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Abstract
BACKGROUND
The coronavirus disease 2019 (COVID-19) outbreak has markedly influenced the endoscopic patterns. Endoscopic retrograde cholangiopancreatography (ERCP) is an essential technique for pancreatobiliary disease but increases the risk of exposure to the virus-containing body fluid; however, the impact of COVID-19 on ERCP is unknown. 

AIM
To compare the number of endoscopic activities and to analyze the clinical outcomes of ERCPs before and during the COVID-19 outbreak in Daegu, South Korea

METHODS
This retrospective cohort study included patients aged ≥ 18 years who underwent ERCP between February 18 and March 28, 2020, at a tertiary hospital. ERCP indications and endoscopic details were compared with those from the same period in 2018 and 2019 as control groups.

RESULTS
Of the 269 ERCP procedures, 113 (42.0%) cases were performed as emergency procedures. The number of ERCP procedures in 2018 and 2019 decreased by 20.2% and 56.6%, respectively, compared with that in 2020 (P < 0.01); among the 113 emergency ERCPs, the observed numbers in 2018 (n = 42) and 2019 (n = 55) dramatically dropped by 61.9% and 70.9%, respectively, compared with that in 2020 (n = 16). Of the 16 cases in 2020, stone removal was performed in five, biliary stenting in five, sphincterotomy in five, and nasobiliary drainage in one. No case of ERCP-related infection in medical workers or other patients has been reported.

CONCLUSION
The COVID-19 outbreak significantly reduced the number of ERCPs; however, there is no difference in the indications and endoscopic interventions before and during the COVID-19 outbreak.
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Core Tip: The advent of the coronavirus disease 2019 (COVID-19) outbreak has transformed the patterns of endoscopic activities. However, little is known about the clinical impact associated with COVID-19 on endoscopic retrograde cholangiopancreatography (ERCP). We compared the change in the number of ERCP procedures, causes, and clinical outcomes of emergency ERCP before (2018, 2019) and during the COVID-19 (2020) outbreak at a tertiary referral hospital in South Korea.

INTRODUCTION
The coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has infected approximately 100 million people worldwide, with more than 2 million mortalities as of February 2021. The catastrophic viral transmission led to a pandemic in March 2020[1]. The advent of COVID-19 outbreak has revolutionized the pattern of endoscopies. However, little is known about the clinical changes associated with COVID-19 on endoscopic retrograde cholangiopancreatography (ERCP). SARS-CoV-2 infection is usually transmitted via aerosol droplets; however, there are emerging reports that SARS-CoV-2 can be spread via the gastrointestinal route[2-5]. Following the first identification of SARS-CoV-2 positivity on February 18, there was an alarming surge of COVID-19 at the end of February in Daegu, the third most densely populated city in South Korea. Statistics show that the cumulative number of COVID-19 cases had rapidly risen to 6600 within 1 mo[6].
Recently, endoscopic manipulation has been regarded as a potentially dormant reservoir for viral spread and aerosol formation during procedures[7-9]. Both protecting healthcare providers (HCPs) and limiting viral shedding in patients are of great importance in the endoscopy center[10]. Very recently, it has been reported that the sophisticated parts of the side-view scope can be a culprit of lethal bacterial colonization throughout procedures, thus requiring a series of laborious cleaning and disinfection processes[11]. Compared with other endoscopies such as colonoscopy and upper endoscopy, ERCPs are relatively time-sensitive procedures[12]. Most patients with pancreatobiliary disorders are referred to the emergency room (ER) from the clinics or medium-volume hospitals, mainly due to fever, abdominal pain, or jaundice. Most elective endoscopies were canceled or postponed due to the reinforced disease and infection control in our hospital, between February 18 and March 28, 2020, resulting in a substantial decrease in the number of endoscopic procedures, including ERCP[13]. The goal of this study was to compare and to analyze the change in the number of ERCP procedures, causes, and clinical outcomes of emergency ERCP before and during the COVID-19 outbreak in Daegu, the hardest-hit city in South Korea.

MATERIALS AND METHODS
Study population and design
This was a retrospective cohort study of patients aged ≥ 18 years who underwent ERCPs between February 18 and March 28, 2020, at a single tertiary referral hospital during the COVID-19 outbreak. These specific intervals are chosen based on the first SARS-CoV-2 confirmed date and the plateau date of the cumulative curve of the COVID-19 outbreak, in Daegu, South Korea. Baseline demographics, causes of ER visits, blood chemistry, and endoscopic findings relevant to ERCP were collected and compared with those in 2018 and 2019 (pre-COVID-19 era), which were labeled as control groups. In this study, the emergency ERCP group was defined as ERCP cases in which patients visited the ER and underwent ERCP within 24 h and did not include cases that were referred from the other departments due to bile leak, incidental bile duct stone, or sudden obstructive jaundice. Patients who underwent total gastrectomy were excluded. This study was approved by the Institutional Review Board of Yeungnam University Hospital (IRB No. 2020-12-042). Written informed consent was waived owing to the retrospective nature of this study.

Endoscopic procedures
All patients were sedated by administering midazolam (3-5 mg) and pethidine (25-50 mg) at the start of the procedure, and then propofol (10-100 mg) was administered intravenously by nurses during the procedure, with the endoscopists’ permission. All endoscopic procedures were performed using side-viewing endoscopes (TJF-240, Olympus Optical Corporation, Tokyo, Japan). When the side-viewing endoscope was not suitable, particularly for patients who underwent subtotal gastrectomy, such as Billroth II, it was changed to a forward-viewing endoscope. The use of either side-viewing or forward-viewing endoscopes in patients with surgically altered anatomy was determined by the endoscopist’s preference.

COVID-19 quarantine and protective equipment
Since the COVID-19 outbreak, all ER-visiting patients were subjected to the comprehensive COVID-19 quarantine process. They were directly guided through the walk-in screening tent at the ER entrance upon arrival, where the body temperature was checked, and patients were intensively questioned regarding any clinical presentation of respiratory symptoms and any chance of contact with patients with COVID-19. All ER patients underwent reverse transcription polymerase chain reaction (RT-PCR) for SARS-CoV-2 by swabbing the nose and throat. All emergency ERCPs were suspended until the RT-PCR results were identified, which took at least 6 h in our hospital. If the RT-PCR-based SARS-CoV-2 test was confirmed as positive, ERCP was delayed until the seroconversion of RT-PCR, except in urgent cases. If the RT-PCR test was negative, the patient was taken to the endoscopy center on the second floor, and ERCP was performed as usual. However, when the RT-PCR was pending, in urgent cases, the patient was fully covered with a negative pressure tent and taken to the endoscopy center through a designated pathway. Throughout the ERCP procedures, all doctors and nurses wore personal protective equipment (PPE), including an N95 mask, waterproof gown, goggles, surgical gloves, waterproof shoe covers, and facial shields[14,15]. Before the COVID-19 outbreak, to the best of my knowledge, there were no universal guidelines regarding the regulation of PPE and the sequential process of ERCP. In the pre-pandemic era, we usually used a disposable surgical gown, surgical mask, goggles, and disposable gloves during the ERCP procedure. The fluoroscopic units, endoscopic units, and patient’s bed were exhaustively cleaned and disinfected, and the ERCP room was ventilated for 30 min before and after the procedures.

Statistical analyses
The numbers, indications, and endoscopic findings of ERCP from February 18 to March 28, in 2018, 2019, and 2020 were compared and analyzed. Fisher’s exact test and one-way analysis of variance were used to compare categorical and continuous variables, respectively. Variables are described as means ± standard deviations (ranges) and numbers (%). A P value less than 0.05 was considered statistically significant. Statistical analysis was performed using IBM SPSS version 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS
From February 18 to March 28, 269 ERCP procedures were performed. Of these, 113 (42.0%) cases were considered an emergency, and the others (n = 156, 58.0%) were elective. The number of ERCP procedures performed in 2018 (n = 74) and 2019 (n = 136) decreased by 20.2% and 56.6%, respectively, compared with that of the same period in 2020 (n = 59), which showed a statistically significant difference (P < 0.01) (Figure 1).
Excluding 156 elective ERCPs, 113 emergency ERCPs were further analyzed to investigate clinical outcomes. Of the 113 cases, the observed numbers in 2018 (n = 42) and 2019 (n = 55) dramatically dropped by 61.9% and 70.9%, respectively, compared with that in 2020 (n = 16) (Figure 1). The mean ages were 73.0 ± 13.7 years (range, 33-91 years) and 72.1 ± 14.0 years (range, 41-99 years) in 2018 and 2019, respectively. In comparison, the mean age of 66.3 ± 13.4 years (range, 48-95 years) in 2020 was lower than that of the control groups, without statistical difference. In terms of sex distribution, there were 26 (61.9%) female individuals in 2018; however, the male individuals (n = 12, 75.0%) were predominant in 2020, with a statistical difference (P < 0.05) (Table 1).
Abdominal pain (n = 86, 76.1%) was the most common indication for emergency ERCP, followed by jaundice (n = 14, 12.4%) and fever (n = 13, 11.5%); however, no statistical difference was observed. The algorithm for all the ERCP procedures is shown in Figure 2. The distribution of endoscopic intervention was similar among the three groups (2018, 2019, and 2020). Endoscopic retrograde biliary drainage (ERBD) (n = 42, 37.2%) was the most commonly performed technique, followed by bile duct stone removal (n = 41, 36.3%), endoscopic sphincterotomy (EST) (n = 22, 19.5%) and endoscopic nasobiliary drainage (ENBD) (n = 4, 3.5%), showing no statistical difference. Of the 16 cases in 2020, stone removal was performed in five, ERBD in five, EST in five, and ENBD in one. Endoscopic diagnosis of the 113 cases demonstrated that bile duct stone removal was performed in 56 cases (49.6%), followed by probable spontaneous passage of stones (n = 22, 19.5%), pancreatobiliary malignancy (n = 17, 15.0%), and acute cholangitis due to stent occlusion (n = 9, 8.0%). Regardless of the time of the ERCP procedure, a similar pattern of endoscopic diagnosis was observed (P > 0.05). In terms of blood chemistry, such as hemoglobin, total bilirubin, alanine transaminase, aspartate transaminase, alkaline phosphatase, and gamma-glutamyl transpeptidase levels, no statistical difference was observed before and during the COVID-19 outbreak (Table 1).
Only one patient was RT-PCR negative before the ERCP procedure, and then ERCP was implemented with caution under the full PPE; however, he was later confirmed as SARS-CoV-2 positive after repeat RT-PCR test during the study period. Fortunately, no case of ERCP procedure-related SARS-CoV-2 infection in HCPs or to other patients was reported in our endoscopic center.

DISCUSSION
ERCP is a time-consuming and complicated; however, it is an essential technique for pancreatobiliary disease and is a common emergency procedure for common bile duct (CBD) stone removal or biliary decompression[12]. Delayed treatment may lead to the deterioration of cholangitis, organ failure, and septic conditions. With the rapid increase in COVID-19 cases in February 2020 in Daegu, the hardest-hit but later fully recovered city of South Korea, there were changes in the endoscopy section of a tertiary referral hospital. Since the first confirmed case of SARS-CoV-2 on February 18, 2020, SARS-CoV-2-positive cases were rapidly increased within the city. Due to the lack of experience and the highly contagious nature of the virus, all measures to stop the viral spread in and outside the hospital were prioritized. Initially, once the RT-PCR assay for SARS-CoV-2 was confirmed to be positive at the ER, the task force committee of the metropolitan city instructed the shutdown of the ER for 24 h as a preemptive measure, which was later modified. There are a few articles regarding the frameshift of endoscopic procedures, such as the reduction of the number of endoscopies following the lockdown order from the government[9,16,17]. However, little is known about the clinical impact of COVID-19 on ERCP procedures, despite the fact that many pancreatobiliary patients require urgent ERCP in the setting of COVID-19 pandemic. 
Endoscopy can cause human-to-human viral transmission by producing massive aerosol droplets throughout the procedure, particularly during therapeutic interventions such as ERCP[12,18]. The ERCP providers should be aware that manipulation of the scope can increase the risk of exposure to the virus-contaminated body fluids[16]. The presumed mechanism is as follows: First, the large-bore working channel can splash the body fluid during suction or irrigation. A tight suction cap can minimize fluid leakage through the working channel. Facial shields and PPEs are indispensable for preventing exposure to body fluids[12]. Second, repeated exchange of accessories through the endoscope can increase the risk of infection. The frequent exchange of therapeutic accessories (e.g., baskets, papillotome, retrieval balloon, dilating balloon catheter, and others) increases the possibility of exposure to viral secretions. Minimal accessory manipulation can reduce the contact with the contaminated fluid. In case of difficulties, two sessions of procedures are recommended to shorten each procedural time, thereby lowering the risk of viral contamination. Lastly, endoscopy can form aerosols by inducing sneeze, coughing, or belching with or without sedation. Owing to the features of side-view images, blind insertion of the duodenoscope is highly likely to irritate the oropharyngeal mucosa, causing profuse salivary secretion. In the clinical setting, endotracheal intubation under general anesthesia can lower the aerosol-forming process during the procedure; however, all ERCP procedures in South Korea are carried out under midazolam-/propofol-based sedation, and not under general anesthesia[19,20]. Given that ERCP can be a nidus of nosocomial viral propagation, it is strongly recommended that ERCP providers wear PPE for safety during the COVID-19 outbreak[8,21,22].
European countries and the United States experienced a drastic reduction in the number of endoscopies and a change in the pattern of endoscopies after the lockdown order[9,16]. We experienced a 20%-50% decrease in the number of ERCPs during the COVID-19 outbreak, compared with that in the equivalent period in 2018 and 2019, consistent with the report in Ireland[23]. How can we explain this decrease in the number of elective ERCP procedures? A few explanations can be provided for this phenomenon[17]. First, the main indications for elective ERCP were asymptomatic bile duct stones, interval ERBD change, ERBD removal, follow-up ERCP for remnant stones with inserted ERBD, or incidental jaundice due to potential pancreatobiliary malignancy. Most cases were canceled or postponed until the resolution of the viral upsurge, except malignancy-associated jaundice[12]. Given that East Asia, including South Korea, has a high prevalence of intra- or extrahepatic biliary cancer and, since the incidence of pancreatic cancer is steadily rising recently, the deferral of endoscopic intervention may cause a delay in the diagnosis or progression of the disease[16]. Unfortunately, follow-up data were not available in this study, and some might have been treated at other hospitals. Second, consultation ERCP cases from other departments, such as bile leaks, incidental CBD stones, postoperative bile duct stricture, or incidental obstructive jaundice, decreased. In addition, cancelation or postponement of major pancreatobiliary surgery, following the strict infection control policy of the hospital, might have contributed to the decrease in elective ERCP cases.
Meanwhile, emergency ERCPs dropped remarkably by more than 60% during the COVID-19 era, compared with that in the pre-COVID-19 era. A previous study demonstrated that the number of ERCPs fell by 36% in 2020, compared with that in 2019, which is similar to our study[23]. Unlike upper endoscopy and colonoscopy, pancreatobiliary disorders such as bile duct obstruction or associated cholangitis usually require urgent treatment. The decrease in the number of ERCP procedures performed during the COVID-19 outbreak was largely attributed to a reduction in emergency ERCP. The most common cause of ER visits was abdominal pain in all consecutive years. Interestingly, the number of abdominal pain episodes during the COVID-19 period dramatically decreased by approximately 70% compared with that in the pre-COVID-19 period, without statistical difference. There are several hypotheses for a notable reduction in the number of emergency ERCP procedures. First, a reduced referral from a medium-volume or primary care facility led to a decline in ER visitors[23]. These patients might have been managed by either a percutaneous approach or a conservative approach, without a referral. Second, extremely elderly or physically weak patients were advised to stay at home and to minimize ER visits to a tertiary hospital, if possible, due to their vulnerability to infection. A previous study reported a fatality rate of up to 62%[23]. Based on our data, the mean age in 2020 was, to some extent, lower than that of the non-COVID-19 period, without statistical difference. This might be due to the elderly’s refusal to visit the ER until obvious cholangitic symptoms developed. As mentioned in a previous study, the fear of leaving home and lockdown might have shunned the visit to the ER[23]. Third, a ban on social gatherings might have lowered alcohol-induced pancreatitis by abstinence of alcohol intake. Additionally, a lower chance of binge eating under home quarantine might have diminished gallstone-related complications such as acute cholecystitis, Mirizzi syndrome, secondly CBD stone, acute cholangitis, or biliary pancreatitis.
The endoscopic diagnosis was mostly consistent with the causes of emergency endoscopy in this study. Of the 16 cases in 2020, the most commonly performed endoscopic therapies were stone removal and stent placement, which showed a pattern similar to that in previous years. With the introduction of a simple and schematic algorithm from the ER door to the endoscopic center, no case of SARS-CoV-2 infection in other patients or medical personnel was reported in our center[21]. There was one case of mortality in a patient with severe biliary pancreatitis, in which an emergency ERCP was performed because of the impacted CBD stone. Despite aggressive treatment, however, he died due to multi-organ failure. 
Our study has a few limitations. First, this was a single-center observational study with a limited number of patients during a short period. Large and long-term studies are required to determine changes in endoscopic activities. Second, follow-up data of elective ERCPs were lacking. There is a possibility that bile duct malignancy, such as hilar malignancy, might have affected the survival of elderly patients. Third, patients who visited the ER and underwent ERCP were labeled as emergency ERCP patients regardless of the situation; therefore, there is a possibility that non-emergency patients might have been included in this group, such as jaundiced patients without cholangitis or asymptomatic CBD stones, particularly in 2018 and 2019.

CONCLUSION
In conclusion, ERCP is a well-established and indispensable technique in the field of pancreatobiliary emergencies. The novel viral outbreak resulted in a significant reduction in the number of ERCP procedures performed, particularly emergency ERCPs, from February 18 to March 28, 2020. In practice, the ERCP procedure can function as a potential vector for viral transmission, which can be a threat to both HCPs and other patients. All emergency ERCP procedures were performed successfully and safely without causing infection in our endoscopy center. Nevertheless, a long-term follow-up is warranted to observe the clinical outcomes of ERCP procedures after the cessation of the COVID-19 outbreak.

ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) outbreak has markedly influenced endoscopic patterns. Endoscopic retrograde cholangiopancreatography (ERCP) is an essential technique for pancreatobiliary disease but increases the risk of exposure to virus-containing body fluid; however, the impact of COVID-19 on ERCP is unknown.

Research motivation
Unlike upper endoscopy and colonoscopy, pancreatobiliary disorders such as bile duct obstruction or associated cholangitis usually require urgent treatment. However, endoscopy can cause human-to-human viral transmission by producing massive aerosol droplets throughout the procedure, particularly during therapeutic interventions such as ERCP. Due to the lack of experience and the highly contagious features of COVID-19, all measures to stop the viral spread in and outside the hospital were prioritized.

Research objectives
This study aimed to compare and to analyze the change in the number of ERCP procedures, causes, and clinical outcomes of emergency ERCP between pre-COVID-19 and during the COVID-19 outbreak in Daegu city, the worst-hit area in South Korea.

Research methods
This retrospective cohort study included patients aged ≥ 18 years who underwent ERCP between February 18 and March 28, 2020, at a tertiary hospital. Baseline demographics, causes of an ER visit, blood chemistry, ERCP indications, and endoscopic details relevant to ERCP were collected and compared with those from the same period in 2018 and 2019 as control groups.

Research results
The number of ERCP procedures in 2018 and 2019 decreased by 20.2% and 56.6%, respectively, compared with that in 2020 (P < 0.01); among the 113 emergency ERCPs, the observed numbers in 2018 (n = 42) and 2019 (n = 55) dramatically dropped by 61.9% and 70.9%, respectively, compared with that in 2020 (n = 16). No case of ERCP-related infection has been reported in medical providers or other patients.

Research conclusions
The COVID-19 outbreak significantly reduced the number of ERCPs; however, no difference was observed in the indications and endoscopic interventions before and during the COVID-19 outbreak.

Research perspectives
All emergency ERCP procedures were performed safely without causing any viral infection in our endoscopy center. However, a long-term follow-up is warranted to observe the clinical outcomes of ERCP procedures after the cessation of the COVID-19 outbreak.
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Figure Legends
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Figure 1 Comparison of all endoscopic retrograde cholangiopancreatography performed from February 18 to March 28, before and during the COVID-19 outbreak (n = 269) (P < 0.005). ERCP: endoscopic retrograde cholangiopancreatography.
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Figure 2 Flowchart of all patients who underwent endoscopic retrograde cholangiopancreatography from February 18 to March 28, before and during the COVID-19 outbreak. The values are presented as numbers. ERCP: endoscopic retrograde cholangiopancreatography; RT-PCR of SARS-CoV-2: reverse-transcription polymerase chain reaction of severe acute respiratory syndrome coronavirus-2; ERBD: endoscopic retrograde biliary drainage; EST: endoscopic sphincterotomy; ENBD: endoscopic nasobiliary drainage.

Table 1 Comparison of the basic characteristics of emergency endoscopic retrograde cholangiopancreatography from February 18 to March 28 during 2020, before and during the Coronavirus Disease 2019 outbreak (n = 113)
	Variable
	
	Year
	
	

	
	2018 (n = 42)
	2019 (n = 55)
	2020 (n = 16)
	P value

	Sex (M/F)
	16/26 (38.1/61.9)
	28/27 (50.9/49.1)
	12/4 (75.0/25.0)
	0.041

	Age (yr)
	73.0 ± 13.7 (33-91)
	72.1 ± 14.0 (41-99)
	66.3 ± 13.4 (48-95)
	0.244

	Hemoglobin (g/dL)
	11.7 ± 1.8
	13.7 ± 11.6
	12.0 ± 2.8
	0.487

	Total bilirubin (mg/dL)
	4.2 ± 4.4
	5.7 ± 5.1
	5.5 ± 7.4
	0.388

	AST (IU/L)
	356.6 ± 543.4
	290.8 ± 385.6
	274.6 ± 336.8
	0.722

	ALT (IU/L)
	253.9 ± 327.3
	306.4 ± 406.7
	234.7 ± 239.9
	0.693

	ALP (IU/L)
	311.5 ± 286.5
	378.2 ± 361.9
	275.6 ± 196.0
	0.408

	GGT(IU/L)
	328.9 ± 286.2
	478.7 ± 476.6
	464.1 ± 422.2
	0.186


Values are presented as means ± SD (ranges) or numbers (%). ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transpeptidase.
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