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ABSTRACT
Background
The objective of this systematic review was to identify key components of Enhanced Recovery Protocols (ERP) that lead to improved length of hospital stay (LOS) following esophagectomy. 
Methods
Relevant electronic databases were searched for studies comparing clinical outcome from esophagectomy followed by a conventional pathway versus ERP. Relevant outcome measures were compared and meta-regression was performed to identify the key ERP components associated with reduced in LOS. 
Results 
Thirteen publications were included, ERP was associated with no changes in in-hospital mortality, total complications, anastomotic leak or pulmonary complications compared with a conventional pathway, however LOS was reduced in the ERP group. Meta-regression identified immediate extubation was associated with reduced LOS (OR=–0.51, 95%CI –0.77 to –0.25; P<0.01).  Several postoperative factors were associated with a significant reduction in length of hospital stay, and in order of most important were (i) gastrograffin swallow≤5 days (OR=–4.27, 95%CI –4.50 to –4.03); (ii) mobilization on postoperative day≤1 (OR=–2.49, 95%CI –2.63 to –2.34); (iii) removal of urinary catheter≤2 days (OR=–0.99, 95%CI –1.15 to –0.84); (iv) oral intake with at least sips of fluid≤1 day (OR=–0.96, 95%CI –1.24 to –0.68); (v) enteral diet with feeding jejunostomy or gastrostomy≤1 day (OR=–0.57, 95%CI –0.80 to –0.35) and (vi) epidural removal≤4 days (OR=–0.17, 95%CI –0.27 to –0.07). 
Discussion
Several core ERP components and principles appear to be associated with LOS reduction. These elements should form a part of the core ERP for the specialty, while surgical teams incorporate other elements through an iterative process.
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INTRODUCTION 
Enhanced recovery programs refer to a goal-directed patient pathway that is standardized to facilitate an individual patient’s recovery following surgery. Initially undertaken in the setting of colorectal cancer surgery, several publications have demonstrated clinical and economic benefits to the utilization of enhanced recovery pathways (ERP) [1,2]. More recently, authors have identified the benefits of ERP following esophagectomy, with reduction in length of hospital stay, pulmonary complications and improved patient satisfaction from cancer treatment [1,3–5]. Similar benefits have been observed through minimally invasive approaches to esophagectomy (MIE) [6,7]. However ERP following open esophagectomy remains comparable in terms of these short-term outcomes to MIE, with length of hospital stay reducing to 5 days in selected patients [3]. 
Esophagectomy is a highly complex procedure, with several technical variations to the operations. Therefore despite the benefits of ERP being established [1,4,5], there is little consensus regarding the critical components of ERP that are necessary to produce a measurable change in clinical outcome. Previously consensus-driven guidelines have been developed for gastrectomy in order to standardize the protocols for ERP [8], but no such consensus has been developed as yet for esophagectomy. There are challenges to incorporating some of the ERP elements such as early introduction of oral intake, enteral feeding and nasogastric tube or drain removal, due to the high risk of complications and the proximal site of the anastomosis, causing concern about anastomotic leak rates. 
The objective of this present systematic review was to identify from the published literature, key components of ERP protocols that lead to a measurable improvement in length of hospital stay. 


METHODS
Literature Search Strategy 
A systematic literature search of MEDLINE (January 1950 to December 2016), Embase (January 1974 to December 2016), Web of Science (January 1990 to December 2016), and the Cochrane Library (2016 Issue 10) databases was performed. The search terms ‘(o)esophagectomy’, ‘enhanced recovery’, ‘fast track’, ‘clinical pathway’, ‘(o)esophageal cancer’, and ‘(o)esophageal disease’ and the medical subject headings (MeSH) terms ‘(o)esophagectomy, ‘(o)esophageal neoplasm’, ‘critical pathways’, ‘evidence-based medicine’ and ‘evidence-based pratice’ were used in combination with Boolean operators AND or OR. This electronic search was supplemented by a hand-search of published abstracts from relevant conference proceedings (2013 – 2016). Reference lists of all relevant studies were scrutinized and the search included the Current Controlled Trials Register (http://www.controlled-trials.com). 
Abstracts of citations identified by the search were interrogated by two independent observers (SRM and RN) to determine eligibility for inclusion in the systematic review. Publications were included if they met all of the following criteria: 
1. Comparative study or randomized controlled trial comparing ERP cohort of patients with conventional pathway cohort of patients. 
2. Focus of investigation was esophagectomy in adult patients for the treatment of esophageal cancer. 
3. Articles only published from 1995 onwards were included, to ensure the studies included reflected current surgical and perioperative management of esophageal cancer. 
4. The study reported at least one of the outcome measures described below. 
In the event where two or more publications were present from the same institution using a similar dataset, the most recent publication was selected for inclusion. 
Primary outcome measure was the length of hospital stay (defined at the time from surgery to discharge from hospital). Secondary outcome measures included incidence of readmission, in-hospital mortality and postoperative complications, specifically anastomotic leak, and pulmonary complications (including pneumonia, persistent pneumothorax, and acute respiratory distress syndrome). 

Statistical Analysis
Data from eligible trials were entered into a computerized spreadsheet for analysis. The quality of each trial was assessed using the Oxford Centre for Evidence-based Medicine criteria [9]. Weighted mean differences (WMD), with 95% confidence intervals (CI) were calculated to assess the size of the effect of ERP on continuous variables (length of hospital stay). Pooled odds ratios (POR), with 95% CI, were calculated for the effect of ERP on discrete variables (in-hospital mortality, postoperative complications, anastomotic leak, pulmonary complications and readmission). Pooled outcome measures were determined using random-effects models as described by DerSimonian and Laird [10]. Publication bias was explored graphically with funnel plots to detect asymmetry and any outliers. Inter-study heterogeneity was assessed using the Chi square statistic and the I2 value to measure the degree of variation not attributable to chance alone. This was graded as low (I2<25 %), moderate (I2 = 25–75 %) or high (I2 >75 %). 
We performed random-effects meta-regression to quantitatively assess the impact of the intra-operative and postoperative ERP factors upon length of hospital stay within each ERP group from each study.  Intra-operative factors included in this analysis were; (i) conservative intraoperative fluid administration and (ii) immediate extubation. Postoperative factors included in this analysis were; (i) removal of urinary catheter ≤2 days; (ii) intensive care unit step down ≤2 days; (iii) mobilization on postoperative day ≤1 day; (iv) oral intake with at least sips of fluid ≤1 day; (v) gastrograffin swallow ≤5 days; (vi) nasogastric tube removal ≤2 days; (vii) epidural removal ≤4 days; (viii) enteral diet with feeding jejunostomy or gastrostomy ≤1 day; (ix) epidural removal ≤4 days, and (x) normal diet ≤7days (full calorie intake reached with oral diet alone). Factors and most commonly utilized postoperative day thresholds included in this meta-regression analysis were identified following a comprehensive review of the published ERP protocols within the included studies. If no gastrgraffin swallow was used as part of the ERP this was coded as >5 days for the purposes of analysis. Statistical significance level was set at P<0.05. Calculations were performed by GM and verified by TA. This study was performed in line with Cochrane recommendations, following the MOOSE guidelines, using appropriate statistical software (STATA/SE12) [11]. 



RESULTS
A systematic search of the literature demonstrated 1,986 initial results. Results were tabulated and duplicated results were excluded. 1,022 citations were screened to identify 79 relevant abstracts. Subsequent review of these identified 23 full-text articles of which 10 did not meet the inclusion eligibility criteria. 13 publications that met the inclusion criteria and were included in the analysis Of these, 5 prospective cohort studies, 5 retrospective cohort studies, 2 studies that used a combination of prospective and retrospective methods and one randomised control trial were identified (Figure 1) [12–24]. The quality of the included studies as assessed by the Oxford Centre for Evidence-based Medicine criteria was generally of low quality (Table 1). 
Meta-analysis of ERP vs. conventional treatment cohort
In-hospital mortality
Ten studies reported the incidence of in-hospital mortality [12–14,16–21,23]. There was no significant difference between the groups in in-hospital mortality (POR=0.67, 95%CI 0.36 to 1.26; P=0.22) (Figure 2). Statistical heterogeneity (I2=0%) and bias (Egger=0.03; P=0.97) were low for this result. 
In-hospital complications (total)
Eight studies reported the total incidence of postoperative in-hospital complications [12–16,18,19,21]. There was no significant difference between the groups in postoperative in-hospital complications (POR=0.87, 95%CI 0.60 to 1.28; P=0.49) (Figure 3). There was evidence of moderate statistical heterogeneity (I2=41%), but no significant evidence of bias (Egger=-2.85; P=0.12). 
Anastomotic leak
Twelve studies reported the incidence of anastomotic leak [12–22,24]. Meta-analysis confirmed no significant difference between groups in anastomotic leak (POR=0.83, 95%CI 0.61 to 1.11; P=0.21) (Figure 4). Statistical heterogeneity (I2=1.5%) and bias (Egger=0.08; P=0.89) were low for this result.
Pulmonary complications
Nine studies reported the incidence of pulmonary complications [12–14,16–20,24]. There was no significant difference between groups in pulmonary complications (POR=0.83, 95%CI 0.53 to 1.28; P=0.39) (Figure 5). There was evidence of moderate statistical heterogeneity (I2=54.4%), and no significant evidence of bias (Egger=0.37; P=0.73). 
Readmission
Nine studies reported the incidence of readmission after esophagectomy [12–16,20–22,24]. There was no significant difference between groups in readmission rates (POR=1.14, 95%CI 0.86 to 1.51; P=0.35) (Figure 6). Statistical heterogeneity (I2=0%) and bias (Egger=0.07; P=0.87) were low for this result.
Length of hospital stay
All thirteen studies reported length of hospital [12–24]. Meta-analysis demonstrated a significant reduction in length of hospital stay in the ERP group (WMD=-1.07 days 95%CI -1.51 to -0.64days; P<0.01) (Figure 7). There was evidence of high statistical heterogeneity (I2=95.5%) and significant statistical bias (Egger=-7.79;P=0.05). 

Meta-regression of most important ERP factors associated with length of hospital stay in the ERP group.
The description of key ERP factors from each study included in this analysis is provided in Table 2. Meta-regression (Table 3) identified that immediate extubation (OR=–0.51, 95%CI –0.77 to –0.25; P<0.01) was the only intra-operative factor associated with a reduction in length of hospital stay.  Several postoperative factors (Table 3) were associated with a significant reduction in length of hospital stay, and in order of most important were (i) gastrograffin swallow ≤5 days (OR=–4.27, 95%CI –4.50 to –4.03); (ii) mobilization on postoperative day ≤1 day (OR=–2.49, 95%CI –2.63 to –2.34); (iii) removal of urinary catheter ≤2 days (OR=–0.99, 95%CI –1.15 to –0.84); (iv) oral intake with at least sips of fluid ≤1 day (OR=–0.96, 95%CI –1.24 to –0.68); (v) enteral diet with feeding jejunostomy or gastrostomy ≤1 day (OR=–0.57, 95%CI –0.80 to –0.35) and (vi) epidural removal ≤4 days (OR=–0.17, 95%CI –0.27 to –0.07). 


DISCUSSION
This meta-analysis has demonstrated that the maximal benefit derived from enhanced recovery protocols following esophagectomy was in reducing length of hospital stay. Importantly ERPs did not significantly affect in-hospital mortality, complications or rate of readmission. Thus the current weight of evidence suggests that hospital and surgeon volume remain the primary drivers in reducing mortality from esophagectomy. However enhanced recovery protocols can be effectively implemented in high volume centers and may supplement the other structural factors that have a positive influence on outcomes. 
Core principles of ERP are focused around accelerating recovery and restoring the patient back to their pre-surgical state as early as possible [25]. Intraoperative principles examined in this meta-analysis included fluid restrictive protocols with invasive monitoring, and immediate extubation. Fluid restriction has been shown to reduce pulmonary complications and improve gastrointestinal functional recovery following major surgery [26]. However the results of this review highlight that invasive fluid monitoring does not translate into improved patient outcomes. Immediate extubation identifies a clear commitment by the operative team to begin all aspects of postoperative recovery on the day of surgery, which is difficult with overnight intubation.
It is widely accepted that the core principles of ERP include adequate postoperative analgesia, early removal of tubes, early mobilization and early enteral nutrition [5]. In this meta-analysis, the most important ERP element in reducing length of hospital stay included gastrograffin swallow study on postoperative day 4 or earlier. The principle of early gastrograffin swallow study is to ensure adequate gastric conduit emptying and therefore early nasogastric tube removal and initiation of oral intake. It is often the establishment of oral intake that delays discharge after esophagectomy as compared to colorectal surgery [5]. The placement of a feeding jejunostomy at the time of surgery, permits enteral nutrition to be established early and facilitates early discharge as patients transition to a full normal diet can be managed in a supervised outpatient setting [17].
A further key principle/ element in reducing length of hospital stay was early postoperative mobilization, which in turn leads to reduced respiratory pooling, improved lung ventilation and less complications including pneumonia and thromboembolic events [27]. Pre-operative counseling is considered to be an important aspect of ERPs [5]. Patient engagement is facilitated by educating them on the role they can play in accelerating their own recovery.
Data on compliance to ERP elements is one of the major limitations in ERP research. Efforts to improve compliance are likely to bring further benefits or at least identify the patients who may struggle to comply with rigidly prescribed ERP goals.  Prehabilitation, an emerging concept in peri-operative care [28], not only optimizes patients from a physical, nutrition and psychological perspective, but it very likely also engages them through counseling, to adhere to their post-operative recovery program. 
It is important to acknowledge the limitations associated with a review of pooled data such as this, which include the heterogeneity of data included. Definition of exact composition of the conventional pathway was largely not provided with the included publications, and thus may have been a source of heterogeneity between studies. Precise definitions of ERP factors and compliance to these factors were not described within the publications studied. Furthermore publications were included from several regions across the world and thus the cultural and social factors that may have influenced the compliance with ERP and length of hospital stay. Furthermore the surgical technique was only described in a minority of papers, which prevented regression for this in the analysis. Importantly, the number of studies for this type of analysis was low, as was the quality of the studies largely retrospective in nature, and given the inherent publication bias with this type of research, these all remain important sources of biases potentially affecting the results gained. Definition of complications was not described in the majority of publications, which may have been a source of heterogeneity and affected the analysis of postoperative complications. All the studies included were from high volume esophagectomy centers with a commitment to quality improvement as demonstrated through the introduction of ERP protocols. Therefore the absolute levels of mortality are relatively low and thus the effect of ERP on mortality may not have been able to be demonstrated. Furthermore as stated above, compliance to ERP protocols remains largely unmeasured by the present published literature, and thus the analysis performed is based upon the intended protocol. 
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FIGURE LEGENDS
Figure 1: PRISMA Flowchart
Figure 2: Forrest plot showing no difference between ERP and conventional pathway groups in in-hospital mortality (POR=0.67, 95%CI 0.36 to 1.26; P=0.22). 
Figure 3: Forrest plot showing no difference between ERP and conventional pathway groups in total in-hospital complications (POR=0.87, 95%CI 0.60 to 1.28; P=0.49). 
Figure 4: Forrest plot showing no difference between ERP and conventional pathway groups in anastomotic leak (POR=0.83, 95%CI 0.61 to 1.11; P=0.21). 
Figure 5: Forrest plot showing no difference between ERP and conventional pathway groups in pulmonary complications (POR=0.83, 95%CI 0.53 to 1.28; P=0.39). 
Figure 6: Forrest plot showing no difference between ERP and conventional pathway groups in readmission (POR=1.14, 95%CI 0.86 to 1.51; P=0.35). 
Figure 7: Forrest plot showing ERP is associated with a significant reduction in LOS compared with a conventional pathway (WMD=-1.07 days 95%CI -1.51 to -0.64days; P<0.01). 


