
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Contents lists available at ScienceDirect

International Journal of Surgery

journal homepage: www.elsevier.com/locate/ijsu

Orthopaedic surgery after COVID-19 – A blueprint for resuming elective
surgery after a pandemic

Benjamin Tze Keong Ding∗, Kelvin Guoping Tan, Jacob Yoong-Leong Oh, Keng Thiam Lee
Department of Orthopaedic Surgery, Tan Tock Seng Hospital, 11 Jalan Tan Tock Seng, S308433, Singapore

A R T I C L E I N F O

Keywords:
COVID-19
Pandemic
Coronavirus
Orthopaedic surgery
Elective surgery

A B S T R A C T

Background: The COVID-19 outbreak was fraught with danger and despair as many medically necessary sur-
geries were cancelled to preserve precious healthcare resources and mitigate disease transmission. As the rate of
infection starts to slow, healthcare facilities and economies attempt to return to normalcy in a graduated manner
and the massive pent-up demand for surgeries needs to eventually be addressed in a systematic and equitable
manner.
Materials and methods: Guidelines from the Alliance of International Organizations of Orthopaedics and
Traumatology, Orthopaedic Trauma Association, American College of Surgeons, American Society of
Anaesthesiologists, Association of perioperative Registered Nurses, American Hospital Association, Centers for
Medicare and Medicaid Services, World Health Organization and Centers for Disease Control and Prevention
were evaluated and summarized into a working framework, relevant to orthopaedic surgeons.
Results: The guiding principles for restarting elective surgeries in a safe and acceptable manner include up-to-
date disease awareness, projection and judicious management of equipment and facilities, effective human re-
source management, a fair and transparent system to prioritize cases, optimization of peri-operative workflows
and continuous data gathering and clinical governance.
Conclusion: The world was ill prepared for the initial COVID-19 outbreak. However, with effective forward
planning, institutions can ramp-up elective surgical caseload in a safe and equitable manner.

1. Introduction

The COVID-19 pandemic resulted in dramatic changes to the prac-
tice of orthopaedic surgery in healthcare institutions all over the world.
As the number of infected and critically ill rose, national and hospital
directives were enacted to slow the spread in order to “flatten the
curve” and preserve personal protective equipment (PPE) and health-
care facilities for a prolonged battle against the pandemic [1–3]. Many
elective surgical procedures were postponed indefinitely or rescheduled
for many months later when the situation would hopefully improve [4].

These postponed “elective” procedures are required to alleviate
pain, improve function and quality of life and prevent serious compli-
cations or disease progression through surgical interventions. With the
pandemic stretching into its fifth month now, the number of long-suf-
fering patients has reached critical volumes that will need to be man-
aged sensibly and sensitively once the COVID-19 pandemic improves.
While it may seem premature to discuss the post-pandemic future, if
nothing else, the COVID-19 pandemic has taught us the importance of

forward planning to mitigate the need for disaster planning at the
eleventh hour. A roadmap to resuming elective surgery is outlined
below and should be based on the considerations for appropriate timing
based on geographical location and disease demographics, COVID-19
diagnostic testing availability, capacity of institutional resources, fa-
cilities and workforce, case prioritization, peri-operative care cap-
abilities, data collection, effective clinical governance and rebuilding
our readiness for future pandemics.

2. General considerations

2.1. Timing for resuming elective surgery based on local COVID-19 data

Elective surgery should only be planned if there is a sustained re-
duction in the number of novel COVID-19 cases in the geographical
area managed by the hospital for a period of at least 14 days [5,6].
Additionally, the hospital should also have adequate intensive care unit
(ICU) and non-ICU beds, ventilators and PPE to manage both elective
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and emergency cases, in addition to existing COVID-19 patients. The
healthcare workforce should be adequately staffed, while maintaining
safe duty-hours and healthcare worker well-being.

The maximum estimated incubation period of COVID-19 is ap-
proximately 14 days even though 75% of patients develop symptoms
within seven days of incubation [7]. As such, a sustained reduction in
local cases over 14 days may indicate that local spread has been con-
trolled sufficiently and is on a declining trend [2]. If there are sufficient
resources for treating existing and the projected number of potential
COVID-19 patients, elective surgery may be resumed gradually while
continuously monitoring COVID-19 rates. Specific thresholds for
COVID-19 infection rates should be set by the hospital to re-suspend
elective surgeries again based on bed capacity, ventilators, PPE and
workforce projections.

2.2. COVID-19 diagnostic testing availability and policies

Diagnostic testing and isolation of infected patients and healthcare
workers remain one of the strongest safeguards against nosocomial
transmission [8]. The availability of spare testing kits for surgical pa-
tients and healthcare workers and turnaround time should be taken into
consideration when preparing to restart elective surgical procedures.
Non-urgent elective surgery should only be restarted if there are ade-
quate diagnostic testing kits for both hospital and community-based
testing programs.

As the prevalence of asymptomatic or pre-symptomatic patients in
the community remains unknown [9,10], rapid testing with real-time
reverse transcription polymerase chain reaction [11,12] (RT-PCR) three
to five days prior to surgery [13] may be useful to reduce the risk of
nosocomial spread and potential post-operative COVID-19 related
complications. For patients who present with fever or respiratory
symptoms in the post-operative course, institutional COVID-19 testing
guidelines should also be established to screen patients using RT-PCR if
they are persistently symptomatic despite reasonable interventions.

2.3. Personal protective equipment availability and conservation

Institutional PPE requirements can be calculated based on the es-
timated number of unstable and stable patients and healthcare provider
numbers needed to care for them [14]. On average, a single unstable
patient will require two rotating shifts of two doctors with patient
contact, two nurses with patient contact, two trained observers, one
environmental service attendant and one laboratory technician per day.
Depending on patient acuity, length of shifts and number of breaks, at
least two impervious gowns, 16 gloves, four shoe covers, two N95 re-
spirators and two face shields are required per individual per shift
(Table 1). Powered air-purifying respirators (PAPR) may be excluded
from calculations as they are reusable. However, turn-around time for
decontamination needs to be considered during resource planning. The
Centers for Disease Control (CDC) PPE calculator may be used to de-
termine supply needs [14] for maintenance of a stored inventory such

that there is sufficient PPE for 30 days of operations prior to relaxing
restrictions on elective surgical procedures. Robust PPE policies [15]
should also be in place for healthcare workers and strictly adhered to, to
prevent nosocomial transmission of COVID-19 when managing COVID-
19 positive cases, patients under investigation (PUI) and non-COVID-19
cases, even as the number of cases decline.

2.4. Healthcare facilities and resources

COVID-19 projections for cumulative and daily death rates can be
estimated using a mixed effects non-linear regression framework [16].
Health service requirements such as ICU and non-ICU beds, ventilator
requirement and lengths of stay can then be projected using a micro-
simulation model and available clinical data on clinical practices in
COVID-19 patients. The institute for health metrics and evaluation
(IHME) provides estimates for all countries with at least 50 cases of
COVID-19 cases [17] and can provide guidance for hospital and local
authorities on deciding when to resume elective surgery and thresholds
for returning to the pandemic mitigation phase based on available and
projected healthcare facilities and resources. Phased opening of oper-
ating theatres (50% vs 25% vs ambulatory surgery only) may be con-
sidered if the projected healthcare facilities are unable to meet the
demands of an immediate opening of all operating theatres [5].

Facilities such as ambulatory surgery centers, peri-anaesthesia care
units and operating rooms that were previously repurposed or closed
during the initial COVID-19 mitigation phase may be converted back to
restart elective surgery. For operating theatres that were converted to
negative-flow during the COVID-19 pandemic, engineering input needs
to be sought to reverse the airflow back to positive pressure theatres. A
plan for the cleaning of corridors and walkways along the continuum of
care from admission to operating theatre and return to ward is also
required in the event of inadvertent contamination.

Scheduling of surgeries will need to be optimized by grouping si-
milar procedures and senior surgeons together to increase efficiency.
There may be a need to limit surgical block time assignment for each
elective procedure and to extend operating hours into evenings and
weekends to accommodate the rapid influx of cases. Perioperative
services including diagnostic imaging, sterile processing and therapy
services should be readied as well to support the influx of surgical cases.
Private facilities and industrial partners may be engaged to provide
temporary support in the interim until the hospitals perioperative ser-
vices are ready.

2.5. Healthcare manpower management

Adequate staffing of surgeons, anaesthetists, nurses, housekeeping
and support staff are required prior to proceeding with ramping up
surgical procedures. Most healthcare workers have already undergone
considerable levels of stress and fatigue [18] due to leave suspensions,
high-risk work environments and increased domestic obligations due to
shuttering of support services such as child care. Additionally,

Table 1
Estimated personal protective equipment needed by role per shift.

Either Gowns or Coveralls
Needed

All needed Either PAPRas or N95 Respirators Needed

Disposable
Impervious
Gowns

Coverall Glove Gloves for
Examination

Shoe
Cover

Fluid
Resistant
Apron

PAPR PAPR
Shroud

PAPR
Battery

PAPR
Filter

N95 Surgical
Hood

Face
Shield

Nurse 2 2 12 4 4 2 2 2 4 2 2 2 2
Doctors 1 1 2 2 2 1 1 1 2 1 1 1 1
Trained Observer 2 0 2 2 2 0 0 0 0 0 0 0 2
Env Services 2 2 12 12 12 2 2 2 4 2 2 2 2
Lab Tech 2 2 4 4 4 2 2 2 4 2 2 2 2

a PAPRs: Powered Air Purifying Respirators.
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recovered COVID-19 healthcare workers will require extensive testing
to ensure they are no longer infectious, and may be at risk of physical
and emotional exhaustion upon return to work [19]. Contingency
planning must also be accounted for in the unfortunate event that a
healthcare worker cluster were to develop, or a second wave of infec-
tion occurs. Surgeons may also want to consider surgical simulation
prior to restarting surgery to “shake off the rust”.

Such workforce shortages may be mitigated through recalling of
retired or private surgeons as surgical assistants, expedition of training
and accreditation of graduating residents and showing flexibility in the
operating theatre by allowing nurses and surgical technicians to assist
in various surgical roles. By upskilling existing manpower and re-
purposing skilled veterans, the surgical roles may be fulfilled in a safe
and creative manner [20].

3. Specific surgical considerations

3.1. Prioritization of cases during the ramp-up period

Prioritization of surgical procedures should be a collaborative pro-
cess with inputs from orthopaedic surgeons, anaesthetist, nursing staff,
hospital management and the facilities management team. The stan-
dardization of decision-making factors into an equitable and trans-
parent framework will help to assure the public and prevent ethical
dilemmas and moral injury among the decision-making committee. The
list of previously cancelled or postponed cases should first be obtained,
and patients should be reviewed through telecommunications to de-
termine if they are keen to proceed with surgery during the initial
phases of restarting elective surgeries or are keen to further postpone
their operations.

An objective priority scoring system such as the Medically
Necessary Time-Sensitive (MeNTS) [1] scoring system can be used to
prioritize cases based on procedure factors, disease factors and patient
factors (Table 2). Procedure factors include operating time, estimated
length of stay, percentage chance of postoperative ICU requirement,
anticipated blood loss, surgical team size, intubation probability and
surgical sites. Disease factors include effectiveness of nonoperative
treatment options and exposure risk, impact of two-week and six-week
delays on disease outcomes and surgical difficulty or risk. Patient fac-
tors include age, lung disease, obstructive sleep apnoea, cardiovascular
disease, diabetes, immunocompromise, influenza like illness symptoms
and exposure to known COVID-19 positive persons in the past two
weeks. Each factor is assigned a score from one to five based on either
objective measures or perceived clinical probabilities. The points are
then summated to generate a cumulative MeNTS score for comparison
among patients, with a higher score representing worse outcomes, ex-
cessive risk to personnel and disproportionate resource utilization. As
the pandemic continues to evolve, the weightage of each factor may be
adjusted to reflect institutional resources, capabilities and local disease
patterns to appropriately weigh patient risks and the ethical necessity of
optimizing public health concerns.

3.2. Patient communication

Once the patients have been prioritized, effective communication
with patients is required to assuage their concerns and provide a clear
plan of action for their condition and surgery. As the patients may have
a myriad of questions regarding surgery immediately after a COVID-19
pandemic, surgeons should be prepared to discuss topics outside of the
surgical procedure. These topics may include case prioritization,
COVID-19 testing policies, inpatient policies to prevent nosocomial
transmission, PPE utilization, visitation guidelines, post discharge care
and follow-up, advanced directives and additional cost requirements
[5]. Patients should be warned that any surgical date arranged may be
subjected to change depending on the actual COVID-19 situation closer
to the surgical date.

3.3. Peri-operative surgical care

As a considerable length of time may have passed since the original
surgical date, patients may need to be reassessed prior to planning for
surgery. Laboratory tests, radiological findings, comorbidities, symp-
toms and physical examination findings may be outdated or changed
since the last orthopaedic or anaesthetic review. Additionally, pre-
viously infected individuals may need to be retested for COVID-19
within six weeks of the rescheduled surgical date as the duration of
viral shedding in infected individuals ranged from 8 to 37 days with a
median duration of 20 days [21]. Enhanced recovery after surgery
(ERAS) protocols (Fig. 1) should be implemented to reduce lengths of
stay and improve quality of treatment and patient outcomes.

Pre-operative care of such patients should include a reassessment of
their condition and fitness for surgery, a reassessment and re-con-
senting of appropriate surgical procedure and site, and of the changes in
risk and benefits to the patient from delayed surgery. In the immediate
pre-operative period, surgical checklists and time-outs may require
modification to include patient COVID-19 status, travel history, PPE
requirements and availability of special isolation rooms post-opera-
tively.

Intraoperatively, minimally invasive surgical techniques with
smaller incisions, reduced surgical times, maintenance of normovo-
laemia and normothermia and optimized anaesthetic techniques such
as short acting spinal anaesthesia or regional blocks with moderate
sedation can aid in reducing physical and physiological stresses on the
patient so as to aid with rapid recovery of the patient [22].

Post-operatively, recovery is enhanced by optimizing pain control,
omission of opioids if possible, post-op nausea and vomiting prophy-
laxis, encouraging early mobilization, enhancing nutritional and hy-
dration status and reducing unnecessary tubes and drains that may
impair physiotherapy and cause complications [23,24]. Patients should
optimally be discharged to their own homes to mitigate the risk of
COVID-19 transmission and infection by other nosocomial pathogens
from post-acute care facilities. If post-operative recovery and re-
habilitation is anticipated to be prolonged, discharge to step-down fa-
cilities should be arranged expediently to prevent prolonged inpatient
stay in acute care facilities.

3.4. Data collection and governance committees

Even as hospitals ramp up their surgical caseloads, data regarding
COVID-19 numbers, ICU and non-ICU beds, ventilator and PPE avail-
ability, healthcare worker infections, novel disease characteristics,
outbreak clusters and local isolation and quarantine policies should
continue to be collected and reviewed to anticipate potential shortfalls
in resources and to halt elective procedures in the event of sudden surge
of new infections. In the initial phases of restarting elective procedures,
data regarding surgical complications, mortality rates, readmissions
rates, errors and near misses should be collected to study the safety of
ramping up surgical caseload. A governance committee consisting of a
multidisciplinary team of surgeons, anaesthetists, nurses, hospital lea-
dership and facilities management teams should govern the ramping up
of elective surgical procedures especially during the initial phases.
Daily huddles may be required to consider increasing or decreasing the
caseload based on real-time data before converting to weekly or
monthly reviews as the situation improves and stabilizes [5].

4. Rebuilding readiness for the next pandemic

A key lesson learnt from the initial COVID-19 outbreak was the need
to source for alternative healthcare facilities to manage a surge of cri-
tically ill patients or to isolate the asymptomatic but infectious ones.
Private-public partnerships should be ratified in order to expand our
pandemic preparedness capabilities and tap on the experience and re-
sources of former counterparts [2]. Community care and step-down
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Table 2
Medically necessary time-sensitive scoring system factors.

Variable 1 2 3 4 5

Procedure
Factors

OR time, min < 30 30–60 60–120 120–180 ≥180
Estimated Length of Stay Outpatient < 23 h 24–48 h ≤3 d >4 d
Postop Intensive Care Unit
Chance

Very unlikely < 5 5–10 10–25 ≥25

Anticipated Blood Loss, cc < 100 100–250 250–500 500–750 ≥750
Surgical Team Size 1 2 3 4 >4
Intubation Probability, % ≤1 1–5 5–10 10–25 ≥25
Surgical Site None of the

following
Abdominopelvic MIS
Surgery

Abdominopelvic Open
Surgery, Infraumbilical

Abdominopelvic Open
Surgery, Supraumbilical

Head and Neck, Thoracic or
Upper Gastrointestinal
Surgery

Disease
Factors

Non-operative treatment
option
effectiveness

None available Available,
< 40% as effective as
surgery

Available,
40%–60% as effective
as surgery

Available,
60%–95% as effective as
surgery

Available, equally
effective

Non-operative treatment
option
resource/exposure risk

Significantly
worse/not
applicable

Somewhat worse Equivalent Somewhat better Significantly better

Impact of 2 week delay in
disease outcome

Significantly
worse

Worse Moderately worse Slightly worse No worse

Impact of 2 week delay in
surgical
difficulty/risk

Significantly
worse

Worse Moderately worse Slightly worse No worse

Impact of 6 week delay in
disease outcome

Significantly
worse

Worse Moderately worse Slightly worse No worse

Impact of 6 week delay in
surgical
difficulty/risk

Significantly
worse

Worse Moderately worse Slightly worse No worse

Patient Factors Age, y < 20 20–40 40–50 50–65 >65
Lung disease None – – Minimal (Rare inhaler

use)
>Minimal

Obstructive sleep apnoea Not present – – Mild/Moderate On CPAP
Cardiovascular Disease None Minimal Mild Moderate Severe
Diabetes None – Mild Oral medication Insulin
Immunocompromised No – – Moderate Severe
Influenza Like Symptoms None – – – Yes
Exposure to known
COVID-19 positive person in
past 14 days

No Probably not Possibly Probably Yes

Fig. 1. Enhanced recovery after surgery protocols.

B.T.K. Ding, et al. International Journal of Surgery 80 (2020) 162–167

165



facilities should also be upgraded such that they may be easily con-
verted into screening centers or community isolation facilities to meet
the surge in demand for hospital beds. With regards to PPE and critical
resources, such as ventilators, there is a need to expand the supply
chain such that a shutdown in manufacturing or logistical support from
one region can be mitigated by sourcing from other suppliers. While
healthcare workers of this generation are unlikely to forget proper PPE
gowning and ungowning procedures, it is important to conduct regular
refresher courses to reinforce knowledge and to remind everyone of the
importance of safe practice in a pandemic.

5. Conclusion

Orthopaedic practice as we know it may be forever changed after
the COVID-19 pandemic and over time, surgeons will evolve their
practices to adapt to the ever-changing healthcare landscape. To keep
ahead of the curve, up-to-date disease awareness, projecting and judi-
cious management of equipment and facilities, effective human re-
source management, a fair and transparent system to prioritize cases,
optimization of peri-operative workflows and continuous data gath-
ering and clinical governance are essential in our road back to re-
starting elective procedures in a safe and acceptable manner. The world
was ill prepared for the initial COVID-19 outbreak, but with effective
forward planning, we will not be caught unaware again by the down-
stream effects of the disease.

Ethical Approval

Ethical Approval was waived for the purpose of this review article.

Sources of funding

Nothing to declare in this category.

Author contribution

Benjamin Tze Keong Ding: Conceptualization, Methodology,
Writing - Original draft preparation, Validation, Writing – Reviewing
and Editing.

Kelvin Guoping Tan: Data curation, Supervision, Writing –
Reviewing and Editing.

Jacob Yoong-Leong Oh: Visualization, Writing – Reviewing and
Editing.

Keng Thiam Lee: Supervision.

Trial registry number

NA.

Guarantor

Benjamin Tze Keong Ding is the guarantor of the work who accepts
full responsibility for the work and conduct of the study, had access to
the data, and controlled the decision to publish.

Availability of data and material (data transparency)

Data and materials are available upon request.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Data statement

Due to the nature of the study, no raw data was collected for

sharing.

Declaration of competing interest

Nothing to declare in this category.

Acknowledgements

The authors would like to thank the department, healthcare workers
and the patients for their contributions in the fight against COVID-19.

References

[1] V.N. Prachand, R. Milner, P. Angelos, M.C. Posner, J.J. Fung, N. Agrawal,
V. Jeevanandam, J.B. Matthews, Medically necessary, time-sensitive procedures:
scoring system to ethically and efficiently manage resource scarcity and provider
risk during the COVID-19 pandemic, J. Am. Coll. Surg. (2020), https://doi.org/10.
1016/j.jamcollsurg.2020.04.011.

[2] American Enterprise Institute, National coronavirus response: a road map to re-
opening, https://www.aei.org/research-products/report/national-coronavirus-
response-a-road-map-to-reopening/, (2020).

[3] M.J. Halawi, D.D. Wang, T.R. III Hunt, What's Important: Weathering the COVID-19
Crisis: Time for Leadership, Vigilance, and Unity, JBJS Latest Articles, 2020,
https://doi.org/10.2106/jbjs.20.00419.

[4] Centers for Medicare & Medicaid Services, Centers for Medicare & Medicaid services
(CMS) recommendations: Re-opening facilities to provide non-emergent non-
COVID-19 healthcare: phase I, https://www.cms.gov/files/document/covid-
flexibility-reopen-essential-non-covid-services.pdf. 2020, (2020).

[5] American Society of Anesthesiologists American College of Surgeons, Association of
periOperative Registered Nurses, American Hospital Association, Joint statement:
roadmap for resuming elective surgery after COVID-19 pandemic, https://www.
asahq.org/about-asa/newsroom/news-releases/2020/04/joint-statement-on-
elective-surgery-after-covid-19-pandemic, (2020) Accessed April 30, 2020 2020.

[6] A. Fauci, Dr. Anthony fauci on how life returns to normal, https://www.wsj.com/
podcasts/the-journal/dr-anthony-fauci-on-how-life-returns-to-normal/d5754969-
7027-431e-89fa-e12788ed9879, (2020).

[7] S.A. Lauer, K.H. Grantz, Q. Bi, F.K. Jones, Q. Zheng, H.R. Meredith, A.S. Azman,
N.G. Reich, J. Lessler, The incubation period of coronavirus disease 2019 (COVID-
19) from publicly reported confirmed cases: estimation and application, Ann.
Intern. Med. (2020), https://doi.org/10.7326/m20-0504.

[8] R. Pung, C.J. Chiew, B.E. Young, S. Chin, M.I. Chen, H.E. Clapham, A.R. Cook,
S. Maurer-Stroh, Mphs Toh, C. Poh, M. Low, J. Lum, V.T.J. Koh, T.M. Mak, L. Cui,
Rvtp Lin, D. Heng, Y.S. Leo, D.C. Lye, V.J.M. Lee, Investigation of three clusters of
COVID-19 in Singapore: implications for surveillance and response measures,
Lancet (London, England) (2020), https://doi.org/10.1016/s0140-6736(20)
30528-6.

[9] G. Qian, N. Yang, A.H.Y. Ma, L. Wang, G. Li, X. Chen, X. Chen, A COVID-19
Transmission within a Family Cluster by Presymptomatic Infectors in China,
Clinical infectious diseases : an official publication of the Infectious Diseases Society
of America, 2020, https://doi.org/10.1093/cid/ciaa316.

[10] Z. Du, X. Xu, Y. Wu, L. Wang, B.J. Cowling, L.A. Meyers, Serial interval of COVID-19
among publicly reported confirmed cases, Emerg. Infect. Dis. 26 (6) (2020), https://
doi.org/10.3201/eid2606.200357.

[11] J.F. Chan, C.C. Yip, K.K. To, T.H. Tang, S.C. Wong, K.H. Leung, A.Y. Fung, A.C. Ng,
Z. Zou, H.W. Tsoi, G.K. Choi, A.R. Tam, V.C. Cheng, K.H. Chan, O.T. Tsang,
K.Y. Yuen, Improved molecular diagnosis of COVID-19 by the novel, highly sensi-
tive and specific COVID-19-RdRp/hel real-time reverse transcription-PCR assay
validated in vitro and with clinical specimens, J. Clin. Microbiol. 58 (5) (2020),
https://doi.org/10.1128/jcm.00310-20.

[12] J. Hadaya, M. Schumm, E.H. Livingston, Testing individuals for coronavirus disease
2019 (COVID-19), J. Am. Med. Assoc. (2020), https://doi.org/10.1001/jama.2020.
5388.

[13] M.H. Chew, W.J. Tan, C.Y. Ng, K.H. Ng, Deeply reconsidering elective surgery:
worldwide concerns regarding colorectal surgery in a COVID-19 pandemic and a
Singapore perspective, Singapore medical journal (2020), https://doi.org/10.
11622/smedj.2020070.

[14] Centers for Disease Control and Prevention, Estimated personal protective equip-
ment (PPE) needed for healthcare facilities, https://www.cdc.gov/vhf/ebola/
healthcare-us/ppe/calculator.html, (2016) Accessed April 30, 2020 2020.

[15] Z.C. Liang, M.S.Y. Chong, M.A. Sim, J.L. Lim, P. Castañeda, D.W. Green, D. Fisher,
L.K. Ti, D. Murphy, J.H.P. Hui, Surgical considerations in patients with COVID-19:
what orthopaedic surgeons should know, JBJS Latest Articles (2020), https://doi.
org/10.2106/jbjs.20.00513.

[16] C.J.L. Murray, Forecasting the Impact of the First Wave of the COVID-19 Pandemic
on Hospital Demand and Deaths for the USA and European Economic Area
Countries, (2020), https://doi.org/10.1101/2020.04.21.20074732 2020.2004.
2021.20074732.

[17] Institute for health metrics and evaluation (IHME) (2020) COVID-19 projections.
Institute for health metrics and evaluation, Accessed April 30, 2020 2020 https://
covid19.healthdata.org/united-states-of-america.

[18] G.S.M. Dyer, M.B. Harris, What's important: facing fear in the time of COVID-19,

B.T.K. Ding, et al. International Journal of Surgery 80 (2020) 162–167

166

https://doi.org/10.1016/j.jamcollsurg.2020.04.011
https://doi.org/10.1016/j.jamcollsurg.2020.04.011
https://www.aei.org/research-products/report/national-coronavirus-response-a-road-map-to-reopening/
https://www.aei.org/research-products/report/national-coronavirus-response-a-road-map-to-reopening/
https://doi.org/10.2106/jbjs.20.00419
https://www.cms.gov/files/document/covid-flexibility-reopen-essential-non-covid-services.pdf.%202020
https://www.cms.gov/files/document/covid-flexibility-reopen-essential-non-covid-services.pdf.%202020
https://www.asahq.org/about-asa/newsroom/news-releases/2020/04/joint-statement-on-elective-surgery-after-covid-19-pandemic
https://www.asahq.org/about-asa/newsroom/news-releases/2020/04/joint-statement-on-elective-surgery-after-covid-19-pandemic
https://www.asahq.org/about-asa/newsroom/news-releases/2020/04/joint-statement-on-elective-surgery-after-covid-19-pandemic
https://www.wsj.com/podcasts/the-journal/dr-anthony-fauci-on-how-life-returns-to-normal/d5754969-7027-431e-89fa-e12788ed9879
https://www.wsj.com/podcasts/the-journal/dr-anthony-fauci-on-how-life-returns-to-normal/d5754969-7027-431e-89fa-e12788ed9879
https://www.wsj.com/podcasts/the-journal/dr-anthony-fauci-on-how-life-returns-to-normal/d5754969-7027-431e-89fa-e12788ed9879
https://doi.org/10.7326/m20-0504
https://doi.org/10.1016/s0140-6736(20)30528-6
https://doi.org/10.1016/s0140-6736(20)30528-6
https://doi.org/10.1093/cid/ciaa316
https://doi.org/10.3201/eid2606.200357
https://doi.org/10.3201/eid2606.200357
https://doi.org/10.1128/jcm.00310-20
https://doi.org/10.1001/jama.2020.5388
https://doi.org/10.1001/jama.2020.5388
https://doi.org/10.11622/smedj.2020070
https://doi.org/10.11622/smedj.2020070
https://www.cdc.gov/vhf/ebola/healthcare-us/ppe/calculator.html
https://www.cdc.gov/vhf/ebola/healthcare-us/ppe/calculator.html
https://doi.org/10.2106/jbjs.20.00513
https://doi.org/10.2106/jbjs.20.00513
https://doi.org/10.1101/2020.04.21.20074732
https://covid19.healthdata.org/united-states-of-america
https://covid19.healthdata.org/united-states-of-america


JBJS Latest Articles (2020), https://doi.org/10.2106/jbjs.20.00469.
[19] Centers for Disease Control and Prevention (CDC), Return to Work for Healthcare

Personnel with Confirmed or Suspected COVID-19, Centers for Disease Control and
Prevention (CDC), 2020, https://www.cdc.gov/coronavirus/2019-ncov/hcp/
return-to-work.html Accessed April 30, 2020 2020.

[20] Centers for Disease Control and Prevention (CDC), Strategies to Mitigate Healthcare
Personnel Staffing Shortages, Centers for Disease Control and Prevention (CDC),
2020, https://www.cdc.gov/coronavirus/2019-ncov/hcp/mitigating-staff-
shortages.html Accessed April 30, 2020 2020.

[21] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, J. Xiang, Y. Wang, B. Song, X. Gu,
L. Guan, Y. Wei, H. Li, X. Wu, J. Xu, S. Tu, Y. Zhang, H. Chen, B. Cao, Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study, Lancet (London, England) (2020), https://doi.org/10.

1016/s0140-6736(20)30566-3.
[22] J.J. White, R. Houghton-Clemmey, P. Marval, Enhanced recovery after surgery

(ERAS): an orthopaedic perspective, J. Perioperat. Pract. 23 (10) (2013) 228–232,
https://doi.org/10.1177/175045891302301004.

[23] A.D. Kaye, R.D. Urman, E.M. Cornett, B.M. Hart, A. Chami, J.A. Gayle, C.J. Fox,
Enhanced recovery pathways in orthopedic surgery, J. Anaesthesiol. Clin.
Pharmacol. 35 (Suppl 1) (2019) S35–s39, https://doi.org/10.4103/joacp.JOACP_
35_18.

[24] Z.C. Hu, L.J. He, D. Chen, X.B. Li, Z.H. Feng, C.W. Fu, J.W. Xuan, W.F. Ni, A.M. Wu,
An enhanced recovery after surgery program in orthopedic surgery: a systematic
review and meta-analysis, J. Orthop. Surg. Res. 14 (1) (2019) 77, https://doi.org/
10.1186/s13018-019-1116-y.

B.T.K. Ding, et al. International Journal of Surgery 80 (2020) 162–167

167

https://doi.org/10.2106/jbjs.20.00469
https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/mitigating-staff-shortages.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/mitigating-staff-shortages.html
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1177/175045891302301004
https://doi.org/10.4103/joacp.JOACP_35_18
https://doi.org/10.4103/joacp.JOACP_35_18
https://doi.org/10.1186/s13018-019-1116-y
https://doi.org/10.1186/s13018-019-1116-y

