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The review excluded COVID-19-positive children requiring elective 
surgeries, for whom it was postponed by at least 3 months. 
Children with semi-elective pathologies (like pelviureteric junction 
obstruction, undescended testis, etc.), wherein surgery was done 
after 2 weeks following a COVID-19-negative report were also 
excluded. The study was approved by the Institutional Ethics 
Committee (IEC-316/2021).

Data were tabulated with continuous variables reported as 
mean and standard deviation (SD) for normally distributed variables 
or as median and interquartile range for those not normally 
distributed. Categorical variables were reported using numbers 
and percentages.

RE S U LTS
A total of 70 children underwent emergency surgical procedures 
and interventions during this 1-year period (Table�1). Average age 

IN T R O D U C T I O N
The outbreak of coronavirus disease 2019 (COVID-19) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was declared a pandemic by the World Health Organization 
on 11th March 2020.1 This resulted in various modifications in 
the management of surgical patients, particularly aimed at 
decreasing aerosol generation and curtailing the inflammatory 
cascade. Reports on the management of COVID-19-infected 
pediatric surgical patients are few. Here, we present our 
experience in treating COVID-19 pediatric surgical emergencies 
(suspect and positive), highlighting the outcomes and the 
follow-up.

MAT E R I A L S A N D ME T H O D S
This is an observational study of children admitted for pediatric 
surgical services in a tertiary care hospital in India during the 
COVID-19 pandemic, from April 2020 to April 2021. The inclusion 
criteria for this study were children of age-group 0�18 years who 
required surgical intervention and who were COVID-19 rapid 
antigen positive or real-time reverse transcriptase-polymerase 
chain reaction (RT-PCR) positive. The data was sourced from 
admission records, discharge summaries, and outpatient 
records. Where follow-up in person was not feasible, telephonic 
communication was opted for.

Demographics, primary diagnosis, surgery/intervention, 
COVID-19 test results (rapid antigen test/reverse transcription-
polymerase chain reaction, rapid antigen test (RAT)/(RT-PCR), 
inflammatory markers [ferritin, C-reactive protein (CRP), D-dimer], 
days of hospital stay, complications, and follow-up were recorded. 
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AB S T R AC T
Objective: The coronavirus disease 2019 (COVID-19) pandemic has resulted in many alterations in the management of surgical patients. We 
share our experience with surgical emergencies during the COVID-19 pandemic and their subsequent 3-year follow-up.
Materials and methods: This observational study was conducted over 1 year. Demographic details, diagnosis, surgery, COVID-19 test results, 
inflammatory markers, days of hospital stay, and complications were collated from inpatient files, discharge summaries, and outpatient records. 
The follow-up data were collected by reviewing outpatient cards and conducting telephonic interviews.
Results: A total of 70 children underwent emergency procedures. The age ranged from 0 to 17 years, and 60% were males. COVID-19 testing 
was done as per the institution�s protocol. Around 27.1% were COVID-19 positive and underwent laparotomy, peritoneal dialysis catheter 
insertion, ventriculoperitoneal shunt revision, and central line insertions. Bowel gangrene secondary to vascular thrombosis in one child and 
burst abdomen following pyloromyotomy in another child were unique pathologies that could be attributable to COVID-19. The average hospital 
stay was 10.1 – 5.5 days. The remaining 51 children underwent mostly laparotomy, endoscopy, and bronchoscopy.
Conclusion: Surgical pathology dictates outcome in COVID-19-positive children. Vascular thrombosis-induced complications may be of concern 
but are amenable to timely intervention. Routine screening and following universal protocols ensure collateral protection. The use of prophylactic 
antibiotics and anticoagulants in COVID-19-positive surgical children needs validation in larger cohorts.
Keywords: Coronavirus disease 2019, Emergency, Outcome, Pediatric surgery, Thrombosis.
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children with presumed COVID-19-related surgical complications 
(bowel gangrene and pyloric stenosis), compared to approximately 
8.7 – 5.3 days in the rest. Over a 3-year follow-up, all these children 
have remained well except for two who are lost to follow-up.

DI S C U S S I O N
The novel coronavirus was identified as the causative agent for 
severe acute respiratory syndrome first in December 2019 and 
named SARS-CoV-2 by the International Committee on Taxonomy 
of Viruses2 and later �coronavirus disease 2019� (COVID-19) 
12 days later.3 By 11th March 2020, COVID-19 was officially declared 
a pandemic.1 This outbreak has affected multiple aspects of 
healthcare and patient populations. New protocols were adapted 
to prevent transmission among vulnerable medical caregivers.

Children were less commonly affected or had mild disease, 
with <10% needing hospitalization and 1�3% contracting severe 
illness.4 In our series of children, except for the three sick babies 

of these children was 5.3 – 5.5 years (0�17 years), and 15.7% were 
neonates. Sixty percent were males. All children underwent RAT 
for admission and RT-PCR (reported within 24 hours) or GeneXpert 
(reported within 4 hours) for confirmation.

Among 70 children, 27.1% were eventually COVID-19 positive. A 
total of 13 out of 19 were detected positive before the intervention, 
whereas in the remaining 6, the report was obtained later. 
One among these was RAT positive. A total of 22 procedures 
were performed on these 19 children, of which 10 were major 
surgeries (Table� 2), and 12 were central venous access device 
(CVAD) placements. Indications for CVAD placement included 
hematological malignancy, sepsis, COVID-19 pneumonia, and 
multiorgan dysfunction syndrome (MODS), besides the two patients 
who underwent CVAD placement along with their major procedure 
[CAPD insertion and ventriculoperitoneal (VP) shunt revision].

Remaining 51/70 (Fig. 1) who were eventually reported as 
COVID-19 negative underwent laparotomy (n = 12), CVAD (n = 10), 
gastrointestinal (GI) endoscopy (n = 21), bronchoscopy (n = 6), 
scrotal exploration for torsion testis (n = 1), and suturing of lacerated 
wound in the leg (n = 1).

Inflammatory markers were raised in only five positive 
patients�ferritin, CRP, and D-dimer had median (first, third 
quartiles) values as follows�249.6 (179.9, 1287.5) ng/mL, 10.59 (4.4, 
26.8) mg/dL, and 1453 (1069.5, 1512.5) ng/mL, respectively. None 
of the children who underwent procedures other than CVAD had 
COVID-19-related respiratory or systemic symptoms, and there was 
no mortality. The average hospital stay was 15.5 – 2.1 days in two 

Table 1: Total surgeries/procedures performed during the COVID-19 
pandemic

Total = 70
COVID-19-

positive = 19
COVID-19-

negative = 51
Male/female = 48/28 19 51
Operated = 29 10 19
Endoscopy = 21 Nil 21
Central venous access = 20 9 11

Table 2: Clinical details of major surgical emergency procedures in COVID-19 RT-PCR-positive children

COVID-19-positivity

Sl. No. Age (years) Sex Diagnosis Surgery Pre Post LOS Complications
1 10 F Acute intestinal obstruction, small 

bowel gangrene
Diagnostic laparoscopy, laparotomy 
with REEA

RAT (�) RT-PCR (+) 17 SSI

2 0.005 M Total intestinal/colonic 
aganglionosis

Evacuation of meconium from distal 
ileum, end ileostomy, DMF,

RAT (�) RT-PCR (+) 9 Nonfunctioning 
of stoma

3 9 M Appendicular perforation Open appendectomy RAT (+) RT-PCR (+) 10 SSI
4 0.16 M IHPS, SSI, burst abdomen, sepsis Pyloromyotomy

Secondary suturing
RAT (�) RT-PCR (+) 14 SSI

5 2 M Penetrating injury to right gluteal 
region, rectal injury

EUA, laparotomy, divided colostomy RAT (�) RT-PCR (+) 3 Nil

6 2.5 M RP tumor Open biopsy RAT (�) RT-PCR (+) 20 Nil
7 16 M Malrotation Ladd�s procedure RAT (�) RT-PCR (+) 11 Nil
8 10 M VP shunt disconnection, KTS Shunt revision RAT (�) RT-PCR (+) 7 Nil
9 2 M SRNS CAPD insertion RAT (�) RT-PCR (+) 5 Nil
10 1 M Recurrent ileocolic intussusception 

s/p pneumatic reduction
Pneumatic reduction twice, laparotomy 
manual reduction, ileocecopexy

RAT (�) RT-PCR (+) 5 Nil

CAPD, Continuous ambulatory peritoneal dialysis; DMF, distal mucous fistula; IHPS, idiopathic hypertrophic pyloric stenosis; KTS, Klippel�TrØnaunay syn-
drome; REEA, resection and end-to-end anastomosis; RP, retroperitoneal, SRNS, steroid-resistant nephrotic syndrome; SSI, surgical site infection, VP, ven-
triculoperitoneal

Fig. 1: Bar chart showing procedures done in COVID-19-negative 
children
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only one neonate and mother were both positive for COVID-19. 
Vertical transmission of COVID-19 in neonates is found to be 3.2% 
in a meta-analysis, which also noted that maternal infection in the 
third trimester was a risk factor for neonatal COVID-19 disease.11 The 
transmission risk is attributed to the presence of ACE-2 receptors 
in the placenta as well as in organs such as the uterus, ovary, and 
vagina. Baud et�al. reported COVID-19 positivity in placental swabs 
of a second-trimester stillborn.12

HI G H L I G H TS
Severe acute respiratory syndrome coronavirus 2, causing COVID-19 
disease and, subsequently, multisystem inflammatory disease, 
is also known to cause hypercoagulability and disseminated 
intravascular coagulation. In a child from our study group (Table�2, 
number 1) who underwent laparotomy for acute intestinal 
obstruction, internal mesenteric hernia, and small bowel gangrene 
were noted. She underwent resection of the gangrenous segment 
and anastomosis. Her RT-PCR later revealed that she was COVID-19 
positive. Incidentally, histopathology of the resected bowel and 
mesentery reported findings of transmural hemorrhagic necrosis 
with early microthrombi formation in the mesenteric vessels 
(Fig. 2).13 Whether this was attributable to COVID-19 infection 
or the result of strangulation of internal hernia is debatable. 
Since the child presented with minimal signs and symptoms 
despite alarming findings at surgery, with no evidence of obvious 
strangulation and deranged inflammatory markers, we attribute 
the pathology to concurrent COVID-19 infection. After consultation 
with the pediatric intensivist, low molecular weight heparin was 
administered to this child. We wish to highlight that the use of 
prophylactic anticoagulation in adult COVID-19-positive patients 
is well established, but protocols for children are sparse and yet 
to be standardized.14

Another COVID-19-positive child (Table�1, number 4) with IHPS 
who underwent pyloromyotomy (surgery duration�30 minutes) 
developed serohemorrhagic collection in the surgical incision 
within 12 hours postoperatively and failed to respond to daily 
dressings. A subsequent burst abdomen required secondary 
suturing on the 5th postoperative day. This child also had elevated 
inflammatory markers, prompting us to attribute the sequence 
of postoperative events to COVID-19 infection. Preoperative 
antibiotics are routinely indicated before induction in clean-

who underwent CVAD insertion for COVID-19 pneumonia, the rest 
had no COVID-19-related symptoms. Postulates on mild COVID-19 
disease point toward a less vigorous immune response and a 
more active innate immunity in children.3 Angiotensin converting 
enzyme (ACE)-2 receptor is known to be expressed in many organs, 
but it is present in the surface epithelium of only the lung and bowel, 
both of which act as portals of entry for SARS-CoV-2.4 In children, 
ACE-2 is highly expressed in the GI tract compared to the lung.5 
Indeed, a multicenter study of >900 children in the United Kingdom 
aged 5�15 years showed that more than half had an asymptomatic 
infection, and among those who were symptomatic, fever and 
gastrointestinal symptoms were predominant.6 Only 2/19 patients 
had COVID-19-attributable pathology.

As per institution protocol based on Indian Council of Medical 
Research (ICMR) guidelines, rapid antigen tests were conducted for 
all patients at admission, and a confirmatory RT-PCR test was sent, 
with the report available within 24 hours. All emergency surgeries 
were performed following COVID-19-appropriate behavior, with 
minimal personnel in the operating theater, using N95 masks, 
personal protective equipment (PPE), and face shields.7 All the 
precautions aimed at reducing the risk of aerosol exposure.

Laparotomy/Laparoscopy
A total of 22 children underwent laparotomy, of which eight were 
positive (1 RAT and 7 RT-PCR positive but RAT negative), emphasizing 
the sensitivity of RT-PCR over RAT in detecting COVID-19 infection 
as well as the need for universal protection. DesCoteaux et� al. 
demonstrated the presence of breathable aerosols and cell-size 
fragments in the cautery smoke produced during laparoscopic 
procedures. The particle sizes ranged from 0.1 to 25 �m.8 Hence, 
the use of a particulate filter, a smoke suction device, and low 
CO2 pressures are recommended when using laparoscopy in an 
emergency setting, along with deep neuromuscular blockade.9 
We, however, avoided laparoscopy in our children.

Aerosol Generating Procedures (Bronchoscopy/GI 
Endoscopy)
Bronchoscopy is an aerosol-generating procedure and has important 
therapeutic indications.6 Children underwent bronchoscopy with 
a negative RAT. The degree of emergency did not warrant waiting 
for an RT-PCR report, and the procedure was performed taking 
universal precautions. Five patients had aspirated vegetable 
foreign bodies, while one had an open safety pin embedded in 
the cricopharynx, all of which were retrieved. Postoperatively, 
these patients were shifted to isolation wards until confirmed to 
be RT-PCR negative.

Various guidelines about PPE usage have been laid down, 
including N95 respirators, face shields, eye goggles, and gloves.10 
PPE with bare minimum staff (surgeon, assistant, and anesthetist) 
were ensured in the operating theater during bronchoscopy. 
Endoscopic procedures were preferentially done in theaters with 
appropriate air handling units (AHU). This is part of expected 
standard practice.10 A total of 21 children underwent GI endoscopy 
for various indications such as foreign body ingestion (button 
battery/coin), upper/lower GI bleeding, corrosive stricture 
dilatations, etc., and all were managed according to the similar 
protocols stated above.

Neonatal Surgeries
Around 5 out of 11 neonates underwent 6 surgeries (one baby was 
operated on twice), and 6 had CVAD placement. Among these, 

Fig. 2: Extensive gangrenous small bowel of 60 cm in length in the 
region of the distal jejunum and proximal ileum
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contaminated and contaminated cases only.14 However, from the 
above observations, the need for perioperative antibiotics, even in 
clean cases, needs to be assessed.

Inflammatory Markers
Any surgical procedure is known to incite a physiological 
inflammatory response, which typically results in a rise in 
inflammatory markers. The most commonly used marker, C-reactive 
protein (CRP), will be elevated post-surgery within 48�72 hours.15 
Serum ferritin is a well-known acute phase reactant. Garcia et�al.16 
reported a 58% mortality in children with sepsis having serum 
ferritin value >500 ng/mL. D-dimer is a good indicator of the 
thrombotic state described in COVID-19. Ferritin, CRP, and D-dimer 
are prognostic markers in patients with COVID-19. Inflammatory 
markers were elevated in 5 of the children who were COVID-positive. 
Differentiating between the physiological rise postoperatively 
and the rise due to COVID-19 infection is vital for the appropriate 
management of surgical children.

Follow-up
Children were followed in the outpatient department (OPD) as 
per the standard protocol of their primary pathology for 1 year. 
Additionally, COVID-19-positive children were followed for 3 years 
through OPD visits or telephonic follow-up and were noted to be 
doing well.

CO N C LU S I O N
Coronavirus disease 2019 affected all strata of society. Surgical 
pathology was often coincidental and rarely attributable to 
COVID-19, except for anecdotal cases (2 out of 19). COVID-19 
infection-related complications did increase the duration of 
hospital stay in our patient group. Nonetheless, emergency surgery 
was well tolerated with complete recovery and no mortality, 
even in neonates. Children who were affected by COVID-19 are 
asymptomatic on a 3-year follow-up.
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