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Abstract
Background  Acute appendicitis is the most common cause of acute abdomen. During the pandemic, to contain the 
spread of COVID-19, there were some integral changes in the medical processes based on the pandemic prevention 
policy, especially regarding emergency surgery. This study was conducted to investigate whether this pandemic also 
impacted the decision-making for both patients and medical personnel along with the treatment outcomes.

Methods  Patients of age 18 years or older who were diagnosed clinically and radiologically with acute appendicitis 
between Jan 1, 2017, and Dec 31, 202,0 were reviewed. The data of 1991 cases were collected and used for this study. 
Two groups were formed, one group before and the other group after the outbreak. The gathered data included 
gender, age, appendiceal fecalith, outcomes of treatment, and long-term outcomes of non-operation (8 months 
follow-up). We also collected details of surgical cases from the above two groups. This data also included age, gender, 
appendiceal fecalith, fever, jaundice, length of onset before presenting to an emergency department (ED), anesthesia, 
surgery, white cell count, pathology, complications, and length of stay. We compared the above data respectively and 
analyzed the differences.

Results  Compared to the period before the outbreak, patient visits for acute appendicitis remarkably dropped 
(19.8%), but surgical cases showed no change (dropped by roughly 5%). There were significant differences (P < 0.05) 
in failure of non-operation(after the pandemic 8.31% vs. before pandemic 3.22%), interval appendectomy(after 
pandemic 6.29% vs. before pandemic 12.84%), recurrence(after pandemic 23.27% vs. before pandemic 14.46%), 
and outcomes of recurrence. There was a significant difference (P < 0.05) in anesthesia method, surgery way, and 
complications( before pandemic 4.15% vs. after pandemic9.89% P < 0.05) in patients who underwent the surgery. 
There was no statistical difference (P > 0.05) concerning age, gender, fever, jaundice, appendiceal fecalith, white cell 
count, and length of onset before presenting to the ED.

Conclusion  The current pandemic prevention policy is very effective, but some decision-making processes of 
doctor-patient have changed in the context of COVID-19 pandemic, that further influenced some treatment 
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Background
The first case of the novel coronavirus (COVID-19) was 
confirmed in December 2019 in Wuhan, China. COVID-
19 has eventually turned into a global pandemic that is 
still spreading around the world. Several measures were 
implemented in various countries and regions to effec-
tively contain the outbreak, and they were regularly 
altered as the pandemic changed. In China, this disease 
was specified as a Class B infectious disease by the Law 
of the People’s Republic of China on the Prevention and 
Treatment of Infectious Diseases and was regarded as 
class A infectious disease to warrant anti-epidemic mea-
sures. All these indeed blocked the spread of the virus, 
especially in China, but they also resulted in a change in 
the overall healthcare strategy with a tremendous impact 
on the healthcare system. There is little doubt that emer-
gency surgeons are facing unprecedented challenges in 
this situation [1].

Acute appendicitis is a common disease in acute sur-
gical conditions with a lifetime incidence rate as high as 
7–8% [2, 3]. While numerous studies demonstrate that 
non-operative management with antibiotic therapy is a 
safe option for people with acute uncomplicated appen-
dicitis [4, 5], appendicectomy is still the primary manage-
ment option [6, 7]. There have been multiple studies that 
reveal and share the experience of performing general 
surgery, including appendicectomy, as part of regular epi-
demic prevention and control. The related anti-epidemic 
process is becoming increasingly mature [8–10]. Beijing 
Jishuitan Hospital is a large comprehensive medical insti-
tution located in Beijing, the capital of China, which has 
been hit by this outbreak several times, since February 
2020. Clinical activities have been carried out under reg-
ular epidemic prevention and control, which is a fact we 
must accept at present.

There have been some investigations about the changes 
in treatment behavior of people with acute appendicitis 
[8, 11, 12]. However, to improve therapy in the post-pan-
demic era, we still need to discover and collect additional 
information, particularly about some of the effects on 
decision-making by both patients and medical personnel 
in the course of managing acute appendicitis. Meanwhile, 
a long-term follow-up after conservative treatment is 
essential. The above can help us further comprehensively 
evaluate the impact of this pandemic on appendicitis 
patients. This study attempted to review and gather the 
information and data of patients diagnosed with acute 
appendicitis and treated in Beijing Jishuitan Hospital. 
Detecting and investigating this effect will help direct 

practices for the rest of the COVID-19 epidemic and pos-
sibly beyond.

Materials and methods
After the COVID-19 breakout in Wuhan, China, sev-
eral epidemic prevention policies were established and 
implemented immediately in our hospital. According to 
the policy, every patient in the emergency department 
(ED) with a fever or epidemiological contact history has 
to undergo scanning for COVID-19. If the patient was 
required to be treated in emergency observation wards 
by a doctor, a Novel Coronavirus nucleic acid test must 
be done. Patients who were scheduled for emergency 
surgery were also administered a low-dose lung CT 
scan and a Novel Coronavirus antibody test. The patient 
would subsequently be treated under the appropriate 
pandemic protection level based on the results of these 
tests. Figure  1 illustrates the above process in a simpli-
fied sequence flow diagram (Fig.  1). Acute appendicitis 
was considered present when the appendiceal diameter 
exceeded 6  mm with wall thickening and at least one 
of the following was present: (1) abnormal contrast 
enhancement of the appendiceal wall, (2) inflamma-
tory edema, or (3) fluid collections around the appendix 
[13, 14]. There have been numerous studies and guide-
lines that have concluded that non-operative treatment 
with antibiotics as the initial treatment for patients with 
uncomplicated acute appendicitis is a feasible alterna-
tive. Our hospital, on the other hand, adhered to the 
traditional principle and recommended an appendec-
tomy as the primary treatment for patients showing 
symptoms for less than 72 h, though this was not man-
datory. Meanwhile, patients with at least one of the fol-
lowing symptoms or signs were strongly recommended 
to undergo surgery: fever, shiver, perforation, or diffuse 
peritonitis. The non-operative approach was used when 
patients explicitly refused surgery. In this situation, the 
patient was observed in the emergency ward and criti-
cally assessed repeatedly every 6–8 h. Once the patient’s 
condition progressed, laparotomy was performed imme-
diately. The criteria included aggravation of abdomen 
signs or symptoms, white cell count, or temperature rise. 
Patients with most of the acute inflammation resolved 
were also advised to have an interval appendectomy 6–8 
weeks later.

We retrospectively collected clinical data of all patients 
who were diagnosed with acute appendicitis and were 
treated in Beijing Jishuitan hospital during two time peri-
ods, one from January 1, 2017, to December 31, 201,9 

outcomes and might lead to a potential economic burden. It is essential to address the undue concern of everyone 
and optimize the treatment process.
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and the second from February 1, 2020 to December 31, 
2020. Inclusion criteria: (1) The diagnosis of acute appen-
dicitis was confirmed by a CT scan of the abdomen; (2) 
The age of patients was at least 18 years; (3) Patients 
without any serious complications, ASA classification I 
or II. Exclusion criteria: (1) Patients with age less than 18 
years; (2) Patients undergoing other surgery during the 
appendectomy; (3) Pregnant females with the appendix. 
There were 1740 reported cases of appendicitis in the 
period between January 1, 2017 and December 31, 2019, 
and 436 cases were included in this study from Febru-
ary 1, 2020 to December 31, 2020. The variation in the 
pattern of patient visits who were diagnosed as having 

acute appendicitis in ED is depicted in Fig. 2. To obtain 
the information and details about the treatment during 
the acute phase of the appendix, all these visitors were 
followed up after 8 months by telephonic interview. This 
follow-up also facilitated analysis of recurrence, interval 
surgery, and outcomes of recurrence for patients who 
received non-operation. Therefore, in this study, we do 
not only collect the clinical information of these patients 
with acute appendicitis patients, but also get more data of 
the long-term outcomes of non-surgery patients. Finally, 
there were 1582 cases with complete follow-up data dur-
ing the period between January 1, 2017 and December 31, 
2019. The success rate of follow-up was 90.92%, and 289 

Fig. 1  Algorithm for diagnosis and treatment of adult patients with suspected acute appendicitis
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underwent an appendectomy. For the data of 409 cases, 
collected between February 1, 2020 and December 31, 
2020, the success rate of follow-up was 93.81%. Ninety-
one patients out of them were treated by surgery. There 
were two surgical options in this study, laparoscopic and 
traditional open methods.

The above cases with the integrity of data were divided 
into two groups. One was the post-pandemic group, 
which consisted of 409 cases from the period between 
February 1, 2020 and December 31, 2020. The other was 
the pre-pandemic group, which consisted of 1582 cases 
over 3 years (2017–2019). Patient’s medical records 
including gender, age, imaging, laboratory results, appen-
diceal fecalith, operative details, and pathology results 
were extracted from the chart. Meanwhile, we also 
gathered details of the treatment process through tele-
phonic follow-up (Table 1). The criteria of non-operative 

management failure were based on the worsening of 
the signs and symptoms of patients who were treated 
by a non-surgical approach first followed by a surgi-
cal approach. The long-term prognosis of patients who 
were cured by antibiotics in their acute phase is shown 
in Table  2. There were 380 patients treated for appen-
dectomy, and 91 of them were from the post-pandemic 
surgery group, while 289 were from the pre-pandemic 
group. We gathered data on the operation for these 
patients, including time of onset before the visit, white 
blood cell count, temperature, liver function, operation 
method, anesthesia mode, time of stay in the hospital, 
pathology, and complications as shown in Table 3.

a: The criteria of non-operative management failure 
were based on worsening of the signs and symptoms of 
patients who were treated by a non-surgical approach 
first followed by a surgical approach.

Statistical analysis
We used SPSS software version 19.0 (IBM Statistics) to 
analyze the data. Between-group comparisons for con-
tinuous variables were performed with Student’s t-test 

Table 1  Comparison of treatment before and after the 
pandemic

Pre-pandemic 
group

Post-pan-
demic group

P-
value

Cases 1582 409

Age 0.304

< 60years 1296(81.9%) 326(79.71%)

> 60years 286(18.1%) 83(20.29%)

Appendiceal fecalith 0.247

Yes 361(22.82%) 105(27.87%)

No 1221(77.18%) 304(72.13%)

Gender 0.359

Male 864(54.61%) 213(52.08%)

Female 718(45.39%) 196(47.92%)

Treatment 0.022*

Operation 238(15.04%) 57(13.94%)

Non-operation 1293(81.73%) 318(77.75%)

Failure of non-operationa 51(3.22%) 34(8.31%)
*: P<0.05, statistically significant

Table 2  Long-term outcomes of non-operation before and after 
the pandemic

Pre-pandem-
ic group

Post-pan-
demic group

P-
value

Non-operation 1293 318

outcomes(8 months) 0.003*

Interval appendectomy 166(12.84%) 20(6.29%)

No recurrence 940(72.7%) 224(70.44%)

recurrence 187(14.46%) 74(23.27%)

Outcomes of recurrence 187 74 0.035*

Operation 74(39.57%) 19(25.68%)

Non-operation 113(60.43%) 55(74.32%)
*: P<0.05, statistically significant

Fig. 2  Visits of patients with acute appendicitis from February to December in 2017, 2018, 2019, and 2020
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or Welch’s t-test, the latter if the variances differed sig-
nificantly. Categorical variables were compared using the 
Pearsonχ2 test or Fisher’s exact test. Two-tailed P-values 
of 0.05 or less were considered statistically significant.

Results
Post-pandemic, the number of visits to the ED of Bei-
jing Jishuitan hospital dropped significantly. The overall 
reduction was about 19.8% compared to previous years. 
However, compared to pre-pandemic years, the number 
of patients who underwent an appendectomy in the acute 
phase showed no remarkable change (dropped by roughly 
5%). There were no significant differences in gender, age, 
and appendiceal fecalith before and after the pandemic 

(P > 0.05). However, the treatment (P = 0.022) and the 
outcomes of non-operative therapy (P = 0.003) had 
changed significantly (P < 0.05). The number of patients 
who experienced failure of non-operative treatment had 
increased significantly compared to that in the pre-pan-
demic period (after pandemic 8.31% vs. before pandemic 
3.22%). The overall rate of non-operation approach get-
ting converted to surgery was 8.31%. We also observed 
that fewer patients with a successful non-operation treat-
ment were willing to opt for an interval appendectomy in 
the post-pandemic period (before pandemic 12.84% vs. 
after pandemic 6.89%, P < 0.05). However, there was an 
increased recurrence rate in those patients (14.46% vs. 
23.27%), and the preference for appendectomy as the pre-
ferred treatment in the acute setting was lower in patients 
with increased recurrence than in patients before the 
outbreak (39.57% vs. 25.68%, P < 0.05). While comparing 
the baseline characteristics and outcomes of the patients 
who underwent surgery in the ED before and after the 
pandemic, we found no statistical differences in age, gen-
der, fever, appendiceal fecalith, jaundice, length of onset 
before presenting to ED, white cell count, and length of 
stay (P > 0.05). There were significant differences in the 
way of anesthesia and surgery, pathology, and complica-
tions (P < 0.05). The incidence rate of lumbar anesthesia 
and open appendectomy after the outbreak was higher 
than before. The complication rate in the post-pandemic 
group was also significantly higher than before (4.15% vs. 
9.89% P < 0.05). All cases of post-operation complications 
were surgical site infections except one case of deep vein 
thrombosis of the lower extremity in the pre-pandemic 
group.

Discussion
There are no signs that the pandemic is “winding down,“ 
but the healthcare system or hospitals are now prepared 
for such events. While measures and bills have been put 
in place to protect the surgical workforce from nosoco-
mial infections by following current local guidelines, the 
“war” against this virus is expected to be long drawn. We 
know that the pandemic has not only affected the process 
of treatment for acute appendicitis deeply but has also 
changed the treatment decision-making leading to differ-
ent outcomes. By far, there is few report on the impact 
of the pandemic on doctor-patient and the treatment of 
acute appendicitis based on a long-term follow-up. By 
comparing data before and after the outbreak, we found 
that the number of visits of appendicitis patients (roughly 
19.8% drop) and the rate of interval appendectomy (pre-
pandemic 12.84% vs. post-pandemic 6.29%) significantly 
declined, but the number of patients who underwent 
an emergency appendectomy showed no remarkable 
change (dropped by roughly 5%). The failure rate of non-
operation was increased (3.22% vs. 8.31%). Several other 

Table 3  Comparison of operative treatment before and after the 
pandemic

Pre-pandemic 
group

Post-pan-
demic group

P-
value

Cases 289 91

Age 0.373

< 60years 252(87.2%%) 76(83.52%)

> 60years 37(12.8%) 15(16.48%)

Gender 0.288

Male 180(62.28%) 51(56.04%)

Female 109(37.72%) 40(43.96%)

Appendiceal fecalith 0.194

Yes 185(64.01%) 65(71.43%)

No 104(35.99%) 26(28.57%)

Fever(>37.5 °C) 0.259

Yes 29(10.03%) 13(14.29%)

No 260(89.97%) 78(85.71%)

Jaundice 0.505

Yes 129(44.64%) 37(40.66%)

No 160(55.36%) 54(59.34%)

Anesthesia 0.005*

Lumbar anesthesia 84(29.07%) 41(45.25%)

General anesthesia 205(70.93%) 50(54.95%)

Surgery
OA 89(30.8%) 49(53.85%) 0.007*

LA 200(69.2) 42(46.15%)

Conversion to open 
surgery

1 0

Length of onset before 
presenting to ED(h)

20.91 ± 17.06 21.01 ± 26.45 0.972

White cell count(109/L) 14.14 ± 3.88 15.08 ± 3.51 0.096

Pathology 0.016*

Gangrene 79(27.34%) 37(40.66%)

Non-gangrene 210(72.66%) 54(59.34%)

Complications 0.037*

Yes 12(4.15%) 9(9.89%)

No 277(95.85%) 82(90.11%)

Length of stay(days) 4.73 5.14 0.467
*: P<0.05, statistically significant

Abbreviations: emergency department (ED); novel coronavirus (COVID-19); 
open appendectomy (OA); laparoscopic appendectomy (LA)
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studies have also reported similar results of a decrease in 
visits by patients diagnosed with acute appendicitis dur-
ing this outbreak. However, long-term follow-up data 
are not available [15, 16]. When we focused on patients 
who underwent an emergency appendectomy, the data 
showed that the length of onset before presenting to ED 
(20.91 ± 17.06  h vs. 21.01 ± 26.45  h) was similar to the 
length of onset before the breakout. Therefore, we spec-
ulated that there must be a certain number of patients 
experiencing uncomplicated appendicitis and who opted 
to stay at home with or without antibiotics, those patients 
significantly contributed to the decrease in the num-
ber of visits. Due to no change in emergency operation 
numbers and the length of onset, most of them might 
have eventually recovered. This might have led to a sig-
nificant increase in the percentage of cases of gangrenous 
perforative appendicitis (Table  3). This result further 
confirmed that the non-operation approach can be used 
as a safe and effective alternative for acute uncompli-
cated appendicitis. A new meta-analysis in the setting of 
COVID-19 from Professor Sameh Hany Emile also pro-
vided the same result, and the study by professor Vishal 
K. Patel even included some complicated cases [17, 18]. 
However, the failure rate of non-operation significantly 
increased in our study, and there might have been a few 
patients with acute complicated appendicitis who refused 
the surgery in the first instance and were treated by non-
operative management. Therefore, our view remains con-
servative and that non-operation treatment should be 
used only in uncomplicated acute appendicitis. There is 
certainly more scope to further define conservative treat-
ment during this pandemic.

In addition, People have concerns about contract-
ing COVID-19 by visiting hospitals, and more or less 
some fear, anxiety and stress by strictly screening and 
repeated epidemics. To reduce the probability of expo-
sure to this virus, people avoided coming to the hospital 
or being hospitalized and prefer to take a wait-and-see 
attitude toward interval appendectomy. Therefore, we 
could find that the number of visits for interval appen-
dectomy was lower in the post-pandemic period than 
in the pre-pandemic period (12.84% vs. 6.29%), and the 
rate of emergency surgery for recurrences was also lower 
than before (39.57% vs. 25.68%, P < 0.05) in our study. 
Meanwhile, that also showed a remarkably increased ter-
ecurrence rate (23.27% vs. 14.46%) in patients with acute 
appendicitis 8 months after the treatment with the non-
operation approach. Certainly, we can not rule out the 
factor of make-decision change for patients that resulted 
in a significantly increase in the failure rate of non-oper-
ation. However, under the effective pandemic preven-
tion policy, there was no reported case of nosocomial 
infection from our hospital during the pandemic. In any 
case, we did not anticipate an ideal outcome. The above 

results also confirmed that the pandemic influenced 
the decision-making of patients and created an obstacle 
between hospitals and patients. Despite many studies 
favoring non-operative management, recent studies have 
shown that the increase in recurrence rate within 1 year 
after the first non-surgical treatment for acute appendi-
citis cannot be ignored. The five-year follow-up result 
from the famous APPAC trial showed that in the non-
operative treatment group, the recurrence rate reached 
up to 32.8%, and most of these cases emerged during the 
period one year after initial treatment [19–21]. How-
ever, whether an interval appendectomy after effective 
non-operative therapy could be considered routine has 
sparked heated controversy. Routine interval surgery 
is preferred after non-operative management for acute 
appendicitis, and this treatment applies only to patients 
with recurrent symptoms [7, 22, 23]. Acute appendicitis 
is fatal and should not be overlooked. Our recommenda-
tions should not exacerbate the dangerous situation in 
which patients with the highest recurrence risk are in a 
worse situation. For patients with recurrence, conserva-
tive treatment has repeatedly aggravated the economic 
burden and increased the health risk. Obviously, these 
problems is even more prominent during the pandemic. 
Since the outbreak of COVID-19, the current anti-pan-
demic policy and measures have already shown their 
value for the guaranteed running of medical institutions. 
We should focus on strengthening the healthcare sys-
tem for patients after their initial treatment. By optimiz-
ing the medical processes, we can dispel the fear of this 
infection and increase patients’ confidence about staying 
protected from the pandemic.

The same strategy was applied to medical workers. 
After analyzing the data of patients who underwent an 
appendectomy in our hospital before and after the out-
break, the result showed that there were significant dif-
ferences in anesthesia method, surgery procedure, and 
complications. According to the measures of our hospital 
for COVID-19 control and prevention, every in-patient 
is needed to undergo a Novel Coronavirus nucleic acid 
test or antibody test and low dose lung CT scan before 
admission. Based on the test results and patient histo-
ries, we determined the protective class for the surgery. 
It is up to the surgeon and anesthesiologist to decide 
whether or not to open the airway during surgery. The 
number of lumbar anesthesia cases steeply increased. 
However, there was no positive COVID-19 case, and all 
patients who were admitted to the hospital were manda-
torily ruled out for COVID-19. This result reflected that 
anesthesiologists preferred lumbar anesthesia over gen-
eral anesthesia during the pandemic period as chances 
of viral exposure are considerably higher in the case of 
airway opening. The literature also supports the impor-
tance of aerosol transmission of infectious diseases [24]. 
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Therefore, these factors could have led to a significant 
decrease in the number of laparoscopic appendecto-
mies. After comparing the treatment outcome of the 
two periods, the rate of postoperative complications was 
significantly higher than that before the outbreak (4.5% 
vs. 9.89%; P < 0.05). With the development and popular-
ization of the laparoscopic technique, several guidelines 
and specialists have recommended laparoscopic appen-
dectomy as the primary treatment for acute appendicitis 
[7]. Many studies pointed out that compared to an open 
appendectomy, laparoscopic surgery leads to a desirable 
outcome, lower rate of complications, shorter postopera-
tive recovery time, less postoperative pain, and scarring. 
There was no effect on the operation time [25, 26]. In our 
study, only one patient had to be converted to open sur-
gery during LA. The number of patients who underwent 
open surgery increased in the post-pandemic era, and 
the rate of postoperative complications was also signifi-
cantly higher than before, particularly the rate of surgi-
cal site infections. Of course, The increase in gangrenous 
perforative appendicitis (Table  3) also contributed to 
these negative outcomes [27]. Therefore, we could not 
conclude that the significant decrease in the number of 
laparoscopic appendectomies results in an increased 
incidence of complications, but it is at least a risk factor. 
Moreover, as seen in our previous analyses, the incidence 
of gangrenous perforative appendicitis also increased in 
the post-pandemic era. Meanwhile, professor Georgios 
Markides and Gaik S Quah report that LA is superior 
to open surgery for complicated appendicitis [25, 28]. 
As a result, given the current anti-pandemic environ-
ment, we should make use of laparoscopy to improve 
treatment outcomes and promote laparoscopic surgery 
as the first line of treatment for acute appendicitis. The 
safe and effective pandemic prevention and its influence 
on the decision of medical personnel are conflicted. More 
research on anti-pandemic methods will further enhance 
medical personnel’s confidence and increase the use of 
general anesthesia.

Conclusion
In conclusion, the non-operative approach could be an 
option for acute appendicitis, which is now verified as a 
flexible and secure treatment approach. However, a thor-
ough clinical examination is necessary to ensure that the 
surgical intervention may be completed quickly. COVID-
19 has spread rapidly to transform into a pandemic and 
has affected not only our lifestyle but also the decision-
making of patients and medical workers. Although these 
changes did not significantly increase the incidence of 
serious adverse events related to acute appendicitis, 
the increased recurrence rate and complications with 
decreased rates of surgery in patients with recurrent 
episodes will eventually lift the burden on the whole 

healthcare system. Under the current anti-pandemic 
policy, we should work to strengthen the faith and reduce 
the fear of people. Certainly, the increased vaccination 
coverage might improve the situation. Further studies 
on this topic should be pursued. In the context of anti-
pandemic efforts, we need to obtain more comprehen-
sive information regarding treatment strategies to ensure 
patient safety.
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