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Abstract
AIM
To determine the incidence of readmission after cholecystectomy using 90 d as a time limit. 

METHODS
We retrospectively reviewed all patients undergoing cholecystectomy at the General Surgery and Digestive System Service of the University Hospital of Guadalajara, Spain. We included all patients undergoing cholecystectomy for biliary pathology who were readmitted to hospital within 90 d. We considered readmission to any hospital service as cholecystectomy-related complications. We excluded ambulatory cholecystectomy, cholecystectomy combined with other procedures, oncologic disease active at the time of cholecystectomy, finding of malignancy in the resection specimen, and scheduled re-admissions for other unrelated pathologies. 

RESULTS
We analyzed 1423 patients. There were 71 readmissions in the 90 d after discharge, with a readmission rate of 4.99%. 64.79% occurred after elective surgery (cholelithiasis or vesicular polyps) and 35.21% after emergency surgery (acute cholecystitis or acute pancreatitis). Surgical non-biliary causes were the most frequent reasons for readmission, representing 46.48%; among them, intra-abdominal abscesses were the most common. In second place were non-surgical reasons, at 29.58%, and finally, surgical biliary reasons, at 23.94%. Regarding time for readmission, almost 50% of patients were readmitted in the first week and most second readmissions occurred during the second month. Redefining the readmissions rate to 90 d resulted in an increase in re-hospitalization, from 3.51% at 30 d to 4.99% at 90 d. 

CONCLUSION
The use of 30-d cutoff point may underestimate the incidence of complications. The current tendency is to use 90 d as a limit to measure complications associated with any surgical procedure.

Key words: Cholecystectomy; 90-d; Hospital readmission; Readmission rate; Cholelithiasis
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Core tip: The use of a 30-d cutoff point to determine the rate of readmissions may underestimate the true incidence of complications. The current tendency is to use 90 d as a time limit to measure complications associated with any surgical procedure. Our objective is to determine the incidence of readmission after cholecystectomy using this longer time limit. 
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INTRODUCTION
Gallstone disease is one of the commonest digestive pathologies[1], and, as a result, cholecystectomy is one of the most frequently performed surgical procedures. Each year, more than 750000 cholecystectomies are performed in the US[2,3] and around 48000 in the UK[4,5]. In the US in 2004, the direct and indirect costs associated with this pathology amounted to $ 6.2 billion[1].
Hospital readmissions represent an important component of the associated costs of a disease and are an indicator of the quality of care. The study of the reasons for re-hospitalization may help to characterize the postoperative morbidity and costs associated with cholecystectomy, and may provide relevant data for both physicians and hospital managers[6-11]. However, few studies have evaluated the reasons for, or the rate of, readmission after cholecystectomy, and those that have done so have tended to consider the first 30 d post-surgery as the time limit[8,12,13]. This restriction may have led to an underestimation of the actual incidence of morbidity and of the socio-economic cost of the procedure[14].
Interestingly, an article published in 2011 on mortality after hepatectomy extended the cutoff point for measuring mortality from 30 to 90 d and reported a substantial increase in the rate. Since then the tendency has been to use 90 d as a limit to measure complications associated with any procedure. The objective of this study is to determine the incidence of readmission after cholecystectomy using this longer time limit and, secondarily, to analyze the reasons for re-hospitalization.

MATERIALS AND METHODS
We performed a retrospective study at the General Surgery and Digestive System Service of the University Hospital of Guadalajara, which serves a health area with a resident population of 254,256 inhabitants on 1 July 2015. The period analyzed was 1 January 2011 to 31 December 2015.
We included all patients undergoing cholecystectomy for biliary pathology. Hospital readmissions within 90 postoperative days were analyzed. For this purpose the Mambrino XXI ® electronic medical history was used. Patients who were readmitted to any hospital service as a direct or indirect consequence of a complication of cholecystectomy within 90 d were considered as cholecystectomy-related readmissions.
Exclusion criteria for the study were ambulatory cholecystectomy, cholecystectomy combined with other procedures, oncologic disease active at the time of cholecystectomy, finding of malignancy in the resection specimen, and scheduled re-admissions for other unrelated pathologies such as hemorrhoidectomy or removal of ureteral catheter.
The following data were recorded: age, sex, ASA classification, biliary disease prior to the intervention, data related to the admission in which the cholecystectomy was performed, days from initial discharge to re-hospitalization, and reason for re-hospitalization, defined as surgical-biliary, surgical non-biliary and non-surgical following Rana et al[13]’s classification.

RESULTS
We retrospectively analyzed 1, 23 patients. The distribution by years is shown in Figure 1. Three-quarters (75.61%) of the cholecystectomies were performed electively and 24.39% as emergencies.
There were 71 readmissions in the 90 d after discharge (readmission rate 4.99%), 41 of them women and 30 men. The mean age at readmission was 68.9 ± 15.7 years. With regard to patients’ comorbidities, 14.08% were ASA I, 33.8% ASA II, 43.66% ASA III and the remaining 8.45% ASA IV.
Of the 71 readmissions, 64.79% occurred after elective surgery for cholelithiasis or vesicular polyps, and 35.21% after emergency surgery (for acute cholecystitis in 24 cases and for acute pancreatitis in one).
Of the electively operated patients, 76.09% underwent a laparoscopic approach, 13.04% right subcostal laparotomy and 10.87% required conversion to open surgery due to biliary tract injury, biliary tract scan, bleeding, or scleroatrophic gallbladder). In emergency surgeries, 92% (23/25) were performed by open surgery and two by laparoscopic approach, with no need for conversion.

Readmissions
Surgical non-biliary causes were the most frequent reasons for readmission, representing 46.48%; among them, intra-abdominal abscesses were the most common (approximately one in four). In second place were non-surgical reasons, at 29.58%, and finally, surgical biliary reasons, at 23.94%.
Of the 71 patients, seven required a second readmission within 90 d of the initial discharge. In four cases the reason for the second readmission was related to the first one (cholangitis, choledocholithiasis and intra-abdominal abscess). In the other three, the second readmissions were due to non-surgical causes of respiratory origin.
There were two deaths during readmission: an elderly patient with septic shock of undiagnosed cause who died a few hours after arriving in the emergency room, and another patient readmitted for aspiration pneumonia.

Time for readmission	
Figure 2 shows the distribution in time for readmissions in our series. The median time from discharge to readmission was 8 d (range: 1-88). Almost 50% of patients were readmitted in the first week after discharge, and most second readmissions occurred during the second month.
Seven out of 10 readmissions occurred in the first month after discharge, and the other three between 30 and 90 d. Redefining the readmission rate to 90 d resulted in an increase in re-hospitalization, from 3.51% at 30 d to 4.99% at 90 d.
In the 21 patients readmitted between 30 and 90 d after discharge, the reason was non-surgical in nine, surgical biliary in eight and surgical non-biliary in four. Table 1 shows the reasons for readmission at 30 and 90 d.
Data on age, ASA, reason for cholecystectomy and median time for readmission (in days) are shown both overall and comparatively in the sub-groups divided according to reason for readmission (intra-abdominal abscess, surgical-biliary and non-surgical) are shown in Table 2.

DISCUSSION
Due to the high prevalence of biliary pathology, laparoscopic cholecystectomy is one of the most frequent surgical procedures.
In one of the few articles published in the literature, Rana et al[13 in 2016] analyzed re-hospitalizations at 30 d after laparoscopic procedures and found an overall readmission rate of 5.9%. Surgical reasons (54.4%) were the most frequent cause, and 50% of re-hospitalizations occurred in the first week. These figures are slightly higher than the ones obtained in our series, which also includes open surgery and conversions (3.51% at 30 d and 4.99% at 90 d). Studying readmissions at 90 d after laparoscopic cholecystectomy, Down et al[14] observed a rate closer to ours (4.3%); however, those authors analyzed only laparoscopic procedures and excluded causes of readmission such as urinary tract infection, thoracic pain or gastritis, which we included in our series under the heading of non-surgical reasons. An analysis with a mean follow-up of four years after elective laparoscopic cholecystectomy[4] found an overall rate of readmissions of 6.6%, with the highest proportion being recorded during the first six weeks after discharge; however, in that study patients with cholecystitis of more than 48 h of evolution were excluded.
In order to be able to compare results, then, it is essential to standardize criteria regarding the reasons for readmission. In our opinion, scheduled readmissions due to another unrelated pathology, malignancy in the resection specimen or active oncologic disease should not be included.
Rana et al[13] reported the following rates for readmission according to cause: surgical-biliary in 22.7% of cases, surgical non-biliary in 31.8%, and non-surgical in 45.4%. In our series, following the same classification, 23.94% of readmissions were for surgical-biliary reasons, 46.48% for surgical non-biliary reasons, and 29.58% for non-surgical reasons. In our series, surgical-non-biliary causes predominated due to the presence of intra-abdominal abscesses, and there was a lower rate of readmissions for non-surgical reasons.
In all likelihood, many of the medical reasons for readmission included in our study are not related to the surgical procedure. We wanted to ensure that our recording of complications was comprehensive, since there is currently no consensus regarding which medical reasons for readmission should be included in this type of study. 
Multiple factors have been associated with readmission after surgery[6,15]: age, race, associated comorbidities, preoperative hospital stay over seven days, and ICU stay. In the specific case of cholecystectomy, emergency surgery, the duration of symptoms and the surgeon’s experience are additional factors to be considered[1]. Intraoperatively, the concept of "difficult cholecystectomy" has been described[16], which may be related to a higher rate of postoperative complications. Some previous studies[17,18] have sought to establish preoperative and intraoperative classifications to predict the risks of complications associated with the procedure, and can help us to standardize our criteria in this regard.
In our series, the high rate of intra-abdominal abscesses could be explained by the intraoperative findings of “difficult cholecystectomy”; we need to standardize our criteria in this regard. Alternatively, the presence of these abscesses may be due to the chronic cholecystitis identified by histology study of all the specimens analyzed. 
The use of a 30 d cutoff point to determine the rate of readmissions may in fact underestimate the true incidence of complications and associated costs. An article published in 2011 on the results after liver surgery[19] found that extending the period for measuring mortality to 90 d increased the rate reported by 50%, and since then the trend has been to measure complications and readmissions 90 d after hospital discharge. In our series, the use of the 90 d cutoff point increased the readmission rate from 3.51% at 30 d to 4.99% at 90 d. This finding mainly reflects readmissions for biliary pathology, in which eight of the 17 re-hospitalizations reported at our service occurred between 30 and 90 d post-surgery.
Currently most studies of complications after major surgery use 90 d as a time limit. Cholecystectomy is a common procedure with a low complication rate, but we think that the use of a 90-d limit is necessary to standardize criteria in morbidity studies. At present few studies of cholecystectomy use this criterion. 
The aim of our study was to determine the rate of readmissions after cholecystectomy and to identify the reasons for re-hospitalization. Prospective studies are now needed to analyze the risk factors that increase this rate. It is also important to assess the impact of readmission on overall cost. At present, there are no consensus criteria for defining preventability; the retrospective nature of our study does not allow us to give a uniform definition of this concept, and prospective studies are needed to be able to do so reliably
In conclusion, the rate of readmissions following a surgical procedure is an important indicator of the quality of care. This paper is one of the first to analyze readmissions after elective or emergency cholecystectomy (both laparoscopic and open) at 90 d. Prospective studies recording intraoperative findings are now needed in order to identify factors that may predict readmissions.
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This article is the first one that considers 90 d as the cutoff point for readmissions after cholecystectomy. Authors have included all readmission without excluding any medical causes in order to avoid underestimation related to cholecystectomy. They also have included all cholecystectomies, laparotomic and laparoscopic and also elective and urgent procures.

Applications
The presented article can provide data to analyze the readmissions and their causes and from there on to create prospective studies to know the risk factors and the preventable causes, thus being able to find measures to improve and reduce readmissions and their socioeconomic costs.

Peer-review
It is an interesting study to use 90-d as a time limit to determine the incidence of readmission after cholecystectomy. However, the more comparasion of 30-d to 90-d readmission is lack, such as different complication or risk factors. It is better to explain the difference between them in more details. Anyway, the study is nice.
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Figure 1 Annual distribution of the cholecystectomies performed at the University Hospital of Guadalajara between 2011 and 2015. 



Figure 2 Time for readmission after cholecystomy within 90-d at University Hospital of Guadalajara, Spain, between 2011 and 2015.


Table 1 Reasons for readmission after cholecystectomy at 30 and 90 d, at University Hospital of Guadalajara, Spain, between 2011 and 2015
	30 d-readmission: 50 patients
	90 d-readmission: 71 patients

	Biliary: 18%
	Biliary: 23.94%

	Acute pancreatitis: 2
	Acute pancreatitis: 5

	Choledocholitiasis: 5
	Choledocolitiasis: 8

	Cholangitis: 0
	Cholangitis: 2

	Bile leak: 2
	Bile leak: 2

	Surgical-nonbiliary: 50%
	Surgical-nonbiliary: 46.48%

	Site-surgical infection: 3
	Site-surgical infection: 3

	Intraabdominal abscess: 16
	Intraabdominal abscess: 18

	Intraabdominal haematoma: 4
	Intraabdominal haematoma: 4

	Abdominal wall hernias: 0
	Abdominal wall hernias: 2

	Abdominal pain: 1
	Abdominal pain: 5

	Others: 1
	Others: 1

	Non-surgical: 32%
	Non-surgical: 29.58%

	Pulmonary: 6
	Pulmonary: 11

	Gastrointestinal: 4
	Gatrointestinal: 5

	Central nervous system: 1
	Central nervous system: 2

	Cardiac: 1
	Cardiac: 1

	Renal: 1
	Renal: 1

	Others: 3
	Others: 1





Table 2 Overall and comparative results (intraabdominal, biliary, non-surgical subgroups) of readmission afther cholecystectomy at 30 and 90 d, at University Hospital of Guadalajara, Spain, between 2011 and 2015
	
	Global
	Intraabdominal abscess
	Surgical-biliary
	Non-surgical

	Readmissions 
	71
	18 (25.35%)
	17 (23.94%)
	21 (29.58%)

	Age (years ±DS)
	68.9 ± 15.7
	69.42 ± 14.6
	65.58 ± 17.5
	73.48 ±16.6

	ASA
	 
	 
	 
	 

	   ASA I
	10
	2
	4
	2

	   ASA II
	24
	6
	8
	5

	   ASA III
	31
	9
	5
	10

	   ASA IV
	6
	1
	0
	4

	Reason for cholecystectomy
	 
	 
	 
	 

	   Cholelithiasis
	44
	14
	10
	9

	   Cholecystitis
	22
	2
	6
	11

	[bookmark: OLE_LINK200][bookmark: OLE_LINK201]   Polyps
	2
	1
	1
	0

	   Others
	3
	1
	0
	1

	Time for readmission (median, range)
	8 (1-88)
	6.5 (1-42)
	29.5 (2-81)
	10 (1-88)

	More than 30 d
	29.58% (21/71)
	11.11% (2/18)
	47.06% (8/17)
	33.33% (7/21)
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