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ABSTRACT

Objective: The coronavirus disease-19 pandemic has brought new patterns of behavior among 
patients and their parents. The reorganization of the health care system has reduced the num-
ber of elective surgical procedures in Croatia. In our study, we were interested in whether the 
pandemic has caused a statistically significant decrease in the number of examinations of chil-
dren in the emergency department according to the most common diagnoses in pediatric sur-
gery and whether there was a decrease in the number of emergency surgeries.

Materials and Methods: We retrospectively analyzed data from the Hospital Information 
System. The analysis included 15 months of the pre-coronavirus disease-19 period and 15 months 
of the coronavirus disease-19 period. The primary outcome of the study was to determine the 
cumulative number of all examinations and then to determine the number of examinations 
according to the most common diagnoses and, consequently, to determine whether there was 
a statistically significant decrease. The secondary outcome was to determine the cumulative 
number of all operations and then to determine the number of the most common emergency 
operations and, consequently, to see if there was a statistically significant decrease.

Results: In the 15 months of the pre- coronavirus disease-19 period, a total of 33 646 chil-
dren were examined in the emergency department, while in the coronavirus disease-19 period, 
26 831 were examined (P = .010). Although a decrease was recorded in all categories, a sta-
tistically significant decrease was recorded for diagnoses of abdominal pain (P = .007) and 
lower extremity injuries (P  =  .014). The total number of operations, due to strict measures 
and reduction of the elective program, decreased statistically significantly in the coronavirus 
disease-19 period (P < .0001). The number of most common emergency operations did not 
decrease statistically significantly.

Conclusion: This study represents the first longer, 15-month experience of a pandemic in the only 
and largest children's hospital in Croatia. There is no doubt that coronavirus disease-19 had the 
effect of reducing the number of examinations in the emergency department for all the most 
common diagnoses, but the number of operations did not change significantly.
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INTRODUCTION

Due to the spread of the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2 
virus), World Health Organization declared the outbreak a Public Health Emergency of 
International Concern on January 30, 2020, and a pandemic on March 11, 2020.1 The first case 
in the Republic of Croatia was reported in Zagreb on February 25, when a patient who had 
come from Italy was tested positive. On the same day, the second case related to the first one 
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What is already known 
on this topic?
•	 The coronavirus disease-19 

(COVID-19) pandemic has 
brought new patterns of 
behavior among patients and 
their parents.

•	 The reorganization of the 
health care system has reduced 
the number of elective surgical 
procedures. 

•	 The total number of opera-
tions, due to strict measures 
and reduction of the elec-
tive program, decreased sta-
tistically significantly in the 
COVID-19 period.

What this study adds on 
this topic?
•	 The number of most common 

emergency operations did not 
decrease statistically signifi-
cantly, indicating that children 
with surgical emergency con-
ditions were not neglected

•	 Negative appendectomy rate 
and the number of perforated 
appendixes did not change 
statistically significantly.

•	 During the COVID-19 pan-
demic, special attention should 
be paid to children with acute 
abdominal pain.
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was confirmed. In March 2020, a cluster of cases were reported 
in numerous Croatian cities. On March 12, the first recovery 
was reported, and on March 18, the first death from the virus 
was confirmed. Until June 1, 2021, 356 397 cases of coronavi-
rus infection had been recorded in Croatia, while 8034 people 
had died.2 Numerous authors report that during a pandemic, 
the pressure on emergency departments, due to conditions not 
caused by coronavirus disease-19 (COVID-19), was reduced.3-5 
This highlights the potential risk that children with emergencies 
will fall victim to a pandemic if they are not brought to medi-
cal care.6 We are also witnesses that the media and numerous 
articles have just placed emphasis on the issue of inadequate 
treatment of emergencies that are not caused by SARS-CoV-2 
infection. The most common problem of infected children is 
usually non-specific symptoms of an upper respiratory tract 
infection, such as fever and cough. The fever is usually mild to 
moderate. Other clinical symptoms include sore throat, nasal 
congestion and runny nose, weakness, myalgia, headache, and 
respiratory distress. Digestive system problems such as abdom-
inal pain, vomiting, and diarrhea can also be seen. Children 
are less likely to develop serious illness, be hospitalized, require 
mechanical ventilation, and die than adults, but a number of 
children will develop high fever, severe abdominal pain, heart 
dysfunction, and circulatory disorders, which we consider to be 
hyperinflammation syndrome associated with excessive cyto-
kine release—Multisystem Inflammatory Syndrome in Children 
(MIS-C). As the pandemic progresses, such a clinical picture 
is seen in an increasing number of children.7 In our research, 
we were interested in the objective decrease in the number of 
visits to the emergency department of the Children's Hospital 
Zagreb and whether the decrease in the number of arrivals led 
to changes in the number of emergency operations. The aim of 
this study was to determine the objective reduction in the num-
ber of examinations in the emergency department according to 
the most common diagnoses: abdominal pain, acute scrotum, 
upper and lower extremity injuries. Also, the aim of the study 
was to determine whether there is a reduction in the number of 
the most common emergency surgeries: appendectomy, scro-
tal exploration, and surgical treatment of fractures. In addi-
tion to the previously mentioned data, we were interested in 
the share of the most common emergency surgeries in relation 
to the number of arrivals according to the most common diag-
noses and whether there was a change in the rate of negative 
appendectomies and the number of perforated appendixes.

MATERIALS AND METHODS

Design and Data Collection
For research purposes, we retrospectively analyzed data 
from the Hospital Information System (IN2 BIS®). The analy-
sis included 15 months of the pre-COVID-19 period (November 
2018-January 2020) and 15 months of the COVID-19 period 
(March 2020-May 2021). For the purpose of comparing the 
pre-COVID-19 and COVID-19 periods, we did not take into 
account the month of February 2020 (given that part of the 
month can be considered pre-COVID-19 and part COVID-19, 
given the first case in the Republic of Croatia). A comparison 
of the following quarters was also made; 3rd, 4th, and 5th and 
10th, 11th, and 12th months of 2019 and 2020, considering the 
peak of new cases in the mentioned period.

Including and Excluding Criteria
The inclusion criteria were all patients from 0 to 18 years of 
age, male, and female, who were examined in the emergency 
department of the Children's Hospital Zagreb, Croatia. At the 
emergency department, examinations were performed by pedi-
atric surgeons or pediatric surgery residents. The emergency 
surgery department consists of 2 clinics, and children, at the 
time of the pandemic, are admitted to the isolation department 
until the arrival of the polymerase chain reaction (PCR) test. 
The operations were performed in an emergency after a clini-
cal examination and the necessary laboratory and radiological 
examination, which depended on the judgment of the surgeon. 
The exclusion criteria were reoperations due to complications.

Perioperative Procedures
Radiological examination for acute abdomen most often 
included ultrasound and, if necessary, native x-ray of abdomen 
and computed tomography, for acute scrotum ultrasound and 
for fractures x-ray. Differential blood counts and C-reactive 
protein were the most commonly sought laboratory tests for 
abdominal pain.

Outcomes
The primary outcome of the study was to determine the cumula-
tive number of all examinations and then to determine the num-
ber of examinations by the following most common diagnoses: 
R10—abdominal and pelvic pain, N44/N45—acute scrotum, S40-
S69—upper extremity injuries, S70-S99—lower extremity injuries. 
Spearman’s correlation coefficient between the total number 
of examinations and examinations by individual most common 
diagnoses was also calculated. The secondary outcome was to 
determine the cumulative number of all operations and then to 
determine the number of the next most common emergency oper-
ations; appendectomy, scrotal exploration, and surgical treatment 
of fractures. The correlation between the most common emer-
gency surgeries and the number of examinations in the emer-
gency department according to the most common diagnoses 
leading to possible surgery was also calculated. The proportion of 
appendectomies from the total examined children with abdomi-
nal pain and negative appendectomy rate was also determined. 

Statistical Analysis
The obtained data were analyzed using the Microsoft Excel® soft-
ware program (XLSTAT®) for Windows, version 2020.5.1 (Microsoft 
Corporation, Redmond, Wash, USA). Differences in variables 
(number of examinations and number of operations) between 
observed groups were examined through total percentage 
change. Variables of interest were assessed for normality using 
the Shapiro–Wilk test. Categorical variables are expressed as fre-
quency and were analyzed using Fischer’s exact test. Continuous 
variables are expressed as means with standard deviation and 
were analyzed using the Student’s t-test or Mann–Whitney U-test 
(as appropriate). The significance level of .05 was used.

RESULTS

Number of Children Examined Through the Emergency 
Department
The number of new cases of coronavirus in the Republic of Croatia 
is shown in Table 1. We emphasize the fact that Croatia was in a 
more pronounced lockdown during the 3rd, 4th, and 5th months 
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and in the 10th, 11th, and 12th months of 2020. The total number 
of new cases in the first lockdown was 2247, while in the second, 
it was 195 299. In the 15 months of the pre-COVID-19 period, a 
total of 33 646 children (2243.06 ± 346.66) were examined in 
the emergency department, while in the COVID-19 period, 26 831 
(1788.73 ± 531.96) were examined (P = .010) (Table 1) (Figure 1).  
The total percentage change is −20.26%. For 3rd, 4th, and 5th 
months, the total percentage change is −46.78%, while for the 
10th, 11th, and 12th months is −32.95%. The largest decline in 
the number of examinations was in April 2020 (−60.24%). When 
comparing the 3rd, 4th, and 5th months of 2019 and 2021, the 
total percentage drop is only 3.8%.

Number of Children Examined According to the Most Common 
Diagnoses
The number of children examined in the pre-COVID-19 and 
COVID-19 period according to the most common diagno-
ses is as follows: abdominal pain [4282 (285.46 ± 72.58); 3026 
(201.73 ± 85.10)], acute scrotum [413 (27.53 ± 5.22); 368 (24.53 
± 8.31)], upper extremity injuries [8546 (569.73 ± 139.45); 7351 
(490.07 ± 171.81)], and lower extremity injuries [6474 (431.60 ± 
80.98); 4868 (324.53 ± 135.42)] (Figure 2). The total percentage 

P = .010

pre-COVID-19 COVID-19
500

1000

1500

2000

2500

3000

3500

Number of examinations in the emergency 
department

Figure 1.  Number of examinations in the emergency department in the 
pre-COVID-19 and COVID-19 period. 
COVID-19, coronavirus disease-19.

P = .007
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Figure 2.  Number of children examined in the emergency department by the most common diagnoses.
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change by diagnosis is as follows: abdominal pain (−29.33%), 
acute scrotum (−10.90%), upper extremity injuries (−13.98%), 
and lower extremity injuries (−24.80%). When only 3rd, 4th, and 
5th and 10th, 11th, and 12th months are compared, the decline 
in the number of examinations is as follows: abdominal pain 
(−60.89%; −30.72%), acute scrotum (−41.30%; −12.82%), upper 
extremity injuries (−48.20%; −29.70%), and lower extremity inju-
ries (-60.23%; -35.20%). Although a decrease was recorded in 
all categories, a statistically significant decrease was recorded 
for diagnoses of abdominal pain (P = .007) and lower extremity 
injuries (P = .014). The correlation between the total number of 
examinations in the emergency department and the most com-
mon diagnoses proved to be significantly better in the COVID-19 
period; it is excellent for injuries of the upper and lower extremi-
ties (rs  =  0.98, rs  =  0.96), and it is good for abdominal pain 
(rs = 0.61) while it is weak for acute scrotum (rs = 0.38) (Table 3).

Number of Operations Performed
The total number of operations (emergency + elective), due 
to strict measures and reduction of the elective program, 
decreased statistically significantly in the COVID-19 period 
[185.47 ± 33.09 to 115.60 ± 23.57 (P < .0001)]. The total per-
centage change is −37.67%. When only the 3rd, 4th, and 5th 
and 10th, 11th, and 12th months are compared, the decrease 
in the number of operations is −43.04% and −47.14%, respec-
tively. Table 2 shows that the number of most common emer-
gency operations did not change statistically significantly. 
The total percentage change by operations is as follows: 
appendectomy (+5.02%), scrotal exploration (−13.44%), and 
surgical treatment of fractures (+0.60%). When only the 3rd, 
4th, and 5th months and the 10th, 11th, and 12th months of 
the pre-COVID-19 and COVID-19 periods are compared, the 
number of most common emergency operations decreases 
in all categories, but none is statistically significant; appen-
dectomy [28.33 ± 9.02 to 20.67 ± 8.02 (P =  .5)/23.00 ± 1.00 

to 22.33 ± 2.52 (P  =  .8)], scrotal exploration [10.00 ± 3.46 
to 8.67 ± 3.79 (P =  .8)/9.00 ± 4.00 to 7.67 ± 5.86 (P =  1.0)], 
and surgical treatment of fractures [26.00 ± 6.08 to 25.00 ± 
9.00 (P  =  1.0)/20.00 ± 9.16 to 16.00 ± 10.44 (P  =  .4)]. Total 
percentage change by operations for these months is as fol-
lows: appendectomy (−27.06% ; −2.90%), scrotal explora-
tion (−13.33% ; −14.81%), and surgical treatment of fractures 
(−3.85%; −20%). Regarding the correlation between the most 
common emergency operations and the number of examina-
tions in the emergency department according to the diagno-
ses leading to the most common emergency operations, only 
for appendectomies did the correlation become excellent 
(rs = 0.79, P = .000) (Table 3). The share of appendectomies 
from all examined patients with a diagnosis of abdomi-
nal pain increased statistically significantly in the COVID-19 
period (8.00 ± 2.00 to 12.73 ± 3.42 (P < .0001)). There was 
a slight increase in the rate of negative appendectomies 
(+11.11%) but was statistically insignificant (P =  .869), while a 
slight decrease in the number of perforated appendixes was 
observed (−15.51%), also statistically insignificant (P  =  .247) 
(Table 2) (Figure 3). The share of perforated appendixes from 
pathohistologically confirmed appendicitis decreased in the 
COVID-19 period [19.70 ± 9.75 to 15.02 ± 9.00 (P = .191)].

DISCUSSION

The COVID-19 pandemic has led to unprecedented clinical, 
economic, logistical, and social challenges in all branches of 
the healthcare system, and so, pediatric surgery was no excep-
tion. In our study, we found that there was a statistically signifi-
cant decrease in the number of examinations of children in the 
emergency department, while the number of emergency oper-
ations did not decrease statistically significantly. The study by 
Sheath et al8 included 4 months pre-COVID-19 and COVID-19 
periods. It was the first study to evaluate the impact of a 

Table 2.  Mean Values of the Total Number of Children Examined, the Number of Children Examined by Diagnoses, the Total Number of 
Operations, and the Total Number of the Most Common Operations

Pre-COVID-19 COVID-19
Mean SD Mean SD P

Total number of examinations in emergency surgical admission 2243.06 346.66 1788.73 531.96 .010*

  Abdominal pain 285.47 72.58 201.73 85.10 .007*

  Acute scrotum 27.53 5.22 24.53 8.31 .246
  Upper extremity injuries 569.73 139.45 490.07 171.81 .174
  Lower extremity injuries 431.60 80.98 324.53 135.42 .014*

Total number of operations (emergency + elective) 185.47 33.09 115.60 23.57 <.0001*

  Appendectomy 22.53 7.31 23.67 6.84 .664
(Appendectomy/abdominal pain)×100 8.00 2.00 12.73 3.42 <.0001*

Negative appendectomy rate 1.20 1.15 1.33 2.32 .869
(Negative appendectomy rate/appendectomy) ×100 5.39 5.41 4.33 6.98 .362
Perforated appendixes 3.87 1.46 3.27 1.83 .247
[Perforated appendixes/(appendectomy −negative 
appendectomy rate)] ×100

19.70 9.75 15.02 9.00 .191

  Scrotal exploration 7.93 2.84 6.87 3.25 .347
(scrotal exploration/acute scrotum) ×100 29.08 10.23 30.23 16.82 .894
  Surgical treatment of fractures 22.07 7.22 22.20 8.11 .962
(Surgical treatment of fractures/upper and lower extremity 
injuries) ×100

2.22 0.61 2.93 1.34 .148

*P < .05.
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pandemic on pediatric patients who presented with pain in the 
right iliac fossa and appendicitis. Similar to the results of our 
research, they also noticed a significant reduction in the total 
number of admissions with abdominal pain during a pandemic. 
It is interesting to note that they did not notice a negative rate 
of diagnostic laparoscopies. In our study, we observed a slight 
increase in negative appendectomy rates but without statistical 
significance. It is an indisputable fact that complications can 
occur with a late arrival at the hospital.9 Given the pandemic 
and the reduced number of arrivals, a statically significant 
increase in the number of perforated appendicitis was to be 
expected. The study by Sheath et al. showed that the rate of 
complicated appendicitis was higher but without a statistically 
significant increase over the previous year. They thought that 
by increasing the samples, the rate would be statistically higher. 
In our study, which covered a period of 15 months, the mean 
value of the perforated appendixes was lower but also statisti-
cally insignificant. However, one should be careful in compar-
ing the above results, since in the mentioned study, gangrenous 
and perforated appendixes were considered complicated 
appendicitis, while in our study, only perforated appendixes 
were considered complicated appendicitis. The fact that in the 
15 months of the COVID-19 period, there are large oscillations 
in the number of new cases from month to month must also be 
taken into account. The study by Gaiter Tristán et al10 also did 
not record a statistically significant increase in the number of 
complicated appendicitis. COVID-19 did not increase the inci-
dence of complicated appendicitis, and children who devel-
oped complicated appendicitis had no worse clinical outcomes. 
The study by Kvasnovsky et al11 also reports that compared to 
the same period in previous years, a similar number of patients 
with acute appendicitis were treated during the pandemic. In 
relation to the mentioned study, we must state the fact that we 
did not have to adjust our spatial hospital capacities to the 
treatment of adult COVID-19 patients since we are exclusively a 
children’s hospital, and thus, we were not forced to treat some 
patients with antibiotics. Bonilla et al12 emphasize the fact that 
the time from the moment of admission to the emergency 
department to the operation increased statistically significantly.  
The cause lies in the fact that the PCR test for SARS-CoV-2 had 
to be waited for. In our study, we did not calculate the stated 
time, but we would certainly get similar results given that the 
waiting time for PCR diagnostic results on SARS-CoV-2 is  
4-6 hours. The study did not show statistically significant differ-
ences in the rate of complicated appendicitis but increased the 
rate of periappendicitis, which is attributed to the waiting time 
for the PCR test. Based on all the above, the results must be 
interpreted with regard to the organization and capacity of the 
hospital. Some hospitals have decided to test all children for 
SARS-CoV-2, with the use of antibiotics until the findings arrive. 
Some hospitals have taken the position of reducing non-
operative management as it prolongs hospitalization time. 
Certain systems opted for immediate surgical treatment, with-
out waiting for a test for SARS-CoV-2, to allow patients to have 
surgery earlier and thus be discharged from the hospital 
earlier. For this approach, hospitals must provide a sufficient 
number of resources in the form of protective equipment and 
adequate operating rooms.13 Given the organization and 
capacity, we decided to wait for the PCR test results, except 
for  children who have peritonitis. In the United Kingdom 
and Ireland,14 during the pandemic, a higher rate of antibiotic Ta
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treatment was observed which was not common in the pre-
COVID-19 period. There was also a trend that the number of 
laparoscopic surgeries was significantly reduced given the rec-
ommendations of professional bodies that laparoscopy could 
increase the risk of SARS-CoV-2 virus transmission. The study 
showed a low rate of negative appendectomies analogs to our 
results, but we must point to the fact that our results were based 
on pathohistological findings, while theirs were based on intra-
operative findings. In Croatia, surgeons are still more inclined 
to operative treatment than to non-operative management, 
and the COVID-19 period did not change this attitude. 
Regarding appendicitis, from our study, we must emphasize 
the fact that the proportion of appendicitis of the total exam-
ined children with abdominal pain, in the period of COVID-19, 
increased statistically significantly, which supports the fact that 
the number of unnecessary arrivals of children with abdominal 
pain, to the emergency department, reduced. Of all patients 
who underwent appendectomy, in the period of COVID-19 
(n = 355), 4 of them presented with MIS-C (1.13%). In the world, 
several cases have been misdiagnosed as appendicitis, but 
there have also been cases where MIS-C and appendicitis 
were present at the same time.15-19 In our series of 4 patients, 
1 child died, while 1 required inotropic and respiratory support. 
The conclusion is that surgeons should be vigilant when a child 
who has undergone an appendectomy develops prolonged 
fever and hypotension with specific blood test results. It is also 
important to note that radiological ultrasound findings in chil-
dren with MIS-C often suggest periappendicitis, which may 
prompt surgeons to opt for an appendectomy that can only 
exacerbate an existing condition. Regarding the number of 
examinations with diagnoses that could potentially indicate an 
acute scrotum, the number of the same decreased but not sta-
tistically significantly. The number of scrotal explorations also 
decreased but not statistically significantly. The proportion of 
scrotal explorations from all emergency department examina-
tions under diagnoses of acute scrotum increased slightly but 
also not statistically significant. Although our research included 
all conditions that represent the acute scrotum, most authors 

focused on testicular torsion. Littman  et  al20 found that there 
was no statistically significant difference in the average dura-
tion of symptoms until hospitalization (P = .78) and that there 
was no statistically significant change in the number of orchi-
dectomies (P = .17). Although it would be expected that, due to 
the lockdown, it would be more difficult for parents to decide to 
go to the emergency department and that, as a result, there 
could be statistically significantly more orchidectomies, the 
same did not happen. This was probably due to greater contact 
between parents and children, and indirectly to increased 
parental awareness. Analogs to the previous study, Nelson et al21 
also did not find a statistically significant difference in the time 
from onset of symptoms to presentation in the emergency 
department (P = .47) and the rate of orchidectomy (P = .39).  
As in the study by Nabian et al.22 we also observed a decrease in 
the number of traumatic patients. While they recorded a decline 
of 52%, we recorded a decline of 19% over a 15-month period 
(statistically significant for lower extremity injuries). As in the 
above study, we noticed that fractures of the distal radius, mid-
dle third of the forearm, and supracondylar fracture were in the 
lead. It is interesting to note that they recorded a statistically sig-
nificant decline in open fractures. The decline was attributed to 
closed schools, kindergartens, and sports activities. Olech et al23 
investigated distal radius fractures in the pre-COVID-19 and 
COVID-19 periods. They noticed a decrease of 3.8% in the num-
ber of hospitalized children and an increase of 18.2% in surgically 
treated children, while we recorded an increase of 0.6%. We 
must note that our data refer to a 15-month period and all frac-
tures. Based on 6 weeks of lockdown, Sugand et al24 noticed a 
decrease in the number of pediatric trauma by two-thirds 
(67.9%). Analogs to the above study, when comparing the 3rd 
and 4th months of 2019 and 2020, based on our data, we record 
a decrease of 59%. The percentage of those admitted or under-
went surgical intervention remained relatively unchanged. 
Observing elbow and shoulder injuries in the pediatric popula-
tion, in the first 30 days of the pandemic, Gumina et al25 also 
recorded a decline of 65%. When all types of injuries were taken 
into account, the decline was even greater, as much as 84.6%.
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Figure 3.  Negative appendicectomy rate and number of perforated appendixes in the pre-COVID-19 and COVID-19 period. 
COVID-19, coronavirus disease-19.
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CONCLUSION

In conclusion, this study represents a 15-month experience of a 
pandemic in the only and largest children's hospital in Croatia. 
This is the first study in the field of pediatric surgery which 
encompassed a COVID-19 period of more than a year. There is 
no doubt that COVID-19 had the effect of reducing the number 
of examinations in the emergency department for all the most 
common diagnoses, but the number of emergency operations 
did not change significantly. This clearly indicates that condi-
tions that required surgical treatment were adequately taken 
care of, with no increase in the number of complications due 
to a possible delay in arriving at the emergency department. 
It is also important to note that special care should be taken 
when setting an indication for appendectomy in children with 
SARS-CoV-2 infection. A number of children will certainly pres-
ent with a clinical presentation of an acute abdomen, without a 
pathohistological substrate of appendicitis, and the operation 
itself in such children may exacerbate pre-existing conditions.
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