
240

pISSN 2288-6575 • eISSN 2288-6796
https://doi.org/10.4174/astr.2021.101.4.240
Annals of Surgical Treatment and Research

ORIGINAL ARTICLE

Impact of COVID-19 on the care of acute appendicitis:  
a single-center experience in Korea
Chang Woo Kim, Suk-Hwan Lee
Department of Surgery, Kyung Hee University Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Korea

INTRODUCTION
Coronavirus disease 2019 (COVID-19) has affected the 

healthcare systems of most countries worldwide and has 
changed the nature of medical services. Various perspectives 
have been suggested for the surgical field since the World 
Health Organization (WHO) declared a COVID-19 pandemic 
on March 11, 2020 [1]. It is clear that patients with COVID-19 
have poor postoperative outcomes. Indeed, a large international 
cohort study including 235 hospitals in 24 countries reported 
that postoperative pulmonary complications and high mortality 

occurred in over half of the patients with perioperative 
COVID-19 infection [2]. Another matched study also showed 
higher rates of surgical mortality and complications in patients 
with COVID-19 than in those without [3]. Based on these 
results, the WHO has suggested that non-urgent procedures 
should be considered for postponement.

Concurrently, some experts have focused on the safety 
and protection of healthcare workers who work in surgery. 
Most of these experts suggested that decisions to proceed 
with scheduled surgeries should not only consider the clinical 
situation but also the availability of personal protective 
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Purpose: Coronavirus disease 2019 (COVID-19) affects healthcare systems worldwide; however, few studies have assessed 
the impact of COVID-19 on emergent surgical diseases. This study aimed to investigate the impact of COVID-19 on the care 
given to patients with acute appendicitis in Korea.
Methods: Between November 2019 and November 2020, 495 patients underwent laparoscopic surgery for acute 
appendicitis. The patients were divided into prepandemic and pandemic groups. The baseline characteristics and 
perioperative outcomes were compared.
Results: The time between admission and surgery was longer in the pandemic group than in the prepandemic group (17.6 
hours vs. 9 hours, P < 0.001). The operation time was longer (5.8 minutes, P = 0.014), inflammation was more severe 
(10%, P = 0.036), and more patients visited the emergency room (82.1% vs. 73.3%, P = 0.025) in the pandemic group than 
in the prepandemic group. There were no significant differences in postoperative complications or length of hospital stay 
between the 2 groups. After propensity score matching, the time to surgery was delayed (17.3 hours vs. 9 hours, P < 0.001) 
and more patients visited the emergency room (84.5% vs. 73.3%, P = 0.020) in the pandemic group.
Conclusion: In the COVID-19 era, the characteristics of patients with acute appendicitis and inflammation worsened. 
The time to surgery was delayed due to the requirement for preoperative COVID-19 testing and increased the severity of 
appendicitis did not affect the perioperative outcomes.
[Ann Surg Treat Res 2021;101(4):240-246]
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equipment for healthcare workers [4]. Another researcher 
warned of the risks of viral contamination in healthcare 
workers during laparoscopic surgery, which may produce 
potentially harmful aerosols from pneumoperitoneum [5]. 
However, inevitable and emergent clinical situations 
that generally involve laparoscopic surgery, such as acute 
appendicitis, still exist and remains unknown how surgeons 
should manage such situations in the era of COVID-19.

Laparoscopic surgery for acute appendicitis is the sixth 
most common surgical practice among all surgeries and the 
first general surgical emergency in Korea, with 74,823 cases in 
2019 [6]. Although a few reports have suggested conservative 
management for acute appendicitis according to strict criteria, 
antibiotic therapy for adult appendicitis is not always successful, 
and a significant proportion of patients still require surgery at 
some point [7,8]. Several reports have assessed changes in the 
management of acute appendicitis in the era of COVID-19. These 
reports found that there was a long delay between the onset of 
symptoms and medical consultation and between admission 
and surgery, an increased rate of complicated appendicitis 
and surgical management, poorer clinical features of patients, 
longer operation times (OTs), and more postoperative pain 
compared to those before the pandemic [9-13]. However, the 
previous studies reflected the situation and healthcare systems 
of countries that are considerably different from those of Korea, 
and to date, there has been no report from Korea. Therefore, in 
this study, we aimed to investigate the impact of COVID-19 on 
acute appendicitis in Korea.

METHODS

Patients
We reviewed the medical records of patients diagnosed with 

acute appendicitis based on clinical manifestations, laboratory 
studies, and imaging studies at Kyung Hee University Hospital 
at Gangdong, Seoul, Korea, between November 2019 and 
November 2020. The Institutional Review Board of our hospital 
approved the study (No. 2021-03-012), and all consecutive 
patients were included. This study was performed in accordance 
with the Declaration of Helsinki. Written informed consent 
was waived due to its retrospective nature. Patients who 
underwent delayed surgery after conservative management 
or percutaneous drainage of intraabdominal abscesses were 
excluded because the time delay between admission and 
surgery, which is an important variable, would be too long to be 
analyzed. Moreover, the decision for delayed surgery was made 
according to the surgeons-on-duty and was not based on a solid 
principle in our institution. However, considering the sick leave 
that must be taken by patients due to appendicitis, laparoscopic 
appendectomy is a better option in Korea than antibiotic 
therapy alone.

The following patient demographic data were assessed: 
sex, age, body mass index (BMI), American Society of 
Anesthesiologists (ASA) physical status (PS) classification, 
past medical history, previous abdominal surgery, admission 
route (outpatient clinic or emergency room), imaging study 
for diagnosis, preoperative diagnosis of peritonitis, and time 
between admission and surgery.

The following perioperative data were also collected: 
operation type, OT, site of perforation intraoperatively (tip, 
midportion, and base), inflammation severity according to 
pathologic reports (suppurative vs. perforated or gangrenous), 
conversion to open surgery, postoperative complications, 
postoperative length of stay (LOS), and readmission within 
30 days after surgery. Ten surgeons performed laparoscopic 
surgery for acute appendicitis during the study period. The 
surgical technique has been described in detail in our previous 
study [14].

COVID-19 test
In Korea, patients with COVID-19 were exclusively cared 

for by a designated care center and were not included in this 
study. However, to ensure the safety of the medical staff in 
the operating theater, each hospital established a preoperative 
screening strategy before surgery. All patients who required 
admission received a COVID-19 test first, and the admission 
process could proceed only if the result was confirmed as 
negative. When a patient showed a positive result for COVID-19, 
the patient was transferred to one of the hospitals designated 
for the treatment of COVID-19 by the Korean government. 
Polymerase chain reaction (PCR) tests for COVID-19 were 
performed at our institution during the study period. The 
antigen test, which took less than 2 hours, was not available. 
The PCR test, which requires several hours, was performed 
for all patients diagnosed with acute appendicitis, irrespective 
of whether they were admitted to an emergency room or 
an outpatient department. The results of the PCR tests for 
COVID-19 were listed 3 times each working day (11:30, 16:30, 
and 20:00) and twice a day on weekends (11:30 and 16:30). The 
negative COVID-19 results of all patients who needed surgery 
had to be confirmed before entering the surgery theater. If a 
patient had close contact with infected people before surgery 
but showed a negative result, the surgery was rescheduled to the 
last order of the day, and healthcare workers who participated 
in the surgery had to use protective equipment to reduce the 
possibility of infection. All of these policies regarding COVID-19 
were in effect from March 2020, and we divided the patient 
groups for analysis based on that time.

Statistical analysis
Continuous variables were analyzed using the Student t-test, 

whereas categorical variables were analyzed using the chi-
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square test. Statistical significance was set at P < 0.05. After 
assessing differences and tendencies by comparing the groups 
before and after the pandemic, propensity score matching was 
performed to evaluate whether delayed surgery itself affected 
perioperative outcomes after balancing baseline characteristics. 
Matching was estimated based on sex, age, BMI, and ASA PS 
classification using a logistic regression model and matched at a 
1:1 ratio. All statistical analyses were performed using the IBM 
SPSS Statistics ver. 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS
A total of 495 patients underwent laparoscopic surgery for 

acute appendicitis. Overall, appendectomies did not decrease 
compared to 1 year before the study period (474 patients 
between November 2018 and October 2019). All cases were 
confirmed by imaging studies such as ultrasonography, CT, 
or both, and there was no significant difference between 
the pre- and pandemic groups. If ultrasonography failed to 
diagnose appendicitis for any reason (e.g., intestinal gas, 
appendix location, or obesity), a CT scan was subsequently 
performed. Four patients who underwent delayed surgery 
after conservative management or percutaneous drainage of 
intraabdominal abscess were excluded (3 in the prepandemic 

group and 1 in the pandemic group). None of the patients in the 
prepandemic group received the PCR test for COVID-19 (n = 
161), and all patients in the pandemic group received the test (n 
= 330). None of the 330 patients had positive COVID-19 results.

The baseline characteristics of the 2 groups were slightly 
different (Table 1). The mean age and BMI in the pandemic 
group were higher than those in the prepandemic group (4.1 
years, P = 0.033 and 0.9 kg/m2, P = 0.021, respectively). The 
pandemic group tended to have a lower ASA PS classification, 
with a borderline P-value (P = 0.052). More patients were 
admitted from an emergency room than from an outpatient 
clinic in the pandemic group than in the prepandemic group 
(73.3% vs. 82.1%, P = 0.025). The proportion of peritonitis based 
on preoperative imaging studies seemed to be higher in the 
pandemic group, but the difference was not significant (P = 
0.089). The time between admission and surgery increased 
more in the pandemic group than in the prepandemic group 
(17.6 hours vs. 9 hours, P < 0.001). Although the operation type 
was not significantly different between the 2 groups, the OT 
was longer in the pandemic group than in the prepandemic 
group (P = 0.014, Table 2). Pathologic reports revealed that 
inflammation was more severe in the pandemic group than in 
the prepandemic group (50.9% vs. 60.9%, P = 0.036). There were 
no significant differences in postoperative complications and 

Table 1. Baseline characteristics of the patients

Characteristic 
Before matching After matching

Prepandemic Pandemic P-value Pandemic P-value

No. of patients 161 330 161
Male sex 75 (46.6) 176 (53.3) 0.178 75 (46.6) >0.999
Age (yr) 37.5 ± 18.3 41.6 ± 20.3 0.033 36.8 ± 19.4 0.723
Body mass index (kg/m2) 22.8 ± 3.8 23.7 ± 4.2 0.021 23.0 ± 3.9 0.751
ASA PS classification
   I
   II
   III
   IV

121 (75.2)
37 (23.0)
2 (1.2)
1 (0.6)

218 (66.1)
100 (30.3)
12 (3.6)

0 (0)

0.052
122 (75.8)

37 (23.0)
2 (1.2)
0 (0)

0.820

Past medical history 32 (19.9) 76 (23) 0.487 23 (14.5) 0.236
Past history of abdominal surgery 18 (11.2) 40 (12.1) 0.882 18 (11.2) >0.999
Admission route
   Outpatient clinic
   Emergency department

43 (26.7)
118 (73.3)

59 (17.9)
271 (82.1)

0.025
25 (15.5)

136 (84.5)

0.020

Imaging study
   Ultrasonography
   Computed tomography
   Both of them

33 (20.5)
121 (75.2)

7 (4.3)

71 (21.5)
241 (73.0)
18 (5.5)

0.985
38 (23.6)

115 (71.4)
8 (5.0)

0.732

Preoperative diagnosis
   No peritonitis
   Localized peritonitis
   Generalized peritonitis

83 (51.6)
72 (44.7)
6 (3.7)

140 (42.4)
171 (51.8)
19 (5.8)

0.089
79 (49.1)
76 (47.2)
6 (3.7)

0.769

Time between admission and operation (hr) 9 (2.7–38.5) 17.6 (2.8–54.4) <0.001 17.3 (3.1–54.4) <0.001

Values are presented as number only, number (%), mean ± standard deviation, or median (range). 
ASA, American Society of Anesthesiologists; PS, physical status. 
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LOS. All resected specimens underwent pathologic assessment, 
and there were no negative appendectomies.

After propensity score matching to adjust for the imbalance 
in baseline characteristics between the 2 groups, all variables 
were well-balanced except for the admission route (through 
an emergency room rather than an outpatient clinic, 84.5% vs. 
73.3%; P = 0.020) and the time between admission and surgery 
(17.3 hours vs. 9 hours, P < 0.001) (Table 1). The perioperative 
outcomes, including OT, postoperative complications, and 
LOS, were similar between the 2 groups (Table 2). Severe 
inflammation on pathology, which was noted before matching, 
did not differ significantly between the groups.

DISCUSSION
In the COVID-19 era, several variables of patients with acute 

appendicitis worsened compared to those in the prepandemic 
era. The time to surgery was almost twice as long (9 hours vs. 
17.6 hours) because preoperative COVID-19 tests were required. 
Although more patients were admitted through emergency 
rooms than outpatient clinics, and the OT increased, there was 
no significant difference in the postoperative clinical course. 
However, after balancing potentially confounding variables, 
we found no significant difference in postoperative outcomes 
despite a delay in the time to surgery (8.3 hours). Therefore, 
whether the delay itself affects the severity of appendicitis or 

the perioperative outcomes remains unclear.
Most studies on acute appendicitis have reported increased 

severity and worsened postoperative outcomes. A report from 
Germany showed that appendectomies decreased by 13.5%, and 
the severity of appendicitis increased in the first 2020 COVID-19 
lockdown compared to 2019 [13]. The authors explained that 
patients’ fear of an in-hospital COVID-19 infection might 
result in a delay to contact a surgeon, and subsequently, the 
inflammation would progress or a self-limiting course might 
occur. Another possible reason is the scarcity of resources and 
prioritization. Other investigators in the UK reported a similar 
phenomenon, with higher inflammatory markers and more 
severe disease of the appendix during the pandemic than 
before [10]. Fisher et al. [15] warned that disruption to local 
healthcare delivery systems might negatively impact surgical 
disease, and reported higher rates of perforated appendicitis 
in children from New York. Another study from the United 
States showed an increased rate of perforated appendicitis, 
LOS, OT, and complications [12]. In our study, age, BMI, greater 
use of an emergency room, and inflammation severity were 
also found to be higher in the pandemic group than in the 
prepandemic group, similar to other countries; however, no 
significant difference was found in the number of patients and 
perioperative outcomes between the groups, except for OT.

The Korean healthcare system is well-known among the 
countries of Organisation for Economic Co-operation and 

Table 2. Perioperative outcomes

Before matching After matching

Prepandemic (n = 161) Pandemic (n = 330) P-value Pandemic (n = 161) P-value

Operation
   Appendectomy
   Cecectomy
   Ileocecectomy

136 (84.5)
24 (14.9)
1 (0.6)

279 (84.5)
48 (14.5)
3 (0.9)

>0.999
138 (85.7)
23 (14.3)

0 (0)

0.876

Operation time, m 34.6 ± 17.2 40.4 ± 27.1 0.014 36.3 ± 19.2 0.397
Open conversion 1 (0.6) 2 (0.6) >0.999 1 (0.6) >0.999
Site of perforation
   Tip
   Midportion
   Base

17 (10.6)
24 (14.9)

6 (3.7)

40 (12.1)
55 (16.7)
13 (3.9)

0.436
17 (10.6)
20 (12.4)
6 (3.7)

0.716

Pathology
   Suppurative
   Perforated or gangrenous

79 (49.1)
82 (50.9)

129 (39.1)
201 (60.9)

0.036
74 (46.0)
87 (54.0)

0.655

Postoperative complication 13 (8.1) 22 (6.7) 0.578 8 (5.0) 0.367
   Acute renal failure
   Diarrhea
   Gastritis
   Ileus
   Intraabdominal abscess
   Wound infection

1 (0.6)
1 (0.6)
1 (0.6)
4 (2.5)
3 (1.9)
4 (2.5)

0 (0)
0 (0)
0 (0)

10 (3)
5 (1.5)
7 (2.1)

0 (0)
0 (0)
0 (0)
2 (1.2)
3 (1.9)
3 (1.9)

Postoperative length of hospital stay, d 2.8 ± 1.9 3.1 ± 2.4 0.119 2.8 ± 1.9 0.836
Readmission within 30 days after surgery 6 (3.7) 2 (0.6) 0.017 1 (0.6) 0.121

Values are presented as number (%) or mean ± standard deviation. 
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Development (OECD) for providing medical services with high 
quality and low cost [16]. Accessibility to medical services is 
fundamentally good, with 17 doctor consultations per person 
per year, whereas the OECD average was 6.8 in 2017. There are 
sufficient healthcare workers, and an extremely cost-effective 
healthcare system has been established in Korea. However, 
older age, higher BMI, higher ASA PS classification, greater 
use of the emergency room, and more severe inflammation 
in the pandemic group suggest that patients tended to endure 
symptoms and visited the hospital late, even under the well-
established healthcare system. Moreover, identification of the 
patients’ medical use before and after the pandemic using large 
population-based data would be helpful to clarify the blind 
points. In addition, the prevalence of COVID-19 was insufficient 
to affect established healthcare systems. Only 95,635 patients 
were infected with COVID-19 and 1,669 died in Korea up to 
March 14, 2021 (prevalence per 100,000 = 184.5, fatalities per 
100,000 = 3.22), whereas other countries showed much worse 
results (Table 3) [17]. Finally, the 3T strategy (testing-tracing-
treatment), established by the government, was effective in 
allowing hospitals to maintain their work without delaying 
scheduled procedures [18]. Therefore, we did not need to 
investigate the time delay between symptom onset and medical 
consultation.

Some authors have reported that the rate of diagnosis by CT 
scan increased (38.1% to 64.5%), which subsequently resulted 
in a shorter time to the theater (24 hours to <24 hours) during 
the pandemic [10]. These previous studies revealed that 

prepandemic diagnoses of appendicitis relied heavily on clinical 
examination, with an overall negative appendectomy (i.e., no 
evidence of appendicitis by histopathology postoperatively) rate 
of 10%, but the negative appendectomy rate decreased in the 
pandemic. In contrast, none of the patients underwent negative 
appendectomy in our study because all patients underwent CT 
and/or ultrasonography imaging studies in addition to clinical 
and laboratory examinations. Moreover, the time to theater 
lengthened, although the lengthened results were even shorter 
than those of other countries.

Conservative management of appendicitis, rather than 
surgery, has increased during the pandemic [10,11]. The results 
might be based on the scarcity of resources and prioritization; 
however, although some authors have suggested that 
conservative management is comparable to appendectomy, 
we believe that surgery is the gold standard for treating acute 
appendicitis. A report showed that 29% of the patients who 
received antibiotics eventually underwent appendectomy, 
although the report concluded that antibiotics were not 
inferior to appendectomy [7]. Moreover, complications were 
more common in the group treated with antibiotics than in 
those who underwent appendectomy. Because all diagnostic 
modalities can be easily used in Korea, a diagnosis is usually 
confirmed, and the decision to perform surgery is not as 
difficult as it is in countries following different national 
policies.

After assessing the tendency of the group of patients and 
the impact of pandemic on the perioperative outcomes, we 

Table 3. COVID-19 prevalence and fatalities worldwide (March 14, 2021)

Country Infection confirmed Prevalence per 100,000 Death Fatality per 100,000

Korea 95,635 184.50 1,669 3.22
Argentina 2,185,747 4,835.72 53,578 118.54
Brazil 11,277,717 5,304.66 272,889 128.36
Canada 899,757 2,386.62 22,371 59.34
France 3,946,733 6,044.00 89,632 137.26
Germany 2,558,455 3,053.05 73,301 87.47
India 11,333,728 821.28 158,446 11.48
Iran 1,731,558 2,061.38 61,069 72.70
Italy 3,175,807 5,249.27 101,564 167.87
Japan 445,585 352.24 8,509 6.73
Mexico 2,151,028 1,668.76 193,142 149.84
Nepal 275,118 945.42 3,012 10.35
Netherland 1,144,822 6,694.87 16,024 93.71
Poland 1,889,360 4,998.31 47,068 124.52
Russia 4,380,525 3,002.42 91,695 62.85
South Africa 1,526,873 2,574.83 51,179 86.31
Spain 3,183,704 6,802.79 72,258 154.40
Turkey 2,850,930 3,381.89 29,356 34.82
United States 29,000,561 8,761.50 527,068 159.24
United Kingdom 4,248,290 6,256.69 125,343 184.60

COVID-19, coronavirus disease 2019.
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attempted to establish a clinically meaningful influence of 
delayed time to surgery using propensity score matching; 
however, we found no significant difference, except for the 
admission route and delay in surgery. As mentioned above, 
more visits to emergency rooms might reflect variations in 
patients’ medical use during the pandemic. However, based on 
our results, more emergency room visits and an 8.6-hour delay 
did not cause problems for patients with both non-complicated 
and complicated appendicitis.

This study has some limitations that must be noted. First, 
the retrospective nature of the study may have resulted in a 
selection bias. Second, the authors could only investigate the 
impact of COVID-19 tests on perioperative outcomes of acute 
appendicitis, and not the impact of COVID-19 infection itself. 
The data of COVID-19 patients with acute appendicitis may be 
obtained from designated hospitals to treat COVID-19. Third, 
the results of this study cannot be applied to other populations 
because the healthcare system and situations encountering 
COVID-19 vary from country to country. Fourth, some authors 
suggested that complicated appendicitis was associated with 
a delay in surgery from symptom onset rather than a delay in-
hospital arrival [19]. However, data on the time from symptom 
onset to hospitalization could not be assessed because it was 
both unclear and unreliable in this retrospective study.

In conclusion, pat ients in Korea who under went 
appendectomy for appendicitis during the COVID-19 pandemic 
tended to have a few factors that were worse than those in 
prepandemic patients. Although the time from admission 
to theater was delayed due to the need for COVID-19 tests 
and the severity of appendicitis increased, there was no 

definite deterioration in postoperative outcomes, including 
postoperative complications or LOS. Although acute 
appendicitis is an emergent condition, preoperative COVID-19 
tests should be performed to ensure the safety of both the 
patients and the healthcare workers involved in the surgery.
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