is the possible key for self-isolation in 

COVID-19 pandemic. J Med Virol. 2020:0-2. doi:10.1002/jmv.25846 

26.  Guo X, Wang J, Hu D, et al. The Orthopaedic Forum Survey of COVID-19 Disease Among 

Orthopaedic Surgeons in Wuhan, People’s Republic of China. JBJS. 2020;1:1-15. 

doi:10.2106/JBJS.20.00417 

27.  Dexter F, Parra MC, Brown JR, Loftus RW. Perioperative COVID-19 Defense. Anesth 

Analg. March 2020:1. http://journals.lww.com/10.1213/ANE.0000000000004829. Accessed 

April 21, 2020. 

28.  Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronaviruses on inanimate 

surfaces and their inactivation with biocidal agents. J Hosp Infect. 2020. 



 29 

doi:10.1016/j.jhin.2020.01.022 

29.  Kannan S, Shaik Syed Ali P, Sheeza A, Hemalatha K. COVID-19 (Novel Coronavirus 2019) 

- recent trends. Eur Rev Med Pharmacol Sci. 2020;24(4):2006-2011. 

doi:10.26355/eurrev_202002_20378 

30.  Ye G, Pan Z, Pan Y, et al. Clinical characteristics of severe acute respiratory syndrome 

coronavirus 2 reactivation. J Infect. 2020;80(5):e14-e17. doi:10.1016/j.jinf.2020.03.001 

31.  Gao Y, Shi C, Chen Y, et al. A cluster of the Corona Virus Disease 2019 caused by 

incubation period transmission in Wuxi, China. J Infect. April 2020. 

doi:10.1016/j.jinf.2020.03.042 

32.  Xia X ying, Wu J, Liu H lei, Xia H, Jia B, Huang W xiang. Epidemiological and initial 

clinical characteristics of patients with family aggregation of COVID-19. J Clin Virol. 

2020;127. doi:10.1016/j.jcv.2020.104360 

33.  Park M, Cook AR, Lim JT, Sun Y, Dickens BL. A Systematic Review of COVID-19 

Epidemiology Based on Current Evidence. J Clin Med. 2020;9(4):967. 

doi:10.3390/jcm9040967 

34.  Andrea Giacomelli, Laura Pezzati, Federico Conti , Dario Bernacchia , Matteo Siano , Letizia 

Oreni , Stefano Rusconi , Cristina Gervasoni , Anna Lisa Ridolfo , Giuliano Rizzardini, 

Spinello Antinori MG. Self-reported olfactory and taste disorders in SARS-CoV-2 patients: a 

cross-sectional study | Request PDF. Clin Infect Dis. 2020. 

https://www.researchgate.net/publication/340254370_Self-

reported_olfactory_and_taste_disorders_in_SARS-CoV-2_patients_a_cross-sectional_study. 

Accessed April 22, 2020. 

35.  Xu XW, Wu XX, Jiang XG, et al. Clinical findings in a group of patients infected with the 

2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: Retrospective case series. 

BMJ. 2020;368. doi:10.1136/bmj.m606 

36.  Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet. 2020;395(10223):497-506. doi:10.1016/S0140-

6736(20)30183-5 

37.  Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99 cases of 

2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 

2020;395(10223):507-513. doi:10.1016/S0140-6736(20)30211-7 

38.  Lovato A, de Filippis C. Clinical Presentation of COVID-19: A Systematic Review Focusing 

on Upper Airway Symptoms. Ear, Nose Throat J. April 2020:014556132092076. 

doi:10.1177/0145561320920762 

39.  Xydakis MS, Dehgani-Mobaraki P, Holbrook EH, et al. Smell and taste dysfunction in 

patients with COVID-19. Lancet Infect Dis. 2020;0(0). doi:10.1016/S1473-3099(20)30293-0 

40.  Kim D, Quinn J, Pinsky B, Shah NH, Brown I. Rates of Co-infection Between SARS-CoV-2 

and Other Respiratory Pathogens. JAMA. April 2020. doi:10.1001/jama.2020.6266 

41.  Seo G, Lee G, Kim MJ, et al. Rapid Detection of COVID-19 Causative Virus (SARS-CoV-2) 

in Human Nasopharyngeal Swab Specimens Using Field-Effect Transistor-Based Biosensor. 

ACS Nano. April 2020. doi:10.1021/acsnano.0c02823 

42.  Péré H, Podglajen I, Wack M, et al. Nasal swab sampling for SARS-CoV-2: A convenient 

alternative in time of nasopharyngeal swab shortage. J Clin Microbiol. April 2020. 



 30 

doi:10.1128/JCM.00721-20 

43.  Padula W V. Why Only Test Symptomatic Patients? Consider Random Screening for 

COVID-19. Appl Health Econ Health Policy. April 2020:1. doi:10.1007/s40258-020-00579-

4 

44.  Thanh Le T, Andreadakis Z, Kumar A, et al. The COVID-19 vaccine development 

landscape. Nat Rev Drug Discov. April 2020. doi:10.1038/d41573-020-00073-5 

45.  Kim H, Hong H, Yoon SH. Diagnostic Performance of CT and Reverse Transcriptase-

Polymerase Chain Reaction for Coronavirus Disease 2019: A Meta-Analysis. Radiology. 

April 2020:201343. doi:10.1148/radiol.2020201343 

46.  Bao C, Liu X, Zhang H, Li Y, Liu J. COVID-19 Computed Tomography Findings: A 

Systematic Review and Meta-Analysis. J Am Coll Radiol. 2020;0(0). 

doi:10.1016/j.jacr.2020.03.006 

47.  Salehi S, Abedi A, Balakrishnan S, Gholamrezanezhad A. Coronavirus Disease 2019 

(COVID-19): A Systematic Review of Imaging Findings in 919 Patients. Am J Roentgenol. 

March 2020:1-7. doi:10.2214/ajr.20.23034 

48.  Meng H, Xiong R, He R, et al. CT imaging and clinical course of asymptomatic cases with 

COVID-19 pneumonia at admission in Wuhan, China. J Infect. April 2020. 

doi:10.1016/j.jinf.2020.04.004 

49.  Ai T, Yang Z, Hou H, et al. Correlation of Chest CT and RT-PCR Testing in Coronavirus 

Disease 2019 (COVID-19) in China: A Report of 1014 Cases. Radiology. February 

2020:200642. doi:10.1148/radiol.2020200642 

50.  McGinnis GJ, Ning MS, Nitsch PL, et al. Rapid Detection of Asymptomatic COVID-19 by 

CT Image-Guidance for Stereotactic Ablative Radiotherapy. J Thorac Oncol. April 2020. 

doi:10.1016/j.jtho.2020.04.007 

51.  Suppli MH, Riisgaard de Blanck S, Elgaard T, Josipovic M, Pøhl M. Early appearance of 

COVID-19 associated pulmonary infiltrates during daily radiotherapy imaging for lung 

cancer. J Thorac Oncol. 2020;0(0). doi:10.1016/j.jtho.2020.04.004 

52.  Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in Different Types of Clinical 

Specimens. American Medical Association; 2020:19-20. doi:10.1001/jama.2020.3786 

53.  Ding Y, He L, Zhang Q, et al. Organ distribution of severe acute respiratory syndrome 

(SARS) associated coronavirus (SARS-CoV) in SARS patients: Implications for 

pathogenesis virus transmission pathways. J Pathol. 2004;203(2):622-630. 

doi:10.1002/path.1560 

54.  Siegel JD, Rhinehart E, Jackson M, Linda ; Guideline for Isolation Precautions: Preventing 

Transmission of Infectious Agents in Healthcare Settings (2007).; 2019. 

55.  Kim JY, Song JY, Yoon YK, et al. Middle east respiratory syndrome infection control and 

prevention guideline for healthcare facilities. Infect Chemother. 2015;47(4):278-302. 

doi:10.3947/ic.2015.47.4.278 

56.  Nathavitharana RR, Bond P, Dramowski A, et al. Agents of change: The role of healthcare 

workers in the prevention of nosocomial and occupational tuberculosis. Presse Med. 

2017;46(2 Pt 2):e53-e62. doi:10.1016/j.lpm.2017.01.014 

57.  Alp E, Bijl D, Bleichrodt RP, Hansson B, Voss A. Surgical smoke and infection control. J 

Hosp Infect. 2006;62(1):1-5. doi:10.1016/j.jhin.2005.01.014 



 31 

58.  Chow TT, Kwan A, Lin Z, Bai W. Conversion of operating theatre from positive to negative 

pressure environment. J Hosp Infect. 2006;64(4):371-378. doi:10.1016/j.jhin.2006.07.020 

59.  Abouljoud MM, Alvand A, Boscainos P, et al. Hip and Knee Section, Prevention, Operating 

Room Environment: Proceedings of International Consensus on Orthopedic Infections. J 

Arthroplasty. 2019;34(2):S293-S300. doi:10.1016/j.arth.2018.09.014 

60.  Erickson MM, Richardson ES, Hernandez NM, Bobbert DW, Gall K, Fearis P. Helmet 

Modification to PPE with 3D Printing During the COVID-19 Pandemic at Duke University 

Medical Center: A Novel Technique. J Arthroplasty. April 2020. 

doi:10.1016/j.arth.2020.04.035 

61.  Coimbra R, Edwards S, Kurihara H, et al. European Society of Trauma and Emergency 

Surgery (ESTES) recommendations for trauma and emergency surgery preparation during 

times of COVID-19 infection. Eur J Trauma Emerg Surg. April 2020. doi:10.1007/s00068-

020-01364-7 

62.  Infection Control: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) | CDC. 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-

recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus

%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html. Accessed April 22, 

2020. 

63.  Cheng VCC, Wong S-C, Kwan GSW, Hui W-T, Yuen K-Y. Disinfection of N95 respirators 

by ionized hydrogen peroxide in pandemic coronavirus disease 2019 (COVID-19) due to 

SARS-CoV-2. J Hosp Infect. April 2020. doi:10.1016/j.jhin.2020.04.003 

64.  Lie SA, Wong SW, Wong LT, Wong TGL, Chong SY. Practical considerations for 

performing regional anesthesia: lessons learned from the COVID-19 

pandemicConsidérations pratiques pour laréalisation de l’anesthésie régionale: les leçons 

tirées de la pandémie de COVID-19. Can J Anesth Can d’anesthésie. March 2020. 

doi:10.1007/s12630-020-01637-0 

65.  Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating procedures and 

risk of transmission of acute respiratory infections to healthcare workers: A systematic 

review. PLoS One. 2012;7(4). doi:10.1371/journal.pone.0035797 

66.  Leonard S, Atwood CW, Walsh BK, et al. Preliminary Findings of Control of Dispersion of 

Aerosols and Droplets during High Velocity Nasal Insufflation Therapy Using a Simple 

Surgical Mask: Implications for High Flow Nasal Cannula. Chest. 2020;0(0). 

doi:10.1016/j.chest.2020.03.043 

67.  Goswami K, Stevenson KL, Parvizi J. Intraoperative and Postoperative Infection Prevention. 

J Arthroplasty. 2020;35(3):S2-S8. doi:10.1016/j.arth.2019.10.061 

68.  Panahi P, Stroh M, Casper DS, Parvizi J, Austin MS. Operating room Traffic is a major 

concern during total joint arthroplasty hip. In: Clinical Orthopaedics and Related Research. 

Vol 470. Springer New York LLC; 2012:2690-2694. doi:10.1007/s11999-012-2252-4 

69.  Zheng MH, Boni L, Facs MD, Fingerhut A. Minimally Invasive Surgery and the Novel 

Coronavirus Outbreak: Lessons Learned in China and Italy. 

70.  van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and Surface Stability of SARS-

CoV-2 as Compared with SARS-CoV-1. N Engl J Med. March 2020. 

doi:10.1056/nejmc2004973 

71.  National Center for Immunization and Respiratory Diseases (NCIRD). Interim Infection 



 32 

Prevention and Control Recommendations for Patients with Confirmed 2019 Novel 

Coronavirus (2019-nCoV) or Persons Under Investigation for 2019-nCoV in Healthcare 

Settings. CDC. 

72.  Prada C, Chang Y, Poolman R, Johal H, Bhandari M, Group OBPW. Best practices for 

surgeons covid-19 evidence-based scoping review. A unifying report of global 

recommendations. www.myorthoevidence.com/covid19. 

73.  Mannion AF, Kampfen S, Munzinger U, et al. The role of patient expectations in predicting 

outcome after total knee arthroplasty. Arthritis Res Ther. 2009;11(5):R139. 

doi:10.1186/ar2811 

74.  Ong SWX, Tan YK, Chia PY, et al. Air, Surface Environmental, and Personal Protective 

Equipment Contamination by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2) from a Symptomatic Patient. JAMA - J Am Med Assoc. 2020:2-4. 

doi:10.1001/jama.2020.3227 

75.  Poon LC, Abramowicz JS, Dall’Asta A, et al. ISUOG Safety Committee Position Statement: 

safe performance of obstetric and gynecological scans and equipment cleaning in the context 

of COVID-19. Ultrasound Obstet Gynecol. 2020. doi:10.1002/uog.22027 

76.  ANSI/AAMI. Comprehensive Guide to Steam Sterilization and Sterility Assurance in 

Healthcare Facilities. 2013. 

77.  Association of periOperative Registered Nurses - AORN. Guideline for cleaning and care of 

surgical instruments. Guidel Perioper Pract. 2017;(September 2014):815-850. 

78.  Jensen P, Lambert L, Iademarco M, Ridzon R, CDC. Guidelines for Preventing the 

Transmission of Mycobacterium Tuberculosis in Health-Care Settings, 2005 - PubMed. CDC 

Guidel. 2005. https://pubmed.ncbi.nlm.nih.gov/16382216/. Accessed April 27, 2020. 

79.  Tsai Y-H, Wan G-H, Wu Y-K, Tsao K-C. Airborne Severe Acute Respiratory Syndrome 

Coronavirus Concentrations in a Negative-Pressure Isolation Room. Infect Control Hosp 

Epidemiol. 2006;27(5):523-525. doi:10.1086/504357 

80.  Booth TF, Kournikakis B, Bastien N, et al. Detection of Airborne Severe Acute Respiratory 

Syndrome (SARS) Coronavirus and Environmental Contamination in SARS Outbreak Units. 

J Infect Dis. 2005;191(9):1472-1477. doi:10.1086/429634 

81.  Eggers M, Eickmann M, Kowalski K, Zorn J, Reimer K. Povidone-iodine hand wash and 

hand rub products demonstrated excellent in vitro virucidal efficacy against Ebola virus and 

modified vaccinia virus Ankara, the new European test virus for enveloped viruses. BMC 

Infect Dis. 2015;15(1):375. doi:10.1186/s12879-015-1111-9 

82.  Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus by means of povidone-

iodine, physical conditions and chemical reagents. In: Dermatology. Vol 212. ; 2006:119-

123. doi:10.1159/000089211 

83.  Eggers M, Eickmann M, Zorn J. Rapid and Effective Virucidal Activity of Povidone-Iodine 

Products Against Middle East Respiratory Syndrome Coronavirus (MERS-CoV) and 

Modified Vaccinia Virus Ankara (MVA). Infect Dis Ther. 2015;4(4):491-501. 

doi:10.1007/s40121-015-0091-9 

84.  Li W, Zhang J, Xiao S, Sun L. Characteristics of health worker fatality in China during the 

outbreak of COVID-19 infection. J Infect. April 2020. doi:10.1016/j.jinf.2020.03.030 

85.  Chu J, Yang N, Wei Y, et al. Clinical Characteristics of 54 medical staff with COVID-19: A 



 33 

retrospective study in a single center in Wuhan, China. J Med Virol. March 2020. 

doi:10.1002/jmv.25793 

86.  Movert E, Wu Y, Lambeau G, Kahn F, Touqui L, Areschoug T. Using Patient Pathways to 

Accelerate the Drive to Ending Tuberculosis. J Infect Dis. 2013;208(12):2025-2035. 

doi:10.1093/INFDIS 

87.  Rothe C, Schunk M, Sothmann P, et al. Transmission of 2019-NCOV infection from an 

asymptomatic contact in Germany. N Engl J Med. 2020;382(10):970-971. 

doi:10.1056/NEJMc2001468 

88.  Stinner DJ, Lebrun C, Hsu JR, Jahangir AA, Mir HR. The Orthopaedic Trauma Service and 

COVID-19 – Practice Considerations to Optimize Outcomes and Limit Exposure. J Orthop 

Trauma. April 2020:1. doi:10.1097/BOT.0000000000001782 

89.  Eichenberger AS, Haller G, Cheseaux N, Lechappe V, Garnerin P, Walder B. A clinical 

pathway in a post-anaesthesia care unit to reduce length of stay, mortality and unplanned 

intensive care unit admission. Eur J Anaesthesiol. 2011. doi:10.1097/EJA.0b013e328347dff5 

90.  Vimlati L, Gilsanz F, Goldik Z. Quality and safety guidelines of postanesthesia care Working 

Party on Post Anaesthesia Care (approved by the European Board and Section of 

Anaesthesiology, Union Europeenne des Medecins Specialistes). Eur J Anaesthesiol. 2009. 

doi:10.1097/EJA.0b013e32832bb68f 

91.  Apfelbaum JL, Silverstein JH, Chung FF, et al. Practice guidelines for postanesthetic care: 

An updated report by the American Society of Anesthesiologists Task Force on 

postanesthetic care. Anesthesiology. 2013. doi:10.1097/ALN.0b013e31827773e9 

92.  Sento Y, Suzuki T, Suzuki Y, Scott DA, Sobue K. The past, present and future of the 

postanesthesia care unit (PACU) in Japan. J Anesth. 2017. doi:10.1007/s00540-017-2341-3 

93.  Andersen BM, Bånrud H, Bøe E, Bjordal O, Drangsholt F. Comparison of UV C Light and 

Chemicals for Disinfection of Surfaces in Hospital Isolation Units. Infect Control Hosp 

Epidemiol. 2006. doi:10.1086/503643 

94.  Pavia M, Simpser E, Becker M, Mainquist WK, Velez KA. The effect of ultraviolet-C 

technology on viral infection incidence in a pediatric long-term care facility. Am J Infect 

Control. 2018. doi:10.1016/j.ajic.2018.01.014 

95.  Terpos E, Ntanasis-Stathopoulos I, Elalamy I, et al. Hematological findings and 

complications of COVID-19. Am J Hematol. April 2020. doi:10.1002/ajh.25829 

96.  Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thromboembolism in patients with 

severe novel coronavirus pneumonia. J Thromb Haemost. April 2020. doi:10.1111/jth.14830 

97.  Helms J, Tacquard C, Severac F, et al. Intensive Care Medicine High risk of thrombosis in 

patients in severe SARS-CoV-2 infection: a multicenter prospective cohort study High risk 

of thrombosis in patients in severe SARS-CoV-2 infection: a multicenter prospective cohort 

study. Intensive Care Med. 2020. doi:10.1007/s00134-020-06062-x 

98.  Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of thrombotic complications in 

critically ill ICU patients with COVID-19. Thromb Res. 2020. 

doi:10.1016/j.thromres.2020.04.013 

99.  Little P, Moore M V., Turner S, et al. Effectiveness of five different approaches in 

management of urinary tract infection: Randomised controlled trial. BMJ. 

2010;340(7743):405. doi:10.1136/bmj.c199 



 34 

100.  Garret A. FitzGerald. Misguided drug advice for COVID-19. Science (80- ). 2020. 

doi:10.1016/S2213-2600(20)30116-8 

101.  Russell B, Moss C, Rigg A, Van Hemelrijck M. COVID-19 and treatment with NSAIDs and 

corticosteroids: should we be limiting their use in the clinical setting? 

Ecancermedicalscience. 2020;14. doi:10.3332/ecancer.2020.1023 

 


