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Abstract
Background: Recently, ERAS® Society has produced guidelines specific to esophagectomy, however, 
not yet proven to be practical. We aimed to evaluate our enhanced recovery protocol through 
stepwise implementation of five changes to the traditional practice in esophagectomy.

Methods: Between 2008 to 2017, sequential changes were studied in 98 consecutive patients 
undergoing a two-stage esophagectomy for cancer. Changes included laparoscopic gastric 
mobilization, intercostal block instead of thoracic epidural, one chest drain with a Heimlich valve 
and avoidance of opiate analgesia. The patients were divided into three groups. Patients who had 
hybrid minimally invasive esophagectomy with no other changes were considered as Group A, those 
who had the first three changes as Group B and patients who had all the changes applied as Group C.

Results: In the 98 included patients, the rates of the mild and the severe pulmonary complications 
were 12.2% (12 patients) and 5.1% (5 patients) respectively. Of these, 9 patients were in group A, 
5 were in group B and only three patients in group C (P=0.005). Severe significant pulmonary 
complications occurred in 2 in group A, 2 in group B and 1 in group C (P=0.870). The median length 
of hospital stay has decreased significantly to 5 (4 to 9) days (P=0.004). Overall morbidity rate was 
24%; 30-day and 90-day mortality rates were 2% and 3% respectively.

Conclusion: Enhanced recovery protocols can be safely applied to hybrid minimally invasive 
esophagectomy and is associated with a reduction in respiratory morbidity.

Mohamed Ramadan1,2*, Abbas Kadhim1, Ali Haque3, Essa M Aleassa4,5, Gareth Morris-Stiff1,4 
and Ahmed Hassn1

1Department of Surgery, Princess of Wales Hospital, UK

2Department of Surgery, Rotherham NHS Foundation Trust, UK

3Frimley Park Hospital, Surrey, UK

4Department of Hepato-Pancreato-Biliary Surgery, Digestive Disease and Surgery Institute, Cleveland Clinic 
Foundation, USA

5Department of Surgery, College of Medicine and Health Sciences, United Arab Emirates University, UAE

Introduction
Enhanced Recovery after Surgery (ERAS®) protocols are currently becoming established for 

surgical procedures. Although there are many studies documenting the feasibility of ERAS in 
esophageal resection surgery, there is still no unified protocol or guidelines [1,2]. Recently, ERAS® 
Society has produced guidelines specific to esophagectomy and recommended that they should be 
reviewed and applied in all centers [3], however, not yet proven to be applicable. The key principles 
of an ERAS protocol include; pre-operative counseling; preoperative nutrition; avoidance of 
perioperative fasting with carbohydrate loading up to 2 h preoperatively; standardized anesthetic 
and analgesic regimens; and early mobilization [4]. Esophageal resection is a technically challenging 
procedure with high perioperative morbidity and mortality rates. The incidence of postoperative 
complications varies widely between 20% to 80% and includes general complications such as 
cardiac and pulmonary as well surgery specific procedures such as conduit complications, chyle 
leak, functional disorders, and diaphragmatic hernia [5,6]. Of these, pulmonary complications 
unsurprisingly dominate as they occur in 16% to 67% of all patients, and account for approximately 
two-thirds of esophagectomy related mortality [7-10]. Pulmonary complications have perhaps 
received less attention from surgeons who admittedly tend to focus on reducing procedure related 
complications [9,10]. As it has become well established that early mobility is the key to minimizing 
postoperative respiratory complications, in order to have an applicable ERAS protocol in 
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esophagectomy, every effort to remove all obstacles of early mobility 
should be attempted [11]. However, the use of thoracic epidurals, two 
or three intercostal chest drains and various other tubes (nasogastric, 
urinary catheter, arterial line, central venous catheter), open 
abdominal and thoracic surgery have hindered the best intentions 
of early mobilization after esophagectomy. In this study, we 
implemented five easily reproducible modifications to the traditional 
practice in a stepwise approach by introducing one modification at 
a time thus allowing improvements at each point to be quantified. 
The aim of our study was to describe the evolution of our practice 
in the perioperative care of patients undergoing esophagectomy and 
to formulate an applicable ERAS protocol based on our experience.

Material and Methods
Patients undergoing two-stage esophagectomy for carcinoma of 

the esophagus or gastro-esophageal junction from January 2008 to 
July 2017 at a single district general hospital were identified from a 
prospectively maintained database. All patients with a surgically 
resectable histologically verified esophageal carcinoma (including 
Siewert type's 1 to 3 gastro-esophageal junction tumors) including 
Union for International Cancer Control (UICC) [12] stages T1-
4a, N0-1, M0 were included. Additionally, all patients had to have 
adequate respiratory and cardiac function and WHO performance 
status ranging from 0 to 3 [13]. Assessment of disease stage included 
a contrast-enhanced multi-slice Computed Tomography (CT) scan 
from neck to pelvis, Positron Emission Tomography (PET) scanning 
and endoscopic ultrasonography. All patients were discussed in the 
setting of a Multidisciplinary Team (MDT) including oncologists, 
radiologists, gastroenterologists, pathologist, dietitian and surgeons. 
Patients were excluded if investigations indicated metastatic 
disease, peritoneal dissemination, local invasion involving the 
tracheobronchial tree, aorta, pericardium or lung, or abdominal 
para-aortic lymphadenopathy greater than 1 cm. Neoadjuvant 
chemotherapy or chemo-radiotherapy were used as per OEO2, OEO5 
and CROSS [14-16] regimes when felt appropriate by the MDT. The 
standard practice and sequential changes in the perioperative care of 
these patients are described below.

Standard approach
The key points of the standard practice we were following till 2008 

were the use of a thoracic epidural, gastric mobilization via an upper 
midline laparotomy followed by a right posterolateral thoracotomy 
and stapled intra-thoracic anastomosis. Pyloroplasty was selectively 
performed and a feeding jejunostomy was constructed routinely. Two 
chest drains (apical and basal) connected to underwater seal bottles 
were placed in all cases. The patients were kept nil by mouth (NBM) 
until a routine contrast swallow performed on day 5 to rule out a leak 
prior to introducing oral fluids and diet. We introduced sequential 
modifications to the standard procedure over the last nine years in 
a stepwise manner to allow measurement and evaluation of each 
modification individually before introducing the next.

Modification 1: Introduction of hybrid minimally invasive 
esophagectomy in January 2007, becoming standard of care in 
January 2008. Laparotomy was replaced by laparoscopic gastric 
mobilization, lymphadenectomy, dissection of the distal esophagus 
and formation of the gastric tube. This was followed by a standard 
right thoracotomy with transection of the 6th rib and formation of a 
stapled intra-thoracic anastomosis.

Modification 2: The thoracic epidural was replaced with two 

intercostal catheters in April 2009. Catheters are inserted in the 
intercostal space below and above the fractured rib and connected 
to a bupivacaine infusion pump with an infusion rate of 5 mls/hr 
to 10 mls/hr [17]. A numeric pain rating scale graded 0 to 10 was 
introduced for assessment of pain [18].

Modification 3: As of May 2010, chest drains with a one-way 
Heimlich valve [19] connected to a bile bag replaced underwater sealed 
bottles. In the first 10 patients, the protocol was frequent reconnection 
to an underwater sealed bottle to detect any undrained fluid. This 
was discontinued after the efficacy of the valve was confirmed with 
the use of chest X-rays and ultrasound scans. Reconnection to 
underwater sealed drainage was subsequently limited to patients with 
a pneumothorax.

Modification 4: In June 2011, a 2 chest drain approach was 
amended to a single chest drain placed posteriorly in close proximity 
to the anastomosis. Chest X-rays were performed to confirm the 
validity of this change in 10 cases and this practice was then ceased.

Modification 5: In January 2012, opiate-based Patient-Controlled 
Analgesia (PCA) was discontinued and replaced with intravenous 
paracetamol 1 g every 4 h to 6 h and on stopping of the intercostal 
block on day two or three, diclofenac suppositories 50 mg three times 
daily were administered as necessary. Patients were divided into 
three groups in order to measure the effects of the changes over time. 
Patients who had hybrid minimally invasive esophagectomy without 
any other change in practice constituted the baseline group (Group 
A), patients who had the first three changes applied (Group B), and 
patients who had all 5 changes applied (Group C).

Current practice
The current ERAS protocol is summarized in Table 1. 

Preadmission education in the form of personal counseling and 
printed materials is provided to all patients. Great attention is paid 
to providing patient’s detailed information regarding the surgical 
procedure, anesthesia, and expected course of recovery as well as 
information regarding the importance of patient participation in early 
mobilization and feeding. The current standard operative approach is 
a hybrid minimally invasive esophagectomy including laparoscopic 
dissection of stomach, lymphadenectomy, dissection of lower 
esophagus and creation of gastric tube followed by right thoracotomy. 
A pyloroplasty is not performed and a feeding jejunostomy is not 
inserted. A single chest drain connected to a Heimlich valve and 
bile bag is inserted. Postoperative analgesia is delivered using two 
intercostal block catheters connected to a bupivacaine infusion along 
with intravenous paracetamol.

Follow-up
Patients are followed-up post-operatively at 2 weeks, 3, 6, and 

12 months then annually up to 5 years. Routine imaging was not 
employed in the post-operative evaluation of patients.

Outcomes measures
The primary outcome measure was the rate of respiratory 

complications. Secondary outcome measures included overall 
morbidity, in-hospital mortality, and the length of hospital stay. 
Mild respiratory complications include atelectasis and mild pleural 
effusion, and severe respiratory complications include pneumonia, 
acute respiratory distress syndrome, chylothorax, significant pleural 
effusion required drainage, and pulmonary embolism. 30- and 90-
day mortality defined as death occurring during the first 30 days and 
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90 days after surgery respectively. Length of stay was calculated by 
subtracting the date of operation to the date of discharge.

Data analysis
Data were tested for normality and was noted not to be not 

normally distributed. As a result, data were expressed as medians 
with Inter-Quartile Ranges (IQR) and non-parametric statistical 
methods were applied. Continuous data were compared using the 
Mann-Whitney test and categorical data using the chi-squared 
test and Fisher’s exact test when the number of events was low. 
Differences were deemed to be statistically significant when the p 
value was less than 0.05. All statistical analyses were performed using 
SPSS for Windows (version 20.0, SPSS Inc, Chicago, Illinois, USA). 
The study was presented to the local research and ethics committee 
and was not considered to be discovery research and as such there 
was no need for formal ethical approval, but all interventions were 
discussed with colleagues and results assessed through the standard 
assurance framework in monthly clinical governance meetings and 
through annual appraisal.

Results
Demographic details of 98 patients from January 2008 to July 

2017 are shown in Table 2. The median follow-up was 21.5 (12 to 
60) months and no patients were lost to follow-up. There was no 
statistically significant difference in the age between the three groups 
(P=0.054). Ninety-seven out of the studied ninety-eight patients had a 
completed hybrid minimally invasive esophagectomy. The conversion 
to open in a single case was ascribed to a hugely enlarged left lobe 
of the liver that prevented completion of the abdominal portion 
laparoscopically. The mean operative time ± SD of the laparoscopic 
abdominal part was 125 (110 to 137) minutes and for the thoracotomy 
part was 162 (143 to 177) minutes. With regards to histopathological 
features of the resection specimen, positive microscopic longitudinal 
margins were found in two patients (2%) and microscopic positive 
circumferential margins were identified in twenty patients (20.4%). 
Greater than 15 lymph nodes were identified in eighty patients 
(81.6%). The median number of harvested lymph nodes was 18 (16 to 
21). In the studied thirty-four patients in Group A, the rate of severe 
respiratory complications was 5.9% (2 patients), median hospital stay 
was 12 (11 to 16) days and perioperative mortality rate was 2.9% (1 
patient). In group B, when intercostal block was used for pain control 
instead of thoracic epidural catheter, the anesthesia time reduced by 
a median of 20 (16 to 33) minutes (the time needed for insertion of 
epidural catheter), and the operative time increased by a median of 7 
(3 to 15) minutes. Pain score showed median of 7 (4 to 9) in the first 
postoperative day with daily improvement. And when Heimlich valve 
replaced underwater seal bottle, the impact on patients’ mobility was 
obvious. The median length of hospital stay in group B was 10 (8 to 
12) days. Group C included patients who had one chest drain instead 
of two and ad no opioid analgesia. The total number of patients 
in this group was 30. Plain chest X-ray didn’t show any residual 
pneumothorax in any patient. Median pain score significantly 
reduced from 7 to 5 (P=0.033). Also, the median length of stay in the 
hospital significantly decreased to 5 (4 to 8) days (P=0.004). Graph 1 
and 2 illustrate the effect of the changes on length of stay in hospital. 
The median length of stay in the High Dependency Unit (HDU) was 
4 days in group A, reducing to 3 days in group B, and 2 in group 
C (P=0.059). The overall rate of the pulmonary complications was 
17.3% (17 patients), being 9 in group A, 5 in group B and 3 patients 
in group C (P=0.015). Severe significant pulmonary complications 

occurred in only 5 patients (5.1%); 2 in group A, 2 in group B, and 
1 in group C and this drop found to be statistically insignificant 
(P=0.871). An anastomotic leak was diagnosed in 3 patients (3.1%). 
The first 2 leaks occurred in group A and 1 in group C (P=0.363). For 
all patients, leak was managed conservatively. One patient in group 
A developed bleeding from the intercostal vessels which necessitated 
surgical intervention. A second patient’s procedure was complicated 
by a small bowel perforation and intestinal fistula required multiple 
interventions. Table 3 shows postoperative complications rates. Two 
30-day mortalities were reported over the study period (2%). The first 
was in group A in a patient who was in a trial and received neoadjuvant 
chemo-radiotherapy and developed radiation related cardiac toxicity 
and heart failure, and the second, as a result of respiratory failure 
occurred in group C (P=0.512). The 90-day mortality rate was 3%. 
Six patients (6.1 %) were re-admitted within 30 days of discharge. 
Three of them in group A, 2 in group B and one in group C. This 
drop in the readmission rate wasn’t statistically significant (p=0.625). 
The initial LOS of the 3 patients in group A were 8 days, 12 days 
and 15 days and they were re-admitted 5 days, 4 days and 7 days 
respectively after the initial discharge. Their LOS in the second 
admission was 4 days, 21 days and 7 days respectively. All of them 
were re-admitted because of chest complications (pleural effusion 
and lower respiratory tract infection). Two patients in group B were 
readmitted; one due to chyle leak and indicated surgical intervention 
and the other was readmitted because of severe chest complications 
in the form of significant pleural effusion necessitated drainage tube 

Graph 1: The median length of stay in the High Dependency Unit.

Graph 2: LOS in days.
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insertion. The last patient was operated during the last year of the 
study period (group C) with all changes implemented. The patient 
was readmitted 5 days after initial discharge because of clinical and 
radiological evidence of anastomotic leak. The LOS in the first and 
second admission was 5 days and 114 days respectively. The leak was 
treated conservatively by perianastomotic drainage, total parenteral 
nutrition, nasogastric decompression, broad-spectrum antibiotics 
and endoscopic placement of self-expanding esophageal stent.

Discussion
Our findings suggest that applying changes to the standard 

practice in esophagectomy can reduce the rate of the common 
postoperative pulmonary complications, allow early mobilization, 
enhance patients’ recovery and significantly reduce length of stay 
in the hospitals. There has been a progressive effort to reduce the 
incidence of the commonest serious morbidity following gastro-
esophagectomy namely pulmonary complications [20-22]. Although 
rates as low as 15.9% are reported by high-volume centers, they are 

still responsible for 50% of hospital deaths after esophagectomy 
[20,21]. Despite the move to centralize upper GI cancer resections, 
the rate of pulmonary complications remains high, frequently 
reported between 15% and 40% [21,22]. As early mobilization is 
accepted to be a key in reducing postoperative chest infections, 20, 
23, 24 we developed measures to remove all hindrances to getting 
patients mobilizing, introducing sequential changes to the standard 
esophagectomy care pathway over a ten-year period. In a systematic 
review and pooled analysis of studies reporting ERAS® in patients 
undergoing esophagectomy, such measures were shown to have 

Preoperative

Information about the operation

Emphasis on importance of early mobilization

Pain expectation

Feeding after the operation

Operative

Standard Hybrid minimally invasive esophagectomy

No feeding jejunostomy

Intercostal catheter insertion

Heimlich valve attached to chest drain and connected to bile bag

Postoperative
Day 1

Mobilization

Reassurance by surgical team that the operation was successful to alleviate anxiety

Nil by mouth

Day 2

Increased walking distances 

Oral fluid intake at 30 ml/hour to 60 ml/hour 

NG tube removed if well

Removal of urine catheter

Metoclopramide 10 mg three times daily for 2 weeks 

Lansoprazole Fast tabs 30 mg once daily

Discharge from the High Dependency Unit (HDU)

Day 3

Intercostal catheters removed. Diclofenac suppositories 50 mg three times daily when necessary

Free liquids orally 

Increase mobilization to tens of meters

Day 4

Chest drain removed

Increased walking distances and climbing stairs

Liquid diet

? Discharge

Day 5
 

Planned discharge on liquid diet

Giving the patients a telephone number to contact should they need any help

Day 10 Specialist nurse contacts the patient and provides appropriate reassurance, answers questions and provides advice about starting sloppy 
diet. If there is any problem, the patient will be advised to attend the hospital immediately for formal assessment by the surgical team 

Table 1: Summary of ERAS protocol:

 Male Female Total

Age; Median 69 (45-87) 64 (33-81) 68 (33-87)

Number (%) 67 (68.5%) 32 (31.5%) 98

Table 2: Demographic data.

 Number of patients, 
median Percentage (%)

In-hospital/30-days Mortality 2 2%

Anastomotic leak 3 3%

Bleeding 1 1%
Sever Pulmonary 
complications 5 5.10%

Diaphragmatic hernia 1 1%

Wound infection 1 1%

Small bowel injury 1 1%

Re-admissions 6 6.10%

Table 3: Summary of perioperative morbidity and mortality.
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reduced the incidence of pulmonary complications from 29.1% to 
19.6% overall (p=0.001) [24]. In our study, the rate of significant 
pulmonary complication that interfered with patient recovery and 
prolonged hospital stay was much lower (5.1%). At our institution, 
in 2017 prior to the introduction of targeted interventions the rate 
of pulmonary complications was 26%. The primary causes of chest 
complications include recognized factors such as a relatively elderly 
patient who would be expected to have a higher prevalence of pre-
existing cardiopulmonary diseases [22] and postoperative pain 
from laparotomy and thoracotomy incisions that would impede 
deep breathing. This prospective study has shown that the rate of 
respiratory complications can be reduced significantly following a 
hybrid two-stage esophagectomy with the replacement of a thoracic 
epidural with an intercostal catheter, and insertion of a single chest 
drain with a Heimlich valve. The outcomes of intercostal catheters 
for administration of continuous intercostal nerve blocks have been 
variable in the literature. Wu et al. [25] reported that they were a 
safe, effective and promising technique, however, Hashemzadeh and 
colleagues [26] noted them to be inferior to epidural catheters in 
terms of pain control. Looking at the complications related to epidural 
catheters experienced at our institute, and which were also reported 
in literature, [27] this may justify the use of intercostal block to allow 
better mobility and less complications with the option for additional 
oral or parenteral analgesia if required. The effectiveness of use of a 
Heimlich valve in our study was compatible with what was shown in 
literature in relation to safety and practicality if this technique in chest 
surgery [28]. We introduced the technique slowly, initially checking 
for pneumothorax in our patients and after favorable results and no 
complications made the use of a single drain with a Heimlich valve 
the standard of care. We strongly believe that rationalization of the 
use of opiate based analgesia in our study has had a significant impact 
on early mobilization and in reducing respiratory complications, 
this having been demonstrated in several previous studies [29]. The 
median length of stay in the high dependency unit of 4 days was 
longer than the initial planned 2-day stay as part of the enhanced 
recovery program. This was due to the delay in the provision of a 
ward bed and is an issue that is currently being addressed. As a result 
of the prolonged stay in HDU when otherwise fit for the regular ward, 
some patients were discharged home from the HDU, so lack of ward 
beds didn’t significantly affect the total hospital stay. One fear related 
to ERAS® protocols is that shortening the length of stay will inevitably 
increase the readmission rate. However, as is the case with most 
reports of ERAS®, we have shown in our study that the reduced stay 
did not affect the readmission rate. Indeed, the readmission rate was 
reasonable at the initiation of the study and decreased further after 
implementation of all changes. This observation has been reported 
previously [30]. The strengths of this study are that it is one of the 
few studies from the United Kingdom that has reported outcomes 
following hybrid minimally invasive esophagectomy. All patients 
underwent the same surgical approach performed by one surgeon 
without any variations unlike other studies reporting outcomes of a 
variety of techniques, and all patients completed follow-up. With the 
exception of the laparoscopic abdominal portion, all of the changes 
described in this study can be easily implemented with minimal 
training. This study has a number of potential limitations. This was 
an observational study and is therefore open to selection bias. We 
have managed to minimize this by analyzing a consecutive series of 
patients who had undergone this procedure which was offered to 
all deemed suitable for surgery following discussion at the regional 
multidisciplinary team meeting.

Conclusion
The application of an ERAS® protocol to two-stage esophagectomy 

can be done with relative ease and leads to minimal respiratory 
morbidity in addition to the benefits of reduced hospital stay and 
lower readmission rates.
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