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Abstract
BACKGROUND
Acute cholangitis (AC) is a disease spectrum with varying extent of severity. Age ≥ 75 years forms part of the criteria for moderate (Grade II) severity in both the Tokyo Guidelines (TG13 and TG18). Aging is associated with reduced physiological reserves, frailty, and sarcopenia. However, there is evidence that age itself is not the determinant of inferior outcomes in elective and emergency biliary diseases. There is a paucity of reports comparing clinical outcomes amongst elderly patients vs non-elderly patients with AC.

AIM
To investigate the effect of age (≥ 80 years) on AC's morbidity and mortality using propensity score matching (PSM).

METHODS
This is a single-center retrospective cohort study of all patients diagnosed with calculous AC (January 2016 to December 2016) and ≥ 80 years old (January 2012 to December 2016) at a tertiary university-affiliated teaching hospital. Inclusion criteria were patients who were treated for suspected or confirmed AC secondary to biliary stones. Patients with AC on a background of hepatobiliary malignancy, indwelling permanent metallic biliary stents, or concomitant pancreatitis were excluded. Elderly patients were defined as ≥ 80 years old in our study. A 1:1 PSM analysis was performed to reduce selection bias and address confounding factors. Study variables include comorbidities, vital parameters, laboratory and radiological investigations, and type of biliary decompression, including the time for endoscopic retrograde cholangiopancreatography (ERCP). Primary outcomes include in-hospital mortality, 30-d and 90-d mortality. Length of hospital stay (LOS) was the secondary outcome.

RESULTS
Four hundred fifty-seven patients with AC were included in this study (318 elderly, 139 non-elderly). PSM analysis resulted in a total of 224 patients (112 elderly, 112 non-elderly). The adoption of ERCP between elderly and non-elderly was similar in both the unmatched (elderly 64.8%, non-elderly 61.9%, P = 0.551) and matched cohorts (elderly 68.8% and non-elderly 58%, P = 0.096). The overall in-hospital mortality, 30-d mortality and 90-d mortality was 4.6%, 7.4% and 8.5% respectively, with no statistically significant differences between the elderly and non-elderly in both the unmatched and matched cohorts. LOS was longer in the unmatched cohort [elderly 8 d, interquartile range (IQR) 6-13, vs non-elderly 8 d, IQR 5-11, P = 0.040], but was comparable in the matched cohort (elderly 7.5 d, IQR 5-11, vs non-elderly 8 d, IQR 5-11, P = 0.982). Subgroup analysis of patients who underwent ERCP demonstrated the majority of the patients (n = 159/292, 54.5%) had delayed ERCP (> 72 h from presentation). There was no significant difference in LOS, 30-d mortality, 90-d mortality, and in-hospital mortality in patients who had delayed ERCP in both the unmatched and matched cohort (matched cohort: in-hospital mortality [n = 1/42 (2.4%) vs 1/26 (3.8%), P = 0.728], 30-d mortality [n = 2/42 (4.8%) vs 2/26 (7.7%), P = 0.618], 90-d mortality [n = 2/42 (4.8%) vs 2/26 (7.7%), P = 0.618], and LOS (median 8.5 d, IQR 6-11.3, vs 8.5 d, IQR 6-15.3, P = 0.929).

CONCLUSION
Mortality is indifferent in the elderly (≥ 80 years old) and non-elderly patients (< 80 years old) with AC.
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Core Tip: There is a paucity of data on mortality outcomes amongst elderly vs non-elderly patients with acute cholangitis. The overall in-hospital mortality, 30-d mortality and 90-d mortality was 4.6%, 7.4% and 8.5% respectively, with no significant differences in both the unmatched and matched cohorts. Mortality was comparable in patients with delayed endoscopic retrograde cholangiopancreatography.

INTRODUCTION
Gallstones are widely prevalent in the community, and patients with gallstones are at risk of complications like acute cholecystitis, acute pancreatitis, and acute cholangitis (AC). AC results from an obstructed biliary system with sepsis, and resulting endotoxic shock is associated with a mortality risk of up to 20%[1]. AC is a disease spectrum ranging from mild AC, which may respond to conservative management with medical therapy, to severe AC, which requires urgent biliary decompression in addition to fluid resuscitation and antibiotics[2]. Tokyo Guidelines (TG13 and TG18) are widely accepted internationally and form the basis for diagnosis, severity stratification, and management of patients with AC[3]. In AC, age determines the severity stratification, and age ≥ 75 years is a criterion for moderate (Grade II) severity in both the TG13 and TG18 guidelines[3]. Aging is associated with reduced cardiac output, impaired gas exchange, reduction in vital capacity, the decline in lean body mass, creatinine clearance reduction, hepatic drug metabolism impairment, frailty, and sarcopenia[4]. Due to functional metabolic decline, multiple comorbidities, an atypical presentation with potential diagnostic delays, age contributes to inferior outcomes[5]. Age is an independent predictor of mortality in lower respiratory tract infections, urinary tract infections, gastrointestinal infections and biliary infections[5-8]. Age is also a predictor of disease severity with higher morbidity and mortality risk[9].
[bookmark: _Hlk50367577][bookmark: _Hlk58003882]However, there is evidence that age itself is not the determinant of inferior outcomes in elective and emergency biliary diseases[10,11]. Endoscopic retrograde cholangiopancreatography (ERCP) safety and good outcomes in elderly patients are established[11,12]. In a study including 149 acute cholecystitis patients treated with emergency laparoscopic cholecystectomy (LC), Amirthalingam et al[13] showed that patient comorbidity and not age determine outcomes. In a study reporting 72 patients (85%) with a median age of 83 years (range 80-89) and admitted to intensive care unit (ICU) with a diagnosis of AC, Novy et al[14] reported malnutrition [odds ratio (OR) = 34.5, 95% confidence interval (CI): 1.4-817.9] and sequential organ failure assessment (SOFA) score at 48 h (OR by unit 0.7, 95%CI: 0.5-0.9) were associated with higher 6-mo mortality. Further, aging may impact other clinically relevant non-mortality outcomes such as length of hospital stay (LOS). In a prospective study including 124 patients with acute hepatobiliary sepsis and a median age of 64.5 years, Mak et al[15] have reported that age predicts LOS. There is a paucity of comparative data reporting mortality and LOS amongst elderly and non-elderly patients with AC. Also, aging is associated with the confounding effect of comorbidity. This, along with heterogeneity of evidence reporting outcomes in patients with diverse etiology of AC, leaves a lacuna in the scientific literature on the real impact of age on patients with AC due to stone disease. Our hypothesis is, age ≥ 80 years old is associated with higher mortality in patients with AC. This propensity score-matched study aims to investigate if mortality is higher in the elderly (≥ 80 years old) patients with AC as compared to non-elderly (< 80 years old).

MATERIALS AND METHODS
This is a single-center retrospective cohort study of all patients diagnosed with calculous AC (January 2016 to December 2016) and ≥ 80 years old AC patients (January 2012 to December 2016) at a tertiary university-affiliated teaching hospital. We included patients treated for a suspected or confirmed AC diagnosis due to biliary stones[16]. Patients with AC on a background of hepatobiliary malignancy, indwelling permanent metallic biliary stents, or concomitant pancreatitis were excluded. The severity grading of AC in the TG13 included age greater than 75 years as a risk factor, which was retained in TG18[17]. Due to a higher sample of elderly patients, the overall cohort's median age was > 80 years, so we defined elderly as ≥ 80 years old. Non-elderly was defined as patients < 80 years old. Our local institutional review board (National Healthcare Group Domain Specific Review Board, No. 2017/00200) approved this study. This study's conduct is per the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement for retrospective cohort studies[18].

Study variables and outcomes
The patient demographics and clinical outcomes were studied. Patient demographics included age, gender, and comorbidities. Comorbidities included diabetes mellitus, ischemic heart disease, chronic obstructive pulmonary disease, asthma, chronic renal failure, and biliary disease history. Previous history of biliary colic, acute cholecystitis, AC, and acute biliary pancreatitis were collectively defined as history of biliary disease. Presenting symptoms at admission included abdominal pain, fever, vomiting, jaundice, and hypotension. Hypotension was defined as admission systolic blood pressure < 90 mmHg. Laboratory data included white blood cell count, platelet count, creatinine, prothrombin time, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, albumin, gamma-glutamyl transferase, and total bilirubin levels. The shock index (SI) was defined as heart rate divided by the respective systolic blood pressure on arrival in triage[19,20]. The abnormal SI was defined as the SI < 0.5 or > 0.7). In patients undergoing ERCP and cholecystectomy, procedure-related data and outcomes were collected. Delayed ERCP was defined as ERCP > 72 h from admission. The primary outcomes of this study were in-hospital mortality, 30-d mortality and 90-d mortality. In-hospital mortality was defined as any deaths which occurred during the same hospital admission, regardless of the duration from admission. The 30-d and 90-d mortality were defined as any deaths (including both patients who were still inpatient and those who were discharged) within 30 d and 90 d from admission. The secondary clinical outcome was LOS.

Treatment protocol
Patients who presented with septic shock were managed according to the Surviving Sepsis Campaign Guidelines for Management of Severe Sepsis and Septic Shock, 2012[21]. The definite diagnosis of AC was based on the TG13 Guidelines, namely, evidence of systemic inflammation (fever, chills, or laboratory data), cholestasis (jaundice or laboratory data), and imaging data of the biliary tree (dilatation, stricture, stone, or stent)[16]. The severity was graded as mild, moderate, or severe as per TG13 guidelines[16]. Out unit was involved in TG07 classification, and we are early adopters of the TG13 system. Thus, the majority of patients had TG13 stratification done prospectively. Patients that were included before the TG13 publication were retrospectively assigned TG13 diagnosis and severity stratification. Blood cultures were taken for all patients included in our study. Broad-spectrum empiric intravenous antibiotics were administered based on local antibiogram and in compliance with the World Society of Emergency Surgery guidelines for optimal and rational use of antibiotics in intra-abdominal sepsis[22,23]. Patients with mild AC, patients who declined invasive intervention, and patients who were responsive to antibiotics alone were managed conservatively. Urgent biliary drainage was performed for patients with moderate and severe AC. The endoscopists’ discretion and resources determined the timing of biliary drainage. ERCP was the first-line modality for biliary drainage. A diclofenac suppository is inserted routinely for post-ERCP acute pancreatitis prophylaxis. Percutaneous transhepatic biliary drainage (PTBD) was offered when ERCP was not feasible or contraindicated. Complete stone removal or temporary placement of biliary stents was performed at the endoscopists’ discretion. Index admission cholecystectomy was reserved for patients with mild AC and subject to surgeon preference.

Statistical analysis
A 1:1 propensity score matching (PSM)[24] was performed by the first author (Chan KS). PSM was performed at a ratio of 1:1 using a caliper width of 0.2 of the standard deviation of the logit of the propensity score[25]. Patients were adjusted for 15 factors. Seven factors: clinical presentation (fever and hypotension) and laboratory investigations (white blood cell count, platelets, bilirubin, international normalized ratio, and albumin) impact clinical outcomes and thus were adjusted[16,26]. Eight factors were statistically significant (P < 0.1) during comparison of the initial demographics between the elderly and non-elderly: gender, comorbidities (ischemic heart disease, chronic renal impairment, and history of biliary disease), clinical presentation (abdominal pain, jaundice), and laboratory investigations (gamma-glutamyl transferase and creatinine), and thus were adjusted. Standardized mean difference (SMD) and Hansen and Bowers were used to assess for covariate and global imbalance, respectively[27].
Categorical values were described as percentages and analyzed by the chi-square test. Continuous variables were expressed as median (interquartile range, IQR) and analyzed by the Mann-Whitney U test, respectively. Statistical significance was determined by P < 0.05. All statistical analyses were performed with SPSS version 25.0 (SPSS Inc., Chicago, III., United States) and R software (R-3.3.3). The statistical review was performed by one of the co-authors qualified in biomedical statistics (Shelat VG).

RESULTS
Patient demographics and clinical profile
Five hundred fifty-six patients were managed for AC during the study period. Ninety-nine AC patients were excluded due to underlying malignancy. Four hundred fifty-seven patients met the inclusion: 318 (69.6%) elderly vs 139 (30.4%) non-elderly. The overall cohort's median age was 82.4 years (IQR 77.6-85.3), with female predominance (n = 252/457, 55.1%). About half (n = 240/457, 52.5%) of patients had a biliary disease history. One hundred and eighty (39.4%) patients had positive blood cultures, and Escherichia coli was the most common pathogen (n = 129/180, 71.7%). Figure 1 summarizes the microbiology of patients who had positive blood cultures. One hundred and ninety-eight (43.3%) and 126 (27.6%) patients had Grade II and Grade III AC, respectively. When the data of overall cohort was analyzed according to the timing of ERCP (≤ 72 h vs > 72 h from admission), there was no difference in the ERCP timing for patients with at least Grade II AC [≤ 72 h, n = 88/201 (43.8%) vs > 72 h, n = 113/201 (52.2%), P = 0.368].
PSM with a 1:1 ratio resulted in 224 patients (elderly 112, non-elderly 112). Before PSM, 5 of 15 unmatched variables had SMD > 0.25; following PSM, all of the variables reached an SMD < 0.25 (Table 1 and Figure 2), suggesting an adequate and improved balance. Hansen and Bowers test for global significance also did not demonstrate statistical significance in the matched cohort (matched cohort: χ2: 4.73, P = 0.994; unmatched cohort: χ2: 67.4, P < 0.001). Baseline demographics in both the unmatched and matched cohorts are summarized in Table 1. The adoption of biliary drainage procedures was similar between elderly and non-elderly patients in the unmatched cohort. Eleven (3.5%) and 2 (1.4%) elderly and non-elderly respectively received urgent biliary drainage. However, in the matched cohort, elderly patients were more likely to undergo PTBD than non-elderly patients (11.6% vs 4.5%, OR 2.81, P = 0.049). Incidence of index admission cholecystectomy and interval cholecystectomy was also comparable between elderly and non-elderly patients in the unmatched cohort. However, in the matched cohort, elderly patients were less likely to undergo index admission cholecystectomy (1.8% vs 10.7%, OR 0.15, P = 0.006).

Clinical outcomes
The overall in-hospital mortality, 30-d mortality and 90-d mortality was 4.6%, 7.4% and 8.5% respectively; this was comparable between elderly vs non-elderly in both unmatched and matched cohorts. Peri-operative outcomes are summarized in Table 2. In the unmatched cohort, elderly patients had a statistically significant longer LOS (median 8 d, IQR 6-13 vs 8 d, IQR 5-11, P = 0.040). However, after matching, LOS was similar (median 7.5 d, IQR 5-11 vs 8 d, IQR 5-11, P = 0.982).
Table 3 summarizes the outcomes of patients who underwent ERCP. In the unmatched subgroup of patients who underwent ERCP (elderly n = 206, non-elderly n = 86) and had delayed ERCP (> 72 h from admission) (elderly n = 121, non-elderly n = 38), the primary and secondary outcomes were indifferent between elderly and non-elderly patients respectively: in-hospital mortality [n = 2/121 (1.7%) vs 1/38 (2.6%), P = 0.699], 30-d mortality [n = 9/121 (7.4%) vs 2/38 (5.3%), P = 0.645], 90-d mortality [n = 11/121 (9.1%) vs 2/38 (5.3%), P = 0.453], and LOS (median 10 d, IQR 7-15 vs 8 d, IQR 6-12, P = 0.103). These outcomes remain indifferent after PSM matching: in-hospital mortality [n = 1/42 (2.4%) vs 1/26 (3.8%), P = 0.728], 30-d mortality [n = 2/42 (4.8%) vs 2/26 (7.7%), P = 0.618], 90-d mortality [n = 2/42 (4.8%) vs 2/26 (7.7%), P = 0.618], and LOS (median 8.5 d, IQR 6-11.3 vs 8.5 d, IQR 6-15.3, P = 0.929).
In the unmatched cohort, an abnormal SI was not associated with ERCP [abnormal SI: 178/282 (63.1%) vs normal SI: 114/175 (65.1%), P = 0.662]. This was observed in both the elderly [abnormal SI: 125/194 (64.4%) vs normal SI: 81/124 (65.3%), P = 0.871] and the non-elderly [abnormal SI: 53/88 (60.2%) vs normal SI: 33/51 (64.7%), P = 0.600]. There was no difference after PSM matching on the association of abnormal SI with ERCP: abnormal SI: 90/139 (64.7%) vs normal SI: 52/85 (61.2%), P = 0.590. This was true in both the elderly [abnormal SI: 48/66 (72.7%) vs normal SI: 29/46 (63%), P = 0.277] and the non-elderly [abnormal SI: 42/73 (57.5%) vs normal SI: 23/39 (59%), P = 0.883]. Subgroup analysis of patients with an abnormal SI on triage did not show any significant differences in outcomes between elderly and non-elderly patients (Table 4).

DISCUSSION
[bookmark: OLE_LINK226][bookmark: OLE_LINK227]In this single-center propensity score-matched study, patients ≥ 80 years old with AC due to biliary stone disease had similar mortality compared to patients < 80 years old. With an increase in life expectancy globally, the elderly population is also increasing. In the elderly population where there is an increased prevalence of gallstones in the elderly population, biliary events including AC are also more common. The elderly poses a unique challenge due to underlying comorbidity, frailty, sarcopenia, functional decline, cognitive decline, and diminished reserves to withstand stress[4]. With diminished physiological reserves, sepsis resulting from AC poses a mortality risk, and our mortality outcomes are acceptable, considering mortality risk of up to 20% in patients with AC[1]. Our reported mortality is comparable to mortality of less than 11% cited in more recent studies[28,29]. The higher mortality compared to some reports may be due to advanced age or co-morbidity associated with ageing[30]. With regards to the exact cause of mortality, we did not collect separate data, and this remains a limitation of our study. However, locally, our institution tracks procedure-related mortality separately; ERCP-related mortality is < 1% locally. Further, it is difficult to distinguish ERCP-related complications such as post-ERCP cholangitis from the index-admission sepsis. Due to the retrospective nature of our study, it is difficult to establish a cause-effect relationship.
The principles of management of AC are early diagnosis, resuscitation, risk stratification, compliance to sepsis bundle, and source control[21]. Risk stratification is essential for resource allocation, patient and caregiver counselling, and timely proactive interventions. Source control is best achieved with endoscopic biliary decompression, i.e., ERCP. The traditional systemic inflammatory response criteria lack specificity in hepatobiliary sepsis, and thus alternative indices are for risk stratification and prognostication of outcomes[15]. The SI (heart rate/systolic blood pressure) is a validated tool[19,31]. Yussof et al[31] demonstrated abnormal SI predicted mortality of severe sepsis in the emergency department. Our study however demonstrated that patients who had abnormal SI were equally likely to undergo ERCP, and outcomes were comparable between elderly and non-elderly patients. SI is not reflective of the severity of sepsis as it does not take into account tissue perfusion indices and altered mental state. The decision for ERCP at the time of admission was based on the severity of AC and resources. Thus, SI does not predict the need for ERCP. Also, ERCP may occasionally be delayed in patients with abnormal SI in an attempt to resuscitate first. ERCP is an invasive procedure with approximately 10% risk of complications. Elderly patients undergoing ERCP are at higher risk of complications such as pancreatitis, hemorrhage, perforation, cardiorespiratory complications, and mortality[32]. This increased morbidity and mortality are attributed to underlying comorbidity and lower physiological reserves of the elderly[33].
However, several studies have shown no relationship between comorbidities and ERCP-related complications, except liver cirrhosis[34]. Many authors have demonstrated the safety and efficacy of ERCP in elderly patients[35,36]. In a single-center retrospective study reporting on efficacy and safety of ERCP in elderly patients with AC, Tohda et al[37] reported that patients ≥ 80 years old were more likely to have periampullary diverticulum (24.5% vs 13.3%), but equal technical success rates (95.1% vs 95.2%) and frequency of ERCP-related complications (6.9% vs 6.7%) as compared to patients < 80 years age. The authors reported a lower rate of post-ERCP pancreatitis in the elderly than non-elderly (1.0% vs 3.8%). We used PSM analysis to reduce the confounding effect of comorbidities on mortality outcomes, thus reducing the selection bias. We did not specifically compare procedure-related morbidity between elderly vs non-elderly and showed comparable LOS and mortality in both the unmatched and matched cohorts between elderly and non-elderly patients. Our experience shows that both stent insertion for biliary decompression and definitive stone removal can be safely performed. In particular, patient physiology, coagulopathy, and endoscopist experience are determinants of ERCP outcomes. Regarding the timing of ERCP, most authors agree that urgent ERCP should be done at the next available opportunity, and in clinical practice, timing is determined by local resources as well as clinical status. The majority of authors recommend ERCP within 24-72 h of admission[38]. Delay in ERCP in AC could influence patients’ outcomes, and many authors define delay variably as the time to ERCP of more than 48-72 h since admission. Khashab et al[39] defined delay in ERCP as > 72 h after admission and reported that it was associated with prolonged LOS (OR 19.8, 95%CI: 2.18-178, P = 0.008). Navaneethan et al[40] defined delay in ERCP as > 48 h after admission and reported that it was associated with an increased risk of 30-d readmission. We defined delay as > 72 h after admission and did not find any difference in clinical outcomes between elderly and non-elderly patients in both the unmatched and matched cohort. Khashab et al[39] demonstrated that delayed ERCP and age are associated with worse composite clinical outcomes (death, persistent organ failure and admission to ICU). However, as our 90-d mortality only had thirteen patients with delayed ERCP, it was not possible to perform subgroup analysis of age on clinical outcomes. It is possible that worse outcomes are associated with delay in ERCP but independent of age.
In addition, it is essential for patients with haemodynamic instability to be adequately resuscitated with airway management, prompt administration of vasopressor after volume replacement, and early engagement of critical care specialist or anesthetist, followed by prompt and early biliary decompression[41]. A recent study by Novy et al[14] in 2020, which analyzed the outcomes of 85 patients ≥ 75 years old with severe AC and admitted to ICU, showed that the majority (76%) of the ICU patients had ERCP within 24 h, which was attributed to the ease of access to facilities. Institutions with availability of ERCP services should consider early ERCP synchronized with resuscitation measures as delaying ERCP is associated with poor clinical outcomes[39]. Despite a policy for early ERCP, Novy et al[14] reported ICU mortality of 18%. This highlights that there are other determinants of mortality in critically ill patients. It is important to note that there is an inherent selection bias for elderly patients included in the study; patients not eligible for ICU admission may have more inferior pre-morbid status and deemed not suitable based on medical futility, or may have had advanced care planning performed and decided that ICU admission is unlikely to provide benefit for the patient[42]. Moreover, ICU admission implies the need for vasopressor therapy or intubation, which reflects the severity of the disease. We did not differentiate our patients based on their need for ICU admission or otherwise; or the use of vasopressor therapy. There is a paucity of data related to causative organisms and their impact on AC's clinical outcomes compared to other hepatobiliary diseases, such as acute cholecystitis or pyogenic liver abscesses[43]. Microbiology of patients with AC was also consistent with existing studies, where Escherichia coli and Klebsiella pneumoniae were the most typical organisms[44].
An alternative to biliary decompression is the use of PTBD. Our study demonstrated a significantly higher number of elderly patients who underwent PTBD compared to non-elderly patients [n = 13 (11.6%) vs n = 5 (4.5%), OR 2.81, P = 0.049] in the matched cohort. ERCP is traditionally the gold standard management for AC and has been proven to be safe and effective in the elderly population[36,37]. PTBD is regarded as a second-line treatment for patients who failed ERCP, with altered biliary anatomy, or were contra-indicated for ERCP. However, unlike ERCP which requires the use of moderate sedation or general anaesthesia, PTBD only requires the use of local anaesthesia. Despite the safety of ERCP in elderly patients, elderly patients are at higher risk of complications from the use of sedation[45]. Weighing the risks and benefits of endoscopic biliary decompression vs the use of sedation is also essential in the management of AC. Patient and/or family members may opt for PTBD which is deemed to be “less invasive” without the need for moderate sedation/general anaesthesia.
Following the acute management of AC, cholecystectomy should be offered to patients to prevent future recurrences. In our experience, non-elderly patients are more likely to undergo index admission LC (Matched cohort: P = 0.006). Five out of 12 patients in the non-elderly group who underwent index admission LC in the matched cohort did not receive ERCP. It is likely that in addition to age, underlying comorbidity and personal choices impact the decision for surgery. These findings are similar to a single-center retrospective study of Discolo et al[46]. In an eight-year study including 151 cholecystectomies for AC, Discolo et al[46] reported a more than 61% rate of index admission cholecystectomy, and patients with age > 75 years were more likely to receive delayed cholecystectomy (41.4% vs 21.5%, P = 0.01). The authors also showed that TG severity grading did not impact the decision for index admission cholecystectomy (P = 0.46). Furthermore, there was no difference in average operative time (P = 0.36), open conversion (P = 0.34), and intra-operative complications (P = 0.28) based on the timing of cholecystectomy. We did not perform subgroup analysis on postoperative outcomes in patients who underwent index admission cholecystectomy given the small sample size. In general, index admission cholecystectomy could reduce the risk of recurrent biliary events; however, more evidence is needed in patients with AC. We have previously reported our views on a policy of ‘universal cholecystectomy’, i.e., patients with a diagnosis that requires cholecystectomy (e.g., acute cholecystitis, AC, or acute biliary pancreatitis) procedure should receive index admission surgery unless contraindicated for general anesthesia or patient refusal[47].
The important issue that surfaces from our study is, if age should be considered as part of a risk stratification tool for the severity of AC. Age is usually included in severity classifications as a surrogate marker for functional capacity and extent of comorbidities. The use of other surrogate markers such as the clinical frailty scale or Charlson co-morbidity index may be a better predictor of disease severity in AC[48]. In reality however, age serves as a useful tool in view of its ease of use as well as age-associated reduced functional reserves that are not associated with any co-morbidity. While clinical outcomes are not determined by age in patients with AC in our study; based on available literature, we advocate that age should continue to remain as one of the component variables that determines disease severity in patients with AC.
There are several limitations of our study. A retrospective study is inherently prone to selection bias, and thus cause-effect cannot be established. PSM helps to reduce this bias, and such analysis ranks higher than traditional observational studies[24]. To the best of our knowledge, this is the first study using PSM to compare outcomes of AC secondary to biliary stones between elderly and non-elderly patients. PSM analysis cannot account for unknown confounding variables, and only a randomized controlled trial can overcome this bias. Our study included patients treated in 2012, i.e., before the TG13 guidelines, and we retrospectively assigned TG13 criteria with possible reporting bias. We did not study the effect of polypharmacy, frailty, and Charlson’s comorbidity index on AC outcomes. In a large population study over a decade in the Korean general population, Min et al[49] have reported that the use of proton pump inhibitor is associated with increased AC risk (hazard ratio 5.75, 95%CI: 4.39-7.54). We also did not evaluate comorbidities like cerebrovascular accident and liver cirrhosis, as data was not available for all the patients. Our study used the age of 80 years old as a cut-off compared to 75 years, used in TG13/18 guidelines. Existing studies evaluating the safety of ERCP in elderly patients have used a variety of cut-offs for age, ranging from 80 years old to 90 years old[35-37]. In addition, use of 75 years as a cut-off will reduce our sample size and impact the statistical power of study (96 patients < 75 years and 361 patients ≥ 75 years compared to 139 patients < 80 years and 318 patients ≥ 80 years respectively). Nevertheless, this difference in age cut-off reduces our study's generalizability from being considered an accurate validation study of TG13/18 guidelines. We also did not categorize which patients with history of biliary disease had prior ERCP and papillotomy. It is possible that elderly patients were more likely to have prior ERCP and papillotomy, and this could impact results of our study. We also did not collect data on disease or procedure-related morbidity and causes of mortality.

CONCLUSION
Elderly patients (≥ 80 years old) with AC have similar outcomes as compared to non-elderly patients (< 80 years old). In a subgroup of patients who underwent ERCP or with delayed ERCP, clinical outcomes are comparable between the elderly and non-elderly. Age alone may not predict the outcomes of AC and its use in the Tokyo Guidelines should be re-evaluated.

ARTICLE HIGHLIGHTS
Research background
Acute cholangitis (AC) is a disease spectrum with varying extent of severity. Age ≥ 75 years forms part of the criteria for moderate (Grade II) severity in the Tokyo Guidelines (TG13 and TG18). Aging is associated with reduced physiological reserves, frailty, and sarcopenia. However, there is evidence that age itself is not the determinant of inferior outcomes in elective and emergency biliary diseases.

Research motivation
Endoscopic retrograde cholangiopancreatography is deemed to be safe in elderly patients with AC. There is paucity of data on outcome determinants in elderly patients with AC. This era of ageing population prompted our interest to study the impact of age alone on outcomes of AC through the use of propensity score matching.

Research objectives
Our primary outcomes are in-hospital mortality, 30-d mortality and 90-d mortality. Secondary outcome is morbidity (length of hospital stay).

Research methods
This is a single-center retrospective cohort study of all patients diagnosed with calculous AC (January 2016 to December 2016) and ≥ 80 years old (January 2012 to December 2016) at a tertiary university-affiliated teaching hospital. Elderly was defined as ≥ 80 years old while non-elderly was defined as < 80 years old.

Research results
Four hundred fifty-seven patients with AC were included in this study (318 elderly, 139 non-elderly). Propensity score matching analysis resulted in a total of 224 patients (112 elderly, 112 non-elderly). The overall in-hospital mortality, 30-d mortality and 90-d mortality were 4.6%, 7.4% and 8.5% respectively, with no statistically significant differences between the elderly and non-elderly in both the unmatched and matched cohorts. Length of hospital stay was longer in the unmatched cohort [elderly 8 d, interquartile range (IQR) 6-13 vs non-elderly 8 d, IQR 5-11, P = 0.040], but was comparable in the matched cohort (elderly 7.5 d, IQR 5-11 vs non-elderly 8 d, IQR 5-11, P = 0.982).

Research conclusions
Mortality is indifferent in the elderly (≥ 80 years old) and non-elderly patients (< 80 years old) with AC.

Research perspectives
Age alone may not predict the outcomes of AC and its use in the Tokyo Guidelines should be re-evaluated.
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Figure 1 Microbiology of elderly and non-elderly patients who had positive blood cultures. A: Unmatched cohort; B: Matched cohort.
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Figure 2 Plot of standardized mean difference in covariates: before propensity score matching (blue) and after propensity score matching (red). Standardized mean difference of < 0.25 indicates adequate balance. IHD: Ischemic heart disease; CKD: Chronic kidney disease; WBC: White blood cell; INR: International normalized ratio; GGT: Gamma-glutamyl transferase.

Table 1 Patient demographics and clinical profile
	
	Overall cohort, n = 457
	PSM cohort, n = 224

	[bookmark: _Hlk53262493]
	Elderly, n = 318
	Non-elderly, n = 139
	P value
	SMD
	Elderly, n = 112
	Non-elderly, n = 112
	P value
	SMD

	Age, yr
	84.0 (82.1, 86.6)
	67.9 (57.1, 77.2)
	< 0.001
	
	84.3 (82.1, 87.3)
	66.6 (55.6, 76.4)
	< 0.001
	

	Gender1, male (%)
	132 (41.5)
	73 (52.5)
	0.029
	0.221
	57 (50.9)
	53 (47.3)
	0.593
	0.071

	[bookmark: OLE_LINK321][bookmark: OLE_LINK322]Co-morbidities, n (%)
	
	
	
	
	
	
	
	

	Diabetes mellitus
	124 (39)
	55 (39.6)
	0.908
	
	44 (39.3)
	47 (42)
	0.683
	

	Ischemic heart disease1
	87 (27.4)
	27 (19.4)
	0.071
	0.188
	22 (19.6)
	23 (20.5)
	0.868
	0.022

	Chronic renal impairment1
	61 (19.2)
	17 (12.2)
	0.069
	0.191
	17 (15.2)
	14 (12.5)
	0.562
	0.077

	COPD and/or asthma
	18 (5.7)
	4 (2.9)
	0.201
	
	8 (7.1)
	3 (2.7)
	0.122
	

	History of biliary disease1
	182 (57.2)
	58 (41.7)
	0.002
	0.313
	50 (44.6)
	53 (47.3)
	0.688
	0.054

	Clinical presentation
	
	
	
	
	
	
	
	

	Abdominal pain1
	197 (61.9)
	109 (78.4)
	0.001
	0.365
	85 (75.9)
	85 (75.9)
	1.000
	< 0.001

	Fever1
	141 (44.3)
	67 (48.2)
	0.446
	0.077
	50 (44.6)
	52 (46.4)
	0.788
	0.036

	Vomiting
	142 (44.7)
	63 (45.3)
	0.895
	
	51 (45.5)
	50 (44.6)
	0.893
	

	Jaundice1
	48 (15.1)
	38 (27.3)
	0.002
	0.302
	27 (24.1)
	23 (20.5)
	0.521
	0.085

	Hypotension1,2
	18 (5.7)
	12 (8.6)
	0.238
	0.115
	10 (8.9)
	6 (5.4)
	0.299
	0.138

	Laboratory investigations
	
	
	
	
	
	
	
	

	[bookmark: OLE_LINK46][bookmark: OLE_LINK47]WBC1 (109/L)
	12.4 (8.9, 16.1)
	12.1 (8.3, 15.9)
	0.551
	0.113
	12.2 (8.6, 15.4)
	12.1 (8.0, 16.2)
	0.745
	0.100

	Platelets1 (109/L)
	192 (150, 250)
	216 (166, 280)
	0.047
	0.131
	193 (160, 252)
	209 (162, 280)
	0.308
	0.101

	Creatinine1 (μmol/L)
	103 (81, 138)
	89 (68, 116)
	< 0.001
	0.094
	103 (80, 136)
	86 (67, 119)
	0.003
	0.088

	Albumin1 (g/L)
	32 (28, 35)
	35 (29, 38)
	< 0.001
	0.396
	33 (29, 36)
	34 (29, 38)
	0.186
	0.150

	Bilirubin1 (μmol/L)
	54 (33, 84)
	60 (34, 96)
	0.226
	0.096
	65 (42, 93)
	58 (33, 93)
	0.287
	0.104

	[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]ALT (IU/L)
	133 (61, 247)
	143 (68, 295)
	0.330
	
	142 (82, 244)
	123 (59, 263)
	0.294
	

	[bookmark: _Hlk53611751]AST (IU/L)
	160 (78, 366)
	140 (72, 314)
	0.165
	
	176 (93, 365)
	150 (74, 345)
	0.149
	

	ALP (IU/L)
	209 (130, 346)
	188 (117, 314)
	0.149
	
	208 (137, 346)
	184 (111, 291)
	0.136
	

	GGT1 (IU/L)
	242 (129, 435)
	327 (158, 562)
	0.006
	0.292
	286 (165, 504)
	286 (133, 523)
	0.591
	0.022

	INR1
	1.13 (1.02, 1.30)
	1.20 (1.10, 1.30)
	0.890
	0.112
	1.15 (1.00, 1.30)
	1.20 (1.10, 1.30)
	0.506
	0.038

	Microbiology, positive (%)
	132 (41.5)
	48 (34.5)
	0.160
	
	44 (39.3)
	36 (32.1)
	0.265
	

	Escherichia coli
	99 (75)
	30 (62.5)
	0.100
	
	33 (75)
	24 (66.7)
	0.413
	

	Klebsiella pneumoniae
	32 (24.2)
	14 (29.2)
	0.503
	
	16 (36.4)
	12 (33.3)
	0.777
	

	Enterobacter spp
	3 (2.3)
	1 (2.1)
	0.939
	
	0 (0)
	1 (2.8)
	0.266
	

	Pseudomonas aeruginosa
	1 (0.8)
	0 (0)
	0.550
	
	0 (0)
	0 (0)
	-
	

	Enterococcus spp
	[bookmark: OLE_LINK130][bookmark: OLE_LINK131]1 (0.8)
	1 (2.1)
	0.453
	
	1 (2.3)
	1 (2.8)
	0.886
	

	Citrobacter spp
	1 (0.8)
	0 (0)
	0.545
	
	1 (2.3)
	0 (0)
	0.357
	

	Aeromonas spp
	1 (0.8)
	0 (0)
	0.545
	
	0 (0)
	0 (0)
	-
	

	CT scan, n (%)
	108 (34)
	52 (37.4)
	0.477
	
	43 (38.4)
	45 (40.2)
	0.784
	

	Cholelithiasis
	75 (69.4)
	31 (59.6)
	0.218
	
	21 (48.8)
	14 (31.1)
	0.089
	

	Biliary dilation
	47 (43.5)
	18 (34.6)
	0.283
	
	30 (69.8)
	26 (57.8)
	0.243
	

	Choledocholithiasis
	63 (58.3)
	18 (34.6)
	0.005
	
	27 (62.8)
	14 (31.1)
	0.003
	

	MRCP, n (%)
	157 (49.4)
	73 (52.5)
	0.536
	
	61 (54.5)
	55 (49.1)
	0.422
	

	Cholelithiasis
	113 (72)
	38 (52.1)
	0.003
	
	37 (60.7)
	35 (63.6)
	0.741
	

	Biliary dilation
	93 (59.2)
	50 (68.5)
	0.178
	
	41 (67.2)
	26 (47.3)
	0.030
	

	Choledocholithiasis
	103 (65.6)
	39 (53.4)
	0.077
	
	41 (67.2)
	23 (41.8)
	0.006
	

	Shock Index, abnormal3
	194 (61)
	88 (63.3)
	0.641
	
	66 (58.9)
	73 (65.2)
	0.335
	

	TG13 severity grading
	2 (2, 3)
	2 (1, 2)
	< 0.001
	
	2 (1, 3)
	2 (1, 2)
	0.016
	

	Grade I 
	67 (21.1)
	66 (47.5)
	
	
	31 (27.7)
	46 (41.1)
	
	

	Grade II
	152 (47.8)
	46 (33.1)
	
	
	49 (43.8)
	46 (41.1)
	
	

	Grade III
	99 (31.1)
	27 (19.4)
	
	
	32 (28.6)
	20 (17.9)
	
	


All continuous variables were expressed as median (interquartile range) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. 1Propensity score matching was performed for these variables due to potential and/or significant effects on clinical outcomes, or due to significant differences in demographics between the two study groups. 2Hypotension was defined as systolic blood pressure of < 90 mmHg. 3Shock index was defined as heart rate divided by the respective systolic blood pressure during triage, where the normal range is 0.5 to 0.7 (inclusive). ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; COPD: Chronic obstructive pulmonary disease; CT: Computed tomography; GGT: Gamma-glutamyl transferase; INR: International normalized ratio; MRCP: Magnetic resonance cholangiopancreatography; PSM: Propensity score matching; SMD: Standardized mean difference; TG13: Tokyo Guidelines 2013; WBC: White blood cell.

Table 2 Clinical outcomes between elderly vs non-elderly patients
	[bookmark: _Hlk53350285]
	Overall cohort, n = 457
	PSM cohort, n = 224

	
	Elderly, n = 318
	Non-elderly, n = 139
	OR, 95%CI
	P value
	Elderly, n = 112
	Non-elderly, n = 112
	OR, 95%CI
	P value

	Initial management
	
	
	
	
	
	
	
	

	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]ERCP 
	206 (64.8)
	86 (61.9)
	1.13 (0.75, 1.71)
	0.551
	77 (68.8)
	65 (58)
	1.59 (0.02, 2.75)
	0.096

	Percutaneous transhepatic biliary drainage
	25 (7.9)
	6 (4.3)
	1.89 (0.76, 4.72)
	0.166
	13 (11.6)
	5 (4.5)
	2.81 (0.97, 8.17)
	0.049

	Conservative
	98 (30.8)
	49 (35.3)
	0.82 (0.54, 1.25)
	0.351
	29 (25.9)
	43 (38.4)
	0.56 (0.32, 0.99)
	0.045

	Subsequent management
	
	
	
	
	
	
	
	

	Index admission cholecystectomy
	16 (5.0)
	13 (9.4)
	0.51 (0.24, 1.10)
	0.081
	2 (1.8)
	12 (10.7)
	0.15 (0.03, 0.69)
	0.006

	Interval cholecystectomy
	20 (6.3)
	11 (7.9)
	0.78 (0.36, 1.68)
	0.525
	7 (6.3)
	10 (8.9)
	0.68 (0.25, 1.86)
	0.449

	Length of hospital stay, days
	8 (6, 13)
	8 (5, 11)
	-
	0.040
	7.5 (5, 11)
	8 (5, 11)
	-
	0.982

	In-hospital mortality
	16 (5.0)
	5 (3.6)
	1.42 (0.51, 3.96)
	0.500
	6 (5.4)
	5 (4.5)
	1.21 (0.36, 4.09)
	0.757

	30-d mortality
	27 (8.5)
	7 (5)
	1.75 (0.74, 4.12)
	0.195
	8 (7.1)
	7 (6.3)
	1.15 (0.40, 3.30)
	0.789

	90-d mortality
	31 (9.7)
	8 (5.8)
	1.77 (0.79, 3.95)
	0.160
	8 (7.1)
	8 (7.1)
	1.00 (0.36, 2.77)
	1.000


[bookmark: _Hlk66282481]All continuous variables were expressed as median (interquartile range) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. ERCP: Endoscopic retrograde cholangiopancreatography; CI: Confidence interval; OR: Odds ratio; PSM: Propensity score matching.

Table 3 Subgroup analysis of patients who had endoscopic retrograde cholangiopancreatography on outcomes in elderly vs and non-elderly patients
	
	Overall cohort, n = 292
	PSM cohort, n=142

	
	Elderly, n = 206
	Non-elderly, n = 86
	OR, 95%CI
	P value
	Elderly, n = 77
	Non-elderly, n = 65
	OR, 95%CI
	P value

	Timing of ERCP from presentation
	
	
	
	0.012
	
	
	-
	0.247

	Within 24 h
	15 (7.3)
	16 (18.6)
	
	
	9 (11.7)
	12 (18.5)
	
	

	24-48 h
	36 (17.5)
	13 (15.1)
	
	
	14 (18.2)
	11 (16.9)
	
	

	48-72 h
	34 (16.5)
	19 (22.1)
	
	
	12 (15.6)
	16 (24.6)
	
	

	>72 h
	121 (58.7)
	38 (44.2)
	
	
	42 (54.6)
	26 (40)
	
	

	Stone(s) removed
	102 (49.5)
	44 (51.2)
	0.94 (0.57, 1.55)
	0.797
	36 (46.8)
	30 (46.2)
	1.02 (0.53, 1.99)
	0.943

	Stent placed
	89 (43.2)
	38 (44.2)
	0.96 (0.58, 1.60)
	0.877
	35 (45.5)
	30 (46.2)
	0.97 (0.50, 1.89)
	0.934

	Length of hospital stay, d
	9 (7, 13)
	8 (5, 11)
	-
	0.016
	8 (5, 12)
	8 (5, 12)
	-
	0.546

	In-hospital mortality
	2 (1)
	1 (1.2)
	0.83 (0.08, 9.31)
	0.882
	1 (1.3)
	1 (1.5)
	0.84 (0.05, 13.73)
	0.904

	30-d mortality
	13 (6.3)
	4 (4.7)
	1.38 (0.44, 4.36)
	0.581
	[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3 (3.9)
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]4 (6.2)
	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]0.62 (0.13, 2.87)
	[bookmark: OLE_LINK69][bookmark: OLE_LINK70]0.536

	90-d mortality
	16 (7.8)
	4 (4.7)
	1.73 (0.56, 5.32)
	0.337
	3 (3.9)
	4 (6.2)
	0.62 (0.13, 2.87)

	0.536


All continuous variables were expressed as median (interquartile range) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. ERCP: Endoscopic retrograde cholangiopancreatography; CI: Confidence interval; OR: Odds ratio; PSM: Propensity score matching.

Table 4 Subgroup analysis of patients who had abnormal shock index on triage on outcomes in elderly vs non-elderly patients
	
	Overall cohort, n = 282
	PSM cohort, n=139

	
	Elderly, n = 194
	Non-elderly, n = 88
	OR, 95%CI
	P value
	Elderly, n = 66
	Non-elderly, n = 73
	OR, 95%CI
	P value 

	Length of hospital stay, d 
	8 (6-13)
	8 (6-10.8)
	
	0.379
	8 (5-12)
	6 (5-10)
	
	0.217

	In-hospital mortality
	10 (5.2)
	3 (3.4)
	1.54 (0.41, 5.74)
	0.517
	3 (4.5)
	3 (4.1)
	1.11 (0.22, 5.71)
	0.900

	30-d mortality
	19 (9.8)
	4 (4.5)

	2.28 (0.75, 6.91)
	0.136
	5 (7.6)
	4 (5.5)
	1.41 (0.36, 5.50)
	0.616

	90-d mortality
	20 (10.3)
	5 (5.7)
	1.91 (0.62, 5.26)
	0.205
	5 (7.6)
	5 (6.8)
	1.12 (0.31, 4.04)
	0.869


[bookmark: OLE_LINK163][bookmark: OLE_LINK164]All continuous variables were expressed as median (interquartile range) unless specified. All categorical variables were expressed as n (%) unless otherwise specified. CI: Confidence interval; OR: Odds ratio; PSM: Propensity score matching.
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