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Abstract

BACKGROUND

Since the outbreak of the coronavirus disease 2019 (COVID-19) pandemic,
outcomes and management of many diseases have been affected. Acute
appendicitis is a common acute abdomen. The incidence rate is 0.05%-0.5%.
Studies reported that the number of patients with appendicitis admitted to
emergency department significantly decreased since the pandemic. People
avoided going to the hospital for fear of being infected. Different countries have
different epidemic prevention measures that result in different treatment
outcomes. The Chinese government also published some temporary measures in
order to prevent the outbreak.

AIM
To explore the changes in management and outcomes of acute appendicitis
during the COVID-19 pandemic in the North of Beijing.

METHODS

Patients with acute appendicitis admitted to Beijing Tsinghua Changgung
Hospital between February and June 2019 and February and June 2020 were
retrospectively reviewed. Cases were grouped according to admission year. The
demographic characteristics, present illnesses, medical history, symptoms and
signs, comorbidities, blood test results, imaging data, appendix pathology, and
treatment details were compared.

RESULTS

Overall, 74 patients received nonsurgical treatment and 113 patients underwent
surgical treatment in group 2019, whereas 159 patients received nonsurgical
treatment and 26 patients received surgical treatment in group 2020. Fever, thick
appendix, nonsurgical management, and uncomplicated appendicitis (simple or

820 January 21,2022 | Volume10 | Issue3 |
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supportive appendicitis) were more common in group 2020 (P < 0.05). Among the
nonsurgical management cases, the neutrophil percentage, neutrophil-to-
lymphocyte ratio, and recurrence rate were higher in group 2020 (P < 0.05).
Among surgically managed cases, there were more cases with gastrointestinal
symptoms, peritonitis, ascites in the image, and intraoperative adhesion or ascites
in group 2020 (P < 0.05). The white blood cell count, time from diagnosis to
surgery, surgical time, and intraoperative blood loss were higher in group 2020 (P
<0.05).

CONCLUSION

During the COVID-19 pandemic, patients suffering from acute appendicitis in
Beijing tended to present with severe symptoms and opt for nonsurgical
treatment. For patients who underwent surgical management, the operation was
delayed and more difficult during the pandemic. Nevertheless, the hospital stay
and the incidence of postsurgical complications did not change.

Key Words: COVID-19; Acute appendicitis; Case management; Treatment outcome;
Antibiotic treatment; Laparoscopic appendectomy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our paper showed that patients suffering from acute appendicitis in the
northern part of Beijing tended to present with severe symptoms and opt for non-
surgical treatment during the coronavirus disease 2019 pandemic. For patients who
underwent surgical treatment, the operation was delayed and was more difficult during
the pandemic. Nevertheless, the hospital stay and the incidence of post-surgical
complications did not change. We also found laparoscopic appendectomy was safe for
patients followed by Chinese government temporary measures.

Citation: Zhang P, Zhang Q, Zhao HW. COVID-19 pandemic changed the management and
outcomes of acute appendicitis in northern Beijing: A single-center study. World J Clin Cases
2022; 10(3): 820-829

URL: https://www.wjgnet.com/2307-8960/full/v10/i3/820.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i3.820

INTRODUCTION

The World Health Organization declared a global coronavirus disease 2019 (COVID-
19) pandemic on March, 2020. Then, the number of infected patients significantly
increased. Currently, over 100 million patients have been infected worldwide. The first
COVID-19 case in Beijing was confirmed in January, after which the pandemic reached
its peak by the end of June 2020, with 922 confirmed cases.

Since the outbreak of the COVID-19 pandemic, the outcomes and management of
many diseases have been affected. Acute appendicitis is a common acute abdomen.
The incidence rate is 0.05%-0.5%[1,2]. A study conducted in Italy reported that the
number of patients with appendicitis admitted to the emergency department (ER) has
significantly decreased since the pandemic[3]. Another study conducted in Israel
showed that weekly admissions decreased by 40.7%[4]. People were avoiding going to
the hospital for fear of being infected. Consequently, the United Kingdom published
new guidelines and changed the management of acute appendicitis[5]. The Chinese
government also published several temporary measures to prevent the outbreak. All
patients requiring admission were asked to perform blood tests for complete blood
count (CBC), immunoglobulin (Ig) G, and IgM antibody. Chest computed tomography
(CT) and swabs were also ordered.

Different countries have different epidemic prevention measures that result in
different treatment outcomes. The aim of this research was to explore whether the
COVID-19 pandemic changed the management and outcomes of acute appendicitis in
Beijing.

January 21,2022 | Volume10 | Issue3 |
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MATERIALS AND METHODS

Case selection

Patients with acute appendicitis treated in Beijing Tsinghua Changgung Hospital from
February to June 2019 and February to June 2020 were reviewed retrospectively. Cases
treated in 2020 were categorized as group 2020, and cases treated in 2019 were
categorized as group 2019. The diagnostic criteria for acute appendicitis including: The
right lower quadrant abdominal pain; tenderness in the right lower quadrant,
especially at the McBurney point; increased white blood cell count (WBC), c-reactive
protein (CRP) level, or neutrophil percentage (N%); a swelling appendix was found by
ultrasound or CT. The inclusion criteria were as follows: (1) Admitted with acute
appendicitis; and (2) Older than 16 years and younger than 80 years. The exclusion
criterion was that the patient was admitted with a periappendicular abscess. This
paper was approved by the Beijing Tsinghua Changgung Hospital ethics committee
(ID: 21039-6-01).

Management

All patients were treated surgically or nonsurgically according to their decisions. Some
patients who needed surgical management selected nonsurgical management due to
the fear of being infected during the pandemic.

IV antibiotics, which were given as nonsurgical management in the ER, included
ertapenem 1 g + 0.9% normal saline (NS) 100 mL qd, cefatriaxone 2 g + 0.9% NS 100
mL qd, ornidazole 0.5 g q12 h, levofloxacin 0.5 g qd, and ornidazole 0.5 g q12 h. CBC
and CRP were performed 3 d later. The patients were discharged with oral antibiotics
for 3 d if their blood tests were near normal (WBC <10 x 109/L, N% < 85%, and CRP <
50 mg/L). Otherwise, IV antibiotics were continued until the blood test reached the
listed criteria above. Abdominal ultrasound or CT scans were performed if the CBC
was elevated or the abdominal pain was more severe than before. Ultrasound- or CT-
guided percutaneous puncture was performed if the imaging test suggested a periap-
pendicular abscess.

Laparoscopic appendectomy was performed as surgical management. The patients
were placed in the supine position and received general anesthesia. A 1 cm incision
was made on the umbilicus. A 12-14 mmHg pneumoperitoneum was formed by
inflation with carbon dioxide through a pneumoperitoneum needle. A 10-mm trocar
was used to puncture the abdominal cavity, and the laparoscope came through it.
Under laparoscopy, 1-cm and 0.5-cm small incisions were made at the anti-McBurney
point and 3 cm on the pubic symphysis, and 10-mm and 5-mm trocars were placed,
respectively. Laparoscopic instruments were used to find and resect the appendix.
Hem-o-lok (Teleflex Medical, United States) occlusion was performed to close the root
mesentery of the appendix. The appendix root was ligated with a 7# silk thread
(Mersilk, Ethicon) or occluded with a Hem-o-lok at 0.5 cm from the root of the
appendix. The appendix was removed by a fetching bag from the trocar in the left
lower abdomen. The incision was sutured after the abdominal pelvic fluid was
suctioned.

Ertapenem 1 g once daily or cefatriaxone 2 g once + metronidazole 0.5 g every 8 h
daily were used as intravenous antibiotic treatment. The patients were discharged if
the blood test results were near normal, the patient tolerated semiliquid food, had no
fever or wound infection, and the pain was controlled.

Data collection and statistical analysis

Data collection: The following indicators were collected for patients receiving
nonsurgical treatment: Age, sex, disease onset time, gastrointestinal symptoms,
comorbidities, history of appendicitis, fever, peritonitis, WBC, CRP, N%, neutrophil-
to-lymphocyte ratio (NLR), appendix diameter, appendicolith, ascites in imaging,
uncomplicated appendicitis (simple or suppurative appendicitis) ratio, IV antibiotic
types, antibiotic treatment days, conversion to operation rate and recurrence.

The following indicators of surgical cases were collected: Age, sex, disease onset
time, gastrointestinal symptoms, comorbidities, history of appendicitis, fever,
peritonitis, WBC, CRP, N%, NLR, appendix diameter, appendicolith, ascites in
imaging, time from diagnosis to surgery, surgical time (defined as the time from skin
incision to anesthesia intubation removed), intraoperative blood loss, intraoperative
adhesions or ascites, appendix pathology, hospital stay, and postoperative complic-
ations.

Of 6 mo’ followed up was performed via telephone call or in the outpatient
department in the 2020 group, while cases in the 2019 group were followed up for 18
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mo in the outpatient department or via telephone call after discharge.

Statistical analysis

SPSS 16.0 (IBM, United States) was used to analyze all results. T-test was used for
continuous variables, while the chi-square test was used for the frequency data. A P <
0.05 indicated a statistically significant difference.

RESULTS

All case results

Overall, 159 patients received nonsurgical treatment and 26 patients received surgical
treatment in 2020, whereas 74 patients received nonsurgical treatment and 113 patients
received surgical treatment in 2019. Group 2020 comprised 95 male and 90 female
patients aged 40.40 £ 14.90 years, while group 2019 comprised 83 male and 104 female
patients aged 40.45 + 15.66 years. A higher fever rate (64.5% vs 52.9%, P = 0.02), thicker
appendix diameter (9.31 + 4.05 mm vs 4.78 £ 4.20 mm, P < 0.01), higher rate of
nonsurgical management (85.9% vs 39.6%, P < 0.01), and higher rate of uncomplicated
appendicitis were observed (52.4% vs 64.2%, P = 0.02) in group 2020 than in group
2019. As shown in Table 1, no deaths were reported after follow-up. No operation
team member was infected after follow-up.

Nonsurgical management case results

N% (80.49 +£12.31% vs 76.63 + 12.88%, P = 0.01), NLR (10.51 £ 9.95 vs 7.22 £ 6.33, P =
0.02), and the rate of recurrence were higher (1.3% vs 21.6%, P < 0.001) in group 2020
than in group 2019 (Table 2).

Surgical management case results

There were more cases with gastrointestinal symptoms (80.8% vs 58.4%, P = 0.03) and
peritonitis (96.2% vs 67.3%, P < 0.01) in group 2020 than in group 2019. Higher WBC
(14.92 £ 4.39 vs 13.22 £ 3.72, P = 0.04), a higher rate of ascites in the image (50% vs
25.7%, P = 0.02), longer time from diagnosis to surgery (32.44 + 47.95 h vs 10.70 + 8.77
h, P < 0.01), longer surgical time (87.35 + 51.68 min vs 72.75 + 38.25 min, P = 0.02),
higher intraoperative blood loss (14.23 + 14.74 mL vs 11.30 £ 6.83 mL, P = 0.03) and a
higher rate of intraoperative adhesion or ascites (92.3% vs 67.3%, P = 0.01) were
observed in group 2020 compared to group 2019, as shown in Table 3.

DISCUSSION

Beijing Tsinghua Changgung Hospital is one of the only two large hospitals in the
northern part of Beijing, serving 700000 residents. Accordingly, our data represent the
real-life situation in northern Beijing. Our study suggested that patients with acute
appendicitis presented with more severe conditions at admission during the
pandemic, and they preferred nonsurgical management. For patients who underwent
surgical management, the operation was delayed and was more difficult during the
pandemic. However, the hospital stay and the incidence of postsurgical complications
did not change.

In the present study, the number of admitted patients did not decrease, which was
inconsistent with previous studies[3,4]. Nevertheless, we found that the proportion of
uncomplicated appendicitis was lower than that in the same period the previous year
(52.4% vs 64.2%), which suggested that the morbidity of acute appendicitis did not
change. A previous study reported that the appendix was thicker and that the inflam-
mation around the appendix was more severe during the pandemic based on CT scans
[6], which is consistent with our study results (9.31 £+ 4.05 mm vs 4.78 + 4.20 mm, P <
0.01). These findings suggested that patients feared becoming infected while in the
hospital and that they preferred to stay at home until their symptoms became too
serious to manage at home.

The 2020 WSES guidelines for acute appendicitis recommend that nonsurgical
treatment should be the first choice for uncomplicated appendicitis[7], while surgery
should be the first choice for complicated appendicitis (gangrene or perforated
appendicitis). As patients did not want to spend a long time in the hospital because of
the fear of becoming infected during the pandemic, many selected nonsurgical
treatment[8]. Some doctors in other countries selected nonsurgical management for
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Table 1 Comparison of characteristics between the two groups (mean * SD)

Group 2020 (n = 185) Group 2019 (n = 187) P value
Sex, male, 1 (%) 95, 51.4% 83,44.4% 0.18
Age (year) 40.40 +14.90 40.45 +15.66 0.70
Disease onset time (h) 36.78 £ 57.05 33.27 £34.92 0.18
Nausea, vomiting or diarrhea, 1 (%) 94, 50.8% 104, 55.6% 0.35
Peritonitis, n (%) 75,40.5% 93, 49.7% 0.08
Comorbidities, 7 (%) 24,13% 17,9.1% 0.23
History of appendicitis, n (%) 30, 16.2% 28,15% 0.74
Fever, n (%) 120, 64.5% 99, 52.9% 0.02
WBC (10°/L) 12.94 +4.42 12.73 £4.11 0.41
CRP (mg/L) 33.40 £ 51.64 36.00 + 56.17 0.78
N% 80.92 +11.91 80.72 +£10.69 0.58
NLR 10.56 +9.58 9.60 +8.17 0.32
Appendix diameter (mm) 9.31 £ 4.05 4.78 £4.20 <0.01
Appendicolith, 1 (%) 65,35.1% 68, 36.4% 0.81
Ascites in image, 1 (%) 43,23.2% 45,24.1% 0.85
Treatment, non-surgical treatment, 1 (%) 159, 85.9% 74,39.6% <0.01
Uncomplicated appendicitis, 1 (%) 97,52.4% 120, 64.2% 0.02

WBC: White blood cell count; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio.

most patients with acute appendicitis because they could not determine whether the
patient was infected with COVID-19 before treatment[9]. A previous study showed
that 74% of surgeons modified their practice to predominantly nonsurgical
management, while 61% of patients selected nonsurgical management to decrease
their time spent in the hospital[10]. A global survey also suggested that doctors
preferred nonoperative management during the pandemic[11]. This study found that,
after the pandemic, the proportion of nonsurgically managed cases of appendicitis in
our hospital increased from 39.6% the previous year to 85.9%, which is consistent with
the situation abroad. Further research on the outcome of nonsurgical treatment with
complicated appendicitis should be performed in the future.

The NLR has been widely used to evaluate various malignant tumors as an
indicator of immune status[12,13]. NLR has also been used as an indicator for the
diagnosis and severity evaluation of acute appendicitis. Previous studies reported that
the NLR could be used as an important parameter in the diagnosis of appendicitis[14,
15], while there was also a substantial correlation between the NLR and disease
severity. This study demonstrated that patients who selected nonsurgical management
during the pandemic presented with higher N% and NLR. We also detected some
severe patients whose condition was more appropriate for surgical management but
who underwent nonsurgical management during the nonpandemic period. This was
consistent with the increased proportion of nonsurgical management during the
pandemic observed in the present study. Nevertheless, there was no significant
difference in the rates of conversion to surgery between groups, which indicated that
the outcomes of IV antibiotic treatment were the same as those during the
nonpandemic period.

Recurrence is an important problem of nonsurgical management. The APPAC study
reported that the 1-year, 3-year, and 5-year recurrence rates of nonsurgical treatment
were 27.3%, 35.2%, and 39.1%, respectively[16]. Our findings demonstrated a
significant decrease in recurrence during the pandemic (1.3% vs 21.6%); however, bias
was possible due to the short follow-up in group 2020.

Among surgically managed cases, our study demonstrated that patients presented
with more gastrointestinal symptoms (80.8% vs 58.4%) and more severe physical signs
during the pandemic period, especially peritonitis (96.2% vs 67.3%). Peritonitis
emerges when periappendiceal exudation stimulates the parietal peritoneum, thus
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Table 2 Comparison of characteristics and outcomes between the two groups with non-surgical management (mean + SD)

Group 2020 (n = 159) Group 2019 (n =74) Pvalue
Sex, male, 1 (%) 85, 53.5% 36, 48.6% 0.49
Age (year) 40.03 +15.12 40.50 +17.10 0.77
Disease onset time (h) 35.24 +54.86 39.80 +48.44 0.16
Nausea, vomiting or diarrhea, 1 (%) 84, 52.8% 29, 39.2% 0.05
Peritonitis, n (%) 50, 31.4% 17,23.0% 0.18
Comorbidities, 7 (%) 18,11.3% 3,41% 0.07
History of appendicitis, n (%) 26,16.4% 11, 14.9% 0.77
Fever, n (%) 107, 67.3% 53, 71.6% 0.51
WBC (10°/L) 12.67 +4.37 11.85+4.48 0.35
CRP (mg/L) 30.16 + 48.19 28.58 +45.21 0.92
N% 80.49 +12.31 76.63 +12.88 0.01
NLR 10.51 +9.95 7.22+6.33 0.02
Appendix diameter (mm) 10.13 £3.34 9.84£2.24 0.10
Appendicolith, 1 (%) 53, 33.3% 21, 28.4% 0.45
Ascites in image, 1 (%) 30, 18.9% 16, 21.6% 0.62
Uncomplicated appendicitis, 1 (%) 84,52.8% 42,56.8% 0.58
IV antibiotics 0.40
Cephalosporin, 1 (%) 137, 86.2% 65, 87.8%
Others, 1 (%) 9,5.7% 6,81%
None, 1 (%) 13,8.2% 3,41%
Antibiotic treatment days (d) 4.08+3.28 4.03£2.63 0.85
Convert to operation, 7 (%) 16,10.1% 3,41% 0.12
Recurrence, 11 (%) 2,1.3% 16, 21.6% <0.001

WBC: White blood cell count; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio.
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representing severe abdominal infection. Patients also presented with higher WBCs
(14.92 £ 4.39 vs 13.22 + 3.72), which was consistent with a previous study[8]. A global
survey revealed that 56.1% of the study cases had more severe septic abdominal
diseases during the pandemic, especially appendicitis and cholecystitis (41.8% and
40.2% of the study cases, respectively)[17].

To prevent COVID-19 infection among medical teams, the Chinese government
ordered all patients to take a blood test for CBC, IgG, and IgM antibodies; chest CT;
and swabs before admission. Although some foreign countries increased the CT scan
rates[18], they did not require every patient to undergo all the tests before admission
[19]. It took nearly 12 h to obtain the results of all of these tests and examinations in
our hospital, which was why patients experienced a longer time from diagnosis to
operation during the pandemic. A longer waiting time might lead to more severe
ischemia of the appendix wall and an increased possibility of gangrene or perforation.
A previous study reported that a time from onset to operation > 48 h, the rate of
perforated appendicitis was 3.58 times that within 24 h[20]. Severe infection can lead
to more severe intraoperative abdominal adhesions and ascites, thus increasing the
difficulty of operation, prolonging the surgical time, and increasing the intraoperative
blood loss, all of which were found in the present study. Some doctors are concerned
that pneumoperitoneum may leak virus-contaminated gas from the trocar during
laparoscopic surgery[5], while others are worried that electronic devices might
aerosolize COVID-19, although there is no evidence for this. British guidelines
recommended open surgery as the predominant procedure for acute appendicitis. The
proportion of open surgeries significantly increased in the United Kingdom[19]. For
the same reason, Italian doctors prefer open appendectomy without electronic devices
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Table 3 Comparison of characteristics and outcomes between the two groups with surgical management (mean + SD)

Group 2020 (n = 26) Group 2019 (n=113) P value
Sex, male, 1 (%) 10, 38.5% 47,41.6% 0.77
Age (year) 42.08 +12.69 40.56 +14.97 0.23
Disease onset time (h) 50.73 +62.32 27.63 +£21.22 0.38
Nausea, vomiting or diarrhea, 1 (%) 21, 80.8% 66, 58.4% 0.03
Peritonitis, n (%) 25,96.2% 76,67.3% <0.01
Comorbidities, 7 (%) 6,23.1% 14,12.4% 0.29
History of appendicitis, n (%) 4,154% 17,15.0% 1.00
Fever, n (%) 13, 50% 46, 40.7% 0.39
WBC (10°/L) 14.92 +£4.39 13.22+3.72 0.04
CRP (mg/L) 63.35 + 74.51 38.72 +58.94 0.11
N% 85.15+7.28 83.01 +8.11 0.98
NLR (%) 12.30 +7.46 10.75 + 8.66 0.58
Appendix diameter (mm) 12.29 £4.94 10.75 £2.89 0.18
Appendicolith, 1 (%) 12,46.2% 47,41.6% 0.67
Ascites in image, 1 (%) 13, 50% 29, 25.7% 0.02
Time from diagnosis to surgery (h) 32.44 +47.95 10.70 £8.77 <0.01
Surgical time (min) 87.35 + 51.68 72.75 £38.25 0.02
Blood loss (mL) 14.23 +£14.74 11.30 + 6.83 0.03
Intraoperative adhesion or ascites 24,92.3% 76,67.3% 0.01
Uncomplicated appendicitis, 1 (%) 13, 50% 78, 69% 0.07
Hospital stay (d) 5.31+3.53 437219 0.31
Complications, 1 (%) 2,7.7% 2,1.8% 0.16

WBC: White blood cell count; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio.
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[21]. However, the 2020 WSES guidelines recommended laparoscopic appendectomy
as the first choice for complicated appendicitis[7]. Laparoscopic surgery leads to a
shorter hospital stay and a lower rate of wound infection. In our study, laparoscopic
appendectomy was the only operation used for surgical management of these patients.
As all patients underwent a blood test for CBC, IgG and IgM antibodies and swabs
before admission, the medical team did not perform the operation until negative
results were obtained, thus putting at ease the medical team who did not have to
worry about the possibility of COVID-19 infection during the operation. Some
countries have used smoke evacuation systems with filters to evacuate surgical smoke
during laparoscopic appendectomy[11], which will increase the ratio of minimally
invasive surgery and bring the best benefits to patients.

According to a previous study, the incidence of postoperative complications during
the pandemic was twice as high as that before the pandemic[22]. The authors
suggested that the increased severity of appendicitis might be caused by a fear of
admission. There was no significant difference in postoperative complication rates
between groups in the present study, which might be related to a lower number of
operation cases and short follow-up time during the pandemic or indirectly related to
the proper government orders.

This study has several limitations. As this was a retrospective study, it was
inevitably biased. This was a single-center study with a small sample size. The follow-
up time during the pandemic was short. Therefore, the results need to be further
confirmed by large case studies.

In summary, the proportion of cases using nonsurgical management for
appendicitis in northern Beijing increased during the COVID-19 pandemic. The
patients presented with more serious conditions. To prevent COVID-19 infection, a
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more complex preoperative test and examination were adopted, which resulted in a
longer preoperative waiting time and surgical time. Intraoperative blood loss
increased. However, the complex preoperative examination was useful, as it screened
the patients in need of laparoscopic appendectomy, ensured better postoperative
outcomes, and did not significantly increase the postoperative complication rate.

CONCLUSION

During the COVID-19 pandemic, patients suffering from acute appendicitis in Beijing
tended to present with severe symptoms and opt for non-surgical treatment. For
patients who underwent surgical management, the operation was delayed and more
difficult during the pandemic. The hospital stay and the incidence of post-surgical
complications did not change. The complex preoperative examination can ensure the
safety of laparoscopic appendectomy, which leads to a better postoperative outcomes.

ARTICLE HIGHLIGHTS

Research background

Since the outbreak of the coronavirus disease 2019 (COVID-19) pandemic, the
outcomes and management of acute appendicitis have been affected. Different
countries have different epidemic prevention measures that result in different
treatment outcomes. The aim of this research was to explore whether the COVID-19
pandemic changed the management and outcomes of acute appendicitis in Beijing.

Research motivation
How did the COVID-19 pandemic change the management and outcomes of acute
appendicitis in Beijing?

Research objectives
Explore the changes in management and outcomes of acute appendicitis during the
COVID-19 pandemic in Beijing.

Research methods

Patients with acute appendicitis treated in Beijing Tsinghua Changgung Hospital from
February to June 2019 and February to June 2020 were reviewed retrospectively. All
patients were treated surgically or non-surgically according to their decisions. The
demographics, symptoms, signs, laboratory parameters, imaging results, operation
details, uncomplicated appendicitis rate, complications rate and recurrence rate were
collected. SPSS 16.0 (IBM, United States) was used to analyze all results. T-test was
used for continuous variables, while the chi-square test was used for the frequency
data. A P < 0.05 indicated a statistically significant difference.

Research results

There were 74 patients who received non-surgical treatment and 113 patients who
underwent surgical treatment in group 2019 vs 159 patients with non-surgical
treatment and 26 patients with surgical treatment in group 2020. Higher fever rate,
thicker appendix diameter, a higher rate of non-surgical management, and a higher
rate of uncomplicated appendicitis were observed in group 2020 than in group 2019.
Among the non-surgical management cases, the neutrophil percentage, neutrophil-to-
lymphocyte ratio, and the recurrence rate were higher in group 2020. There were more
cases with gastrointestinal symptoms and peritonitis in group 2020. Higher white
blood cell count, a higher rate of ascites in the image, longer time from diagnosis to
surgery, longer surgical time, higher intraoperative blood loss and a higher rate of
intraoperative adhesion or ascites were observed in group 2020 compared to group
2019.

Research conclusions

During the COVID-19 pandemic, patients suffering from acute appendicitis in Beijing
tended to present with severe symptoms and opt for non-surgical treatment. For
patients who underwent surgical management, the operation was delayed and more
difficult during the pandemic. The hospital stay and the incidence of post-surgical
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complications did not change. The complex preoperative examination can ensure the
safety of laparoscopic appendectomy, which leads to a better postoperative outcomes.

Research perspectives

This study has some limitations. As this was a retrospective study, it was inevitably
biased. This was a single-center study with small sample size. The follow-up time
during the pandemic was short. Therefore, the results need to be further confirmed by
large case studies or RCT studies.

REFERENCES

1

10

11

12

16

Tlves I, Fagerstrom A, Herzig KH, Juvonen P, Miettinen P, Paajanen H. Seasonal variations of acute
appendicitis and nonspecific abdominal pain in Finland. World J Gastroenterol 2014; 20: 4037-4042
[PMID: 24833844 DOI: 10.3748/wjg.v20.114.4037]

Viniol A, Keunecke C, Biroga T, Stadje R, Dornieden K, Bosner S, Donner-Banzhoff N, Haasenritter
J, Becker A. Studies of the symptom abdominal pain--a systematic review and meta-analysis. Fam
Pract 2014; 31: 517-529 [PMID: 24987023 DOI: 10.1093/fampra/cmu036]

Lazzerini M, Barbi E, Apicella A, Marchetti F, Cardinale F, Trobia G. Delayed access or provision of
care in Italy resulting from fear of COVID-19. Lancet Child Adolesc Health 2020; 4: ¢10-e11 [PMID:
32278365 DOI: 10.1016/S2352-4642(20)30108-5]

Tankel J, Keinan A, Blich O, Koussa M, Helou B, Shay S, Zugayar D, Pikarsky A, Mazeh H, Spira
R, Reissman P. The Decreasing Incidence of Acute Appendicitis During COVID-19: A Retrospective
Multi-centre Study. World J Surg 2020; 44: 2458-2463 [PMID: 32458019 DOI:
10.1007/s00268-020-05599-8]

Mowbray NG, Ansell J, Horwood J, Cornish J, Rizkallah P, Parker A, Wall P, Spinelli A, Torkington
J. Safe management of surgical smoke in the age of COVID-19. Br J Surg 2020; 107: 1406-1413
[PMID: 32363596 DOI: 10.1002/bjs.11679]

Romero J, Valencia S, Guerrero A. Acute Appendicitis During Coronavirus Disease 2019 (COVID-
19): Changes in Clinical Presentation and CT Findings. J Am Coll Radiol 2020; 17: 1011-1013
[PMID: 32610104 DOI: 10.1016/j.jacr.2020.06.002]

Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori A, Boermeester M, Sartelli M,
Coccolini F, Tarasconi A, De' Angelis N, Weber DG, Tolonen M, Birindelli A, Biffl W, Moore EE,
Kelly M, Soreide K, Kashuk J, Ten Broek R, Gomes CA, Sugrue M, Davies RJ, Damaskos D,
Leppéniemi A, Kirkpatrick A, Peitzman AB, Fraga GP, Maier RV, Coimbra R, Chiarugi M, Sganga
G, Pisanu A, De' Angelis GL, Tan E, Van Goor H, Pata F, Di Carlo I, Chiara O, Litvin A, Campanile
FC, Sakakushev B, Tomadze G, Demetrashvili Z, Latifi R, Abu-Zidan F, Romeo O, Segovia-Lohse
H, Baiocchi G, Costa D, Rizoli S, Balogh ZJ, Bendinelli C, Scalea T, Ivatury R, Velmahos G,
Andersson R, Kluger Y, Ansaloni L, Catena F. Diagnosis and treatment of acute appendicitis: 2020
update of the WSES Jerusalem guidelines. World J Emerg Surg 2020; 15: 27 [PMID: 32295644 DOI:
10.1186/s13017-020-00306-3]

English W, Habib Bedwani N, Smith C, Doganay E, Marsden M, Muse S, Mak WK, Chana M, Eves
J, Shatkar V. Suspected appendicitis and COVID-19, a change in investigation and management-a
multicentre cohort study. Langenbecks Arch Surg 2021; 406: 357-365 [PMID: 33169297 DOI:
10.1007/s00423-020-02023-6]

Collard M, Lakkis Z, Loriau J, Mege D, Sabbagh C, Lefevre JH, Maggiori L. Antibiotics alone as an
alternative to appendectomy for uncomplicated acute appendicitis in adults: Changes in treatment
modalities related to the COVID-19 health crisis. J Visc Surg 2020; 157: S33-S42 [PMID: 32362368
DOTI: 10.1016/j jviscsurg.2020.04.014]

Kelly ME, Murphy E, Bolger JC, Cahill RA. COVID-19 and the treatment of acute appendicitis in
Ireland: a new era or short-term pivot? Colorectal Dis 2020; 22: 648-649 [PMID: 32403188 DOI:
10.1111/codi.15141]

Ielpo B, Podda M, Pellino G, Pata F, Caruso R, Gravante G, Di Saverio S; ACIE Appy Study
Collaborative. Global attitudes in the management of acute appendicitis during COVID-19 pandemic:
ACIE Appy Study. Br J Surg 2021; 108: 717-726 [PMID: 34157090 DOL: 10.1002/bjs.11999]

Choi N, Kim JH, Chie EK, Gim J, Kang HC. A meta-analysis of the impact of neutrophil-to-
lymphocyte ratio on treatment outcomes after radiotherapy for solid tumors. Medicine (Baltimore)
2019; 98: ¢15369 [PMID: 31045780 DOI: 10.1097/MD.0000000000015369]

Ethier JL, Desautels D, Templeton A, Shah PS, Amir E. Prognostic role of neutrophil-to-lymphocyte
ratio in breast cancer: a systematic review and meta-analysis. Breast Cancer Res 2017; 19: 2 [PMID:
28057046 DOI: 10.1186/s13058-016-0794-1]

Ahmad KA, Ideris N, Aziz SHSA. A Cross-Sectional Study of Neutrophil-to-Lymphocyte Ratio in
Diagnosing Acute Appendicitis in Hospital Melaka. Malays J Med Sci 2019; 26: 55-66 [PMID:
31908587 DOI: 10.21315/mjms2019.26.6.6]

Unal Y. A new and early marker in the diagnosis of acute complicated appendicitis: immature
granulocytes. Ulus Travma Acil Cerrahi Derg 2018; 24: 434-439 [PMID: 30394497 DOI:
10.5505/tjtes.2018.91661]

Salminen P, Tuominen R, Paajanen H, Rautio T, Nordstrom P, Aarnio M, Rantanen T, Hurme S,

WJCC | https://www.wjgnet.com 828 January 21,2022 | Volume10 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/24833844
https://dx.doi.org/10.3748/wjg.v20.i14.4037
http://www.ncbi.nlm.nih.gov/pubmed/24987023
https://dx.doi.org/10.1093/fampra/cmu036
http://www.ncbi.nlm.nih.gov/pubmed/32278365
https://dx.doi.org/10.1016/S2352-4642(20)30108-5
http://www.ncbi.nlm.nih.gov/pubmed/32458019
https://dx.doi.org/10.1007/s00268-020-05599-8
http://www.ncbi.nlm.nih.gov/pubmed/32363596
https://dx.doi.org/10.1002/bjs.11679
http://www.ncbi.nlm.nih.gov/pubmed/32610104
https://dx.doi.org/10.1016/j.jacr.2020.06.002
http://www.ncbi.nlm.nih.gov/pubmed/32295644
https://dx.doi.org/10.1186/s13017-020-00306-3
http://www.ncbi.nlm.nih.gov/pubmed/33169297
https://dx.doi.org/10.1007/s00423-020-02023-6
http://www.ncbi.nlm.nih.gov/pubmed/32362368
https://dx.doi.org/10.1016/j.jviscsurg.2020.04.014
http://www.ncbi.nlm.nih.gov/pubmed/32403188
https://dx.doi.org/10.1111/codi.15141
http://www.ncbi.nlm.nih.gov/pubmed/34157090
https://dx.doi.org/10.1002/bjs.11999
http://www.ncbi.nlm.nih.gov/pubmed/31045780
https://dx.doi.org/10.1097/MD.0000000000015369
http://www.ncbi.nlm.nih.gov/pubmed/28057046
https://dx.doi.org/10.1186/s13058-016-0794-1
http://www.ncbi.nlm.nih.gov/pubmed/31908587
https://dx.doi.org/10.21315/mjms2019.26.6.6
http://www.ncbi.nlm.nih.gov/pubmed/30394497
https://dx.doi.org/10.5505/tjtes.2018.91661

Jaishideng®

17

20

21

22

Zhang P et al. COVID-19 pandemic changed the acute appendicitis

Mecklin JP, Sand J, Virtanen J, Jartti A, Gronroos JM. Five-Year Follow-up of Antibiotic Therapy for
Uncomplicated Acute Appendicitis in the APPAC Randomized Clinical Trial. JAMA 2018; 320:
1259-1265 [PMID: 30264120 DOI: 10.1001/jama.2018.13201]

Reichert M, Sartelli M, Weigand MA, Doppstadt C, Hecker M, Reinisch-Liese A, Bender F,
Askevold I, Padberg W, Coccolini F, Catena F, Hecker A; WSES COVID-19 emergency surgery
survey collaboration group. Impact of the SARS-CoV-2 pandemic on emergency surgery services-a
multi-national survey among WSES members. World J Emerg Surg 2020; 15: 64 [PMID: 33298131
DOI: 10.1186/s13017-020-00341-0]

Ganesh R, Lucocq J, Ekpete NO, Ain NU, Lim SK, Alwash A, Bibi S, Alijani A. Management of
appendicitis during COVID-19 pandemic; short-term outcomes. Scott Med J 2020; 65: 144-148
[PMID: 32878574 DOI: 10.1177/0036933020956316]

Javanmard-Emamghissi H, Boyd-Carson H, Hollyman M, Doleman B, Adiamah A, Lund JN,
Clifford R, Dickerson L, Richards S, Pearce L, Cornish J, Hare S, Lockwood S, Moug SJ, Tierney
GM; COVID: HAREM (Had Appendicitis, Resolved/Recurred Emergency Morbidity/Mortality)
Collaborators Group. The management of adult appendicitis during the COVID-19 pandemic: an
interim analysis of a UK cohort study. Tech Coloproctol 2021; 25: 401-411 [PMID: 32671661 DOI:
10.1007/s10151-020-02297-4]

Mandeville K, Monuteaux M, Pottker T, Bulloch B. Effects of Timing to Diagnosis and
Appendectomy in Pediatric Appendicitis. Pediatr Emerg Care 2015; 31: 753-758 [PMID: 26535497
DOI: 10.1097/PEC.0000000000000596]

Di Saverio S, Khan M, Pata F, Ietto G, De Simone B, Zani E, Carcano G. Laparoscopy at all costs? J
Trauma Acute Care Surg 2020; 88: 715-718 [PMID: 32282750 DOI:
10.1097/TA.0000000000002727]

Snapiri O, Rosenberg Danziger C, Krause I, Kravarusic D, Yulevich A, Balla U, Bilavsky E.
Delayed diagnosis of paediatric appendicitis during the COVID-19 pandemic. Acta Paediatr 2020;
109: 1672-1676 [PMID: 32460364 DOI: 10.1111/apa.15376]

WJCC | https://www.wjgnet.com 829 January 21,2022 | Volume10 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/30264120
https://dx.doi.org/10.1001/jama.2018.13201
http://www.ncbi.nlm.nih.gov/pubmed/33298131
https://dx.doi.org/10.1186/s13017-020-00341-0
http://www.ncbi.nlm.nih.gov/pubmed/32878574
https://dx.doi.org/10.1177/0036933020956316
http://www.ncbi.nlm.nih.gov/pubmed/32671661
https://dx.doi.org/10.1007/s10151-020-02297-4
http://www.ncbi.nlm.nih.gov/pubmed/26535497
https://dx.doi.org/10.1097/PEC.0000000000000596
http://www.ncbi.nlm.nih.gov/pubmed/32282750
https://dx.doi.org/10.1097/TA.0000000000002727
http://www.ncbi.nlm.nih.gov/pubmed/32460364
https://dx.doi.org/10.1111/apa.15376

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2022 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

