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Introduction

The coronavirus disease (COVID-19) caused by the SARS-
CoV-2 virus has created global healthcare and economic 
crises. In Massachusetts, healthcare facilities were advised 
to postpone elective surgeries on March 15, 2020 with 
the goal of preserving critical supplies, including personal 
protective equipment (PPE), ventilators, and optimizing 
the number of beds available (1). While undoubtedly 

necessary, the postponement of high revenue generating 
elective procedures placed significant financial strain on 
healthcare systems. This afforded orthopaedic surgeons 
the opportunity to rethink current healthcare models, 
restructure practices, and find new methods to enhance 
patient care. While healthcare systems devise strategies 
to resume elective surgeries, input from federal and state 
governments, the Center for Disease Control (CDC), the 
American Academy of Orthopaedic Surgeons (AAOS) (2),  
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the American Association of Hip and Knee Surgeons 
(AAHKS) (3), and industry partners have provided 
additional resources and guidance.

Our institution is a high-volume, COVID-19 negative, 
orthopaedic-only specialty hospital in Boston, Massachusetts 
that performs approximately 14,000 orthopaedic surgery 
cases per year. Total joint arthroplasty, including shoulder 
arthroplasty, constitutes approximately 65 percent of the 
inpatient case volume. During the majority of the period 
of cessation of surgical cases between March 17 and May 3,  
2020, estimates suggested cancellation of 913 inpatient 
and 558 outpatient surgical procedures. Our institution 
estimates a monthly $9,000,000 loss in revenue. Due to 
a significant decrease in volume, our institution offered 
to house various non-COVID-19 patients from other 
institutions to offload neighboring hospitals involved in the 
care of COVID-19 patients, thus remaining a COVID-19 
negative hospital during the pandemic. The COVID-19 
negative status of the hospital was also maintained due to 
the lack of an emergency department at our institution.

As the number of hospitalized COVID-19 patients 
continues to decline, our institution created guidelines for 
resuming elective surgery (4). Utilizing the aforementioned 
resources, this guideline represents a culmination of best 
practices designed by the hospital’s multidisciplinary 
committee. The goal of this protocol is mitigating risk to 
patients and staff while optimizing efficiency when resuming 
elective surgery. The purpose of this manuscript is to document 
the best practices and guidelines for restarting elective surgery 
at a high-volume, COVID-19 negative, orthopaedic-only 
specialty hospital as a model for other institutions.

Methods

General considerations

There are several important considerations when designing 
a protocol for the reimplementation of elective surgery 
during the COVID-19 pandemic. First, collaboration 
is necessary among several specialties and hospital 
departments. The surgeon-in-chief and chief nursing and 
operating officer formed a steering committee overseeing 
specific work groups consisting of physicians from medicine, 
infectious disease, and orthopaedics as well as operating 
room and inpatient nursing, pharmacy, and administrative 
personnel including the hospital president and CEO. Sub-
committees specifically focused on 4 different areas: (I) 
preoperative screening and care, (II) operative care, (III) 

immediate post-operative care, and (IV) inpatient concerns. 
Through this collaboration, a comprehensive protocol for 
the staged reintroduction of elective surgery was developed.

Following creation of a protocol, next steps involve 
implementing such changes in an efficient and safe manner. 
The protocol will be distributed to all hospital employees 
and made available electronically for review. There will 
be significant logistical changes in the workflow and floor 
traffic in all areas of the hospital, including outpatient 
preoperative evaluation, travel to and within the hospital, 
operating room workflow, and post-operative care. In order 
to implement these changes, several considerations with 
regards to staffing will be made. There will be increased 
use of telemedicine encounters and use of iPads in the 
hospital to provide patient education while limiting person-
to-person interactions. Additionally, increased access to 
disinfectant wipes will be made available, the hospital will be 
terminally cleaned before resumption of surgery, and virtual 
education modules will be completed by staff to ensure that 
all employees are properly trained on new protocols. All 
staff members will be electronically screened daily via text 
message and will only be allowed to work if asymptomatic 
(Figure 1). Symptoms include fever, body aches, cough, sore 
throat, shortness of breath, vomiting, diarrhea, and loss of 
smell or taste. In order to encourage workers to stay home 
if symptomatic, the institution increased employee paid sick 
leave to eliminate the financial incentive to keep working.

While this protocol’s goal is to produce a safe and 
comprehensive means to reintroduce elective surgery, this 
protocol is based on the information currently available 
that will likely continue to evolve. As such, considerable 
understanding and flexibility will be necessary of all 
employees, patients, and their caregivers. Weekly meetings 
among committee members will allow for changes and 
continual reevaluation of the protocol. The purpose 
of this initial protocol is to serve as the model for the 
reintroduction of elective surgery at our institution with 
the understanding that there will likely be several iterations 
before the final equilibrium is reached.

Exclusion criteria

Our institution has a long-standing history of pre-
operative screening for elective surgery. Beginning in 
1997, through collaboration with medicine subspecialists, 
each patient is systematically evaluated before surgery. 
Prior to the COVID-19 pandemic, this included an in-
person evaluation and risk stratification based on medical 
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comorbidities. Further evaluation and testing were then 
done as needed with evaluation and clearance obtained 
from the necessary subspecialties. The results were then 
documented and reviewed through the prescreening 
department weekly. COVID-19 has increased the need for 
prescreening of patients to perform elective surgeries, but 
with the restriction of limiting in-person interactions and 
unnecessary evaluations. Robust pre-screening processes will 
continue, but with an increased emphasis on telemedicine 
evaluations, when appropriate, and the addition of stricter 
exclusion criteria. For example, the fatality rates for patients 
with COVID-19 are higher for those with the following 
comorbidities: 10.5 percent for cardiovascular disease, 7.3 
percent for diabetes, approximately six percent each for 
chronic respiratory disease, hypertension, and cancer (5). 

The basis for these criteria is derived from the medical 
literature, recommendation of medical specialists, and 
recently published studies in the literature (Table 1) (6-12).  
As more information becomes available about specific 
patient risk factors for poor outcomes with COVID-19 
infection, these exclusion criteria will likely change (13,14).

Results

Staging return phases and testing

In order to proceed with elective surgery, risk to staff and 

patients must be mitigated by appropriately using PPE. 
Four phases to restart elective surgery were developed, 
which allows changes to be enacted to the ongoing 
COVID-19 pandemic and implement appropriate PPE, 
testing, and screening protocols (Table 2). These phases 
are decided on by the governor of Massachusetts and his 
Reopening Advisory Board. In addition, the president of 
the hospital held daily meetings with the state department 
of public health to ensure up-to-date information was 
utilized. Phase 1 resembles circumstances during the surge 
of COVID-19, with limited testing availability and ongoing 
community transmission. Phase 2 represents reduced 
community transmission with improved testing availability. 
Both PCR testing and antibody testing for asymptomatic 
individuals are widely available. Antibody testing studies will 
help provide a better understanding of disease transmission. 
Phase 3 is characterized by predictable transmission within 
the community with disease transmission mostly limited 
to high risk groups. In phase 3, rapid point of care testing 
is available. Phase 4 represents a time similar to the pre-
COVID-19 era where there is widespread availability of 
a vaccine or herd immunity. In phase 4, testing returns 
to as needed and standard precautions are resumed. It 
is unclear how long each phase will last, but with each 
phase comes different recommendations for testing and 
PPE. At this time, all patients are being tested prior to 

Figure 1 Staff entrance checkpoint with symptom monitoring and temperature check.
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Table 1 Exclusion criteria for elective surgery

Demographics Cardiac Pulmonary Other comorbidities Patient factors

Age >70
CAD with most recent stress 
test demonstrating ischemia

Moderate to severe 
asthma

Chronic liver disease
Patient coming from a 
rehab or nursing home

ASA IV
Coronary artery stent: bare 
metal within 45 days; DES 
within 6 months

Moderate to severe 
COPD

Cerebrovascular disease
A patient requiring rehab 
after surgery

BMI >40
Poor ventricular function  
(LVEF <50%)

Active smoking 6 weeks 
prior to surgery

Creatinine >1.8
Activity level: partially 
independent or dependent; 
METS <4

Hypertrophic cardiomyopathy: 
moderate or severe

Untreated OSA Steroid therapy Cognitive deficiency

Moderate or severe valvular 
disease

Pulmonary hypertension 
(PAP >45)

Immunosuppression 
therapy

Albumin <3.5

Labs: A1c >8, Blood 
glucose >200 on DOS

surgery; however, phases may vary at other institutions 
based on testing availability in their community. Under 
the protocol, if a patient is COVID-19 positive by PCR, 
regardless of antibody testing, the recommendation is to 
postpone elective surgery. Although there is an absence of 
high-level evidence reporting complications and worse-
outcomes in COVID-19 positive patients, it is currently 
the general consensus and ethical approach to delay surgery 
until a patient is disease free. Special considerations would 
be made for urgent/life-threatening cases in the setting of 
COVID-19 positive PCR.

Prior to day of surgery (pre-admission screening,  
pre-op considerations)

The surgeon office will contact patients directly to identify 
eligible patients willing to undergo surgery. Patients will 
be informed that post-operative rehabilitation and home 
health services may be limited or unavailable and patients 
are advised to make necessary plans for additional family 
support. If the patient is deemed eligible and willing to 
proceed with surgery, the Surgeon Office contacts the 
Pre-Admission Screening Unit (PASU) for appointment 
scheduling. The patient will complete an electronic intake 
form via a secure web platform which will be subsequently 
reviewed by the PASU (Table 1). Patients that meet 
exclusion criteria will be identified in PASU and subjected 
to an interdisciplinary (i.e., anesthesia, nursing, hospitalist, 

orthopaedic surgery) case review to determine if surgery 
can proceed. Patients will undergo COVID-19 testing 48 
hours before surgery according to the phased approach 
as discussed above based on community transmission and 
testing availability (Table 2). After COVID-19 testing, 
all patients will be instructed to self-quarantine to avoid 
additional exposure. Patients that have completed the PASU 
intake form in advance and determined to be low risk may 
be eligible for a telemedicine interview and subsequent 
radiographs and labs. The history and physical will be 
completed on the day of surgery. If a patient does not 
pass their telemedicine interview, or they are not deemed 
low risk, they will be required to attend an in-person 
appointment with PASU.

Prior to arriving to the hospital, patients will be pre-
registered by the Patient Access department by phone 
to review the current safety protocol, social distancing 
guidelines, and to obtain verbal consents (Figure 2). Patients 
will be instructed to travel to the hospital for the PASU 
appointment alone or with one support person, arriving 15–
30 minutes before the appointment. Patients will call the 
Patient Access team in the PASU upon arrival. They will 
remain in their car until they receive instruction to proceed 
to the lobby with assistance of a transport team as needed. 
If the patient requires imaging, this will be performed prior 
to visiting the PASU. There is one main entrance for all 
patients and a separate entrance for hospital staff (Figure 1).  
Entrances and high contact areas are cleaned using a 
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standard protocol with increased frequency. All lobbies and 
meeting spaces will be reconfigured for social distancing. 
Ideally, no patients will wait in the Patient Access lobby 
prior to proceeding to the PASU for screening. Additional 
socially distanced waiting areas will be provided for patients 
requiring radiology and preoperative lab work. Once 
any necessary imaging is complete, the Patient Access 
department will register the patient in the examination 
room for the PASU appointment. Consults with other 
relevant departments will be available for both in office and 
telehealth visits when appropriate.

Surgeons will be provided a stratified list of patients 
seen in the PASU with their screening status: green, yellow, 
or red. Green refers to patients cleared with no exclusion 
criteria who may proceed with scheduled surgery. Yellow 
refers to patients requiring additional follow-up and/or 
inter-disciplinary review with PASU clearance pending. Red 
refers to patients that were not cleared by PASU to proceed 
with surgery. Each surgeon will then submit a preferred 
surgical order one week prior to surgery for review. Ideally, 
patients with a tentative same day home discharge plan will 
be prioritized earlier in the day with inpatient cases to follow. 
In preparation for the day of surgery, the Patient Access 
department contacts each patient the day before surgery to 
inquire about any specific COVID-19 symptoms utilizing a 
pre-screening template. If the patient reports any symptoms, 
the patient is subsequently contacted within the hour by a 
nurse for further screening and determination if any further 
testing is required before surgery. Upon arrival on the day 
of surgery, all patients will follow the same protocol as noted 
above. After registration is complete, the pre-operative 
assessment by the nurse, anesthesia team, and orthopaedic 
team will be performed in order to proceed with surgery.

Day of surgery (operating room and PACU, inpatient and 
discharge)

Our hospital traditionally has 16 operating rooms 
functioning daily on weekdays and has the capacity to open 
rooms on the weekend for urgent and emergent cases. Due 
to the additional staffing demands and logistical restraints of 
the added safety precautions, we will start with opening 12 
operating rooms daily. To account for the relative decrease 
in weekday operating room availability, there will be an 
option for opening more operating rooms on Saturday by 
surgeon preference and availability. Operating room start 
times will be staggered such that four rooms each will begin 
at 7:00 AM, 7:30 AM, and 8:00 AM. No elective surgeries 
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Figure 2 Questionnaire algorithm.
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will be scheduled to begin after 3:30 PM. There will be one 
runner assigned for every three rooms to limit OR traffic. 
If PPE contact precautions are able to be lifted, sixteen 
rooms will run with six rooms beginning at 7:00 AM,  
six rooms at 7:30 AM and four rooms at 8:00 AM. The 
number of people will be limited in each OR to reduce the 
frequency of door openings. Room equipment will be kept 
to a minimum. Cases involving higher risk patients with 
airway concerns based on preoperative risk stratification will 
be performed in the morning. To optimize efficiency during 
the reopening phase, there will be strict guidelines regarding 
the timeliness of adhering to scheduled surgical start times 
as swing rooms may not be available during the early stages 
of reopening. If the surgeon is more than 15 minutes  
late to the OR and they are the primary reason for the 
delay in surgery, they will be given a warning for their 
first offense and will lose two weeks of block time for a 
second offense. Spinal anesthesia will be the preferred 
form of anesthesia when appropriate and these cases will 
be performed earlier in the day to maximize postoperative 
time for spinal anesthesia effects to diminish and increase 
early mobility for any patients suitable to be discharged 
on the same day as surgery. For patients requiring general 
anesthesia, rapid sequence intubation with succinylcholine 
per American Society for Anesthesiologists guidelines 
during the COVID-19 pandemic will be performed (15). All 
patients will be treated with contact precautions and droplet 
precautions when appropriate (Table 2). All patients receive 
a standardized periarticular injection of 0.5 per bupivacaine 
(50 mL) mixed with 30 mL of sterile saline and 30 mg 
of ketorolac (unless contraindicated). Operating room 
turnover will begin 30 minutes after extubation to further 
protect employees. Vendor access will be limited in the 
OR and cases will be limited to one vendor when possible. 
Patients appropriate for outpatient surgery will recover in 
the day surgery recovery area. When an eligible outpatient 
surgery patient is deemed ready for discharge, a designated 
escort will bring them to their family member at the front 
of the hospital to minimize family members entering the 
hospital. Patients will be spaced accordingly in PACU to 
maintain social distancing recommendations. Any patient 
that remains intubated will recover in a designated isolation 
room. Patients being admitted will be transferred to the 
floor when clinically appropriate to private rooms. Patients 
meeting criteria for “short stay” will be located on 2 specific 
floors to maximize efficiency. Staffing hours will be adjusted 
as needed to accommodate for patients requiring longer 
stays due to lack of rehabilitation center bed availability. 

All patients receive a standardized post-operative pain 
protocol. Furthermore, prior to surgery, post-operative 
DVT prophylaxis is selected by the surgeon based on pre-
operative risk assessment and is filed in the patient’s chart 
for ease of post-operative order sets. All post-operative 
order sets and guidelines for discharge will be standardized. 
Discharge instructions will be available on iPad for patient 
review to limit face-to-face interactions with staff members.

Monitoring success

Once resuming elective surgery, we plan to monitor our 
progress, success, and failures through a multi-faceted 
approach. We will compare pre- and post-COVID-19 
patients with regard to baseline patient demographics, 
length of hospital stay, complications, and outcome 
measures. We will also evaluate financial recovery once 
restarting elective surgery. We anticipate a decrease in 
ability for patients to be discharged to rehabilitation 
facilities as well as obtain in-home rehab services. This 
may lead to decreased patient satisfaction and increased 
complication rates due to lack of professional support once 
discharged from the hospital. Primary outcome measures 
will include 90-day complications, readmissions and need 
for further surgery. Secondary outcome measures will 
include patient satisfaction regarding their in-hospital 
experience and also post-operative care once discharged, as 
well as number of patients testing positive for COVID-19 
within two weeks of surgery and the proportion of staff who 
tested positive. These will be assessed by way of two distinct 
electronic surveys. It is expected that there may be a variety 
of differences in the pre- and post-COVID-19 patients.  
Our goal is to learn from our initial experience in resuming 
elective surgery, implement appropriate changes in 
this dynamic process and continue to provide excellent 
orthopaedic care to our patient population.

Conclusions

Final thoughts

The COVID-19 pandemic has created widespread 
changes throughout the healthcare system. It has allowed 
orthopaedic surgeons the opportunity to rethink current 
healthcare models, restructure practices, and enhance 
care for patients. As a high-volume orthopaedic specialty 
hospital, the restrictions on elective surgeries during the 
pandemic have resulted in a significant number of cases 
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being cancelled and postponed. The ability to resume 
elective surgery in a safe environment is critical to ongoing 
care of patients. The economic implications of resuming 
surgery at our institution is also significant given the high 
volume performed and reliance on surgical procedures 
as a primary income source. The creation of a guideline 
for the resumption of elective surgery is the culmination 
of best practices. Through the input of federal, state, 
and local governments, AAOS, AAHKS, industry, and 
a multidisciplinary clinical committee, this protocol is a 
comprehensive approach to mitigating risk to patients and 
staff while optimizing efficiency when resuming elective 
surgery. While each healthcare system creates their own 
protocols, this proposal can provide other groups a resource 
from which to formulate their guidelines. Our institution 
is in a unique situation where it has remained a COVID-19 
negative hospital. As an orthopaedic specialty hospital 
without an emergency room, the scope of care of our 
institution is outside of the scope required to treat patients 
with COVID-19. Within our larger hospital network, our 
institution was tasked with accepting transfers of patients 
who were COVID-19 negative in order to free up hospital 
beds for our partners treating COVID-19. The term we use 
is only meant to describe the infrastructure in our hospital 
as well as lack of patients presenting to us in a non-elective 
fashion, which provides the opportunity to rapidly increase 
surgical volume as the state reopens.

The  deve lopment  o f  th i s  pro toco l  through  a 
multidisciplinary committee has also enabled improvement 
in several aspects of orthopaedic care. This is especially 
evident through the standardization of spinal anesthesia, 
pain management, and anticoagulation protocols for 
patients undergoing TJA, which will likely improve the 
care of our patients beyond the pandemic. Furthermore, 
the continued engagement of the committee will aid 
in continually reexamining and adapting this protocol 
throughout the process of reintroducing elective surgical 
cases. It is impossible to design a flawless protocol with 
seamless implementation during such a dynamic process 
as the COVID-19 pandemic. As recommendations 
regarding care and preventing the spread of disease, 
this protocol will change and adapt to accommodate 
the most current guidelines. The communication of 
these changes will be made to employees and patients 
v ir tual ly  to  l imit  large in-person gatherings .  As 
COVID-19 is a global pandemic and strategies exists 
throughout the world for a return to elective surgery (16),  
our protocol represents an example of a United States 

hospital where domestic regulations and rates of COVID-19 
differ. Further, our protocol represents a single-specialty 
orthopaedic-only institution with no emergency room—
and our model may apply more or less depending on the 
nature of other hospitals. But we believe our example may 
be valuable for others to consider.

There are certain limitations when applying this 
protocol to other institutions. Our institution is a unique, 
orthopaedic-only specialty hospital without an emergency 
department, which has remained COVID-19 negative. 
Furthermore, our institution has a long-standing history of 
extensive, collaborative, multi-department pre-screening 
protocols and medical optimization of patients prior to 
surgery. This has led to efficiency and overall excellent 
outcomes for patients undergoing TJA, which may put our 
institution at an advantage when instituting some of the 
changes in the protocol. Compared to an academic medical 
center or community hospital, our institution is more 
similar to certain high-volume orthopaedic surgical centers 
and therefore this protocol may be more applicable as a 
model for such institutions for resuming elective surgery. 
This proposal may not be relevant in its entirety to every 
institution; however, it may serve as a basic model which can 
be customized to meet the specific needs and restrictions of 
other institutions.
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