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Abstract
AIM: To define the benefits of three-dimensional 
video-assisted thoracoscopic esophagectomy (3D-VATE) 
over 2D-VATE for esophageal cancer. 

METHODS: A total of 93 patients with esophageal 
cancer including 45 patients receiving 3D-VATE and 
48 receiving 2D-VATE were evaluated. Data related 
to patient and cancer characteristics, operating time, 
intraoperative bleeding, morbidity and mortality, 
postoperative inflammatory markers, Numerical Rating 
Scale for postoperative pain, Constant-Murley rating 
system for shoulder recovery and oxygenation index 
(OI) were collected. All medical records were retrieved 
from a prospectively maintained oncological database 
at our institution. A retrospective study was performed 
to compare the short-term surgical outcomes between 
the two groups. 

RESULTS: No significant differences were found 
between the two groups in either morbidity or mortality 
(P  = 0.328). An enhanced surgical recovery was noted 
in the 3D group as indicated by shortened thoracoscopic 
operation time (3D vs  2D: 68 ± 13.79 min vs  83 ± 13 
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min, P  < 0.01), minor intraoperative blood loss (3D 
vs  2D: 68.2 ± 10.7 ml vs  89.8 ± 10.4 ml, P  < 0.01), 
earlier chest tube removal (3D vs  2D: 2.67 ± 1.01 vs  
3.75 ± 1.15 d, P  < 0.01), shorter length of hospital 
stay (3D vs  2D: 9.07 ± 2.00 vs  10.85 ± 3.40 d, P  < 
0.01), lower in-hospital expenses (3D vs  2D: 74968.4 
± 9637.8 vs  86211.1 ± 8519.7 RMB, P  < 0.01), lower 
pain intensity (P  < 0.01) and faster recovery of the left 
shoulder function (P  < 0.01). Better preservation of the 
pulmonary function was also found in the 3D group as 
the decline of the OI post operation was significantly 
lower than that of the 2D group (P  < 0.01). Changes 
of postoperative inflammatory markers, including 
procalcitonin [postoperative days (PODs) 4 and 7: P  < 
0.01], peripheral granulocytes (PODs 1, 4 and 7: P  < 
0.01) and hypersensitive C-reactive protein (POD 4: P  
< 0.01) in 3D-VATE patients were less than those in 
the 2D group. Moreover, utilization of the 3D technique 
extended the dissection of the thoracic lymph nodes 
(P  < 0.01), with better exposure of nodes in the left 
recurrent laryngeal nerve (P  = 0.031). 

CONCLUSION: 3D-VATE could be a more viable tech
nique over 2D-VATE in terms of short-term outcomes for 
patients with esophageal cancer.

Key words: Esophageal cancer; Three-dimensional video-
assisted thoracoscopic esophagectomy; Two-dimensional 
video-assisted thoracoscopic esophagectomy; Surgical 
outcomes

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: Minimally invasive esophagectomy has been 
the predominant option for esophageal cancers. 
However, conventional two-dimensional video-assisted 
thoracoscopic esophagectomy (2D-VATE) is limited in its 
operating fields and disturbed eye-hand coordination, 
which may hamper necessary lymph node dissection 
and increase chances of surgical-related trauma. The 
introduction of 3D-VATE with 24-fold magnified view is 
designed to overcome such disadvantages. However, 
the benefits of 3D-VATE over 2D-VATE have not 
been fully studied in terms of surgical outcomes. This 
work, to our knowledge, is for the first time to report 
the definitive advantages of 3D-VATE in short-term 
outcomes.
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INTRODUCTION
Surgery remains the treatment of choice for eso­

phageal cancer[1]. However, conventional open eso­
phagectomy has been associated with high rates 
of morbidity and mortality[2-4]. Since the first report 
by Cuschieri et al[5] in 1992, minimally invasive 
esophagectomy (MIE) has become a viable alternative. 
Accumulating evidence has shown that the application 
of MIE is associated with a substantial decrease in 
blood loss, fewer complications and short hospital 
stays[6,7]. However, MIE with two-dimensional (2D) 
visualization is known for its limitations, such as a 
restricted operating field and disturbed eye-hand 
coordination. These limitations may hamper necessary 
lymph node dissection and increase the chances 
of surgically related trauma[8]. The Da Vinci robotic 
system was developed with a three-dimensional 
camera, which offers a ten-fold magnified view of the 
operating field. This could be of great value in lymph 
node dissection and mediastinal dissection of the 
esophagus as it gives the actual depth perception to 
the surgeons[9]. However, the robotic system requires 
specific instruments that took a much longer time to 
prepare and a prolonged learning curve for surgeons 
to adopt the technique[10]. Above all, the costs and 
technical challenges substantially limited its application, 
especially in developing countries[11].

The introduction of the three-dimensional video-
assisted thoracoscopic esophagectomy (3D-VATE) was 
designed to overcome some of the disadvantages of 
2D-VATE. It offers 24-fold three-dimensional imaging, 
which is comparable to that of the robotic system in 
restoring the actual depth perception to surgeons. 
The learning curve of 3D-VATE is potentially shorter 
than that of 2D-VATE/robotic-assisted esophagec­
tomy[12-14]. Moreover, the expenses of 3D-VATE is much 
lower compared to robotic-assisted esophagectomy. 
The cost-efficiency of 3D-VATE allows wide use in 
esophagectomies, especially in developing countries 
such as China. Because the majority of esophageal 
cancer patients come from rural areas with relatively 
low social-economic conditions, the use of 3D-VATE 
could be a more viable alternative for these individuals. 

However, the belief that 3D-VATE outweighs 
2D-VATE has not been fully explored in scope and 
magnitude. In this study, we included a total of 93 
patients from the Eastern parts of China to compare 
the postoperative outcomes in patients undergoing 
3D- and 2D-VATE for esophageal cancers.

MATERIALS AND METHODS
Patients
Prior written informed consent was obtained from 
all participants and the study was approved by the 
Clinical Ethics Committee of the First People’s Hospital, 
Shanghai Jiaotong University. From April 2013 to 
October 2014, a total of 93 patients undergoing 
minimally invasive esophagectomy were selected out 
of the database including 45 patients with 3D-VATE 
and 48 with 2D-VATE. Eight patients from the 3D 
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group were excluded, including four patients with 
benign esophageal diseases and two with esophageal 
cancer who received minimally invasive Ivor Lewis 
esophagectomy. 

The overall operating time was the time from skin 
incision to the final skin closure. The thoracoscopic 
operating time refers to the resection time. Intra­
operative bleeding was collected by anesthetists. 
Pulmonary complications included pneumonia, res­
piratory failure and adult respiratory distress syndrome 
(ARDS). A pneumonia diagnosis was based on 
radiographic evidence with a body temperature > 
38.1 ℃. Diagnosis of ARDS was made according to the 
American-European consensus conference on ARDS[15]. 
Systemic acute-phase responses to surgical stress were 
indicated by inflammatory markers on postoperative 
days (PODs) 1, 4 and 7, including serum hypersensitive 
C-reactive protein (hsCRP), white blood cells (WBCs), 
granulocytes (GRs) and procalcitonin (PCT).

The postoperative pain intensity was reported 
using numerical rating scale for pain (NRS; 0 = no 
pain, 10 = maximal imaginable pain)[16]. Postoperative 
shoulder recovery was described using the Constant-
Murley rating system[17]. Changes in the oxygenation 
index (OI) on PODs 1, 2, 3, 5 and 7 compared to 
preoperative baselines were used as the indicator 
for pulmonary function recovery. Detailed operative 
procedures of 3D-VATE and 2D-VATE are described 
below. Tumors were staged according to the classi­
fication system of the American Joint Committee on 
Cancer and Union for International Cancer Control. 

Surgical procedures
All patients received a combination of epidural and 
general anesthesia before operation. The patients 
were turned to the left lateral decubitus position 
and four trocars were placed. Operative procedure 
of thoracoscopic part was in a manner similar to 
MIE[18-20]. The thoracic duct, mediastinal pleura, and 
lymph nodes at para-esophageal, subcarinal, and 
peribronchial stations were dissected to remain en 
bloc with the esophagus. After completion of the total 
mediastinal lymph node dissection, a 28-Fr chest tube 
was placed, and the collapsed right lung was inflated. 
The patient then was turned to the supine position.

Gastric mobilization and upper abdominal lymph 
node dissection were performed using laparoscopy as 
previously reported[21]. At the end of the abdominal 
phase, left cervicotomy was performed, and the 
cervical esophagus was mobilized. The esophagogastric 
specimen was pulled out through the neck incision 
under laparoscopic observation. Esophagogastric 
anastomosis was performed with a side-to-side stapled 
anastomosis. 

For 3D group, the monitor shows two separate 
images, one for the left eye and one for the right 
eye, which are presented to the corresponding eye 

by special filter glasses. Both images are composed 
of partial spectra of the three primary colors, i.e., 
red, green and blue. These partial spectra used for 
the left image are different from those of the right 
image and are generated with the aid of interference 
filters. By these means the images are coded and 
can be assigned to the corresponding eye via the 
mentioned glasses[22]. For the 2D group, the monitor 
presents identical images in 2D mode apart from the 
stereoscopic effect. We used a 30° camera in both the 
2D and 3D groups.

Perioperative management
All patients were transferred to the intensive care 
unit (ICU) with extubation after surgery. Oxygen ad­
ministration was discontinued when the O2 saturation 
level was > 95% of room air. Patient-controlled epidural 
analgesia was continued up to POD 5 in both groups. 
Enteral nutrition was started on POD 4. Oral intake 
was started after the removal of the nasogastric tube 
on POD 6. Blood cell counts and laboratory data were 
taken on PODs 1, 4 and 7. Patients were discharged 
when chest tube was removed. 

Statistical analysis
Data are presented as mean ± SD. Comparisons were 
made between the two groups using Student’s t-test 
for continuous measures and a χ 2 test for categorical 
variables. Significance was set as a P value < 0.05. All 
analyses were performed using the SPSS version 19.0 
(SPSS Inc., IL, United States). 

RESULTS
Patient demographics
A total of 93 patients underwent MIE at our institution 
with 45 3D-VATE cases and 48 2D-VATE cases. The 
average age was 63.8 years and 65.1 years for the 
3D and 2D groups, respectively. Comorbidities such 
as cardiac, renal and pulmonary functions were 
comparable between the 3D and 2D groups (Table 
1). In the 3D group, 8 patients received preoperative 
chemotherapy and 12 patients received radiotherapy. 
However, this was significantly different from the 2D 
group.

Morbidity and mortality
Postoperative morbidity was similar between the groups 
as shown in Table 2. The morbidity of pulmonary, 
cardiac and renal systems showed no statistical 
differences. No significant differences were found 
between the two groups in terms of anastomotic 
leakage, wound infections or unplanned returns to the 
operating room.

Surgical recovery indications
The overall surgical time (138 ± 14 min vs 167 ± 20 
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(RMB 74968 ± 9637 yuan vs 86211 ± 8519 yuan, P 
< 0.01; Table 3). Figure 1 shows the pain intensity of 
the patients undergoing the 3D-VATE and 2D-VATE 
via the numerical pain rating scale. The pain degree of 
the patients on PODs 3, 5 and postoperative months 
(POMs) 1, 2 and 3 indicates a statistically significant 
difference between the 3D group and the 2D group (P 
< 0.05) (3D vs 2D, POD 3: 3.93 ± 0.84 vs 5.48 ± 1.15, 
P = 0.002; POD 5: 3.96 ± 0.82 vs 5.40 ± 1.01, P = 
0.01; POM 1: 4.69 ±1.15 vs 5.63 ± 1.44, P = 0.048; 
POM 2: 3.87 ± 0.94 vs 4.75 ± 1.2, P = 0.029; POM 
3: 2.07 ± 0.863 vs 3.38 ± 1.20, P = 0.007). Figure 
2 summarizes the patients’ recovery condition of the 
shoulder function in the two groups. The shoulder 
recovery condition had a statistically significant 
difference between the two groups on POM 1 (3D vs 

min; P < 0.001) and the thoracoscopic surgical time 
(68 ± 13.79 min vs 83 ± 13min, P < 0.001) were 
both remarkably shortened in the 3D group compared 
to the 2D group. Intraoperative bleeding in the 3D 
group was minor (68 ± 13.79 ml vs 83 ± 13 ml, P 
< 0.01) with earlier chest tube removal after surgery 
(2.67 ± 1.01 d vs 3.75 ± 1.15 d, P < 0.01), reduced 
length of the hospital stay (9.07 ± 2.00 d vs 10.85 
± 3.40 d, P = 0.003) and lower in-hospital expenses 

Table 1  Patient demographics  n  (%)

3D-VATE
n  = 45

2D-VATE 
n  = 48

P value

Age (yr) 63.8 ± 10.2 65.1 ± 9.8       0.55
Gender       0.66
   Male 29 (64.4) 34 (70.8)
   Female 16 (35.6) 14 (29.2)
Functional status       0.25
   Independence 44 (97.8) 47 (97.9)
   Partial dependence 1 (2.2) 0 (0)
   Complete dependence 0 (0) 1 (2.1)
Weight loss1 13 (28.9) 11 (22.9)       0.64
Smoking2   7 (15.6)   9 (18.8)       0.91
Use of AAS 0 (0) 1 (2.1)       1
LEVF% 68.7 ± 1.5 68.6 ± 1.5       0.73
FS% 39.3 ± 2.3 39.5 ± 2.0       0.7
Hypertension 10 (22.2) 19 (39.6)       0.078
Renal failure 0 (0) 2 (4.2)       0.5
Dialysis 0 (0) 1 (2.1)       1
Ascites 1 (2.2) 1 (2.1)       0.96
Esophageal varices 0 (0) 1 (2.1)       1
Preoperative chemotherapy   8 (17.8)   9 (18.8)       1
Preoperative radiation 12 (26.7) 13 (27.1)       1
Prior operation 0 (0) 1 (2.1)       1

1Weight loss > 10% over 6 mo; 2Smoking over the past year. Prior operation 
within 30 d. AAS: Anabolic-androgenic steroids; LEVF: Left ventricular 
ejection fraction; FS: Fraction shortening; VATE: Video-assisted thoracoscopic 
esophagectomy; 3D: Three-dimensional; 2D: Two-dimensional. 

Table 2  Postoperative morbidity and mortality  n  (%)

3D-VATE
(n  = 45)

3D-VATE
(n  = 48)

P  value

Morbidity 13 (28.9)   8 (16.7)   0.328
Mortality 1 (2.2) 1 (2.1) NS
Pulmonary complications NS
   Pneumonia   5 (11.1)   7 (14.6) 0.76
   Re-intubation 4 (8.9)   5 (10.4)
   Pulmonary embolism 1 (2.2) 1 (2.1)
   Ventilation > 48 h 4 (8.9) 4 (8.3)
Wound infections NS
   Neck 0 (0) 0 (0)
   Thorax 0 (0) 1 (2.1)
   Abdomen 0 (0) 0 (0)
Renal complications NS
   Progressive renal insufficiency 0 (0) 0 (0)
   Acute renal failure 0 (0) 0 (0)
   Urinary tract infections 1 (2.2) 1 (2.1)
Cardiac complications NS
   Cardiac arrest 0 (0) 0 (0)
   Myocardial infarction 0 (0) 0 (0)
   Tachycardia/arrhythmias 1 (2.2) 4 (8.3)   0.363
Deep venous thrombosis 0 (0) 0 (0) NS
Anastomotic leakage 1 (2.2) 1 (2.1) NS
Unplanned return to OR 2 (4.4) 4 (8.3)   0.678

NS: Not significant; OR: Operating room; 3D-VATE: Three-dimensional 
video-assisted thoracoscopic esophagectomy.

Table 3  Surgical recovery indicators

3D-VATE (%)
n  = 45

2D-VATE (%)
n  = 48

P value

Thoracoscopic operating 
time1 (min)

       68 ± 13.79   83 ± 13 < 0.01

Operating time2 (min) 138 ± 14 167 ± 20 < 0.01
Bleeding (mL)   68.2 ± 10.7   89.8 ± 10.4 < 0.01
Chest drains (mL) 306.6 ± 56.2 366.4 ± 62.6 < 0.01
Chest tube duration (d)   2.67 ± 1.01   3.75 ± 1.15 < 0.01
Length of stay (d)   9.07 ± 2.00 10.85 ± 3.40      0.003
Expenses (RMB) 74968.4 ± 9637.8 86211.1 ± 8519.7 < 0.01

1Thoracoscopic operating time refers to the resection time; 2Operating 
time is the time from skin incision to the final skin closure. VATE: Video-
assisted thoracoscopic esophagectomy; 3D: Three-dimensional; 2D: Two-
dimensional. 
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Figure 1  Pain intensity. The pain intensity of the patients undergoing the 
three-dimensional video-assisted thoracoscopic esophagectomy (3D-VATE) 
and two-dimensional (2D)-VATE was showed via the numerical pain rating 
scale (NPRS). The pain degree of the patients on postoperative PODs 3, 5 and 
POMs 1, 2 and 3 indicated a statistically significant difference between the 3D 
group and the 2D group (P < 0.05). 3D vs 2D, POD 3: 3.93 ± 0.84 vs 5.48 ± 
1.15, P = 0.002; POD 5: 3.96 ± 0.82 vs 5.40 ± 1.01, P = 0.01; POM 1: 4.69 ± 
1.15 vs 5.63 ± 1.44, P = 0.048; POM 2: 3.87 ± 0.94 vs 4.75 ± 1.2, P = 0.029; 
POM 3: 2.07 ± 0.863 vs 3.38 ± 1.20, P = 0.007. pre-op: Preoperation; POD: 
Postoperative day; POM: Postoperative month.
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2D, POM 1:87.40 ± 3.14 vs 83.50 ± 4.05, P = 0.03). 

Pulmonary function recovery 
Decline of the OI on PODs 1, 2, 3, 5 and 7 was 
significantly smaller in the 3D group compared to that 
in the 2D group (Table 4, Figure 3), indicating a better 
preservation of the pulmonary function in the 3D group 
(POD 1: 71.01 ± 17.92 mmHg vs 86.25 ± 15.91 
mmHg; POD 2: 66.71 ± 17.58 mmHg vs 132.22 ± 
25.04 mmHg; POD 3: 113.69 ± 20.25 mmHg vs 
126.14 ± 22.96 mmHg; POD 5: 76.79 ± 23.52 mmHg 
vs 117.25 ± 34.88 mmHg; POD 7: 87.26 ± 19.88 
mmHg vs 107.83 ± 27.11 mmHg, P < 0.01).

Inflammatory markers
Systemic responses to surgical stress were studied 
to evaluate the surgical invasiveness. Increases 
in inflammatory markers, including hsCRP, WBCs, 
granulocytes and PCT, were significantly lower on POD 
4 in the 3D group (3D vs 2D, hsCRP: 0.32 ± 0.14 μg/L 
vs 0.71 ± 0.14 μg/L, P < 0.01). In addition, the rise 
of GR on PODs 1 and 4 were significantly lower in the 
3D group (POD 1: 4.88 ± 1.18 μg/L vs 6.13 ± 1.42 
μg/L; POD 4; 3.59 ± 0.85 μg/L vs 6.25 ± 1.21 μg/L, P 

< 0.01). The rates for other inflammatory factors were 
equivalent between the two groups (Table 5).

Lymph node dissection and exposure
Total lymph node dissection, including nodes from 
the abdomen, thorax and neck, was not significantly 
different between the two groups. However, the 3D 
technique greatly extended dissection of the thoracic 
lymph nodes (P = 0.008) with better exposure of nodes 
in the regions of the left recurrent laryngeal nerve (P < 
0.01) and the aortic arch (P = 0.005; Table 6).
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Figure 2  Recovery of the shoulder function. The shoulder recovery condition 
had a statistically significant difference between the two groups on POM 1 (3D 
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Figure 3  Preservation of the pulmonary function. Decline of the OI on PODs 1, 
2, 3, 5 and 7 was significantly smaller in the 3D group compared to that in the 2D 
group (POD 1: 71.01 ± 17.92 mmHg vs 86.25 ± 15.91 mmHg; POD 2: 66.71 ± 
17.58 mmHg vs 132.22 ± 25.04 mmHg; POD 3: 113.69 ± 20.25 mmHg vs 126.14 
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index; POD: Postoperative day; 3D: Three-dimensional; 2D: Two-dimensional. 

Table 4  Preoperative baselines of pulmonary function

3D-VATE (%)
(n  = 45)

2D-VATE (%)
(n  = 48)

P  value

Smoking1 7 (15.6) 9 (18.8) 0.91
FEV1 (L)   2.73 ± 0.36   2.77 ± 0.36 0.65
FEV1% 85.1 ± 5.8 86.6 ± 6.5 0.26
Dlco%   91.9 ± 3.88   92.8 ± 3.78 0.23
PaO2 (mmHg) 407.8 ± 19.7 402.1 ± 18.7 0.16
BMI 22.5 ± 2.0 22.2 ± 2.0 0.44
ASA class   2.58 ± 0.54   2.58 ± 0.53 0.96

1Smoking (in the past year). FEV1: Forced expiratory volume in one 
second; Dlco: Diffusing capacity of the lung for carbon monoxide; PaO2: 
Oxygen tension; BMI: Body mass index; ASA class: American Society 
of Anesthesiologists physical status classification system; 3D: Three-
dimensional; 2D: Two-dimensional. 

Table 5  Inflammatory markers

3D-VATE
n  = 45

2D-VATE
n  = 48

  P value

Preoperative baselines
   WBC (109/L) 5.54 ± 0.88 5.39 ± 0.89    0.45
   GR (109/L) 3.88 ± 0.55 3.77 ± 0.52    0.28
   hsCRP (mg/L) 1.76 ± 0.43 1.82 ± 0.43    0.51
   PCT (μg/L) 0.03 ± 0.01 0.03 ± 0.01    0.97
Postoperative outcomes
   ΔWBC
      POD1 (109/L) 5.64 ± 1.60 6.75 ± 1.37      0.001
      POD4 (109/L) 3.87 ± 1.05 6.65 ± 1.01 < 0.01
      POD7 (109/L) 2.48 ± 0.50 2.54 ± 0.66      0.667
   ΔGR
      POD1 (109/L) 4.88 ± 1.18 6.13 ± 1.42 < 0.01
      POD4 (109/L) 3.59 ± 0.85 6.25 ± 1.21 < 0.01
      POD7 (109/L) 2.24 ± 0.63 2.68 ± 0.67      0.001
   ΔCRP
      POD1 (mg/L) 42.5 ± 15.3 40.1 ± 16.9      0.544
      POD4 (mg/L) 102.5 ± 61.3 137.9 ± 64.1 < 0.01
      POD7 (mg/L) 88.4 ± 47.1 91.5 ± 41.3      0.225
   ΔPCT
      POD1 (μg/L) 0.71 ± 0.17 0.68 ± 0.20      0.414
      POD4 (μg/L) 0.32 ± 0.14 0.71 ± 0.14 < 0.01
      POD7 (μg/L) 0.46 ± 0.23 1.01 ± 0.26 < 0.01

WBCs: White blood cells; GR: Granulocytes; hsCRP: Hypersensitive C-reactive 
protein; PCT: Procalcitonin; Δ: Data compared to baselines; VATE: Video-
assisted thoracoscopic esophagectomy; 3D: Three-dimensional; 2D: Two-
dimensional. 
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DISCUSSION
Shortened length of hospital stay, reduced impairment 
of pulmonary function, minor invasiveness and more 
extensive lymphadenectomy were found among 
patients undergoing 3D-VATE compared to 2D-VATE in 
our study. 

The shorter hospital stay may indicate an ac­
celerated recovery from surgery in the 3D group. 
Contributive factors included reduced intraoperative 
time, blood loss and postoperative pain when 
compared to the 2D group. Oh et al[10] reviewed 43 
cases undergoing robotic-assisted thoracoscopic 
surgery in pulmonary lobectomy and found that 3D 
visualization could facilitate a faster resection compared 
to open cases. Boone et al[9] reported that 47 patients 
with resectable esophageal cancer undergoing robot-
assisted thoracoscopic esophagectomy achieved 
a significant decrease in resection time due to the 
magnified view of the 3D-HD camera. The 3D camera 
has to be moved more frequently during the operation, 
as small amounts of bleeding can interfere significantly 
with visualization, which may prolong overall procedure 
duration. However, decreased total blood loss allows 
the surgeons to have more freedom and greater 
efficiency in difficult tasks[9,10,13]. In our study, the 
resection time continued to improve in the 3D group 
as experience accumulated despite these complexities. 
Furthermore, postoperative pain intensity is another 
important indicator for postoperative recovery. The 

present study found a significantly lower pain score 
and an earlier recovery of shoulder function in the 
3D group compared to the 2D group. With a more 
proper mediastinal dissection in the aid of 3D imaging, 
surgical injuries were reduced such as repeated 
compression and stretching of nerves and muscles.

In the present study, we found that the decline of 
the OI over preoperative baselines was much lower in 
the 3D group compared to the 2D group, suggesting 
reduced surgical-related pulmonary impairment. 
Because anesthesia management was not different 
between the two groups, decreased postoperative 
pain could be an important contributor to better 
preservation of postoperative pulmonary function in 
the 3D group. This finding is consistent with previous 
studies as postoperative pain intensity has been 
identified as an independent predictive factor for 
pulmonary function recovery[23]. Moreover, reduced 
duration of lung deflation due to shortened resection 
time in the 3D group is another factor accounting for 
fewer changes in the OI for the 3D-VATE. 

Systemic responses to postoperative stress 
are another indicator for surgical invasiveness[23]. 
Inflammatory factors, including C-reactive protein 
(CRP), peripheral leukocytes, granulocytes counts and 
PCT, are commonly used for acute phase responses 
to tissue injury[24,25]. In this study, we compared the 
changes in these variables before and after surgery 
in the two groups. Both groups showed significant 
increases in these inflammatory markers compared to 
preoperative baselines, with the 3D group to a lesser 
extent. These findings suggested minor postoperative 
stress in the 3D group. With a 24-fold magnified view 
of the operation field, the 3D high-definition VATE 
offers a more meticulous and precise dissection in a 
confined surgical field. This results in minor surgical 
invasiveness and consequent postoperative stress 
responses as indicated in our findings.

The lymph node status is a major prognostic factor 
for esophageal carcinomas[26,27]. A more extensive 
lymphadenectomy is positively correlated to better 
survival in patients with esophageal cancer. Even in 
patients who initially presented with a locally curable 
disease, 20% were found to eventually have node-
positive disease that required esophagectomy[28]. 
However, studies showed that lymph node dissection 
was inadequate for patients undergoing MIE and 
open esophagectomy[28-30]. In our study, we found 
that utilization of a 3D high-definition camera allows 
better exposure of thoracic lymph nodes and thus 
more extensive resection. Dissection of lymph nodes in 
regions of the left recurrent laryngeal nerve and aortic 
arch is not practical for open and 2D esophagectomy 
due to limited information on spatial depth, which can 
be derived only from secondary spatial depth cues and 
experience. The 3D technique is designed to overcome 
this defect. It returns the actual depth perception to 
the surgeons, which facilitates the improvement of 
surgical performance[13,30,31].

Table 6  Histopathological results and lymph node dissection/
exposure  n  (%)

3D-VATE
n  = 45

2D-VATE
n  = 48

P value

Tumor location NS
   Upper third of the esophagus      8 (17.8)   9 (18.8)
   Middle third of the esophagus    29 (64.4) 30 (62.5)
   Lower third of the esophagus      8 (17.8)   9 (18.8)
Histological type NS
   Adenocarcinoma 0 (0) 1 (2.1)
   Squamous cell carcinoma   45 (100) 47 (97.9)
TNM stage NS
   Ⅰ    12 (26.7)   9 (18.8)
   Ⅱ    16 (35.5) 13 (27.1)
   Ⅲ    17 (37.8) 26 (54.2)
Lymph nodes dissection
   Total1 LNN 24.8 ± 5.2 21.4 ± 6.3 NS
   Thoracic LNN 13.13 ± 3.43   8.96 ± 4.05 < 0.01
   Thoracic LN group   2.56 ± 1.12   2.00 ± 0.85       0.008
   Laryngeal recurrent nerve LNN (L)   2.67 ± 1.15   1.17 ± 0.83 < 0.01
   Laryngeal recurrent nerve LNN (R)   2.27 ± 1.74   2.33 ± 1.39 NS
   Esophageal LNN   3.64 ± 2.05   3.58 ± 1.16 NS
   Subcarinal LNN   3.89 ± 2.59   2.73 ± 1.08       0.005
Lymph nodes exposure
   Recurrent laryngeal nerve (L) (Y)    41 (91.1) 35 (72.9)       0.031
   Recurrent laryngeal nerve (R) (Y)    43 (95.6) 43 (89.6)     0.44

1Inclusive for lymph nodes harvested from the abdomen, chest and 
neck. TNM: Tumor node metastasis; LNN: Lymph node number; L: 
Left; R: Right; NS: Not significant; VATE: Video-assisted thoracoscopic 
esophagectomy; 3D: Three-dimensional; 2D: Two-dimensional. 
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All data of the present study were retrieved from 
a prospectively maintained oncological database at 
our institution with standardized systematic collection 
of medical records. This database helped to reduce 
observation bias to a great extent as analysis of 
patient profiles showed no significant difference 
between the two groups. However, there are several 
limitations to our study. First, both surgeon-specific 
and team-related factors could lead to information 
bias. It was not until January 2013 that we introduced 
3D-VATE to the treatment of esophageal cancer. To 
ensure sufficient training in 3D-VATE esophagectomy, 
we slowly accumulated nearly 30 patients with clinical 
stage Ⅰ esophageal cancer before surgeons of our 
thoracic department gradually passed their learning 
curve by April 2013. Second, selection of patients 
undergoing 3D-VATE was mainly on a first-come and 
first-served basis in our study. However, confounding 
factors such as patient willingness, educational 
backgrounds and economic conditions contributed 
to selection biases, which were unfortunately not 
available for further analysis in the retrospective study. 
Indications of MIE for esophageal cancers remain 
controversial. In this study, the inclusion criterion 
for MIE was non-discriminative of early or advanced 
disease stage[31]. Further randomized controlled studies 
are needed to determine the benefits of 3D-VATE in 
long-term outcomes

In conclusion, compared with 2D-VATE successful 
utilization of 3D-VATE for esophageal carcinomas 
was associated with an accelerated recovery, the 
preservation of pulmonary function, reduced surgical 
stress and more extensive lymphadenectomy. In 
conclusion, 3D-VATE could be a more advantageous 
technique over 2D-VATE. Further investigations are 
needed to confirm this conclusion.

COMMENTS
Background
The optimal surgical approach for esophageal cancer remains controversial. 
Three-dimensional video-assisted thoracoscopic esophagectomy (3D-VATE) 
is believed to offer unique advantages when compared to conventional 2D 
thoracoscopic technique. However, the benefits of 3D-VATE over 2D-VATE 
have not been fully studied.

Research frontiers
The 3D-VATE is a minimally invasive technique with less surgical stress 
and faster recovery compared to open approach. It offers a 24-fold three 
dimensional imaging, which facilitates the restoring of the actual depth 
perception to surgeons and improvement of surgical performance. 

Innovations and breakthroughs
The use of 3D-VATE for esophageal carcinomas was associated with an 
accelerated recovery, the preservation of pulmonary function, reduced surgical 
stress and more extensive lymphadenectomy. In conclusion, 3D-VATE could be 
a more advantageous technique over 2D-VATE.

Applications
The cost-efficiency of 3D-VATE allows the wide use in esophagectomies, 
especially in developing countries such as China. Since the majority of 

esophageal cancer patients come from rural areas with relatively low social-
economic conditions, the 3D-VATE could be a more viable alternative for these 
individuals. 

Terminology
The 3D-VATE is a minimally invasive technique that uses three-dimensional 
video, which offers a 24-fold three dimensional imaging that helps to restore the 
actual depth perception to surgeons. 

Peer-review
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