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Abstract

Multiple studies have reported the increased risk of pulmonary complications and mortality in patients undergoing surgery with
perioperative COVID-19 infection. With several reports of long-term sequelae in patients recovered from COVID-19 infection,
this survey was conducted to collect the opinions of anesthesiologists regarding modifications to pre-anesthesia checkup (PAC)
when COVID-19 survivors are posted for elective surgeries. We designed, validated and distributed a detailed online question-
naire, about various modifications in PAC in different patient populations like asymptomatic patients, patients with mild,
moderate or severe hypoxia, significant cardiac complaints during COVID-19 and also geriatric, pediatric and pregnant patients
with a history of COVID-19. We received 154 responses. Majority of responders agree that 0-2 weeks from the date of negative
for SARS-CoV-2, is the ideal duration for all elective surgeries. Greater than 50% responders agree that a fresh PAC evaluation
should be done for such patients which should include documentation of current functional status, fresh chest X-ray, electrocar-
diogram and coagulation profile. All patients who had hypoxia or cardiac symptoms during COVID-19 infection and even
recovered asymptomatic geriatric patients should undergo cardiorespiratory evaluation with investigations such as HRCT chest,
ABG, PFT, echocardiography and troponin I levels. Patients’ PAC should be individualized, factoring in the severity of COVID-
19 infection, post recovery functional status, associated co-morbidities and the urgency as well as the risk of surgical intervention.
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Introduction

Coronavirus disease (COVID-19) pandemic created a havoc
with healthcare systems all over the world and brought elec-
tive surgeries to almost a standstill for many months during
the year 2020. With reduction in fresh COVID-19 cases and
shutting down of several COVID-19 centres across India,
many beds reserved for COVID-19 patients are increasing
being utilized for non-COVID-19 patients. Elective surgeries
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which had been on hold since the beginning of lockdown,
show a cautious resumption. A subset of these patients coming
up for elective surgeries may have recently recovered from
SARS-CoV-2 infection. This necessitates the need to evaluate
or re-evaluate (if already evaluated earlier) these patients by
the concerned anesthesiologists in the preoperative period.
There is increasing evidence that recovery from COVID-19
infection is complicated by several sequelae. It has been ob-
served that the virus affects multiple organs, primarily the
pulmonary and cardiac systems apart from the brain and
neuro-cognitive system, digestive tract, renal system, etc.
Additionally, post viral symptoms such as brain fog, memory
deficits, headaches and depression have been observed in
covid recovered patients, all clubbed under the umbrella term
of ‘Post COVID Syndrome’ [1]. COVID-19 infection has
been implicated in having long term effects, the nature of
which is still evolving and not yet completely predictable or
understood. All of this may have implications for the manage-
ment of such COVID-19 survivors in the perioperative period.
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A gamut of anesthesia and surgical societies have come up
with general recommendations for resumption of elective sur-
gical workload after easing of the restrictions due to COVID-
19 pandemic [2-5]. None of them have suggested a detailed
guideline regarding preoperative assessment and risk stratifi-
cation of COVID-19 recovered patients coming up for elec-
tive surgeries. There is only one article on a framework for
preoperative evaluation of previously COVID-19 positive pa-
tients which is an experience from a single centre in Oregon,
USA [1].

This national electronic survey was conducted to collect
the opinions of anesthesiologists regarding modifications to
both in-patient pre-anesthesia checkup (PAC) or TelePAC
(over videoconferencing) when COVID-19 survivors are
posted for elective surgeries.

Methods

Institutional Ethics Committee exempted the review of this
online, cross-sectional survey. We designed a detailed ques-
tionnaire about various modifications in PAC or TelePAC in
different patient populations like asymptomatic patients, pa-
tients with mild, moderate or severe hypoxia, significant car-
diac complaints during COVID-19 and also geriatric, pediatric
and pregnant patients with a history of COVID-19. This ques-
tionnaire consisted of eighteen semi-open and multiple-choice
questions. In the first section, the participants’ demographic
information including age, sex, anesthesiology experience,
type of practice and institute of practice were collected. In
the next section, we collected data on the ideal duration be-
tween COVID-19 negative report and conduct of elective sur-
geries, safety measures during conduct of such PAC, modifi-
cations in PAC depending on the severity of COVID-19 in-
fections, need for major surgeries and vulnerable populations
namely pediatric, geriatric and obstetric. (ESM_1.pdf).

The content validity of the questionnaire was performed by
ten anesthesiologists from all over India, who rated each ques-
tion on a four-point Likert scale on the basis of simplicity,
clarity, ambiguity and relevance for each question. The ques-
tionnaire was designed and distributed using Google Forms.
The questionnaire was disseminated across the country using
snowball sampling technique between 25th December 2020
and 7th February 2021. The Google Forms survey link was
sent by email and WhatsApp social media network to anes-
thesiologists all over India. They were further requested to
recommend the survey to other anesthesiology communities
known to them. At the end of one and a half month, all the
responses were collated, tabulated and analyzed.

The categorical variables were expressed as number and
percentages. For the purpose of this study, we have considered
the opinions of more than 50% of the responders as
significant.

Results

We received a total of 154 responses. There were no incom-
plete responses. Age and sex distribution, anesthesiology ex-
perience and type of practice of the responders are mentioned
in Table 1. Maximum responders are in the age group of 31—
40 years (33.8%), 53.9% responders have an anesthesiology
experience ranging from 5 to 25 years and 59.1% responders
are working in government/trust/public healthcare institutes.

A total of 54.5%, 58.4% and 42.8% responders agree that
0-2 weeks is the ideal duration between COVID-19 negative
report and date of elective surgery, when posted for minor or
daycare surgeries, time sensitive major surgeries and purely
elective major surgeries respectively. (Table 2).

A total of 55.2% responders feel that conduct of in-person
PAC with use of N95 mask, gown, shield and gloves is safe.
(Fig. 1).

Majority of the responders agree that a post COVID-19
PAC along with optimization of co-morbidities and re-
assessment of functional capacity is necessary. Estimation of
effort tolerance, breath holding time and 6-min walk test
should be done in all patients as applicable. (Table 3)
Greater than 50% responders feel that fresh chest X-ray, elec-
trocardiogram and coagulation profile, as applicable, should
be done for all COVID-19 recovered patients.

With regard to the assessment of the pulmonary status post
COVID-19, more than 50% responders feel that arterial blood
gases, high resolution computer tomography scan (HRCT) of
chest and pulmonary function tests need to be recorded in all
patients who had moderate to severe hypoxia or significant
cardiac symptoms during COVID-19; in patients posted for
major abdominal, thoracic, cardiac or vascular surgeries and
geriatric patients. HRCT chest also needs to be done in pa-
tients who had mild hypoxia (53.9%).

For assessing the cardiac status post COVID, troponin I
levels need to be recorded in patients who had significant
cardiac symptoms during COVID-19 (76.6%) and patients
posted for major abdominal, thoracic, cardiac and vascular
surgery (51.3%). Greater than 50% responders agree that
two-dimensional echocardiography should be done in patients
who had moderate to severe hypoxia and significant cardiac
symptoms during COVID-19 infection as also those posted
for major surgeries, geriatric and obstetric patients. A few
responders (1.9%) suggested NT proBNP as a requirement
for patients who had significant cardiac symptoms, followed
by cardiac consultation and further testing as suggested by the
results of the above investigations.

Discussion

Multiple studies have reported the increased risk of pulmonary
complications and mortality in patients undergoing surgery
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Table 1 Demographic Data

Parameters Categories Number (%)
Age < 30 years 37 (24%)
31-40 years 52 (33.8%)
41-50 Years 41 (26.6%)
51-60 Years 16 (10.4%)
> 61 Years 8 (5.2%)
Sex Female 83 (53.9%)
Male 71 (46.1%)
Anaesthesiology experience Resident 30 (19.5%)
< 5 years 21 (13.6%)
5-25 Years 83 (53.9%)
> 25 Years 20 (13%)
Type of Practice Government/Trust/Public healthcare 91 (59.1%)
Corporate/Private 34 (22.1%)
Freelancer 29 (18.8%)

with perioperative COVID-19 infection. [6—8] Data is scarce
on patients who undergo surgery after recovery from COVID-
19. There are several reports arising about deleterious effects
of COVID-19 on multiple organs, especially the cardiopulmo-
nary systems, even after recovery from COVID-19 infection.
This survey was conducted from 25th December 2020 to 7th
February 2021 when the first wave of COVID-19 pandemic
was on the wane and elective surgeries received a fillip. We
observed that COVID-19 survivors were a large subset of
these patients coming up for elective surgeries. Intending to
cater to the PAC needs of this cadre of patients, we designed
our questionnaire accordingly.

Majority of our responders are in the age group of 31 to
50 years, having 5-25 years of anesthesiology experience,
with maximum response from those working in government/
trust/public healthcare institutes.

Greater than 50% responders feel that the conduct of
in-person PAC with use of N95 mask, gown, shield and
gloves is safe in COVID-19 recovered patients. Above
mentioned safety measures are the general recommenda-
tions for conduct of PAC during the COVID-19 pan-
demic, which is also applicable to assessment of
COVID-19 survivors [2, 4]. Since COVID-19 cases are
on a rise again (second and subsequent waves) and
since TelePAC may be a norm in some settings for

quite a long time, modifications to the PAC are appli-
cable to both in-person and TelePAC [9].

Majority of our responders feel that all elective surgeries,
whether minor/daycare or major, in COVID-19 survivors can
be performed within two weeks after COVID-19 negative
reports, following a PAC re-evaluation and optimization.
American Society of Anesthesiologists and Anesthesia
Patient Safety Foundation Joint Statement on Elective
Surgery and Anesthesia for Patients after COVID-19
Infection recommend a symptom and severity-based catego-
rization to address the timing of elective surgery post recovery
[3]- They recommend a delay of four to six weeks for asymp-
tomatic or mildly symptomatic patients who did not require
hospitalization; eight to ten weeks for symptomatic patients
who were diabetic, immunocompromised or hospitalized; and
twelve weeks for patients admitted to an intensive care unit
due to COVID-19 infection. In view of lack of evidence-based
recommendations, these guidelines are derived from the car-
diopulmonary recovery rates extrapolated from similar human
coronavirus infections in the past such as Severe Acute
Respiratory Syndrome (SARS) and Middle East Respiratory
Syndrome (MERS). A study from Brazil has reported that in a
small cohort of forty nine asymptomatic COVID-19 recovered
patients who underwent oncological surgeries, around 25 days
post COVID-19 diagnosis (range 12—84 days), were not at a

Table 2 Ideal duration of
electives surgery from the time of

Minor/ Day-care procedures

Time sensitive major surgeries ~ Purely elective major surgeries

COVID-19 negative report

0-2 weeks 84 (54.5%)
2-4 weeks 28 (18.2%)
4-8 weeks 33 (21.4%)
> 8 weeks 9 (5.8%)

90 (58.4%) 66 (42.8%)
35(22.7%) 28 (18.2%)
23 (14.9%) 34 (22.1%)

6 (3.6%) 26 (16.9%)
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(TelePAC) with the patient

Fig. 1 Requirements for safe conduct of PAC

higher risk of postoperative complications as compared to
patients with no COVID-19 history [10]. The study from
UK found that both pulmonary complications and mortality
after curative cancer surgery were at their lowest with the
interval of four weeks after the first COVID-19 positive swab
[11]. Our survey was performed well before the publication of
the COVIDSurg Collaborative and GlobalSurg Collaborative
on the timing of surgery following SARS-CoV-2 infection,
which found that a> 7 week delay after COVID-19 diagnosis,
was associated with a similar mortality risk as baseline [12].
Even after this 7 week delay, patients with ongoing symptoms
had a higher mortality as compared to patients who were
asymptomatic or those whose symptoms had resolved. The
various societys’ or Institute’s recommendations are unani-
mous in recommending a comprehensive preoperative evalu-
ation and optimization of co-morbidities and physiologic

status of all COVID-19 recovered patients, especially those
with residual symptoms, prior to posting them for elective
surgery [1-4].

Majority of the responders agree that a fresh or re-
evaluation of PAC of all COVID-19 survivors should include
functional capacity testing with documentation of post covid
recovery effort tolerance, breath holding time and six-minute
walk test. These are simple bedside cardiopulmonary function
tests which can give us an idea about the immediate preoper-
ative cardiovascular reserve of these patients and may allow
comparison to pre-covid baseline, if such data is available.
While post COVID-19 effort tolerance is subjective, both
breath holding time and 6-min walk test are fairly objective.
These can be performed during the conduct of PAC and do not
require any additional expenditure on the part of the patients.
It may not be possible to perform these tests in young pediatric
or obstetric population and hence have not been included as
PAC modifications for this population. Apart from above
mentioned tests, Bui et al. have also recommended a frailty
assessment on the Edmonton Frail scale for all such patients
above 65 years of age or those who were hospitalized for
COVID-19 [1].

Most of our responders also feel that a chest X-ray, elec-
trocardiogram and a coagulation profile post COVID-19,
should be done as part of the PAC for all COVID-19 recov-
ered patients irrespective of the severity. COVID-19 causing a
procoagulant state, with cardiopulmonary system being the
primarily affected organs, these are baseline investigations
commonly requested prior to any surgery. Further assessment
of cardiopulmonary status depends on the severity of COVID-

Table 3  Survey Responses
Asymptomatic Mild Moderate Severe Cardiac Major Geriatric Pediatric Obstetric
Hypoxia Hypoxia Hypoxia symptoms  surgeries
No modification 9 (5.8%) 1 (0.6%) 1 (0.6%) 3 (1.9%) 3 (1.9%) 3 (1.9%) 42.6%) 20 (13%) 4 (2.6%)
Fresh PAC 123 (79.9%) 129 (83.8%) 133 (86.4%) 137 (89%) 140 (90.9%) 140 (90.9%) 136 (88.3%) 133 (86.4%) 137 (89%)
Effort Tolerance 96 (62.3%) 123 (79.9%) 124 (80.5%) 136 (88.3%) 134 (87%) 135 (87.7%) 128 (83.1%)
BHT 99 (64.3%) 111 (72.1%) 114 (74%) 118 (76.6%) 106 (68.8%) 110 (71.4%) 105 (68.2%)
6 MWT 86 (55.8%) 101 (65.6%) 113 (73.4%) 109 (70.8%) 107 (69.5%) 110 (71.4%) 87 (56.5%)
Chest X-ray 110 (71.4%) 115 (74.7%) 113 (73.4%) 111 (72.1) 100 (64.9%) 115 (74.7%) 115 (74.7%) 124 (80.5%)
ECG 85(55.2%) 107 (69.5%) 118 (76.6%) 128 (83.1%) 140 (90.9%) 133 (86.4%) 131 (85.1%) 115 (74.7%)
Coagulation 82 (53.2%) 95 (61.7%) 110 (71.4%) 127 (82.5%) 121 (78.6%) 131 (85.1%) 112 (72.7%) 80 (51.9%) 120 (77.9%)
rofile

A]§G 23 (14.9%) 60 (39%) 98 (63.6%) 127 (82.5%) 115 (74.7%) 113 (73.4%) 85(552%) 34 (22.1%) 55 (35.7%)
HRCT chest 37 (24%) 83 (53.9%) 115 (74.7%) 142 (92.2%) 122 (79.2%) 119 (77.3%) 93 (60.4%) 38 (24.7%)
PFT 29 (18.8%) 71 (46.1%) 98 (63.6%) 126 (81.8%) 103 (66.9%) 117 (76%) 83 (53.9%) 36 (23.4%)
Troponin I 19 (12.3) 24 (15.6%) 40 (26%) 65 (42.2%) 118 (76.6%) 79 (51.3%) 58 (37.7%) 10(6.5%) 27 (17.5%)
2D 36 (23.4%) 68 (44.2%) 92 (59.7%) 119 (77.3%) 146 (94.8%) 134 (87%) 129 (83.8%) 27 (17.5%) 81 (52.6%)

echocardiogra-

phy

BHT: Breadth holding time, 6 MWT: 6 Minute Walk Test, ECG: Electrocardiogram, ABG: Arterial Blood Gases, HRCT: High resolution computer
tomography, PFT: Pulmonary function test
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19 infection, residual symptoms post COVID-19, potential for
reversibility of any complications and prognostication of post-
operative complications.

Since respiratory system is the most significantly affected
organ in COVID-19, post recovery assessment of pulmonary
system becomes paramount. A review article has presented a
detailed narrative on pathogenesis of pulmonary fibrosis after
coronavirus infections, including COVID-19, SARS and
MERS [13]. They report that the presence of initial ground
glass opacities on CT chest progressed to interlobular septal
thickening and traction bronchiectasis (features suggestive of
pulmonary fibrosis) in 30-62% of the patients recovered form
SARS. They found that during 12-month follow up, many of
these patients progressed to lung fibrosis and diffusion abnor-
malities which progressively improved over the one-year pe-
riod. None of the patients showed any abnormalities on pul-
monary function tests. The article reports that although fibrot-
ic changes have been noted on chest CT scans of COVID-19
patients, further literature is awaited on whether these changes
are reversible or progress to fixed pulmonary fibrosis. Elective
surgery in such patients may further complicate the scenario
with the recovering lungs being vulnerable to secondary inju-
ry due to perioperative anesthesia and critical care needs. They
also report that pulmonary fibrosis is more frequently ob-
served in geriatric patients following SARS and MERS. The
study from UK found that in a propensity score matched mod-
el, postoperative pulmonary complications were higher in
COVID-19 recovered patients as compared to those with no
COVID-19, when undergoing curative cancer surgery [11].
Bui et al. have included a complete metabolic panel and an
ambulatory pulse oximetry measurement in their PAC proto-
col along with chest X-ray [1]. They do not recommend pul-
monary function tests and arterial blood gases due to unclear
data on clinical significance with regard to perioperative
outcomes.

Myocarditis, myocardial infarction, cardiomyopathies,
arrythmias, shock and cardiac arrest are some of the compli-
cations associated with COVID-19 infection, necessitating
cardiac status evaluation in COVID-19 recovered patients
[14, 15]. Both SARS and MERS have been associated with
myocardial injury and myocarditis with elevated troponin
levels. A few studies with small cohorts, have reported an
elevated troponin levels in 5-17% of patients hospitalized
with COVID-19 and 22-31% of those admitted to intensive
care unit with COVID-19 [14]. Patients with myocardial inju-
ry may present a range of findings in the electrocardiogram
such as ST-T wave changes, T wave inversions and PR ab-
normalities. Echocardiography helps differentiate myocarditis
from acute myocardial infarcts with a focus on regional wall
motion abnormalities. Further cardiac evaluations along with
NT proBNP and stress tests may be indicated depending on
the current status and results of the above tests. Cardiac com-
plications have been found to be progressively higher in

@ Springer

patients with worsening severity of respiratory symptoms.
Apart from electrocardiogram and echocardiography, Bui
et al. have included NT proBNP assessment for all symptom-
atic (during COVID-19) patients posted for minor and all
patients posted for major surgeries [1]. Akin to pulmonary
fibrosis, the cardiovascular complications are more likely to
occur in geriatric populations [15]. Studies performed in pe-
diatric populations with COVID-19 reveal a normal cardiac
laboratory profile [4, 15]. There is no specific data of out-
comes of obstetric patients who have recovered from
COVID-19. Although cardiac complications are likely during
COVID-19 infections, literature is scarce on the long-term
morbidity and mortality from these cardiac complications.

Eventually every patients’ PAC should be individualized,
factoring in the severity of COVID-19 infection, post recovery
functional status, associated co-morbidities and the urgency as
well as the risk of surgical intervention. A few anesthesia
societies recommend the formation of a prioritization policy
or an operating schedule control committee constituting the
surgical, anesthesia/critical care and nursing leadership to de-
velop a strategy to streamline the whole process [2, 4]. The
various anesthesia societies stress that the protocols and poli-
cies should be re-evaluated frequently, based on emerging
COVID-19 outcomes related data.

Conclusion

The COVID-19 recovered patients can be posted for
elective surgeries within 0—2 weeks from the date of
negative for SARS-CoV-2 report. The increase in the
number of COVID-19 recovered patients coming up
for elective surgery lends itself to a comprehensive pre-
operative evaluation and risk assessment prior to posting
them. Integration of good clinical skills and an array of
diagnostic investigations may help us to assess each
patient in the absence of clear scientific data on out-
comes of these patients after elective surgeries.
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