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The pandemic of severe acute respiratory 
syndrome-coronavirus 2 (SARS-CoV-2), also named 
as novel coronavirus-2019 (COVID-19), has rapidly 
become one of the most significant socioeconomic 
and medical events in the modern human history.[1,2] 
It is widely acknowledged that lockdown, social 
distancing, and attention to hand hygiene have led 
to a reduction in the number of cases.[3-5] However, 
despite these measures, healthcare institutions 
across the Europe and North America were at risk 
of being overwhelmed by the large numbers of 
patients requiring respiratory support, as well as 
the need for isolation of the infected patients.[6]

Objectives: This study aims to investigate the effectiveness of a 
screening questionnaire to identify high-risk patients for novel 
coronavirus-2019 (COVID-19) among those undergoing elective 
orthopedic surgery.
Patients and methods: Between May 4th, 2020 and June 11th, 
2020, a total of 1,021 consecutive patients (492 males, 529 females; 
mean age: 62.3±15.1 years; range, 13 to 91 years) who were 
scheduled for elective orthopedic surgery were included. A 
screening questionnaire was applied to all patients. The patients 
admitted to hospital were also tested for COVID-19 infection 
through reverse transcription-polymerase chain reaction of the 
nasopharyngeal swab.
Results: Of the patients, 1,003 (98.2%) underwent elective surgery 
as planned. The screening questionnaire classified 30 patients as 
high-risk for COVID-19. A total of 18 procedures (n=18, 1.8%) 
were postponed due to the high risk of possible transmission of 
COVID-19. None of 991 low-risk patients were tested positive for 
COVID-19.
Conclusion: The use of guiding principles for resuming elective 
orthopedic surgery is safe without a higher risk for complications 
in selected cases.
Keywords: COVID-19, elective surgery, orthopedic surgery, 
screening.

ABSTRACT

Results of the first 1,000 procedures after resumption of 
elective orthopedic services following COVID-19 pandemic: 
Experiences of a high-volume arthroplasty center
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One of the strategies to mitigate the spread 
of COVID-19 was the halting of elective surgical 
services in an attempt to optimize the use of existing 
infrastructure and minimize the exposure of patients 
to the virus.[7] While the rationale of this approach 
is non-controversial, several uncertainties have 
been raised around the issue of restarting elective 
surgical practice. The optimal timing of restarting, 
patient selection, the use of screening tools, and 
the optimal screening tool are undecided, as are 
the issues of the geographical proximity of elective 
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services and emergency services in hospitals. These 
issues are of particular importance as concerns of a 
potential second wave have been announced.[8] These 
concerns have been validated by the observations 
of resurgence of cases and renewed lockdown in 
several countries including China, Spain, and North 
America. Restarting elective practice[9,10] has been the 
subject of several medical publications, as well as the 
being a subject of major social and political debate in 
contemporary media.

The International Consensus Group has recently 
issued some of the main implications which should 
be considered and addressed while planning a 
return to elective service delivery.[9] In the present 
study, we aimed to investigate the effectiveness of a 
screening questionnaire to identify high-risk patients 
for COVID-19 among those undergoing elective 
orthopedic surgery based on experiences of a high-
volume arthroplasty center. In this context, answers 
to the following questions were sought: (i) How many 

patients were tested positive for SARS-CoV-2 and 
were classified as high risk patients? (ii) Were there 
patients who were screened as low-risk and were 
tested positive in reverse transcriptase-polymerase 
chain reaction (RT-PCR) diagnostics? (iii) How many 
planned surgeries had to be postponed to minimize 
exposure and transmission of SARS-CoV-2 to other 
patients and staff? (iv) What was the transmission rate 
within the hospital?

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at ENDO-Klinik Hamburg, a high-
volume arthroplasty center, between May 4th, 2020 
and June 11th, 2020. A total of 1,021 consecutive 
patients (492 males, 529 females; mean age: 62.3±15.1 
years; range, 13 to 91 years) who were scheduled 
for elective orthopedic surgery were included. A 
screening questionnaire was applied to all patients. 
The patients admitted to hospital were also tested for 
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FIGURE 1. SARS-CoV-2 prevention organization chart.
SARS-COV-2: Severe acute respiratory syndrome-coronavirus 2; COVID-19: Novel coronavirus-2019.
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COVID-19 infection through reverse transcription-
polymerase chain reaction of the nasopharyngeal 
swab and the results were documented. Demographic 
and clinical characteristics of the patients and 
operative data were recorded. A written informed 
consent was obtained from each patient. The 
study protocol was approved by the Ärztekammer 
Hamburg Ethics Committee (WF-112/20). The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki. As described by Parvizi 
et al.,[9] a questionnaire for the screening of patients 
was implemented to resume elective surgery. Two 
days before the planned admission for surgery, the 
questionnaire was completed via telephone with the 
patient. This included, in addition to possible contact 
with COVID-19-infected individuals, symptoms 
such as fever, cough, pharyngitis or loss of smell 
(anosmia).[9,11-13] If a question was answered positively 
with “Yes”, the patient was classified as a patient at 
risk and a 14-day quarantine was implemented and 
a negative RT-PCR test or proof of an infection with 
SARS-CoV-2 was obtained later. If there were no risk 
factors for a positive SARS-CoV-2 infection, the patient 
was admitted to hospital. The questionnaire and the 
RT-PCR swab test were, then, re-evaluated during 
inpatient admission. The patients without risk factors 
with a negative smear were categorized into the green 
zone, where the patients were considered eligible for 
surgery. In the green zone, the basic precautions such 
as social distancing, wearing of a face mask, and 
hand hygiene are applied (Figure 1).[3] If a patient was 
tested positive, the patient was immediately isolated 
in the red zone and their immediate contact persons 
(family members or neighbors) were placed in the 
yellow zone. In individual cases, all contact persons 
were tested again. The red zone represents confirmed 
SARS-CoV-2. In this red zone, staff wear an FFP-3 
mask, hoods, protective goggles, and moisture-proof 
protective gowns, in addition to the basic precautions. 
In the yellow zone, all patients are kept who have an 
increased risk profile (transfer from another hospital) 
and have not had a confirmed negative result of the 
COVID RT-PCR test. Staff in the yellow zone follow 
the same precautions as in the red zone, except for an 
FFP-2 mask, instead of an FFP-3 mask.

Screening questionnaire

The SARS-CoV-2 infection is transmitted through 
contact with infected persons,[14,15] most commonly 
presenting with symptoms such as fever, cough, 
fatigue, and loss of smell.[9,11-13] Therefore, the 
questionnaire includes a combination of questions 
about contact with potentially infected individuals 
and questions about the symptoms of COVID-19 

disease (Table I). If at least one question was answered 
with “Yes”, the patient was considered to be at a 
high risk for SARS-CoV-2 infection. If an infection 
was previously confirmed with a positive RT-PCR 
result and symptoms were absent for minimum two 
weeks or a negative RT-PCR result was documented 
after the beginning of the symptoms, the patient 
was classified as low risk for SARS-CoV-2 infection, 
despite a positive screening.

SARS-CoV-2 RT-PCR testing

Routine preoperative diagnostics included the 
combination of nasopharyngeal and oropharyngeal 
swabs for RT-PCR testing of SARS-CoV-2.[16,17] The 
swab was taken with an ESwab® (COPAN Italia Spa, 
Via Perotti 10, Brescia, Italy) in a liquid preservation 
medium consisting of 1 mL Amies medium. The test 
was performed on the day of admission or the day 
before elective surgery.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS Statistics software version 27.0 (IBM Corp., 

TAblE I

SARS-CoV-2 screening questionnaire (if only one question is 
answered "Yes", the patient is classified in the high-risk group)

SARS-CoV-2 screening questionnaire

•	 Have you had an infection or have you tested positive?  

 - If “yes”: Have the isolation/quarantine measures been-

lifted?

Is there a negative result on SARS-CoV-2? 

•	 Do you currently have or have you had the following 

symptoms in the last 14 days? 

•	 Fever, headache, sore throat, rhinitis, dyspnea, dry 

cough, shivering, pain in limbs, fatigue, diarrhea, loss of 

smell

•	 Contact with people in quarantine within the last 14 

days? (Applies only to people living together in the same 

household)

•	 Contact to confirmed COVID-19 case within the last 14 

days?

•	 Has there been a stay in another hospital within the last 

14 days?

 - If “yes”: Were there COVID-19 cases in this hospital?

 - If “yes”: In your ward?

•	 Are you a resident in a nursing home, nursing flat share 

or mass accommodation in which there have been 

COVID-19 cases in the last 14 days?

SARS-COV-2: Severe acute respiratory syndrome-coronavirus 2; 
COVID-19: Novel coronavirus-2019.
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Armonk, NY, USA). Continuous data were expressed 
in mean ± standard deviation (SD) or median 
(min-max), while categorical data were expressed in 
number and frequency.

RESUlTS

Of a total of 1,021 patients, 1,003 (98.2%) underwent 
elective surgery as planned. During the study period, 
30 of 1,021 patients answered the questionnaire 
with at least one question “Yes”. Consequently, 
30 (3%) patients were classified as high risk and 
991 (97%) patients as low risk for a SARS-CoV-2 
infection (Table II). Overall, the high-risk patients 
answered 49 questions with “Yes” (Figure 2).

In the high-risk group, 10 patients had a negative 
RT-PCR test for SARS-CoV-2 after the onset of 
symptoms. Another two patients were already 
tested positive for SARS-CoV-2 and completed 

the 14-day quarantine. In a total of 18 patients, 
surgery had to be postponed (Table III). Twelve 
patients with a current negative test or who already 
experienced SARS-CoV-2 infection were admitted 
for hospitalization. These 18 patients in whom 
surgery was postponed suffered from the listed 
symptoms. The most common symptom was rhinitis 
(n=4), followed by sore throat, dyspnea, dry cough, 
loss of smell (n=2) and diarrhea, fatigue, headache 
and fever, all of which were reported once (Figure 2).

Of a total of 991 patients classified as low-risk 
and subsequently operated in our department, none 
of them were tested positive for SARS-CoV-2 in the 
RT-PCR. In addition, 12 patients with an initial high-
risk classification, all were tested negative in the 
RT-PCR. Therefore, all 1,003 patients admitted to the 
inpatient admission could be operated, as scheduled.

The overall mean time of surgery was 
73±15.1 min. The mean length of hospitalization 
was 5.5±5.3 days. The most frequent operations 
were primary total hip arthroplasty (27%) and 
total knee arthroplasty (22%) (Table IV). A revision 
surgery during the hospital stay was required 
in five patients (0.5%). The reasons for revisions 
surgery were postoperative wound infection (n=3), 
dislocation (n=1), and hematoma (n=1). No medical 
complications related to COVID-19 infection was 
observed in any of the patients.

TAblE II
Overall screening results (n=1,021)

Absolute frequencies

n %

Low-risk SARS-CoV-2 991 97

High-risk SARS-CoV-2 30 3

SARS-COV-2: Severe acute respiratory syndrome-coronavirus 2.

FIGURE 2. Presentation of the frequencies of the screening questions answered with “Yes”
SARS-COV-2: Severe acute respiratory syndrome-coronavirus 2; COVID-19: Novel coronavirus-2019.
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If “Yes”: In your ward?
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DISCUSSION

During the COVID-19 outbreak, there are several 
studies reporting recommendations for resuming 
elective orthopedic surgery.[9,10] However, there is a 
paucity of studies examining clinical practice and 
outcomes after resumption of elective orthopedic 
surgery. To the best of our knowledge, this is the 
first study to report the clinical results on more than 
1,000 procedures after resuming elective orthopedic 
surgery. Using the described interventions performed 
at our institution, we were able to identify low-risk 
patients for COVID-19 prior admission. All low-risk 
patients were tested negative for COVID-19. Using 
our hospitals implementations for resuming elective 
surgery, we were able to perform elective orthopedic 
surgeries without an increase in the postoperative 
complication or revision rates. All patients were 
discharged, as planned. At the time of discharge, all 
patients were COVID-19-free.

In a study, Hernigou et al.[18] presented the 
first elective cases performed between May 18th, 
2020 and June 14th, 2020 in Belgium. The authors 
concluded that resuming of elective surgical 
procedures seemed to be more difficult for patients 
than for surgeons. Only 12% of the cancelled 
patients during the outbreak accepted to proceed 
with rescheduling immediately. In our patient 
cohort, all patients (n=18) in whom surgery was 
postponed could be rescheduled expediently. In the 
study of Hernigou et al.,[18] screening prior elective 
surgery was focused. The authors performed a 
universal testing including COVID-19 RT-PCR and 
thoracic computed tomography (CT) scan. Six of 211 
asymptomatic patients had positive RT-PCR results, 
while no abnormalities were seen on thoracic CT 
scans.

In another study, Gruskay et al.[19] concluded 
that a positive radiographic chest finding as a 
screening criterion did not improve the negative 
predictive value of screening. However, in this study, 
a high rate of COVID-19 infections was present in 
a protocol for universal testing of all orthopedic 
surgical admissions using nasopharyngeal swab 
testing. The study was carried out during the period 
of April 5th, 2020 to April 24th, 2020. The rate of new 
COVID-19 infections in the United States was high 
with a total of 34,272 new cases per day on April 5th 
and 17,588 new cases per day on April 23rd, indicating 
an absolute change of -16,684 (-49%) cases by 842,629 
cumulative confirmed COVID-19 cases across the 
country.[20]

TAblE III
Reporting of screening results in the high-risk group (n=30)

High-risk SARS-CoV-2 Absolute 
frequencies

n %

Negative PCR after symptom beginning 10 33

Positive PCR test >14 days ago 2 7

Postponed elective surgery 18 60

SARS-COV-2: Severe acute respiratory syndrome-coronavirus 2; PCR: 
Polymerase chain reaction.

TAblE IV
Mean surgery time and length of hospital stay according to type of surgery

Frequencies Mean hospital stay in days Mean surgery time in minutes

Type of surgery n % Mean±SD Mean±SD

Primary THA 271 27 5.4±1.3 59±0.012

Primary TKA 219 22 5.5±1.5 74±0.014

Revision THA 71 7 6.6±8.9 120±0.048

Revision TKA 46 4.6 8.1±11.8 162±0.049

Primary TSA 24 2.4 4.5±1.4 70±0.014

Revision TSA 3 0.2 6.3±1.5 126±0.036

Sports orthopaedics 

(arthroscopy knee, shoulder etc.)

198 19.8 2±2.7 43±0.019

Spine surgery 51 5 7±5.6 157±0.058

Others (foot/ankle surgery etc.) 120 12 4±5.6 54±0.025

Overall 1003 100 5.5±5.3 73±15.1

SD: Standard deviation; THA: Total hip arthroplasty; TKA: Total knee arthroplasty; TSA: Total shoulder arthroplasty.
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Interestingly, no patient in our cohort was tested 
positive for COVID-19 during the study period. 
Furthermore, all patients included in the study 
showed no COVID-19-associated symptoms during 
the hospital stay. Re-testing of the patients before 
discharge was not a routine procedure, but was 
only performed on request by the rehabilitation 
facilities. All retested patients were tested negative 
once again. However, it must be noted that the rate of 
new infections at the time of this study was lower in 
Germany with 679 new infections per day on May 4th 
to 555 new infections per day on June 11th, indicating 
an absolute change of -124 (-18%) cases by 198 and there 
were a total of 178 cumulative confirmed COVID-19 
cases in Germany.[21]

In our study, no medical complications related to 
COVID-19 following elective orthopedic procedures 
were encountered. Similar findings were also 
reported in previous studies.[18,19] The implementation 
of specific measures and preoperative identifying of 
high-risk patients for COVID-19 and universal testing 
of all patients is highly recommended to avoid any 
catastrophic postoperative course. It has been already 
shown that postoperative pulmonary complications 
occur in half of patients with perioperative COVID-
19 infection.[22] Another important issue is the 
preoperative selection of an adequate number of 
patients. In a recent study by Williamson et al.,[23] 
higher mortality rates related to COVID-19-infections 
were reported in older patients, male patients, Afro-
American and South Asian patients, as well as in 
those with diabetes or severe asthma. As described 
by Parvizi et al.,[9] elective surgery should be risk-
stratified and possibly deferred on the basis of 
patients’ comorbidities. On the other hand, it is of 
utmost importance to resume elective surgery during 
the pandemic in selected cases.[24] According to the 
study by Jain et al.,[25] there would be a cumulative 
backlog of >1 million surgical cases two years after 
the end of elective surgery deferral.

Nonetheless, there are some limitations to this 
study. First, at the time of the study, the prevalence of 
COVID-19 infection was relatively lower in Germany. 
Second, we did not perform routinely a repeated 
RT-PCR test during the hospital stay or prior discharge. 
Therefore, possible positive COVID-19 cases may have 
not been detected during the hospital stay. Third, in 
our hospital, we did not perform routinely a thoracic 
CT scan. Asymptomatic patients or negative-tested 
patients could have CT abnormalities specific for 
COVID-19. However, the study by Hernigou et al.[18] 
showed no abnormalities in asymptomatic patients. 
Fourth, follow-up examination of the patients was 

unable to be performed after discharge. It is possible 
that the patients may have developed symptoms 
or complications related to COVID-19 afterwards, 
since late symptom-onset may be seen. Therefore, 
further studies with longer follow-up are required to 
overcome those shortcomings. Nevertheless, the major 
strength of our study is the largest patient population 
after resuming elective orthopedic surgery in the 
current literature.

In conclusion, our study results suggest that a 
basic questionnaire in combination with a universal 
testing with nasopharyngeal RT-PCR is a safe 
screening protocol to resume elective orthopedic 
surgery during pandemic. The use of the guiding 
principles for resuming elective orthopedic surgery 
is safe without a higher risk for complications in 
selected cases. We highly recommend contacting 
patients prior admission using a basic questionnaire 
to identify the high-risk group. This patient group 
should be postponed or tested prior admission 
for COVID-19 to avoid any transmission in the 
hospital. All patients admitted should undergo 
a nasopharyngeal RT-PCR screening test for 
SARS-CoV-2.
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