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Abstract: Many patients infected with the SARS-CoV-2 virus (COVID-19) continue to experience
symptoms for weeks to years as sequelae of the initial infection, referred to as “Long COVID”.
Although many studies have described the incidence and symptomatology of Long COVID, there
are little data reporting the potential burden of Long COVID on surgical departments. A previously
constructed database of survey respondents who tested positive for COVID-19 was queried, iden-
tifying patients reporting experiencing symptoms consistent with Long COVID. Additional chart
review determined whether respondents had a surgical or non-routine invasive procedure on or
following the date of survey completion. Outcomes from surgeries on patients reporting Long COVID
symptoms were compared to those from asymptomatic patients. A total of 17.4% of respondents had
surgery or a non-routine invasive procedure in the study period. A total of 48.8% of these patients
reported experiencing symptoms consistent with Long COVID. No statistically significant differences
in surgical outcomes were found between groups. The results of this analysis demonstrate that Long
COVID does not appear to have created a significant burden of surgical disease processes on the
healthcare system despite the wide range of chronic symptoms and increased healthcare utilization
by this population. This knowledge can help guide surgical operational resource allocation as a result
of the pandemic and its longer-term sequelae.

Keywords: long COVID; post-acute sequelae of SARS-CoV-2; surgical burden; pandemic; COVID-19

1. Introduction

Long COVID, also known as Post-Acute Sequelae of SARS-CoV-2 infection (PASC), has
emerged as a significant medical concern in the aftermath of the COVID-19 pandemic. Many
patients infected with the virus continue to experience symptoms or begin to experience
new symptoms for weeks to years as sequelae of the initial infection; thus, this is referred to
as “Long COVID” [1]. According to the Centers for Disease Control and Prevention (CDC),
as of June 2022, nearly 1 in 5 adults in the United States (US) who have had COVID-19 still
have Long COVID, and 1 in 13 adults in the US overall have Long COVID symptoms [2].
Given these estimates of COVID-19 survivors experiencing long-term health consequences,
Long COVID poses a considerable burden on healthcare systems worldwide.

There are a broad range of symptoms associated with Long COVID as there are with
initial COVID-19 infection [3–7], ranging from shortness of breath and loss of taste or
smell to generalized weakness, fatigue, and neurologic symptoms such as forgetfulness
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and difficulty concentrating that are often referred to as “brain fog”. To help categorize
and assess resource support for patients suffering from this condition, the authors of
this work previously described presentation of multiple clusters of patient symptoms or
sequelae resulting from Long COVID, including gastrointestinal (GI), musculoskeletal
(MSK), neurocognitive (NCG), airway (AW), and cardiopulmonary (CP) symptoms [8].

Surgical departments are not exempt from the challenges presented by Long COVID.
Surgical volume throughout the COVID-19 pandemic consistently decreased in early and
middle 2020, with some rebounding volume thereafter [9–13]. However, these studies
do not specifically address possible relationships between Long COVID and surgical
utilization or how they might contribute to these trends. As elective surgeries resume and
the demand for surgical interventions continues to grow, understanding the implications
of Long COVID on surgical burden and outcomes is of paramount importance.

As our society continues to face this complex and evolving clinical challenge, there is
still an open question regarding the impact of Long COVID itself on surgical procedure rates
and outcomes. A comprehensive analysis of the burden of Long COVID on the Surgical
Department at a quaternary academic medical center, including utilization of surgical
services by Long COVID patients, and perioperative outcomes is included in this work. We
hypothesize that there will not be a significant difference in the utilization of resources by
Long COVID patients compared to patients who did not report Long COVID symptoms.

2. Materials and Methods

A database was previously constructed from the results of a population-based elec-
tronic survey of patients who tested positive for COVID-19 at the study institution between
1 March 2020 and 1 July 2021 as described by Goldhaber et al. [1]. The survey was sent
to patients at least 90 days from their initial infection date, and it was utilized to identify
patients who reported experiencing symptoms consistent with Long COVID and to char-
acterize their symptom profile [8]. The current project is a secondary use extension of an
operational project previously approved for Institutional Review Board exemption by the
University of California San Diego Health Human Research Protection Program.

Additional chart reviews were then conducted to determine if survey respondents
had undergone a surgical or non-routine invasive procedure on or following the date of
survey completion, as well as for information regarding the initial perioperative outcomes
of those surgical procedures. The following variables were queried: case type, surgical
service line, case urgency (emergent, urgent/time-sensitive, or elective), inpatient status
after surgery, postoperative destination (intensive care unit [ICU] or non-ICU), hospital
length of stay after surgery, and 30-day complication rate.

The burden of Long COVID on the study institution’s surgery department was deter-
mined through comparison of the number of surgeries performed on patients who reported
having Long COVID symptoms to those on patients who did not report having symp-
toms. Statistical analyses were conducted using Python and the Scipy package including
two-tailed Student’s t-tests and Fisher’s exact tests. A p-value of <0.05 was considered
statistically significant.

3. Results

Of 9619 (10.4%) patients, 999 responded to the original survey, 421 (46.3%) of whom
reported experiencing symptoms consistent with Long COVID. The most commonly re-
ported symptoms included weakness/tiredness, sleep disturbances, and difficulty think-
ing/concentrating (“brain fog”) [1]. The participants’ sociodemographic and clinical char-
acteristics were previously reported [8] and can be found in Table S1.

Of all the survey respondents, 174 (17.4%) were found to have undergone surgery
or a non-routine invasive procedure on or following the date of survey completion (at
least 90 days following a positive COVID-19 test). Of these patients, 85 (48.8%) were
those who reported experiencing symptoms consistent with Long COVID. Differences in
outcome variables, including case urgency (emergent, urgent/time-sensitive, or elective),
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inpatient status after surgery, postoperative destination (ICU or non-ICU), hospital length
of stay after surgery, and 30-day complication rate, are reported in Table 1. Overall, 76
(43.7%) patients underwent emergent/urgent/time-sensitive procedures (43.5% of Long
COVID patients who underwent procedures versus 43.8% of asymptomatic patients who
underwent procedures), as opposed to elective procedures. This difference is not statistically
significant (p = 0.97).

Table 1. Comparisons between surgical procedure characteristics and outcomes in patients with Long
COVID symptoms and patients without Long COVID symptoms.

Total Number
Surgical
Patients

n (%) Emer-
gent/Urgent

Cases

N (%)
Inpatient

Cases

N (%) ICU *
Postop.

Destination

Length of Stay
(Mean)

N (%)
Complications
w/in 30 Days

Postop

Long COVID **
symptoms
reported

85 37 (43.5%) 21 (24.7%) 4 (4.7%) 5.05 days 4 (4.7%)

No Long
COVID **
symptoms
reported

89 39 (43.8%) 26 (29.2%) 1 (1.1%) 2.77 days 9 (10.1%)

p-Value -- 0.97 0.61 0.20 0.24 0.25

* ICU: intensive care unit; ** COVID: SARS-CoV-2 virus.

There were no statistically significant differences between groups who underwent
surgeries in the study period, pertinently in the percentage of emergent or inpatient
cases, those with postoperative ICU stays, in hospital length of stay, or in the rate of
complications 30 days postoperatively. An additional descriptive analysis was conducted
of the count of cases by the surgical department, shown in Figure 1. There were also no
statistically significant differences in these comparisons; though notably, in the study cohort,
Cardiothoracic Surgery, Interventional Cardiology, and Interventional Pulmonology cases
were only logged in patients who reported symptoms of Long COVID, and Interventional
Pain and ENT had greater than or equal to two more cases in Long COVID patients
compared to the other group, while Orthopedics, Dermatology, and OBGYN had greater
than or equal to two or more cases in the group that did not report Long COVID symptoms.
The remainder of the services were within one or fewer cases between groups.Int. J. Environ. Res. Public Health 2024, 21, x FOR PEER REVIEW 4 of 7 
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Figure 1. Difference between number of operations by specialty between group of patients with Long
COVID and group of patients without Long COVID. Negative numbers indicate greater number of
procedures in group without Long COVID symptoms, and positive numbers indicate greater number
of procedures in group with Long COVID symptoms.
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4. Discussion

In this study, we aimed to determine the burden of Long COVID on surgical depart-
ments by comparing the incidence of surgical cases among patients with and without
self-reported Long COVID symptoms. Despite the growing awareness of the long-term
health impacts of Long COVID and the increased risk for developing other chronic con-
ditions, our findings revealed no statistically significant differences between the surgical
outcomes for patients with and without Long COVID symptoms.

Healthcare systems have been impacted significantly by the COVID-19 pandemic and
substantial numbers of Long COVID patients are seeking medical and surgical care [14].
With prevalence as high as that being reported by the CDC (20% of COVID-19 survivors) [2],
as high as other reports in the literature (5–50%) [15–17], or as high as found in COVID-19
survivors who responded to our institution’s survey (46.3%) [1,8], it is clear that Long
COVID is causing a significant burden on our society and healthcare system as a whole.

Others have sought to understand the impact of this condition on patients’ utilization
of medical services. The findings suggest that acute COVID illness is associated with
increased healthcare utilization, including the utilization of surgical services [11,13]. How-
ever, these findings have not, as of yet, pursued a case–control methodology nor included
chart reviews or patient interviews to determine the persistence of Long COVID-like symp-
toms and thus cannot clearly identify the causality of persistence of symptoms with surgical
or other healthcare utilization [14].

One known impact of the COVID-19 pandemic on surgical departments is delayed
presentation of many conditions or diseases. As many as 40% of adults have reportedly
delayed medical care due to COVID-19-related concerns, including urgent or emergent
care in greater than 10% of these cases [18]. This includes surgical cases, with an estimated
decrease in volume of around 50% after March 2020 [19]. While the surgeries that were
canceled were primarily elective, thus protecting patients from exposure to COVID-19, this
allowed time for disease progression and potentially worse outcomes [20]. An example of
this is the delayed presentation of appendicitis, which increased the incidence of suppu-
rative and gangrenous appendicitis by 17% and 7%, respectively, in one study [21]. This
potentially leads to increased complications or hospital stay and an increased burden on
the healthcare system. However, these phenomena have not been directly connected with
Long COVID.

There are several potential limitations in the generalizability of the results of the current
study. First, the lack of a universally accepted definition of and diagnostic criteria for Long
COVID may have impacted our ability to accurately identify affected individuals. Moreover,
we are only able to identify surgeries or procedures that occur at the study institution or for
which records are accessible through the study institution’s electronic health record system
(EHR). Additionally, the self-reported nature of our survey might have introduced recall
bias and over- or under-reporting of symptoms, potentially affecting this study’s findings.
The relatively small sample size of specifically surgical patients (n = 174) represents another
limitation of this study, as a larger cohort would have increased the statistical power
to potentially detect subtle differences in surgical outcomes between groups. Matching
between groups based on sociodemographic or other potentially confounding factors
(including but not limited to age, sex, comorbidities, and socioeconomic status, which
could affect both the presence of Long COVID symptoms and surgical outcomes) was not
performed in this analysis in order to preserve the sample size and maintain statistical
power. Further investigation with larger cohorts is warranted.

The absence of statistically significant differences between the groups may also reflect
the resilience and adaptability of surgical departments in addressing the challenges posed
by Long COVID. The experience gained during the COVID-19 pandemic has led to the
development and implementation of various strategies to optimize patient care and surgical
outcomes [13]. For example, an institution reported implementing a phased approach to
reductions in the number of operating rooms in line with the American College of Surgery’s
guidelines for triage of nonemergent surgery [22]. As a result, surgical departments may
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have become more adept at managing patients with complex medical conditions, including
Long COVID.

Additionally, the preoperative optimization strategies employed by surgical depart-
ments might have mitigated the potential impact of Long COVID on surgical outcomes. In
recent years, there has been a concerted effort to improve preoperative assessment of and
optimization for patients undergoing elective surgical or invasive procedures, including
multi-disciplinary input and targeted interventions for high-risk patients [23–25]. Such
measures could have helped address COVID-19-related risks, as well as Long COVID-
related risks, potentially resulting in comparable outcomes in patients with and without
Long COVID symptoms.

It is also worth considering that the surgical procedures included in this study might
not have been equally affected by Long COVID. Some surgeries may inherently carry a
lower risk of Long COVID-related complications, while others might be more susceptible.
Interestingly, the descriptive analysis of department makeup of procedures in both groups
of patients suggests notably increased utilization of Cardiothoracic and Interventional
Cardiology services among patients with Long COVID symptoms, although this was not
statistically significant in this case, likely due to the underpowered analysis due to the small
sample size. However, further statistical investigation of the potential significance of these
differences is hampered here due to the small population sizes across all the departments.
The authors of this study were also limited by inconsistent records in their institution’s
EHR of surgeries that may been performed at other institutions.

The results of this analysis demonstrate that Long COVID does not appear to have
created a significant burden of surgical disease processes on and surgical resource utilization
within the healthcare system. However, given the limitations of this study and the ongoing
evolution of our understanding of Long COVID, further research is warranted. This
knowledge can help guide operational resource allocation as a result of the pandemic and
its longer-term sequelae, ultimately contributing to the ongoing efforts to optimize patient
care and improve surgical outcomes in the face of this complex and evolving clinical and
public health challenge.

5. Conclusions

Long COVID should be treated and resourced for in a manner similar to other diseases
or chronic comorbidities, as there were no increased utilization rates of surgical resources
nor adverse outcomes identified.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ijerph21091205/s1, Table S1: Participants’ sociodemographic and
clinical characteristics.
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