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Abstract
BACKGROUND
Several studies have explored the long-term prognosis of patients with asymptomatic gallbladder stones. These reports were primarily conducted in facilities equipped with beds for addressing symptomatic cases.

AIM
To report the long-term prognosis of patients with asymptomatic gallbladder stones in clinics without bed facilities.

METHODS
We investigated the prognoses of 237 patients diagnosed with asymptomatic gallbladder stones in clinics without beds between March 2010 and October 2022. When symptoms developed, patients were transferred to hospitals where appropriate treatment was possible. We investigated the asymptomatic and survival periods during the follow-up.

RESULTS
Among the 237 patients, 214 (90.3%) remained asymptomatic, with a mean asymptomatic period of 3898.9279 ± 46.871 d (50-4111 d, 10.7 years on average). Biliary complications developed in 23 patients (9.7%), with a mean survival period of 4010.0285 ± 31.2788 d (53-4112 d, 10.9 years on average). No patient died of biliary complications.

CONCLUSION
The long-term prognosis of asymptomatic gallbladder stones in clinics without beds was favorable. When the condition became symptomatic, the patients were transferred to hospitals with beds that could address it; thus, no deaths related to biliary complications were reported. This finding suggests that follow-up care in clinics without beds is possible.
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INTRODUCTION
The reported prevalence of gallbladder stones is reported to be approximately 10%-25% in the United States and Europe[1-5]. The widespread use of abdominal ultrasonography has greatly facilitated the diagnosis of gallbladder stones[6-8]. For asymptomatic patients, clinical observation is typically sufficient. However, when symptoms, such as acute cholecystitis or acute cholangitis, manifest, appropriate treatments, including drainage, surgery, and administration of antibiotics, become essential[9-11].
Guidelines for acute cholecystitis and acute cholangitis clearly specify the criteria for transferring patients to facilities capable of providing appropriate treatment[12]. Diagnostic criteria have also been established for acute pancreatitis triggered by gallbladder stones[13]. Once patients are diagnosed with acute pancreatitis, it becomes imperative to transfer them to facilities with inpatient services, as untreated acute pancreatitis may lead to organ failure or life-threatening infections. Therefore, understanding the timing of transferring patients to facilities with inpatient services when gallbladder stones become symptomatic is crucial.
Although it is important for the attending physician to be aware of potential symptoms, asymptomatic gallbladder stones are frequently managed through periodic monitoring in clinics. To date, several reports have provided insights into the long-term prognosis of asymptomatic gallbladder stones mainly from facilities equipped to accommodate inpatients[14-19]. To the best of our knowledge, no studies have been reported from clinics that lack inpatient facilities that have observed clinical courses of asymptomatic gallbladder stones for more than a decade. Therefore, in this study, we explored the long-term prognosis of asymptomatic gallbladder stones at a clinic without beds.

MATERIALS AND METHODS
[bookmark: OLE_LINK6863][bookmark: OLE_LINK6864]Between March 2010 and October 2022, we followed up 237 patients diagnosed with gallbladder stones among 3268 cases of abdominal ultrasonography performed during screening at Sakai Clinic, a bedless clinic. Patients with gallbladder stones visited the hospital once a month for evaluation of their condition. At the time of consultation, all 237 patients had asymptomatic gallbladder stones, and none of them had a history of seizures. Patients’ demographic details are summarized in Table 1. The study included 123 males and 114 females, with a mean age of 47.675 ± 15.625 (range: 20-78) years. The mean number of gallbladder stones was 2.318 ± 3.500 (range: 1-20), and the mean stone diameter was 7.343 ± 4.298 (range: 1-22) mm. Ursodeoxycholic acid (UDCA) was administered based on patient’s request after they were informed about its pharmacological effects. Patients who took UDCA ≥ 300 mg daily for 6 mo or more were categorized into the active treatment arm (UDCA group), and this arm included 68 patients. Comorbidity included hypertension in 125 (52.7%) patients, hyperlipidemia in 119 (50.2%) patients, diabetes mellitus in 110 (46.4%) patients, cerebrovascular disease in 42 (17.7%) patients, chronic respiratory disease in 37 (15.6%) patients, heart disease in 28 (11.8%) patients, chronic liver disease in 35 (14.8%) patients, chronic renal disease in 42 (17.7%) patients, and malignant disease in 10 (4.2%) patients. Patients diagnosed with gallbladder stones underwent abdominal ultrasonography once every 6-12 mo. Blood samples were collected at least once every 6 mo or once a month depending on the comorbidity. Abdominal ultrasonography was routinely performed by changing the posture to depict the location of gallbladder and common bile duct. In cases where the visualization of the common bile duct was difficult with abdominal ultrasonography, abdominal computed tomography (CT) was performed. Abdominal ultrasonography was performed using one of the two models (TOSHIBA SSA-250A, Japan or Canon Xario 100, Japan). CT was performed using a 16-slice MDCT scanner (TOSHIBA Activion16, Japan), with a detector collimation of 1 mm × 16 mm, table feed of 24 mm per rotation, rotation time of 1 s, tube current of 200 effective mAs, and tube voltage of 120 kV. Axial images were reconstructed by 5 mm without overlap and coronal images by 3 mm without overlap. No contrast medium was used for the assessments.
Biliary complications, such as acute cholecystitis, acute cholangitis, obstructive jaundice, and gallstone pancreatitis, were considered symptomatic. Abdominal pain during the time-course observation caused by reasons other than gallbladder stones was not considered symptomatic. Emergency abdominal ultrasonography was performed when patients developed abdominal pain, fever, or jaundice during clinic visits. If additional tests were necessary, they were conducted at the discretion of physicians. When acute cholecystitis, acute cholangitis, or gallstone pancreatitis was suspected, patients were promptly transferred to hospitals equipped to provide appropriate care, following the Tokyo Guidelines (for acute cholecystitis and acute cholangitis)[20-25] and the revised Atlanta classification (for acute pancreatitis) that existed at the time of onset[13].
To assess the long-term prognosis, we directly communicated with the patient and transfer hospitals, in addition to utilizing data from the outpatient clinic. The study was conducted at this clinic after obtaining consent from all patients regarding the use of the data. We obtained approval from the institutional review board of Chiba Prefectural Sawara Hospital (IRB number 4-12). The authors declare no conflicts of interest.

Statistical analysis
For statistical analysis of categorical variables, the Pearson χ2 test with Yates correction and Fisher’s exact test were used, as deemed appropriate. Differences were considered statistically significant at P values < 0.05. Asymptomatic and survival periods were estimated using the Kaplan-Meier method. Data were analyzed using Excel software (Version 2020).

RESULTS
A total of 214 (90.3 %) patients remained asymptomatic during the observation period, lasting for an average duration of 3898.9279 ± 46.871 d (50-4111 d, 10.7 years on average) (Figure 1A). Among them, 23 (9.7%) patients experienced biliary complications, including acute cholecystitis in 14 (5.9%) patients, acute cholangitis in 5 (2.1%) patients, obstructive jaundice in 2 (0.8%) patients, and gallstone pancreatitis in 2 (0.8%) patients (Table 2). Comparing the group with no biliary complications during long-term follow-up to the group with biliary complications revealed significantly higher rates of biliary complications in the group with multiple gallbladder stones, those with stones 10 mm or less in diameter, and the non-UDCA group (Table 3).
The mean survival period was 4010.0285 ± 31.2788 d (53-4112 d, 10.9 years on average) (Figure 1B). Eleven (4.6%) deaths occurred during the observation period, with the causes being lung cancer in 4 (1.7%) patients, cerebral infarction in 3 (1.3%) patients, acute myocardial infarction in 2 (0.8%) patients, gastric cancer in 1 (0.4%) patient, and colorectal cancer in 1 (0.4%) patient (Table 4). Notably, no deaths due to biliary complications were noted during the observation period for asymptomatic gallstones.
Prognoses were ascertained through outpatient visits alone in 211 (89%) patients and by inquiring hospitals to which patients were transferred in 13 (5.5%) patients. For the remaining 13 (5.5%) patients, the prognoses were determined through direct telephone conversation with them. Prognoses were determined for all 237 (100%) patients. Notably, 22 (9.3%) patients underwent abdominal CT due to the difficulty in visualizing the common bile duct using ultrasonography.
All 23 patients with biliary complications were transferred from the clinic to hospitals. All clinical and hospital diagnoses were consistent. Out of the 23 patients with biliary complications, 20 underwent cholecystectomies. Laparoscopic cholecystectomy and open cholecystectomy were performed in 18 patients and 2 patients, respectively. However, one of the patients, a 78-year-old man with lung cancer, who developed acute cholecystitis did not undergo surgery because his condition improved with conservative antibiotic therapy. When he provided informed consent regarding his prognosis, he did not wish to undergo further surgery. Instead, he was placed under a time-course observation, and no recurrence of acute cholecystitis was observed for 18 mo until he succumbed to cancer. Two other women who did not undergo surgery developed acute cholangitis, and their symptoms improved after endoscopic transpapillary removal of the common bile duct stones. Both the patients were 85 years old with multiple comorbidities. They were considered unfit for surgery; therefore, they were closely monitored without surgical intervention. In both cases, neither patient had experienced any seizures for over 2 years.
Postoperative biloma was noted in 1 patient (5%) who underwent laparoscopic cholecystectomy for acute cholecystitis due to surgery-related complications; however, the condition improved with conservative therapy (Figure 2). No accidental surgery-related symptoms were observed. In 1 case of acute cholecystitis, histopathological examination following laparoscopic cholecystectomy revealed carcinoma in situ. This case initially presented with numerous small stones, as observed on abdominal ultrasonography, which made evaluation of the gallbladder wall challenging. The patient has been followed up for 12 mo postoperatively, but no recurrence was noted. Gallbladder cancer was observed in only this patient (0.004%) during the observation period.

DISCUSSION
Several reports on the natural history of asymptomatic gallbladder stones have been published to date, primarily originating from institutions with inpatient facilities and research institutions[14-19]. Our study focused on reports from clinics without beds, but no major differences were observed compared to reports from clinics with beds and research institutions. In symptomatic patients, the diameter of stones was smaller and the number of stones was significantly higher than those of asymptomatic patients. Gallbladder stones with smaller diameters are more likely to affect the cystic duct than those with larger diameters. Similarly, gallbladder stones with smaller diameters are more likely to fall into the common bile duct than those with larger diameters. As the number of gallbladder stones increases, the probability of the stones impacting the cystic duct or falling into the common bile duct is also expected to increase. A single large gallbladder stone is unlikely to fall into the common bile duct, which may explain our findings.	Comment by Microsoft Office User: Too many references in a single citation.
In addition, the UDCA group was significantly less likely to become symptomatic than the non-UDCA group. UDCA, known for promoting bile outflow, may suppress the increase in gallbladder stones by promoting bile outflow. Therefore, it may prevent gallbladder stones from becoming impacted in the cystic duct or falling into the common bile duct, which may reduce the likelihood of symptoms. Previous studies have reported that long-term administration of UDCA has a prophylactic effect against the development of symptomatic gallbladder stones[26]. Some reports have suggested that short-term UDCA administration during the waiting period for cholecystectomy does not prevent the condition from becoming symptomatic[27]. Therefore, it is unlikely that UDCA has little preventive effect against symptomatic gallbladder stones when administered for a brief period.
In this study, 1 case of gallbladder cancer was identified, demonstrating carcinoma in situ upon pathological examination of resected specimen following laparoscopic cholecystectomy for acute cholecystitis. Abdominal ultrasonography revealed a number of small stones, posing challenges in the evaluation of the gallbladder. Preoperative examination at the hospital to which the patient was transferred did not detect the presence of gallbladder cancer. A meta-analysis of three cohort studies and seven case-control studies revealed that gallbladder stones present the strongest risk factor for gallbladder cancer, with a relative risk of 4.9[28]. Meanwhile, a cohort study spanning approximately 11 years, including more than 110000 patients, reported a hazard ratio of 1.07 for gallbladder stones and a history of cholecystitis in relation to carcinogenesis, showing a negative association between gallbladder stones and the development of gallbladder cancer[29]. The incidence of gallbladder cancer in patients with gallbladder stones is as low as 0.01%-0.02% annually. Observational studies over 5 years have also shown an extremely limited incidence of approximately 0.3%[30]. Although the causal relationship between gallbladder stones and gallbladder cancer is well known, concrete evidence directly linking gallbladder stones to the development of gallbladder cancer is currently lacking. In this study, the incidence of gallbladder cancer was extremely low (0.004%). Preventive cholecystectomy can help obviate symptoms or hedge the risk of gallbladder cancer.
Cholecystectomy may cause life-threatening complications, such as vascular and bile duct injuries, albeit these are extremely rare[10]. In our study, biloma was noted after the procedure, although it was not a serious complication. Notably, these complications occur at a certain rate after cholecystectomy. Although no prospective studies have been conducted concerning cholecystectomy vs time-course observation, the therapeutic intervention for asymptomatic cases offers little benefits. Cholecystectomy should be considered only when its benefits outweigh its risks. In cases where evaluation of the gallbladder wall is difficult because of chronic cholecystitis or gallstones, surgery should be considered even in the absence of symptoms.
The long-term prognosis of asymptomatic gallstones in clinics without beds was favorable, with no deaths due to biliary complications when medical care was provided according to the criteria for diagnosis and transportation. The follow-up of these patients at the outpatient clinic was satisfactory. However, this favorable long-term prognosis is only for asymptomatic patients and not for symptomatic gallbladder stones. Symptomatic gallstones have a higher incidence of biliary complications than asymptomatic gallstones[16-19]. We cannot rule out the possibility that different results could be obtained in a long-term prognostic study. Notably, our study was retrospective and conducted at a single institution. A prospective study with a larger number of bedless clinics is necessary in the future to further investigate this matter.

CONCLUSION
The long-term prognosis of asymptomatic gallbladder stones in clinics without beds is favorable. When the condition became symptomatic, the patients were transported to hospitals equipped with beds to manage the condition, contributing to the absence of reported deaths related to biliary complications. The follow-up of asymptomatic gallbladder stones in a clinic without inpatient beds was deemed effective.

ARTICLE HIGHLIGHTS
Research background
Several reports on a long-term prognosis of asymptomatic gallbladder stones that have been available to date are mainly from facilities that can accommodate inpatients. As far as we know, there has been no report to date from a clinic without beds that observed clinical courses of more than a decade.

Research motivation
There is currently no study of the long-term prognosis of asymptomatic gallbladder stones from a clinic without beds.

Research objectives
To determine the long-term prognosis of asymptomatic gallbladder stones in a clinic without beds.

Research methods
We followed up 237 cases diagnosed with asymptomatic gallbladder stones.

Research results
Those patients whose condition was asymptomatic during the observation period accounted for 214 cases (90.3%). The asymptomatic period was 3898.9279 ± 46.871 d (50-4111 d, 10.7 years on average).

Research conclusions
When the condition turned symptomatic, patients were transported to hospitals with beds that could address the condition, and no deaths related to biliary complications was reported. Asymptomatic gallbladder stones were considered to be well followed in a bedless clinic.

Research perspectives
Our study was a retrospective study in a single institution. A prospective study in a large number of bedless clinics is considered necessary in the future.
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Figure 1 Long-term prognosis of asymptomatic gallbladder stones. A: Asymptomatic period; B: Survival period.
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Figure 2 A 68-year-old female. A: Computed tomography revealed gallbladder stones; B: Onset of acute cholecystitis 1215 d after the diagnosis of gallbladder stones; C: Biloma was noted on the computed tomography scan after laparoscopic cholecystectomy (arrow).

[bookmark: OLE_LINK6880][bookmark: OLE_LINK6881]Table 1 Patient characteristics
	Characteristic
	Value

	[bookmark: _Hlk125174274][bookmark: _Hlk124744977]Number of patients
	237

	Male
	123

	Female
	114

	Age in yr
	47.675 ± 15.625 (20-78)

	Gallbladder stone
	

	Number of stones
	2.318 ± 3.500 (1-20)

	Size in mm
	7.343 ± 4.298 (1-22)

	UDCA
	68

	Hypertension
	125

	Hyperlipidemia
	119

	Diabetes mellitus
	110

	Cerebrovascular disease
	42

	Chronic respiratory disease
	37

	Cardiac disease
	28

	Chronic liver disease
	35

	Chronic renal disease
	42

	Malignant disease
	10


[bookmark: _Hlk125264916]UDCA: Ursodeoxycholic acid.
[bookmark: OLE_LINK6867][bookmark: OLE_LINK6868]
[bookmark: OLE_LINK6882][bookmark: OLE_LINK6883]Table 2 Biliary complications noted during the observation period
	Biliary complication
	Value

	Biliary event
	23

	Acute cholecystitis
	14

	Acute cholangitis
	5

	Obstructive jaundice
	2

	Gallstone pancreatitis
	2



[bookmark: OLE_LINK6869][bookmark: OLE_LINK6870]Table 3 Comparison of the groups with and without biliary complications
	Characteristic
	No symptom, n = 214
	Biliary event, n = 23
	P value

	Male
	108
	15
	0.1951

	Female
	106
	8
	0.1951

	Gallstone
	
	
	

	Number ≤ 2
	3
	20
	< 0.0010

	Diameter < 10 mm
	3
	20
	< 0.0010

	UDCA
	66
	2
	0.0277

	Hypertension
	115
	10
	0.6653

	Hyperlipidemia
	108
	11
	0.8293

	Diabetes mellitus
	102
	8
	0.5078

	Cerebrovascular disease
	36
	6
	0.1111

	Chronic respiratory disease
	33
	4
	0.5384

	Cardiac disease
	26
	2
	1.0000

	Chronic liver disease
	32
	3
	1.0000

	Chronic renal disease
	36
	6
	0.1111

	Malignant disease
	9
	1
	1.0000


UDCA: Ursodeoxycholic acid.

[bookmark: OLE_LINK6872][bookmark: OLE_LINK6873][bookmark: OLE_LINK6884][bookmark: OLE_LINK6885]Table 4 Causes of deaths during the observation period
	[bookmark: OLE_LINK6886][bookmark: OLE_LINK6887][bookmark: OLE_LINK6888]Causes of deaths
	n

	Total number
	11

	Lung cancer
	4

	Cerebral infarction
	3

	Acute myocardial infarction
	2

	Gastric cancer
	1

	Colorectal cancer
	1
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