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Abstract

:

Background and aim: Over the last few years, SARS-CoV-2 has been reported as a possible cause of acute pancreatitis (AP), but whether it is a relevant clinical–epidemiological entity is still a matter of debate. We aim to evaluate the epidemiological characteristics of AP during the first year of the COVID pandemic (2020) and compare them with the pre-COVID period (2008–2019) to identify any differences and clarify a potential causative role of SARS-CoV-2. Methods: We used a monocentric retrospective study of 132 AP patients during 2020 and 1987 AP patients during 2008–2019. Diagnosis and severity were classified according to the revised Atlanta criteria. Propensity score matching was performed according to clinical–epidemiological features, and outcome analysis was performed on two subgroups of 109 patients. Results: The total number of AP cases in 2020 is one of the lowest in the last 13 years (132 cases, median 161, IQR 146-183). No major epidemiological differences were noted. During 2020, we observed a significant modification of the distribution of etiologies (p < 0.001), mainly based on a decrease in biliary forms (59.6% vs. 43.2%) and an increase in alcoholic forms (6.9% vs. 12.9%). Idiopathic forms remain unchanged (20.5% vs. 21.9%). The proportion of AP of idiopathic etiology and SARS-CoV-2 infection was 0.008%. There were no differences in terms of severity distribution (p = 0.127), length of stay (p = 0.916), need for ICU (p = 0.139), or mortality (p = 0.462). Even among statistically matched groups, there were no differences between the length of stay (9 vs. 10 days, p = 0.890), need for ICU admission (1.8% vs. 3.7%, p = 0.683), or in-hospital mortality (0 vs. 1.8%, p = 0.342). Conclusions: The lower AP diagnoses indicate delayed and likely missed diagnoses, probably because of both hesitancy and organizational problems during the pandemic. The unchanged proportion of idiopathic forms supports the hypothesis that SARS-CoV-2 is not an AP trigger.
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1. Introduction


Acute pancreatitis (AP) is one of the most frequent gastrointestinal conditions that result in hospital admission, with an estimated annual incidence of 34 cases per 100,000 people/year [1]. In accordance with the Atlanta classification [2] and the Guidelines of the International Association of Pancreatology and the American Pancreatic Association (IAP/APA) [3], an AP diagnosis requires two criteria out of abdominal pain, an increase in lipase, or amylase at least three times the limit of normal and positive imaging. Moreover, according to the revised Atlanta classification of 2012, the severity of AP is defined as follows: mild, in the absence of significant local–regional complications and the absence of organ failure; moderately severe, in the presence of local–regional complications and/or transient organ failure; severe, in the presence of persistent organ failure and/or death [3].



The identification of the etiology is essential for treatment planning, improving the prognosis, and avoiding recurrent forms, and among the various etiologies, the diagnosis of biliary AP is a crucial point for therapeutic choices.



Gallstone disease and alcohol abuse are the two leading causes of AP. The relative percentage of these two main causes varies considerably among different European countries; in Mediterranean countries such as Italy, Spain, and Greece, biliary lithiasis is the most frequent cause of AP (50–60% of cases); in Germany and France, lithiasis and alcohol both cause 35–40% of AP cases; in the countries of Eastern and Northern Europe, alcohol is the most frequent cause, reaching about 55% of cases in Romania, Russia, Finland, and Latvia [4]. Less common causes include hypertriglyceridemia, adverse drug reactions, complications of endoscopic retrograde cholangiopancreatography (ERCP), malignant and benign pancreatic neoplasms such as papillary mucinous intraductal neoplasms (IPMN), and other rarer forms.



In the remaining patients, even after an extensive evaluation of history, physical examination, laboratory tests, and imaging studies, the etiology remains unexplained. In these patients, in whom no underlying condition could be identified, AP is labeled as idiopathic. The diagnosis of idiopathic AP requires the exclusion of known triggers through an accurate anamnesis excluding drug abuse; alcohol abuse; a history of infection; an evaluation of metabolic disorders, including hypertriglyceridemia and hypercalcemia; genetic mutation; and at least two second-level imaging techniques, including endoscopic ultrasound (EUS) and magnetic resonance cholangiopancreatography (MRCP) to exclude abnormality in the pancreatic gland or pancreatic, biliary, or gallbladder lithiasis. Since this definition, a highly variable incidence of idiopathic AP has been reported, ranging from 8 to 44% [5,6]. This large variability is very likely due to missed diagnoses of underlying conditions that are not immediately evident. Once all possible causes have been explored, the actual incidence of idiopathic AP was recently hypothesized to account for 10% of AP [7]. Despite the body of literature on this condition growing over the last ten years, idiopathic AP is the third most frequent form of AP and still remains a clinical challenge.



Among others, various infectious agents are associated with idiopathic AP, mainly viruses (such as Mumps, Coxsackie B, HSV, CMV, and VZV) but also bacteria, fungi, and parasites. Rigorous criteria for the diagnosis of infective AP have been formulated [8], such as identification via direct staining or culturing the infectious agent in the pancreas or pancreatic ducts (defined); the positive culturing of the organism in blood or pancreatic juice or serological diagnosis in a characteristic epidemiological setting (probable); or the positive culturing of the organism in other anatomic sites or serological diagnosis (possible), in association with the exclusion of lithiasis and alcohol when necessary. Moreover, various other microorganisms can directly infect the pancreas, but without causing a frank AP.



Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is known to cause gastrointestinal symptoms among 15% of patients [9]. Several studies suggest that SARS-CoV-2 might enter the acinar cells and the islets of Langerhans cells via angiotensin-converting enzyme 2 (ACE2), inducing pancreatic injury [10,11,12]. Several reports and review articles have explored the relationship between COVID-19 and AP [13,14,15,16], but often it remains uncertain whether the pancreatic injury is truly caused by SARS-CoV-2 or whether it is a casual association due to the pandemic. Moreover, insufficient searches for other etiologies, concomitant medication, and critical illness status are advocated as possible biases.



The aim of this study is to evaluate the epidemiological characteristics of AP during the 2020 pandemic and compare them with the pre-COVID period in order to identify any differences in the incidence and distribution of AP etiologies due to the COVID-19 pandemic. Moreover, we evaluated differences in the outcomes of AP patients, such as length of hospitalization, intensive care unit (ICU) admission, and in-hospital mortality, due to the COVID-19 pandemic. If indeed AP can be induced by SARS-CoV-2, an increased incidence of AP, or at least a relative increase in idiopathic forms, should be expected during 2020.




2. Materials and Methods


A retrospective study was conducted using a prospectively maintained database of pancreatic diseases in use at the IRCCS of the S. Orsola-Malpighi Hospital, University of Bologna. The guidelines used for this study were those released by the IAP/APA. We chose these guidelines because a preliminary investigation among our hospital physicians demonstrated that they were the best known.



The Regional Database of Hospital Discharge Forms of our institution was consulted, identifying possible cases of AP through the following diagnosis codes as the first or secondary diagnosis, according to the International Classification of Disease, 9th Edition—Clinical Modification (ICD9-CM): 5770 “Acute pancreatitis”, 5771 “Chronic pancreatitis”, 5772 “Cysts and pseudocysts of the pancreas”, 5778 “Other specified diseases of the pancreas”. Cases of COVID-19 were identified according to the following diagnosis codes (used in Italy in 2020): 07982 “Associated SARS-coronavirus” (a subcategory of group code 0709—virus and chlamydial infections in morbid manifestations classified elsewhere), 4803 “SARS-associated coronavirus pneumonia”.



The database search found 234 cases that matched these criteria from 1 January 2020 to 31 December 2020.



Two authors evaluated, in a blinded manner, all selected records to remove cases that did not meet the revised Atlanta criteria for the diagnosis of AP and patients with incomplete clinical or laboratory data or incorrect diagnoses. The records were considered incomplete when one of the following data was lacking: sex, age, comorbidity, etiology, severity according to the revised Atlanta classification, and outcomes. A total of 132 confirmed cases of AP were identified during 2020. We compared the data of these patients with our historical cohort, namely, the pre-COVID period (from 1 January 2008 to 31 December 2019), which was obtained in the same manner.



For each patient, we collected data regarding sex, age, the presence of comorbidities, and total amylase and lipase levels at diagnosis. Etiology was assessed in agreement with international guidelines. In particular, it was evaluated through personal and family history, imaging, and laboratory tests; in the case of acute idiopathic pancreatitis, EUS and MRCP were performed and were negative. We assessed the severity of AP according to the Atlanta classification, outcome (discharge to home, discharge to long-term care, and death during the hospital stay), need for ICU admission, and length of hospitalization. The diagnosis of COVID-19 was confirmed through a reverse transcription polymerase chain reaction (RT-PCR) test conducted on samples obtained via nasopharyngeal swabbing.



Data are presented as N (%) and median (interquartile range—IQR). Fisher’s test, Chi-square, and t-test were used as appropriate.



Given the considerable difference in the sample size, with the 2008–2019 group containing approximately 15 times the number of cases in the 2020 group, and the heterogeneity of the sample, we performed propensity score statistical matching according to sex, age, comorbidity, amylase and lipase levels, and different etiologies and severities. We performed 1:1 matching of two subgroups of 109 patients. The homogeneity of the groups was tested by measuring the d-value, estimating a low standardized size effect for values <0.2, rather than low standardized size effect for values <0.2: average between 0.2 and 0.5, large between 0.5 and 0.8, and very large if >0.8. All analyses were conducted using STATA 14 (College Station, TX, USA).



The local Ethics Committee (Independent Ethics Committee of the Emilia-Romagna Region—Subsection Center) approved the database with code PANBO 064/2017/U/Oss.




3. Results


The trend of cases of AP admitted to our center from 2008 to 2020 is shown in Figure 1. During the 2008–2019 period, there were 1987 diagnoses of AP, while in 2020, there were 132 cases, which is in the lower quartile of diagnoses per year (median 161, IQR 146-183).



Epidemiological and clinical features, outcomes, and statistical comparisons between the 2008–2019 period and 2020 are presented in Table 1. Between the two periods, there were no significant differences between sex (61.4% vs. 52.7%, p = 0.058) and age (median 66 years for both, p = 0.669). Most of the patients had at least one comorbidity, although during 2020, a slight decrease was seen (79.5% vs. 93.4%, p < 0.001). The median values of lipases at presentation were similar between the two periods (1339 U/L (360–3085) vs. 1398 U/L (458–4197), p = 0.234), while amylase levels were inferior (677 U/L (200–1168) vs. 823 U/L (307–1876), p = 0.046).



The distribution of the etiologies is presented in Figure 2. Comparing etiologies during 2020 with the pre-COVID period, we observed fewer biliary cases (43.2% vs. 59.6%) and more alcohol-related forms (12.9% vs. 6.9%). Moreover, we observed a slight increase in post-ERCP cases (7.6% vs. 3.2%) and IPMN (9.1% vs. 2.2%). Idiopathic forms remained unchanged comparing 2020 and the 2008–2019 period (20.5% vs. 21.9%).



Between the 2020 and 2008–2019 periods, there were no significant differences between the distribution of severity according to the Atlanta classification, with a prevalence of mild cases (83.3% vs. 79.3%) and lower frequencies of moderately severe (9.6% vs. 15.9%) and severe cases (6.8% vs. 4.8%).



Moreover, there were no differences between the ICU admission rates (6.1% vs. 3.4%, p = 0.139). The median length of stay was comparable (10 days (7–14) vs. 9 days (6–16), p = 0.916). There were no differences between outcomes, with a comparable in-hospital mortality rate (2.3% vs. 4.4%, p = 0.462).



Observational studies are often limited by imbalances that may occur between known and unknown confounding factors. To minimize these potential confounding effects in evaluating the rate of complications and mortality before and during the pandemic, we applied the propensity score matching method. Table 2 presents features of the statistically matched AP cases according to demographics, comorbidity, amylase and lipase levels, different etiology, and severity. The 1:1 analysis included 109 patients from the historical cohort and 109 patients from the COVID period. Patients in the two subgroups presented similar ages (65 vs. 64 years, p = 0.718, d = 0.040), male sex prevalence (45.9% vs. 38.5%, p = 0.337, d = 0.170), comorbidities (77.1% vs. 78%, p = 1.000, d = 0.030), amylase levels at diagnosis (595 U/L vs. 670 U/L, p = 0.857, d = 0.024), and lipase levels at diagnosis (1107 U/L vs. 1309 U/L, p = 0.497, d = 0.090). Regarding etiology, even after the statistical matching, there was a slighter imbalance between alcoholic and biliary forms compared with the historical cohort (biliary 50.5% vs. 42.2%; alcohol 5.5% vs. 14.7%), with p = 0.015 and d = 0.120. Severity distribution was similar in the two groups (mild, 83.5% vs. 85.3%; moderately severe, 14.7% vs. 11%; and severe, 2% vs. 4%), with p = 0.127 and d = 0.039. The epidemiological and clinical features of the statistically matched patients are presented in the Supplementary Materials (Table S1).



Even after the propensity score analysis, we did not observe any differences in length of stay (9 days vs. 10, p = 0.890), need for ICU admission (1.8% vs. 3.7%, p = 0.683), or in-hospital mortality (0 vs. 1.8%, p = 0.342) (Table 3).



During 2020, a total of seven AP patients (5.3%) tested positive for SARS-CoV-2 using real-time polymerase chain reaction (RT-PCR) nasopharyngeal swabs. Among these, three patients had biliary etiology; one was secondary to the uremic phase of chronic kidney disease (CKD) and had concomitant severe hypertriglyceridemia; one was suffering from CKD in the uremic phase, and SARS-CoV-2 infection occurred temporally after AP onset (>4 weeks). Of the remaining two cases, initially classified as idiopathic pancreatitis, a grape-like IPMN of the pancreatic head of 18 mm was found in one of the subsequent follow-ups. The prevalence of “possible” SARS-CoV-2-induced AP is, therefore, 0.008% after the accurate exclusion of other causes. During the same year, in our hospital, there were 1218 hospitalizations for COVID-19. In this population, the prevalence of AP was 0.58%, and the prevalence of acute idiopathic pancreatitis was 0.08%.




4. Discussion


SARS-CoV-2 can theoretically infect pancreatic acinar cells by binding to the ACE2 receptor [10]. However, evidence of its real causative role in AP is very poor. A review identified 22 cases of AP associated with COVID-19 in the literature [17]. In five of these, there was an evident triggering cause (biliary, alcohol, hypertriglyceridemia), while in some cases, there was no temporal association between AP and COVID-19. By examining these case reports with the criteria of Parenti et al. [8], in only one case can the etiological role of SARS-CoV-2 be defined as probable. Schepis et al. described a case of a 67-year-old woman with recent AP classified as idiopathic and complicated by a large peripancreatic pseudocyst. After the failure of conservative medical therapy, transgastric drainage of the pseudocyst was performed, and the fluid tested positive in an RT-PCR search for SARS-CoV-2 target genes [18]. In an autopsy study of 11 deceased COVID-19 patients, the immunohistochemistry with monoclonal antibody against SARS-CoV-2 nucleocapsid protein was positive in all cases both in the exocrine pancreas and in the islets of Langerhans; however, in neither of them was a previous clinical–laboratory–radiological picture compatible with AP described, nor any histological evidence of AP [19]. It can, therefore, be reasonably stated that SARS-CoV-2 can infect the pancreas and that it could represent a possible causative agent of AP, but whether “SARS-CoV-2-related AP” is a relevant clinical–epidemiological entity is still a matter of debate.



In a large epidemiological study of 63822 cases of COVID-19 admitted to the emergency departments (EDs) of 50 Spanish hospitals, Mirò et al. estimated a prevalence of AP of 0.07%, but no etiology was reported [20]. In another retrospective observational study, the prevalence of AP in patients admitted to 12 US hospitals was 0.27%. In this study, the authors concluded that AP could be one of the possible manifestations of COVID-19 since they found a greater incidence of idiopathic forms among COVID-19 patients (69% vs. 21%) [21]. Furthermore, these results could be affected by several biases. Concomitant drug treatment for COVID-19, including non-steroidal anti-inflammatory drugs (NSAIDs), antivirals, antibiotics, corticosteroids, and other immunosuppressants, are associated with drug-induced AP [22,23]. Moreover, severe cases of COVID-19-associated cytokine storm could secondarily affect the pancreas as part of diffuse microthrombosis and multi-organ failure: in a retrospective study, an asymptomatic increase in amylase and lipase was described, respectively, in 17.91% and 16.41% of patients with severe COVID-19 but only in 1.85% of non-severe cases [24]. Moreover, in several studies, the definition of idiopathic AP was not as rigorous as suggested by international guidelines. In our study, in fact, we performed both EUS and CWRM for the diagnosis of idiopathic AP. Finally, it should be noted that the positivity of nasopharyngeal swabs for SARS-CoV-2 is certainly not enough to demonstrate a cause–effect relationship.



In agreement with these observations, a systematic review of the literature by Onoyama et al. highlighted the rarity of this entity and the possible misdiagnosis, as they found that 55.8% of patients had severe or critical COVID-19; 24.6% were under mechanical ventilation; and for over a half (43/82), there were probable causes of AP other than COVID-19 (most relevantly, drug-induced and ischemia–reperfusion), and in almost all cases, a complete work-up for etiology was not carried out [25].



In our study, the prevalence of AP in hospitalized patients with COVID was 0.58%; however, the prevalence of idiopathic AP (or hypothetical SARS-CoV-2-related AP) was 0.08%. On the other hand, the incidence of possible SARS-CoV-2-related AP was 0.008% (1 case out of 132) during the period of January 2020–December 2020.



These data are sufficient to highlight the rarity of hypothetical SARS-CoV-2-related AP, but to confirm it, we performed an analysis of epidemiology and outcomes with the historical cohort of AP up to 2019.



In the first instance, the prevalence of AP in 2020 (or 132 cases) was among the lowest in the last 13 years, ranking below the second quartile. The influence of the SARS-CoV-2 pandemic was, therefore, negative on cases of AP, probably because of the reduced access to health services for health problems other than COVID-19 in the most dramatic months of the pandemic.



Comparing the cases of AP collected in 2020 with our historical cohort, no major differences were noted. The epidemiological characteristics were comparable, as was the distribution of the degrees of severity. We observed lower amylase levels at diagnosis, which may be due to later access to the ED given the shorter plasma half-life [26]. The main statistically significant difference lies in the distribution of causes but not for an increase in idiopathic cases in 2020 (as expected if SARS-CoV-2 infection had a real positive epidemiological impact on AP cases) but rather because of a different distribution of the most frequent etiologies. We observed a consistent decrease in biliary AP cases both in relative terms (59.6% vs. 43.2%) and in absolute terms given the context of a lower incidence of AP. This decrease is parallel to a decrease in comorbidity at diagnosis (93.4% vs. 79.5%): this suggests that more comorbid patients, in which biliary forms are most likely [27,28], could be those whose access to care during the months of the pandemic dropped. Parallel to this, we noted an increase in alcoholic AP cases (6.9% vs. 12.9%) during 2020. It has been observed by various studies that, during the pandemic and even more in the months of lockdown, the average consumption of alcohol in Western countries significantly increased [29,30]. In fact, substantial stress from social and economic uncertainty could lead to psychological decompensation and 10%–19% increased drinking compared with the pre-pandemic period [31]. The other most represented etiology in 2020 compared with previous years was the presence of IPMN; this may reflect the increasing attention paid to this relatively recent nosological entity and the progressive refinement and greater availability of second-level diagnostic techniques such as EUS and MRCP [32]. Finally, it is interesting to point out that there have been no post-surgical AP cases in 2020 because of the reduction in elective surgical activity in the first year of the pandemic.



Regarding the outcomes of AP during the pandemic, a metanalysis found that AP in the setting of COVID-19 infection was more frequently severe and had a higher risk of pancreatic necrosis, ICU admission, and mortality. Furthermore, the authors acknowledge the high risk of selection bias that could affect the analysis and address the need for larger-scale studies [33]. Another study evaluated the possibility of a more severe AP prognosis among COVID-19 patients. Through a propensity-score-matched study, the authors compared patients with SARS-CoV-2 infections and AP, patients with AP pre-pandemic, and patients with AP during the pandemic: the major differences demonstrated were a six-fold relative risk of death in patients with AP and SARS-CoV-2 infection compared with those with AP before the pandemic and a three-fold relative risk of death in patients with AP during the pandemic compared with those before the pandemic. Furthermore, the authors believe that these differences were probably due to restrictive measures implemented during the pandemic period, consequent delay in care, and a restriction on surgical treatment indications [34]. Conversely, a more recent study directly compared SARS-CoV-2-positive patients and SARS-CoV-2-negative patients, both diagnosed with AP, and it found no differences regarding mortality rate, severity, or sequelae [35].



Increased mortality during the pandemic was also observed for other gastrointestinal diseases, such as alcoholic liver disease, hepatic failure, and gastrointestinal hemorrhage. In a study based on weekly death counts from the National Vital Statistics System of the USA [36], Han et al. observed increased mortality for AP (measured by excess risk) of 20.6% higher than expected during the March 2020—September 2022 period, with demographic disparities and varied temporal and spatial patterns during the pandemic. In their study, they also confirmed increased mortality due to gastrointestinal hemorrhage and ulcers of 24.8% and 15.1%, respectively, and due to alcoholic liver disease of 19.9%. They concluded that the temporal fluctuation of excess deaths caused by these gastrointestinal conditions might reflect the magnitude of overburdened healthcare services across multiple pandemic waves and the concomitant decrease in endoscopies performed in the early pandemic. Moreover, the changes observed could be related to social isolation, difficulty in accessing regular medical care resources, and other socio-economic issues (such as loss of jobs or insurance), which altogether could affect the outcomes for chronic and acute disorders.



In our analysis, we observed that there were no statistically significant differences in outcomes between AP during 2020 and our historical cohort in the pre-COVID period, neither in the length of stay, the need for ICU, nor in-hospital mortality. Even comparing data between the two more homogeneous subgroups obtained via statistical matching, no significant differences were observed. The heterogeneity of the data in the literature regarding the outcomes of AP during the COVID-19 pandemic probably reflects the heterogeneity of healthcare systems. Also in our context (hub hospital for the treatment of hepato-biliary disorders), some data suggest a reduction of the care for the most fragile patients. In fact, more comorbid patients were hospitalized less frequently, and in agreement with other studies, we observed an increase in alcohol-related AP. However, these epidemiological alterations did not have a negative impact on in-hospital mortality or on other minor outcomes in our reality.



Our study has intrinsic limitations since it is a monocentric retrospective observational study and was not built to record the possibility of mortality after discharge. Moreover, the low number of COVID-19 cases observed in patients hospitalized for AP may affect the statistical analysis; however, this fact supports the rarity of the event. Rigorous population-based studies and active prospective observation are needed to assess the incidence and clinical significance of such observations.




5. Conclusions


Our data do not support the hypothesis that SARS-CoV-2 is a trigger of AP, and they demonstrate that no relevant outcomes were affected during the pandemic. Instead, the lower number of cases during 2020 indicates delayed and likely missed diagnoses, probably due to both the hesitancy of patients and organizational problems due to the pandemic. Even though it is not possible to rule out the role of SARS-CoV-2 in triggering AP, coincidence should not be mistaken for causality given the high burden of possible concomitant causes of AP.
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Figure 1. Cases of AP per year. Number of acute pancreatitis cases per year. Median, 161; interquartile ratio, 146–183. 
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Figure 2. Distribution of AP etiology during 2008–2019 and 2020. Data are presented as percentages: blue line cases; 2008–2019, orange line cases, 2020. IPMN = intraductal papillary mucinous neoplasm, ERCP = endoscopic retrograde cholangiopancreatography, HyperTG = hypertriglyceridemia. 
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Table 1. Epidemiological and clinical features, outcomes, and statistical comparisons between the AP cases of 2008–2019 and 2020.
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