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Transhiatal versus transthoracic esophagectomy for esophageal SCC: outcomes and complications
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Abstract
Background
Transhiatal esophagectomy (THE) and transthoracic esophagectomy (TTE) are both accepted procedures for esophageal cancer but still the most effective surgical approach continues to be controversial. This study aimed to determine post-operative complications and outcomes of TTE compared with THE.

Methods
A retrospective analysis was performed on data of 243 adult patients with resectable esophageal cancer who underwent THE or TTE between December 2016 and October 2018. Demographic data, consisting of preoperative co-morbidities, disease stage, and perioperative morbidity and mortality were collected.

Results
Among the patients, 99 individuals (40.7%) had a transhiatal resection and 144 (59.3%) had a transthoracic resection. Most patients (83.1%) were above 50 years old with no significant difference between groups (p = 0.297). The frequency distribution of comorbidities was similar in both groups. The most common site of the tumor in TTE group was middle esophagus and in THE group was lower esophagus. The most common complication was recurrence of dysphagia which was more common in THE group without significant difference. The other complications including pulmonary and cardiac events, tracheal and recurrent laryngeal nerve injury, chylothorax and anastomosis stricture did not differ between the groups. The operative mortality within 30 days after the operation was 2.8% with significant difference favored the THE group (THE 0%, TTE 5.2%, p = 0.033).

Conclusion
Because of the controversies, the decision on the type of surgical technique in esophageal cancer treatment hinges on patient’s co-morbidities, cancer stage, tumor location and surgeon’s experience.
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Introduction
Unfortunately, esophageal cancer is a fatal disease with a high rate of local and distant recurrence and poor survival. The overall 5-year survival rate is about 12–28% and based on some studies above 50% of patients may present with unresectable or metastatic disease, however in the Middle East Report, the rate of unresectability and overall survival are more promising [1–4]. In the early stage of esophageal cancer, the mainstay of treatment is esophagectomy [5]. It is noticeable that a large number of patients are in age range of the elderly, usually with several co-morbidities, which can influence the operative results and conduce high rate of hospital mortality (about 6% in some centers) [1, 6, 7]. Although transthoracic three fields (TTE) and transhiatal two fields (THE) esophagectomy are the most popular operation techniques, the best surgical approach is still controversial. The purpose of this study was to compare post-operative complications and outcomes of transhiatal and transthoracic esophagectomy.
Materials and methods
This retrospective study enrolled 243 patients with thoracic esophageal cancer from December 2016 to October 2018 after obtaining ethics committee approval (Mashhad University of Medical Sciences, Iran, No. 931219). Patients’ characteristics are presented in Table 1. The study participants underwent elective esophagectomy for primary esophageal cancer in Ghaem and Taleghani hospitals (Mashhad University of Medical Sciences, Iran) and Cancer Institute (Tehran University of Medical Sciences, Iran).Table 1Demographic variables of the patients


	Group
	TTE
	THE
	Total
	p value

	Frequency of group
	144 (59.3%)
	99 (40.7%)
	243

	Sex
	 	 	 	 
	Female
	66 (45.8%)
	60 (60.6%)
	126 (51.9%)
	0.027

	Male
	78 (54.2%)
	39 (39.4%)
	117 (48.1%)

	Age
	 	 	 	 
	18–50
	21 (14.7%)
	20 (20.2%)
	41 (16.9%)
	0.297

	50–85
	122 (85.3%)
	79 (79.8%)
	201 (83.1%)

	Comorbidity
	 	 	 	 
	HTN
	2 (2.2%)
	0 (0.0%)
	2 (2.0%)
	1.000

	HLP
	1 (1.1%)
	0 (0.0%)
	1 (1.0%)

	Others
	17 (19.1%)
	2 (18.2%)
	19 (19.0%)

	 > 1
	7 (7.9%)
	1 (9.1%)
	8 (8.0%)

	Pathologic Stage of disease
	 	 	 	 
	I&II
	6 (9.1%)
	15 (16.9%)
	21 (13.5%)
	0.235

	III
	60 (90.9%)
	74 (83.1%)
	134 (86.5%)

	EUS Stage of disease
	 	 	 	 
	I&II
	7 (18.4%)
	2 (40.0%)
	9 (20.9%)
	0.277

	III
	31 (81.6%)
	3 (60.0%)
	34 (79.1%)

	Location of tumor
	 	 	 	 
	Upper
	1 (1.4%)
	0 (0.0%)
	1 (0.6%)
	< 0.001

	Middle
	60 (81.1%)
	13 (14.9%)
	73 (45.3%)

	Lower
	13 (17.6%)
	74 (85.1%)
	87 (54.0%)




The patients’ medical records were reviewed for age, sex, chief complaint, preoperative comorbidities, disease stage, surgical procedure, postoperative course, and short-term survival. An upper endoscopy was performed and all patients had biopsy-proven esophageal squamous cell carcinoma. Disease staging was determined by chest and abdomen CT scan with or without endoscopic ultrasonography (EUS). In order to evaluate the surgical risk assessment, lung and heart consultation were done. Although today in our medical centers, neoadjuvant chemo radiotherapy is recommended in all esophageal cancer with stage higher than T1N0, 91 (37.45%) of the studied populations received adjuvant chemo-radiation. The selection of the operative technique (TTE or THE) is based primarily on the tumor location, surgeon’s experience and institution policy. The selected procedure was performed by or under supervision of an experienced investigator surgeon. In the THE technique, using midline incision, the esophagus and adjacent lymph nodes were dissected through diaphragm hiatus and thoracic inlet. Then the created gastric conduit was pulled up through the posterior mediastinum, and cervical anastomosis was performed. Transthoracic esophagectomy consisted of right posterolateral thoracotomy for esophagectomy and mediastinal lymph node dissection. Through laparotomy, for gastric conduit preparation, cervical anastomosis was performed similar to transhiatal procedure. Pyloromyotomy was conducted in all patients of the groups.
The main measures for outcome assessment were postoperative complications, mortality and survival. The collected data were analyzed using descriptive statistics such as frequency distribution for categorical variables, and mean and standard deviation for numerical variables. Qualitative data were analyzed by using chi-square and Fisher’s exact tests in cross tabulation.
Results
Among 243 patients enrolled in the study, 126 (51.9%) were female and the remaining 117 (48.1%) were male. The age ranged between 18 and 85 years (16.9% between 18 and 50, 83.1% between 50 and 85). In 87 (54.0%) patients, the tumor was originated from the lower thoracic esophagus, in 73 (45.4%) patients, cancer was located in the middle thoracic esophagus, the tumor was observed in the upper thoracic esophagus of one (0.6%) patient, and the data of others were missed. In 147 (61.8%) patients, the medical team ordered preoperative chemo-radiation and 91 patients received adjuvant chemo-radiation only. The surgical technique was THE (the Orringer method) in 99 (40.7%) and TTE (the McKeown method) in 144 (59.3%) patients. Except for sex, patient demographic data for two groups were not statistically different (Table 1).
Of the patients, 234 (96.3%) patients suffered from dysphagia as the main chief complaint which statistically showed no significant difference between the groups (p = 0.213).
The most common site of tumor in the TTE group was the middle esophagus (60, 81.1%) and the lower esophagus in 74 (85.1%) cases of the THE group which revealed a statistically significant difference between groups (p < 0.001). Fisher's Exact Test revealed no significant association between preoperative comorbidities and surgery type (p = 1.000). According to CT scan and EUS findings, most of the patients had stage III disease and no significant difference was observed between groups (p = 0.277). Finally, according to histologic TNM classification, 21 (13.5%) patients were in stage I and II, 134 (86.5%) patients were in stage III and the values of others were missing. Based on Fisher’s exact test, there was no significant difference concerning the stage in each surgical technique group (p = 0.235).
The mean follow up time was 17.6 ± 15.0 months. Postoperative complications occurred in 94 patients whose data are presented in Table 2. The most common complication was recurrence of dysphagia within three months after surgery (22, 9.1%) which was more common in the THE group, but there was not any significant difference between the groups (p = 0.152). No difference was also found between the groups in terms of pulmonary complications, such as aspiration pneumonia and respiratory failure (p = 0.559). Three patients in the TTE group and one patient in the THE group developed transient hoarseness from injury to recurrent laryngeal nerve with no significant difference (p = 0.159). Three (2.1%) patients in two groups developed anastomotic leakage (There were two (2.3%) patients in the THE, and one (1.8%) patient in the TTE group and the difference was not significant, p = 0.854). Four patients in the TTE group and two patients in the THE group developed delayed gastric emptying which revealed no significant difference (p = 0.204). The operative mortality was considered as any death occurred during the same hospitalization or within first 30 days after the operation, which amounted to 5.3%. The operative mortality was seen in six (10.0%) patients in the TTE group and two (2.2%) patients in the THE group (p = 0.035).Table 2Post-operative complications among two studied group


	Group
	TTE
	THE
	Total
	p-value

	Delayed gastric emptying
	 	 	 	 
	No
	51 (92.7%)
	86 (97.7%)
	137 (95.8%)
	0.204

	Yes
	4 (7.3%)
	2 (2.3%)
	6 (4.2%)

	Dysphagia relapse during 3 months
	 	 	 	 
	No
	50 (90.9%)
	71 (80.7%)
	121 (84.6%)
	0.152

	Yes
	5 (9.1%)
	17 (19.3%)
	22 (15.4%)

	Tracheal injury
	 	 	 	 
	No
	54 (98.2%)
	88 (100.0%)
	142 (99.3%)
	0.385

	Yes
	1 (1.8%)
	0 (0.0%)
	1 (0.7%)

	Chylothorax
	 	 	 	 
	No
	54 (98.2%)
	86 (97.7%)
	140 (97.9%)
	1.000

	Yes
	1 (1.8%)
	2 (2.3%)
	3 (2.1%)

	Respiratory complication
	 	 	 	 
	No
	53 (96.4%)
	87 (98.9%)
	140 (97.9%)
	0.559

	Yes
	2 (3.6%)
	1 (1.1%)
	3 (2.1%)

	Anastomosis stricture
	 	 	 	 
	No
	55 (100.0%)
	87 (98.9%)
	142 (99.3%)
	1.000

	Yes
	0 (0.0%)
	1 (1.1%)
	1 (0.7%)

	Recurrent nerve palsy
	 	 	 	 
	No
	52 (94.5%)
	87 (98.9%)
	139 (97.2%)
	0.159

	Yes
	3 (5.5%)
	1 (1.1%)
	4 (2.8%)

	Cardiac problems
	 	 	 	 
	No
	55 (100.0%)
	85 (96.6%)
	140 (97.9%)
	0.285

	Yes
	0 (0.0%)
	3 (3.4%)
	3 (2.1%)

	Mortality of first 30 days after surgery
	 	 	 	 
	No
	54 (90%)
	87 (97.8%)
	141 (94.7%)
	p = 0.035

	Yes
	6 (10%)
	2 (2.2%)
	8 (5.3%)

	Anastomosis leakage
	 	 	 	 
	No
	54 (98.2%)
	86 (97.7%)
	140 (97.9%)
	1.000

	Yes
	1 (1.8%)
	2 (2.3%)
	3 (2.1%)

	Total
	 	 	 	 
	No
	18 (32.7%)
	31 (35.2%)
	49 (34.3%)
	0.759

	Yes
	37 (67.3%)
	57 (64.8%)
	94 (65.7%)




Discussion
The ultimate goal in esophageal cancer surgery is achieving the best oncological results with the least morbidity and mortality to improve patients’ quality of life. But there is still controversy about the best surgical approach. Based on the previous studies, transthoracic esophagectomy offers better visualization of the tumor and a more extended lymph node resection with better long-term oncologic outcomes, whereas transhiatal esophagectomy has limited perioperative morbidity and mortality [8–10]. In present investigation on 243 patients with esophageal SCC, demographic features of the patients were similar to those of previous published studies. Most of the patients (83.1%) were above 50 years old with no significant difference between the TTE and THE groups. But, a statistically significant difference was found in the number of women compared with men underwent the surgery. The frequency distribution of patients’ comorbidities was similar in both groups. Although in previous studies both procedures exhibited similar survival, in some studies the THE technique has been acknowledged to decrease surgical risk which is better tolerated by patients [11, 12]. In our study, the overall incidence of patients having at least one postoperative complication was 65.7%, but the incidence of each complication did not differ significantly between the groups.
The results of this study showed that the TTE technique was associated with higher incidence of delayed gastric emptying, tracheal and recurrent nerve palsy injury, and respiratory complication. Higher incidence of delayed gastric emptying may be because in this procedure the stomach is floating in the thoracic cavity without any surrounding compression. The higher incidence of tracheal and recurrent nerve palsy injury in this group can be attributable to the proximity of trachea and the nerve in the upper and middle part of the esophagus, and given that in our study the majority of tumors were located in the middle esophagus. Also, impaired pulmonary toilet duo to the pain, preoperative poor pulmonary function and performance status, and notably surgical approach could be the possible causes for higher incidence of respiratory complication in this group. On the other hand, the THE group had a higher incidence of dysphagia relapse, chylothorax, anastomosis stricture and fistula. However, there was no significant difference between two groups. The THE procedure was associated with decreased incidence of chylothorax, which can be ascribed to better exposure and ligation of the thoracic duct during surgery. These findings are to some extent comparable with the results of other similar studies [13, 14]. Also, cardiovascular problems and other minor complications including pleural effusion were comparable between two groups.
In a meta-analysis of 52 studies, Boshier et al. showed that with similar 5-year survival, the TTE group had significantly more respiratory complications, wound infections, and early postoperative mortality, while anastomotic leak or stricture and recurrent laryngeal nerve injury rate were significantly higher in THE group [15]. In a randomized controlled trial for comparing TTE and THE, Hulscher et al. indicated that although THE was associated with fewer pulmonary complications and shorter length of hospital stay, the overall disease-free and quality-adjusted survival did not differ statistically between groups [9].
In a similar randomized trial, Omloo et al. reported that the 5-year survival was not significantly different in the THE and TTE groups, but patients with a limited number of positive lymph nodes in resected specimen may benefit from transthoracic esophagectomy [10]. Vocal cord paralysis due to recurrent laryngeal nerve injury during cervical anastomoses can be seen after both transthoracic and transhiatal procedures, but it is a transient complication that resolves within a few months [16, 17]. In multiple studies, the rate of recurrent nerve palsy was reported 9–14% in the TTE and 7–11% in the THE group [18–20]
In our study, transient hoarseness was reported in 2.8% of patients and two groups had similar results owing to the same procedure in performing cervical anastomosis. This complication was resolved in postoperative follow up and none of the patients required intubation or tracheostomy. In our opinion, thanks to not using metal retractors in the neck and gentle dissection at the tracheoesophageal groove, the incidence of recurrent laryngeal nerve injury was lower in our patients.
Studies reported higher rate of anastomosis leakage, without any difference in both groups [8, 21, 22]. In our series, the incidence of leakage was 2.1%, which was not different in two groups. High volume surgery in our centers may be an important factor for this lower incidence. It appears that early identification, appropriate neck, thoracic and mediastinal drainage, and sometimes, timely reoperation are of most importance for handling this complication. In our study, with the same age distribution and the same risk factors, the in-hospital and 30-day mortality rate was 5.3% for all patients (more common in the TTE group with a significant difference; p = 0.035) which was lower than mortality rates in large database studies [14, 23]. Lymph node metastasis is one of the most important prognostic factors in esophageal cancer and the chance of cure among patients is highly dependent on lymph node involvement and extent of lymphadenectomy. Siewert and Stein suggested that extensive lymphadenectomy in TTE surgery can improve the prognosis in patients with early stage disease but concerning advanced lymphatic metastases, this method can only result in the reduction of local recurrences. Extensive lymphadenectomy in TTE may increase the morbidity but has better prognosis in proximal tumors and limited involved lymph nodes [24]. In our study, we did not find any associations between these two treatment groups in terms of lymphadenectomy outcome, which it might be due to the short follow-up duration.
The advancement in surgical techniques and improved perioperative care of patients have led to significant increases in survival, however, the results of multiple studies have shown that in the hands of experienced surgeons there is no superiority between two procedures in short term in terms of oncological outcomes [1, 6, 25, 26]. Another study showed that although TTE and THE esophagectomy had similar complication rates, operative mortality, and 90-day re-admission rates, the THE technique was associated with lower costs and shorter length of hospital stay [22]. Other studies reported resembling outcomes after THE and TTE [27].
Because of the retrospective nature of our study, the main limitation was missing data such as perioperative transfusion, operative time, number of retrieved lymph nodes and reoperations regarding the complexity of the procedure. Also, there were no data available fulfillment of pain assessment test and pain management. Comorbidities like COPD and smoking condition were not defined clearly and despite routine use of the nasogastric tube and chest tube, no data were available about the timing of their removal. Unfortunately, because of the absence of EUS in the past, tumor characteristics influencing the choice of procedure were unknown, which might have led to a selection bias. According to the hospitals policy, for large or high located tumors or bulky lymph node metastasis, a transthoracic operation was planned which was associated with increased morbidity than lower stage tumors.
Conclusion
Despite the improvements in preoperative risk assessment, operative techniques and postoperative intensive care management, esophageal cancer surgery is still associated with a high incidence of operative complications and high mortality rate. We concluded that the decision about the best kind of surgical technique for esophageal cancer treatment can be made by considering patients’ co-morbidities, cancer pathology and stage, location of tumor and surgeons’ experience. Longer follow up is required to elucidate which procedure has an advantage in disease control and long-term survival.
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