Basic science research, towards fulfillment of the requirements for internal medicine specialty training

Topic:
The influence of percutaneous cholecystostomy on the prognosis of patients with acute cholecystitis.


Introduction
Acute cholecystitis (AC) is an infectious disorder, most commonly occurring in patients with gallstones (cholelithiasis) which obstruct the cystic duct. Less commonly, it is a result of other abdominal disorders. 
In most patients, this obstruction blocks outflow through the cystic duct, leading to increased pressure within the gallbladder, which continues secreting mucus from epithelial cells of the gallbladder wall. The rising pressure leads to decreased blood flow, ischemia of the gallbladder wall, and even hydrops of the gallbladder. Stasis of obstructed bile allows bacteria to colonize the gallbladder, producing infection, usually due to Escherichia coli, Klebsiella, Clostridium, and Streptococcus Spp. Unchecked progression of this process can lead to gangrene of the gallbladder wall, in some cases even to perforation of the gallbladder and biliary peritonitis, which is a potentially fatal complication.
 Gallstones, which underlie the root of the inflammatory process, are usually composed of cholesterol and calcium, or less commonly are pure cholesterol stones. The pathophysiology of gallstone formation involves a rise in cholesterol levels within the bile, rapid accumulation of cholesterol crystals into cholesterol stones, and decreased motility of the gallbladder further promoting crystallization of cholesterol. Risk factors for gallstones include, among others, obesity, pregnancy, high cholesterol intake, older age, and previous gastrointestinal surgeries. Gallstones are more commonly found in women than in men, and are a generally common disorder. Cholelithiasis affects approximately 10-20% of Americans, up to a third of which will develop acute calculous cholecystitis. Surgical removal of the gallbladder(cholecystectomy), the primary treatment for cholecystitis, is the most common surgical procedure performed in general surgery, with up to 500,000 operations annually in the US alone1.	Comment by ilan ben-ami: יש מקור לזה?
Pathologically, acute cholecystitis is characterized by a dilated gallbladder, with a reddish-violet color and covered in a layer of fibrin, causing adhesion of the gallbladder to surrounding organs. The tissue surrounding the gallbladder is usually also inflamed and edematous. Spreading and progression of the inflammation may lead to ischemia, which if left untreated may allow for proliferation of gas-forming bacteria, and lead to gangrenous cholecystitis.
Prognosis of acute cholecystitis patients is generally favorable. Most patients (about 75%) will report reduced symptoms within days of initial treatment. However, a quarter of patients may develop complications despite conservative treatment measures. Complications include empyema of the gallbladder, necrosis, perforation, fistulization with the intestines, gallstone bowel obstruction, cholangitis, pancreatitis, and others.
Treatment for cholecystitis depends on the clinical state of the patient. In principle, the primary treatment for cholecystitis is laparoscopic surgical removal of the gallbladder (cholecystectomy)2. This procedure prevents disease recurrence as well as complications. However, prior to surgery, initial treatment includes antibiotic coverage of common gastrointestinal bacteria (e.g. with third-generation cephalosporins, or broad-spectrum penicillins), fluid administration, pain control, correction of electrolyte abnormalities, and complete fasting. Some patients can continue treatment as outpatients (after comprehensive risk assessment), though the vast majority will require hospitalization.	Comment by ilan ben-ami: פניצילינים מתקדמים? לא ברור מה ההגדרה
The timing of cholecystectomy also depends on patient’s clinical status. Ideally, patients with uncomplicated acute cholecystitis will undergo laparoscopic cholecystectomy within 72 hours of diagnosis3. Early timing of surgery has been shown to reduce hospital stays, duration of illness, and complications4,5,6. However, this treatment strategy is less commonly followed in older patients, with severe disease, who may be hemodynamically unstable and who suffer from various comorbidities. In such cases, early surgery has been associated with increased rates of post-operative complications, and it is the practice of many surgeons to first stabilize the patient under conservative treatment, referring the patients to delayed surgery up to 6 weeks or more after diagnosis3. 
In high-risk surgical patients, an alternative option is to insert a drainage tube into the gallbladder – percutaneous cholecystostomy (PC) under ultrasound guidance. This procedure allows pressure within the gallbladder to decrease immediately, preventing progression of the disease. This drainage procedure is usually not associated with major complications, and effects in significant improvement in severe cholecystitis patients. In patients with acalculous cholecystitis, percutaneous drain insertion combined with antibiotic therapy may even be the definitive treatment7, but in most cases is used only as bridging therapy until cholecystectomy is feasible8. Cholecystostomy insertion is a relatively safe procedure, with few complications9, and is also useful for cases of post-operative traumatic (iatrogenic) gallbladder disease10.
In recent years, there has been debate in the literature on how essential is percutaneous drainage in severe cases of acute cholecystitis, and regarding the timing of the procedure. Some posit that prolonged waiting and delayed surgery, leads to higher rates of complications, as a result of fibrin accumulation leading to adhesion of the gallbladder to surrounding structures. In some medical centers, cholecystectomy is performed even in severely ill patients, reporting high measures of safety and effectiveness11, compared to the conservative approach advocating waiting for the patient to “cool down”, and postponement surgery.
The objective of this study was to examine outcomes of percutaneous gallbladder drainage in patients hospitalized for acute calculous cholecystitis.
Research question: Does percutaneous gallbladder drainage reduce hospitalization times and reduce complications in patients with acute calculous cholecystitis.
Specific questions:
1. Length of hospital stay in patients who underwent percutaneous gallbladder drainage, compared to patients who did not.
2. 30-day and 1-year mortality after acute cholecystitis hospitalization in patients who underwent percutaneous gallbladder drainage vs those who did not.
3. Number of recurrent hospitalizations of patients after cholecystitis in patients treated with or without percutaneous gallbladder drainage.
Materials and Methods
Study type: Retrospective study of medical records
Inclusion criteria: All patients admitted to the Wolfson Medical Center between the years 2008-2014 with a diagnosis of acute calculous cholecystitis
Exclusion criteria:
1. Patients having undergone cholecystectomy during their initial hospitalization, whether because of mild disease or because of radiologic diagnosis of necrotic disease.
2. Patients hospitalized due to recurrent episodes of cholecystitis, with the first episode prior to 2008.
Methods:
Patients were sorted into 2 groups based on whether they had undergone percutaneous gallbladder cholecystostomy. Demographic data of patients was gathered (age, sex, marital status), along with severity of disease (mild, moderate, and severe, based on established criteria3), ASA score at admission, laboratory test results, background comorbidity, duration of first hospitalization, date of cholecystectomy, number of hospitalizations following initial admission, recurrent hospitalizations due to cholecystitis, and date of death (where relevant). In patients who underwent PC, additional data was collected regarding complications of cholecystostomy tube including  ___________.	Comment by ilan ben-ami: "שליפה עצמונית" – לא ברור במה מדובר, שהמטופל שולף את הנקז? בכוונה בו בטעות? או שהנקז יוצא בטעות בעצמו?
Statistical analysis:
All data was gathered from medical records and entered into an Excel spreadsheet. Statistical analyses were performed using SPSS software, version 23. Continuous variables were compared between the t'o groups using t-test. Non-continuous variables were compared using chi-squared test. P-values less than 0.05 were considered significant. In order to correct for selection bias towards severe patients in the PC group (vs those with milder disease, who received only antibiotic treatment without need for additional intervention), a linear regression model (of hospital stay duration and number of hospitalizations) and a logistic regression (for 30-day and 1-year mortality) were constructed PC patients with the controls. Each model included the respective study outcome as the dependent variable, with patient age, sex, disease severity, creatinine levels at admission, and ASA grade as independent variables. In light of the recognized association between obesity and mortality, a Cox survival model was used to include also obesity as an independent variable, in addition to the others.

Results
Within the timeframe of the study, 683 patients were admitted to surgical departments with a diagnosis of acute cholecystitis. Out of these, 69 (10%) required additional hospitalizations, with a total of 764 hospitalizations for AC. The distribution of AC hospitalizations is presented in Figure 1. Demographic data of the 683 patients is listed in Table 1. Average age of study subjects was 62 years, with 336 patients over age 65.
Figure 1: Admissions for acute cholecystitis according to number of admissions per patient

Table 2 details subject data regarding severity, average ASA score, comorbidities, and blood tests on admission. Figure 2 presents the distribution of ASA grades among the subjects. Most patients presented with mild disease (439 patients, 64.3%), and a minority suffered severe disease (39 patients, 5.7%). Most patients fell into ASA grades 2 and two (427, 62.5%), a few with grades 4 and 5 (23, 2.8%). The most prevalent comorbidity was diabetes mellitus (30.2%). Out of these, 50 patients (7.3%) underwent PC.
	
Table 2: Disease parameters, co-morbidities and laboratory values of study cohort

	Disease severity
	

	
	Mild
	439 (64.3%)

	
	Moderate
	205 (30.0%)

	
	Severe
	39 (5.7%)

	Average ASA score
	2.12+0.87

	Co-morbidities 
	

	
	Diabetes mellitus
	30.2%

	
	Ischemic heart disease
	20.6%

	
	COPD
	10.8%

	
	Renal failure
	7.3%

	
	Obesity
	7.3%

	
	Biliary calculus
	4.8%

	
	CVA
	1.6%

	
	Cholecystostomy
	7.3%

	
	Cholecystectomy*
	41.6%

	Laboratory values
	

	
	Hemoglobin (g/dL)
	13.3+1.7

	
	WBC (cells per cmm3)
	12.7+4.8

	
	Creatinine (mg/dL)
	0.93+0.56

	
	Total bilirubin (mg/dL
	1.26+1.30

	
	ALP (IU/dL)
	110+101

	1. 
	* -Number of patients undergoing elective cholecystectomy at the Wolfson Medical Center following admission.



Figure 2: Distribution of ASA score in study cohort

Comparison of patients with and without cholecystostomy: 
Subjects’ demographic data and comorbidities are presented in Table 3; laboratory data appears in Table 4. PC patients were older by about 15 years on average, the vast majority being over age 65. There was no significant difference in the presence of comorbidities except a higher prevalence of cerebrovascular disease (CVA) in PC patients (6.6% vs 1.1% in patients without PC).
	Table 3: Comparison of patient demographic data and co-morbidities across cholecystostomy status

	
	No
n=633
	Yes
n=50
	p Value

	Age (years)
	60.8±19.2
	76.0±12.4
	<0.001

	Age 65 and over (%)
	46.4
	84.0
	<0.001

	Female sex (%)
	55.1
	44.0
	0.128

	Diabetes mellitus (%)
	29.5
	36.7
	0.414

	Renal failure (%)
	7.0
	10.0
	0.550

	Obesity (%)
	6.7
	13.3
	0.182

	IHD (%)
	19.3
	33.3
	0.071

	Biliary calculus (%)
	5.3
	0
	0.198

	CVA (%)
	1.1
	6.7
	0.019

	Cholangitis (%)
	0.7
	0
	0.645

	Cholecystectomy (%)
	41.4
	44.0
	0.719



A greater rate of laboratory test abnormalities was found in patients who underwent PC. These patients presented with hemoglobin levels lower by about 9.6 g/dL on average, higher percentage of patients with leukocytosis, and higher creatinine and urea levels. Likewise, they exhibited lower sodium levels and more abnormally low albumin levels. Additionally, patients who underwent cholecystostomy had higher ASA grades on average. Figure 3 displays the percentages of patients in each ASA class in patients treated with and without PC.
	Table 4: Comparison of patient laboratory data, in patients with and without cholecystostomy

	
	No
n=633
	Yes
n=50
	p Value

	Hemoglobin (g/dL)
	13.3±1.6
	12.7±1.5
	0.010

	WBC (per cmm3)
	12.5±4.6
	14.8±5.7
	0.001

	Platelets (per cmm3)
	245±80
	248±92
	0.832

	Creatinine (mg/dL)
	0.9±0.5
	1.0±0.4
	0.033

	UREA (mg/dL)
	36.7±21.1
	48.1±24.8
	0.003

	Sodium (meq/L)
	137±3.2
	135±3.9
	<0.001

	Albumin (g/dL)
	3.4±0.5
	3.1±0.7
	0.005

	LDH (IU/dL)
	447±231
	418±156
	0.441

	Total bilirubin (mg/dL)
	1.2±1.3
	1.2±0.9
	0.943

	ALP (IU/dL)
	109±99
	120±126
	0.472


Figure 3: Distribution of ASA score and cholecystostomy 

Figure 4 shows severity of disease with regard to PC treatment. Patients who were treated with this procedure had more severe disease than those who were not.
Figure 4: Disease severity and cholecystostomy

Prognosis was worse in patients in the PC group. Hospital stay was on average 12.8±9.7 days, vs 6.5±7.0 days in non-PC group, p<0.001). There were no differences in number of recurrent hospitalizations within a year in patients with and without PC, or in total hospital stay duration over the year following initial admission. 30-day mortality rates were 10%, vs 0.9% in patients without PC (p<0.001). At one year, mortality in PC patients was 20%, and 4.9% in the control group (p<0.001).	Comment by ilan ben-ami: אני חושש שיש שגיאה במספרים אלה
Among PC patients, those with ASA grades 3-5 were hospitalized longer than those with ASA grades 1-2. (Figure 5). Similarly, there was an increase in mortality at 30 days and at one year among the ASA groups (Figure 6), though this did not reach statistical significance. 
Figure 5: Length of hospital stay among cholecystostomy patients according to ASA groups (1-2 vs. 3-5).


Figure 6: 30-day and 1-year mortality rates among cholecystostomy patients according to ASA groups (1-2 vs. 3-5).



Effect of PC in patients over age 65 years
Considering that most patients undergoing cholecystostomy were over age 65, we further analyzed these patients separately. Of note, analysis of patients under age 65 (data not presented here), revealed that cholecystostomy patients were on average 11 years older than those who were not treated with cholecystostomy (45.9+12.6 years vs 57.0+9.2, p=0.014), and there was significant disparity in sex of patients and comorbidities such as ischemic heart disease. Therefore, we did not further analyze data of patients under 65 years separately.
In patients age 5 and older, PC and control groups were comparable with regard to demographic data. There were somewhat increased rates of comorbid CVA in the PC patients, approaching statistical significance. Additionally, ASA score of PC patients was significant higher (mean ASA and distribution). This data is presented in Table 5 and Figure 5.	Comment by ilan ben-ami: Which figure?
	Table 5: Comparison of patient data across cholecystostomy placement status

	
	No
n=294
	Yes
n=42
	p Value

	Age (years)
	78.2±7.6
	79.7±9.3
	0.254

	Female sex (%)
	50.3
	45.2
	0.536

	Mean ASA score
	2.1±0.9
	2.7±0.9
	<0.001

	Diabetes mellitus (%)
	33.3
	38.5
	0.605

	Renal failure (%)
	9.3
	11.5
	0.715

	Obesity (%)
	2.7
	15.4
	0.003

	IHD (%)
	24.0
	34.6
	0.246

	CVA (%)
	1.6
	7.7
	0.059

	Cholangitis (%)
	1.6
	3.8
	0.406



Presented in Table 6 is a comparison of laboratory tests in PC and control patients over age 65. Results were similar in both groups
	Table 6: Comparison of admission laboratory data in PC and no PC groups

	
	No
n=294
	Yes
n=42
	p-value

	Hemoglobin (g/dL)
	13.0±1.8
	12.6±1.6
	0.122

	WBC (per cmm3)
	13.4±5.2
	14.6±6.1
	0.164

	Platelets (per cmm3)
	236±89
	231±85
	0.745

	Creatinine (mg/dL)
	1.0±0.5
	1.1±0.5
	0.237

	UREA (mg/dL)
	46.2±24.8
	52.0±25.0
	0.159

	Sodium (meq/L)
	136±4
	135±4
	0.097

	Albumin (g/dL)
	3.3±0.6
	3.2±0.8
	0.409

	Total bilirubin (mg/dL)
	1.4±1.2
	1.3±1.1
	0.516

	ALP (IU/dL)
	123±110
	116±113
	0.718

	LDH (IU/dL)
	465±240
	415±163
	0.240



Distribution of ASA scores and disease severity in patients are presented in Figure 7 and Figure 8, respectively. ASA score and disease severity were higher in PC patients.
Figure 7:  Distribution of ASA score among patients over 65 across cholecystostomy status groups


Figure 8: Disease severity of patients over 65 across cholecystostomy status groups

Analysis of PC in AC patients over age 65 revealed that longer hospital stays and higher mortality at 30 days and one year, like in the larger sample. There was no difference in recurrent hospitalization rates within a year after AC (Table 7).
	Table 7: Prognosis of patients across cholecystostomy placement status

	
	No
n=294
	Yes
n=42
	p Value

	Hospital duration (days)
	8.1±9.2
	13.5±10.4
	0.002

	1-year rate of admissions (%)
	15.0
	14.3
	0.908

	30-day mortality (%)
	1.7
	11.9
	<0.001

	1-year mortality (%)
	9.9
	23.8
	0.008




Effect of cholecystostomy in patients over age 65 with AC was analyzed using logistic regression, with 30-day mortality as the dependent variable. Independent variables included age of patients, sex, ASA grade, disease severity, serum creatinine levels at admission and cholecystostomy procedure. Higher mortality was correlated with higher serum creatinine levels (OR 4.899, 95% confidence interval 1.447-16.580, p=0.011) and older age (OR 1.125, 95% confidence interval 1.001-1.264, p=0.048), and inversely correlated with female sex (OR 0.041, 95% confidence interval 0.002-0.764, p=0.032). Cholecystostomy patients trended towards higher 30-day mortality (OR 5.431, 95% confidence interval 0.885-33.338, p=0.068). There was no significant correlation between disease severity at admission and subsequent mortality. This model correctly predicted 97.3% of cases.
An additional model was constructed to analyze factors affecting mortality at one year from hospitalization. The model was constructed identically to the previous except the outcome variable which was set as mortality at 1 year (vs 30 days). Initial creatinine levels (OR 4.284, 95% confidence interval 2.189-8.383, p<0.001) and patient age (OR 1.073, 95% confidence interval 1.019-1.129, p=0.007) were associated with increased mortality at 30 days. PC was again associated with a statistically insignificant increase in mortality at on year (OR 2.448, 95% confidence interval 0.916-6.540, p=0.074), whereas ASA, disease severity, and sex, had no correlation with mortality. This model was correctly predicted of 90.1% of all (outcome)? events and 17.9% of mortality events.	Comment by ilan ben-ami: לא ברור על איזה מקרים מדובר
Finally, we constructed a Cox model to describe patient survival throughout the full 6-year follow-up period. Like in the logistic regression models, the dependent variable was death within 6 years follow-up, and independent variables included age, sex, severity of disease, ASA scores, initial serum creatinine levels, comorbid obesity, and cholecystostomy procedure. We found increased mortality associated with initial creatinine levels (OR 2.316, 95% confidence interval 1.563-3.430, p<0.001), comorbid obesity (OR 4.063, 95% confidence interval 1.748-9.448, p=0.001), and age of patients (OR 1.101, 95% confidence interval 1.067-1.136, p<0.001). PC was associated with a statistically insignificant increase in mortality during follow-up (OR 1.861 95% confidence interval 0.951-3.648, p=0.070). Measure of ASA, disease severity, and patient sex were not associated with mortality. Graph 9 depicts the Cox analysis for cholecystostomy status and survival.	Comment by ilan ben-ami: לפי הבנתי הכוונה כאן של ערכי "בסיס" הם ערכים בקבלה, תורגם ל-initial על מנת לא לבלבל בין ערכי בסיס לפני המחלה (למשל בבדיקות בקהילה)
Figure 9: Cox regression analysis for 4-year survival rate according to cholecystostomy status

Discussion
The significance and necessity of percutaneous cholecystostomy is under debate in the literature12. Our study revealed an association between PC and longer hospital stays, as well as higher 30-day and one-year mortality. Length of hospital stay in PC patients was longer by about 50% than the controls. This finding has been previously described in the literature13, and may be explained by two factors: one is the fact that procedures require longer post-procedure treatment and follow-up, leading to the longer hospital stays. A second possibility is that PC was performed only after patients were deemed unresponsive to antibiotic therapy, and not right after initial admission. This logically led to longer hospital stays when including the time waiting for clinical response to conservative treatment. It is important to observe that in our study, similar to other studies published, patients who underwent cholecystostomy were on average more severely ill, whether measured by ASA score, clinical status, or abnormal laboratory tests. Therefore, it is hard to deduce the actual effect of the cholecystostomy drainage procedure on hospital stay, a challenge that our study cannot resolve.
Additionally, we found that in the PC group, 30-day mortality versus the control group was 10 times greater across all age groups, and 8 times greater in patients older than 65 years. 1-year mortality was 5 times greater in all PC patients and 2.5 times greater in those older than 65 years, compared to patients without cholecystostomy. Multi-variate analysis revealed that serum creatinine levels at admission, age, and ASA score, were the highest predictors of mortality at 30 days and one year from initial cholecystitis, while PC status itself exhibited only insignificant associations with these measures. This may be due to the study sample size, since only 50 patients were treated with cholecystostomy during the 6-year study period, limiting the ability to reach statistically significant conclusions.
Creatinine level of patients at admission was found to be an independent predictor of mortality, independent of ASA score and patient age. A study by Hsieh also reported an association between creatinine and mortality during hospitalization13. Creatinine levels may indicate multiple organ system injury resulting from the infectious disease process, although interestingly, creatinine levels were inversely correlated with prognosis even within the normal reference ranges. There is a possibility that minor kidney injury may be related to the body’s ability to deal with infections, a topic which may be clarified by larger studies. Curiously, disease severity at admission was not correlated with prognosis throughout hospitalization, and in multi-variate analysis did not seem to have significant effects. Oמ the other hand, tests of kidney function had significant implications on prognosis in these patients during hospital stay. 	Comment by ilan ben-ami: לא מובן בדיוק על מה מדובר פה
Data from our study revealed a number of cases of cholecystostomy drainage in patients with mild disease and low ASA scores. Analysis showed that patients exhibited longer hospital stays even in patients with low ASA scores. On one hand, cholecystostomy insertion is generally intended for use specifically in patients with severe disease; however, though they may have been classified as “low severity patients”, their lack of improvement with conservative measures may have been the driving factor in the decision to treat with percutaneous drainage. Even after cholecystostomy ASA score had a profound effect on duration of hospital stay and possibly on 30-day mortality. Therefore, it is unclear whether cholecystostomy is beneficial in patients defined as “mild” at admission but unresponsive to conservative treatment.	Comment by ilan ben-ami: לא ברור במקור – 
"ניתוח נתונים רק בקרב חולים שלהם הוחדר הנקז.... ארוך יותר משל החולים ללא החדרת נקז..."
האם הניתוח משווה בין שתי קבוצות או שהוא בוצע "רק בקרב חולים שלהם הוחדר נקז"?
In our study, we found that elective cholecystectomy after discharge was performed in less than 50% of patients; interestingly, there was no difference in rates between patients cholecystostomy group and the control group. These results are similar to those found in other studies14. There are a few explanations for this: one, patients may have chosen not to return for elective cholecystectomy; alternatively, patients may have undergone cholecystectomy in a different medical center, from which data could not be collected. It is a reasonable possibility that in fact patients underwent cholecystectomy in other hospitals, or perhaps through private insurance/funding____, leading to a misleadingly low rate of cholecystectomy in our sample. Since less than half of patients underwent the surgery at this hospital, we decided not to examine surgery duration and complications for this small sample size.	Comment by ilan ben-ami: צריך להגדיר "פרטי", והמשמעות בהקשר זה (למה לא יהיה מידע על פרוצדורה שנעשית באותו בית חולים באופן "פרטי"?)
Study limitations
As with any retrospective study, the possibility of selection bias is always present, and very difficult to accurately measure. Additionally, our sample size was relatively small, which may reduce the accuracy of our regression models – larger samples may better estimate the effect size and statistical significance of the intervention’s effect on prognosis. These difficulties may be remedied with a large-sample, prospective, randomized trial of the effects of the colostomy procedure. 
Conclusions
[bookmark: _GoBack]In our study, we found that percutaneous cholecystostomy and drainage for acute cholecystitis patients is associated with worse prognosis, longer hospitalization times, and increased 30-day and one-year mortality. Additionally, higher age and ASA score were associated with multiple measures of adverse outcomes in acute cholecystitis patients.
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