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Abstract

Introduction Open esophagectomy for cancer is a major

oncological procedure, associated with significant mor-

bidity and mortality. Recently, thoracoscopic procedures

have offered a potentially advantageous alternative because

of less operative trauma compared with thoracotomy. The

aim of this study was to utilize meta-analysis to compare

outcomes of open esophagectomy with those of minimally

invasive esophagectomy (MIE) and hybrid minimally

invasive esophagectomy (HMIE).

Methods Literature search was performed using Medline,

Embase, Cochrane Library, and Google Scholar databases

for comparative studies assessing different techniques of

esophagectomy. A random-effects model was used for

meta-analysis, and heterogeneity was assessed. Primary

outcomes of interest were 30-day mortality and anastomotic

leak. Secondary outcomes included operative outcomes,

other postoperative outcomes, and oncological outcomes in

terms of lymph nodes retrieved.

Results A total of 12 studies were included in the anal-

ysis. Studies included a total of 672 patients for MIE and

HMIE, and 612 for open esophagectomy. There was no

significant difference in 30-day mortality; however, MIE

had lower blood loss, shorter hospital stay, and reduced

total morbidity and respiratory complications. For all other

outcomes, there was no significant difference between the

two groups.

Conclusion Minimally invasive esophagectomy is a safe

alternative to the open technique. Patients undergoing MIE

may benefit from shorter hospital stay, and lower respira-

tory complications and total morbidity compared with open

esophagectomy. Multicenter, prospective large randomized

controlled trials are required to confirm these findings in

order to base practice on sound clinical evidence.

Keywords Esophagectomy � Thoracoscopy �
Minimally invasive surgery � Esophageal cancer �
Laparoscopy

Wit increasing experience and skills at performing laparo-

scopic and thoracoscopic surgery in the past decade, mini-

mally invasive esophagectomy (MIE) is increasingly being

used for surgical management of esophageal cancer. By

the early 1990 s, some institutions had developed and uti-

lized protocols for thoracoscopic esophagectomy, initially

restricting its use to T1 and T2 esophageal tumors without

neoadjuvant chemoradiotherapy [1–3]. However, with time,

indications for thoracoscopic esophagectomy were expan-

ded to include more advanced cancer, irrespective of neo-

adjuvant chemoradiotherapy. Additionally, improvements

in endoscopic surgical techniques and advances in
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endoscopic equipment have allowed further utilization of

MIE. The techniques in minimally invasive esophageal

surgery vary from totally minimally invasive to hybrid

procedures where either the thoracic or the abdominal part

of the operation is performed endoscopically.

Fifteen years later, minimally invasive esophagectomy

has not become widespread (unlike other minimally inva-

sive procedures). It is still considered one of the most

complex gastrointestinal surgical operations, and many

questions remain unanswered as to the real advantages of

applying minimally invasive techniques in this particular

case. Mortality, morbidity, oncological radicality, and the

cost of the procedure are just some of the topics under

debate. Recent reviews [4] focusing on the role of MIE

have emphasized that the benefits of this approach are

controversial due to the increased complexity involved.

Several comparative studies [5, 6] have been conducted

between open esophagectomy (OE) and minimally inva-

sive esophagectomy (MIE). Despite these studies, uncer-

tainty about the advantages of one technique over the other

persists. The question about the best approach for esoph-

agectomy in esophageal cancer still remains unanswered.

We undertook this meta-analysis to compare MIE,

hybrid minimally invasive esophagectomy (HMIE), and

conventional esophagectomy. The specific questions that

our study aims to answer are: (1) Is there a significant

difference in 30-day mortality with MIE/HMIE as com-

pared with OE? (2) Does MIE/HMIE reduce respiratory

complications and anastomotic leaks in comparison with

OE? (3) Does MIE/HMIE reduce total morbidity in com-

parison with OE? (4) Is MIE/HMIE oncological clearance

in terms of lymph node retrieval the same as with OE? (5)

Is there significant heterogeneity in the estimates of out-

comes of interest between MIE/HMIE and OE?

Methods

Study selection

A Medline, Embase, Cochrane database, and Google

Scholar search was performed on all clinical studies pub-

lished until 2009, comparing different techniques (open,

hybrid minimally invasive esophagectomy, and mini-

mally invasive esophagectomy) for esophageal cancer. The

following Mesh search headings were used: Laparos-

copy, Surgical Procedures, Minimally Invasive, Thoracic

Surgery, Thoracoscopy*, Laparotomy*, Gastroplasty,

Thoracotomy*, Esophageal neoplasms, Esophagectomy.

Only studies on humans and in English language were

considered for inclusion. The related-articles function was

used to expand the search from each relevant study iden-

tified. Hand-searching of the references from articles was

also used. All citations and abstracts identified were thor-

oughly reviewed. The last date for this search was 23

January 2009.

Data extraction

Two reviewers (K.N. and K.A.) independently extracted

the following data from each study: study characteristics

(first author, year of publication, study design), population

characteristics (number of patients included, demographics,

tumor characteristics), and outcomes of interest.

HMIE and MIE

The techniques of minimally invasive surgery for esopha-

geal disease vary widely. They include thoracoscopy

combined with laparotomy, thoracoscopy combined with

laparoscopy, hand-assisted thoracotomy, hand-assisted

laparotomy or minilaparotomy, and laparoscopic transhia-

tal or hand-assisted laparoscopic transhiatal.

For our study, we classified procedures as MIE only

when both abdominal and thoracic stages were either fully

endoscopic or hand-assisted endoscopic, i.e., laparoscopy

surgery (LS), hand-assisted laparoscopic surgery (HALS),

thoracoscopy surgery (TS), and video-assisted thoraco-

scopic surgery (VATS). In case of transhiatal, they were

either laparoscopic transhiatal (LTH) or hand-assisted

laparoscopic transhiatal (HALTH).

Procedures were classified as HMIE only when one

stage (abdominal or thoracic) was open and other stage was

endoscopic or hand-assisted endoscopic.

Outcomes of interest

Primary outcomes of interest were 30-day mortality and

anastomotic leakage, while secondary outcomes of interest

were:

1. Operative outcomes: operative duration, blood loss,

intensive care unit (ICU) stay, and hospital stay

2. Postoperative outcomes: gastrointestinal (GI) bleed,

anastomotic stricture, gastric conduit ischemia, respi-

ratory complications, cardiac complications, chyle

leak, vocal cord palsy, and total morbidity

3. Oncological outcomes: lymph node retrieval (as a

surrogate marker for cancer clearance)

Inclusion criteria

In order to be included in the analysis, studies had to:

1. Compare the outcome measures mentioned above

between open versus MIE/HMIE or HMIE versus MIE;
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2. Report on at least one of the outcomes of interest

mentioned above.

When the same institution reported two studies, we

included either the one of better quality (increased sample

size) or the most recent publication.

Exclusion criteria

Studies were excluded from analysis if:

1. They were either noncomparative studies or case

series;

2. The outcomes of interest were not reported for the two

techniques;

3. There was an overlap between authors, centers or

patient cohorts evaluated in the published literature.

Statistical analysis

Meta-analysis was performed in line with recommenda-

tions from the Cochrane collaboration and Meta-analysis of

Observation Studies in Epidemiology (MOOSE) guidelines

[7]. Statistical analysis for categorical variables was carried

out using the odds ratio (OR) as the summary statistic. This

ratio represents the odds of an adverse event occurring in

the MIE or HMIE group compared with in the open group.

For continuous variables such as operative time and blood

loss, statistical analysis was carried out using the weighted

mean difference (WMD) as the summary statistic [8]. Data

were reanalyzed using both random- and fixed-effect

models. In a random-effect model it is assumed that there is

variation between studies, and the calculated odds ratio

thus has a more conservative value. In this research, meta-

analysis using the random-effect model is preferable, par-

ticularly because patients that are operated on in different

centers have varying risk profiles and techniques for

esophagectomy. Analysis was conducted by using the sta-

tistical software Review Manager version 4.2 (The Coch-

rane Collaboration, Software Update, Oxford).

Results

Eligible studies

A flowchart of the literature search process is shown in

Fig. 1. Twelve studies [5, 6, 9–18] were identified

comparing the three techniques in question. Six [6, 9, 12,

13, 18, 19], four [5, 6, 14, 17], and three studies [10, 11,

15] compared MIE with open, HMIE with open, and

MIE with HMIE, respectively. A study by Smithers et al.

[5] compared both open versus MIE and open versus

HMIE. On review of the data extracted, there was 100%

agreement between the two reviewers. The characteristics

of these 12 studies are summarized in Table 1. All

studies except one utilized some form of matching

criteria.

Open versus minimally invasive esophagectomy (MIE)

Primary outcomes

Results from overall meta-analysis are outlined in Table 2.

Using random-effects modeling, the overall results dem-

onstrated that there was no significant difference in 30-day

mortality and anastomotic leak between the two groups

(P = 0.26 and P = 0.14, respectively), and no significant

heterogeneity was detected between the groups in reporting

these outcomes.

Subanalysis of open transthoracic (TT) and open trans-

hiatal (TH) with MIE revealed no significant difference in

30-day mortality (P = 0.35 and P = 0.49, respectively);

however, a trend towards lower anastomotic leak was

found in MIE [P = 0.08, OR = 0.43, 95% confidence

interval (CI) 0.17, 1.10 and P = 0.09, OR = 0.46, 95% CI

0.18, 1.13].

Secondary outcomes (Figs. 2, 3, 4)

Five studies reported on operative blood loss and opera-

tive time. Blood loss was significantly lower in MIE

group (P B 0.001, WMD = -268.53, 95% CI -369.91,

-167.16), but there was significant heterogeneity in the

studies in reporting this outcome (P = 0.02).

ICU stay and hospital stay were also found to be sig-

nificantly lower in patients undergoing MIE (P B 0.001,

WMD = -0.97, 95% CI -1.31, -0.63 and P = 0.004,

WMD = -2.75, 95% CI -4.65, -0.86, respectively). In

terms of postoperative outcomes, total morbidity was sig-

nificantly lower in MIE group (P = 0.007, OR = 0.52,

95% CI 0.32, 0.84). Subanalysis of comorbidities revealed

significant difference in respiratory complications between

the two groups (P = 0.04, OR = 0.58, 95% CI 0.35, 0.98).

For all other operative and postoperative outcomes, there

was no significant difference between the two groups. In

terms of oncological outcomes, there was no significant

difference in terms of lymph nodes retrieved between the

two groups.

Significant difference in blood loss and total morbidity

was again found on subanalysis of open (TT) and open

(TH) with MIE (P = 0.03, WMD = -486.50, 95% CI -

920.99, -52.01, P \ 0.001, WMD = -380.63, 95% CI -

605.39, -155.87 and P = 0.03, OR = 0.54, CI 0.31–0.93,

P = 0.002, OR = 0.38, CI 0.21, 0.71, respectively).
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Open versus hybrid minimally invasive esophagectomy

(HMIE)

Primary outcomes (Fig. 5)

Results from overall meta-analysis are outlined in Table 2.

Analogous to the results of open versus MIE, there was no

significant difference in 30-day mortality (P = 0.28);

however, anastomotic leak was found to be significantly

lower in HMIE (P = 0.02, OR = 0.51, CI 0.28, 0.91).

Secondary outcomes

There was a strong trend towards lower blood loss in HMIE

group (P = 0.05, WMD = -147.87, CI = -297.40,

1.67); however, significant heterogeneity was found in the

studies on reporting this outcome. Analysis of postopera-

tive outcomes showed significantly lower respiratory

complications in HMIE group (P = 0.03, OR = 0.68,

CI = 0.48, 0.96), consistent with the findings of open

versus MIE. There was no significant difference in

reporting other outcomes.

HMIE versus MIE

Three studies were found to compare the two techniques.

There was no significant difference in blood loss between

the two groups (P = 0.26). Only two studies reported other

outcomes, so no meta-analysis was possible for these

outcomes.

Discussion

Although a decade has passed since its introduction, the

efficacy of minimally invasive esophageal surgery remains

unproven. This study compared outcomes between MIE,

hybrid MIE, and conventional open esophagectomy (OE).

Mesh Terms- Laparoscopy, Surgical Procedures, 
Minimalli invasive, Thoracic Surgery, Thoracoscopy* , 
Laparatomy*, Gastroplasty, Thoracotomy*, Esophageal 
neoplasms, Esophagectomy 
Data base- Medline, Cochrane & Google scholar 
Number of articles identified by computer search- 3262
Last Search done on 23rd January 2009

Excluded by Title Search  

Number of articles – 133 Abstract Search- 111 
excluded (case series, 
articles comparing prone vs 
decubitus position and 
comparing staging 
techniques)

4 studies from same 
institution 
2 case series 
1 study comparing open and 
laparoscopic
pharyngesophagectomy 
1 study describing 
minithoracotomy with 12 
cm incision 

22 studies selected for full review 

14 Comparative studies 
comparing Open vs Minimally 
invasive Esophagectomy 

2 Studies – Differentiation 
between MIE & HMIE was 
not possible 

12 studies included in the final systematic  
review & metaanalysis comparing Open Vs 
MIE, Open Vs HMIE or MIE Vs HMIE 

Fig. 1 Flow chart for literature

search
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The use of meta-analytic techniques allowed inclusion of a

total of 478 subjects, of whom 152 (31.8%) underwent MIE

and 326 (68.2%) underwent open esophagectomy. Further

analysis between HMIE and open esophagectomy (OE)

included 806 patients, with 520 (64.5%) patients who

underwent HMIE and 286 (35.5%) who underwent open

esophagectomy. A sample group of this size would be

difficult to accumulate in a reasonable length of time and

would require significant cost. Survival analysis could not

be done as fewer than three studies in both analysis mea-

sured survival at different times (2, 3, and 5 years).

The results of this meta-analysis suggest that patients

undergoing MIE had better operative and postoperative

outcomes with no compromise in oncological outcomes (as

assessed by lymph node retrieval). Patients receiving MIE

had significantly lower blood loss, and shorter postopera-

tive ICU and hospital stay. There was a 50% decrease in

total morbidity in MIE group. Subgroup analysis of

comorbidities demonstrated significantly lower incidence

of respiratory complications after MIE; however, other

postoperative outcomes such as anastomotic leak, anasto-

motic stricture, gastric conduit ischemia, chyle leak, vocal

cord palsy, and 30-day mortality were comparable between

the two techniques. Another subgroup analysis of MIE and

open transthoracic and open transhiatal esophagectomy

again confirmed significantly lower blood loss and total

morbidity in patients undergoing MIE. The benefit of even

one endoscopic stage in HMIE (e.g., thoracoscopy with

laparotomy or thoracotomy with laparoscopy) was evident,

and blood loss and respiratory complications were still

found to be lower, consistent with open versus MIE anal-

ysis, thus highlighting the advantage of applying minimally

invasive approach to esophagectomy. The results also

establish the oncological validity of MIE; however, no

conclusion can be accepted with certainty as the number of

studies was small and there was significant heterogeneity in

the analysis of HMIE and open esophagectomy in reporting

this outcome. Although blood loss in MIE and HMIE was

Table 1 Demographic characteristics of included studies

Study

no.

Author and year Study

design

Number of

patients

Sex of patients

(M/F)

Age of patients

(mean ± SD), years

Comparability between

groups

MIE OE MIE OE MIE OE

MIE versus open

1. Bernabe et al. 2005 [9] RNR 17 14 16/1 11/3 63.9 ± 13.5 64.1 ± 10.7 1

2. Braghetto et al. 2006 [12] RNR 47 119 NR NR NR NR 4,5

3. Fabian et al. 2008 RNR 22 43 16/6 31/12 63 ± 10 61 ± 11.8 1,2,7,9

4. Nguyen et al. 2000 [16] RNR 18 16 7/11 14/2 64 ± 12 67 ± 8 1,5

5. Smithers et al. 2007 [5] RNR 23 114 20/3 102/12 61 ± 9.8 62.5 ± 13 1,2,3,4,5,8, 13

6. Van den Broek et al. 2004 [18] RNR 25 20 19/6 14/6 63 ± 8 64 ± 8 1,2,7,8,9

HMIE OE HMIE OE HMIE OE

HMIE versus open

1. Law et al. 1997 [14] RNR 18 63 13/5 55/8 66 63 1,2,3,4,5,9,13

2. Osugi et al. 2003 [17] RNR 77 72 64/13 57/15 63.7 ± 9.6 64 ± 9.3 1,2,7,10,11

3. Shiraishi et al. 2006 [6] RNR 116 37 62/16 31/6 61.5 ± 8.1 66.5 ± 9.3 2,4,5,6

4. Smithers et al. 2007 [5] RNR 309 114 247/62 102/112 64 ± 14.5 62.5 ± 13 1

MIE HMIE MIE HMIE MIE HMIE

MIE versus HMIE

1. Benzoni et al. 2007 [10] RNR 9 13 6/3 11/2 63.6 ± 2.6 60.2 ± 2.3 1,2,6,7,9

2. Bonavina et al. 2004 [11] RNR 16 27 10/3 19/6 64 ± 5.5 62 ± 9.75

3. Martin et al. 2005 [15] RNR 15 21 NR NR NR NR 1,2,8,9

MIE minimally invasive esophagectomy, HMIE hybrid minimally invasive esophagectomy, OE open esophagectomy, RNR retrospective non-

randomized, M/F male/female, SD standard deviation, NR not reported

Matching criteria

Patient-related factors: (1) age, (2) sex, (3) comorbidity

Surgical-related factors: (4) method of reconstruction, (5) extent of lymphadenectomy

Tumor-related factors: (6) histological type of tumor, (7) location of tumor, (8) pathological grade of tumor, (9) clinical stage of tumor, (10)

depth of invasion, (11) lymph node metastasis, (12) distant metastasis, (13) R0, free resection margin
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found to be lower compared with open, significant heter-

ogeneity was found between the studies in reporting this

outcome. This can be explained by the fact that blood loss

is a very surrogate outcome, significantly dependent on

operator and tumor characteristics. As seen in Table 1,

although several studies were matched for age and sex,

fewer were matched for tumor characteristics, which could

have caused the heterogeneity between the groups.

The decrease in total morbidity and respiratory com-

plications in the MIE group may be related to the less

invasive nature of the operation, which allows improved

patient mobilization following MIE, thereby facilitating

Table 2 Results of meta-analysis comparing MIE versus open and HMIE versus open esophagectomy

Outcome No. of studies No. of patients OR/WMD 95% CI P-value HG v2 HG P-value

MIE versus open

Operative time 5 312 5.91 -39.53, 51.34 0.80 29.13 <0.001

Blood loss 5 312 -268.53 -369.91, -167.16 <0.001 12.14 0.02

ICU stay 3 216 -0.97 -1.31, -0.63 <0.001 1.16 0.56

Length of stay 4 267 -2.75 -4.65, -0.86 0.004 2.01 0.57

GI bleeding 2 171 0.32 0.04, 2.81 0.30 0.01 0.91

Anastomotic leak 5 447 0.58 0.28, 1.20 0.14 3.43 0.49

Anastomotic stricture 4 379 1.58 0.30, 8.40 0.59 15.07 0.002

Gastric conduit ischemia 3 236 1.80 0.34, 9.60 0.49 1.88 0.39

Respiratory complications 5 447 0.58 0.35, 0.98 0.04 2.91 0.57

Cardiac complications 3 368 1.11 0.51, 2.45 0.79 0.42 0.81

Chyle leak 5 447 1.37 0.35, 5.47 0.65 2.73 0.44

Vocal cord palsy 5 447 0.76 0.19, 3.10 0.71 0.12 0.94

Total morbidity 5 447 0.52 0.32, 0.84 0.007 4.36 0.36

30-day mortality 5 447 0.55 0.19, 1.57 0.26 0.04 0.98

Number of LN retrieved 4 240 1.02 -0.84, 2.88 0.28 2.76 0.43

HMIE versus open

Operative time 3 653 5.64 -31.77, 43.05 0.77 18.60 <0.001

Blood loss 3 653 -147.87 -297.40, 1.67 0.05 8.58 0.01

Anastomotic leak 4 806 0.51 0.28, 0.91 0.02 0.50 0.92

Respiratory complications 4 806 0.68 0.48, 0.96 0.03 1.12 0.77

Cardiac complications 4 806 0.67 0.42, 1.07 0.09 2.44 0.49

Chyle leak 2 562 1.48 0.23, 9.53 0.68 1.81 0.18

Vocal cord palsy 4 806 1.54 0.89, 2.67 0.13 1.45 0.69

Total morbidity 3 725 0.62 0.31, 1.25 0.18 5.17 0.08

30-day mortality 4 806 0.56 0.19, 1.60 0.28 0.92 0.34

Number of LN retrieved 3 632 -1.44 -6.61, 3.73 0.58 19.37 <0.001

MIE minimally invasive esophagectomy, HMIE hybrid minimally invasive esophagectomy, LN lymph node, ICU intensive care unit, OR odds

ratio, WMD weighted mean difference, CI confidence interval, HG heterogeneity

)modnar(DMWthgieW)modnar(DMWnepOEIMydutS
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI

Nguyen et al     18    297.00(233.00)        16   1047.00(792.00)   5.36   -750.00 [-1152.72, -347.28] 
Van den Brook et al     25    600.00(216.00)        20    900.00(113.00)  26.26   -300.00 [-398.09, -201.91] 
Bernabe et al     17    331.00(220.00)        14    542.00(212.00)  19.47   -211.00 [-363.54, -58.46] 
Smithers et al     23    300.00(246.30)       114    600.00(750.00)  17.54   -300.00 [-470.55, -129.45] 
Fabian et al     22    178.00(96.00)         43    356.00(136.00)  31.36   -178.00 [-235.11, -120.89] 

Total (95% CI)    105                         207 100.00   -268.53 [-369.91, -167.16]

Test for heterogeneity: Chi² = 12.14, df = 4 (P = 0.02), I² = 67.0%
Test for overall effect: Z = 5.19 (P < 0.00001)

 -1000  -500  0  500  1000

 Favours MIE  Favours Open

01 Blood loss 

Fig. 2 Forest plot for blood loss: MIE versus open esophagectomy
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recovery. However, we acknowledge that this analysis was

unable to match tumor characteristics in all studies, which

implies that patients with more advanced caner stage may

have undergone open surgery, thereby increasing clinical

heterogeneity between the groups.

Meta-analytic research such as in this study has several

limitations that must be taken into account when consid-

ering its results. First, there are a lot of case series [19–24]

on minimally invasive approaches to esophagectomy but

no randomized controlled trials to compare. However, we

should take into account that it is difficult to conduct a

prospective randomized study within a reasonable time-

frame. Second, it was not possible to match all patient

groups for cancer stage, cancer location, and adjuvant

treatment, all of which are factors known to affect outcome

for patients with esophageal cancers. Third, it is important

to bear in mind publication bias, particularly in secondary

meta-analytic research based on published studies. Fourth,

variation in inclusion criteria for minimally invasive

esophagectomy including early stage of disease, treatment

protocols, operative technique, and outcome assessment

between studies may all influence results. Fifth, the vol-

ume–outcome effect cannot be ignored. Various reports

[25–27] have shown a survival benefit in high-volume

hospitals ([20 resections/year). A few of the studies in our

meta-analysis failed to provide information about the

thgieW)modnar(ROnepOEIMydutS  OR (random)
IC%59%IC%59N/nN/nyrogetac-busro

 Nguyen et al        3/18               3/16  8.67      0.87 [0.15, 5.06] 
 Van den Brook et al        2/25               2/20   6.39      0.78 [0.10, 6.11] 
 Braghetto et al        9/47              36/119  39.63      0.55 [0.24, 1.25] 
 Smithers et al        8/23              44/114 30.72      0.85 [0.33, 2.17] 
 Fabian et al        3/22              18/43  14.59      0.22 [0.06, 0.85] 

Total (95% CI) 135                312 100.00      0.58 [0.35, 0.98]
Total events: 25 (MIE), 103 (Open)
Test for heterogeneity: Chi² = 2.91, df = 4 (P = 0.57), I² = 0%
Test for overall effect: Z = 2.04 (P = 0.04)

 0.01  0.1  1  10  100

 Favours MIE  Favours Open

02 Respiratory Complications 

Fig. 3 Forest plot for respiratory complications: MIE versus open esophagectomy

thgieW)modnar(ROnepOEIMydutS  OR (random)
IC%59%IC%59N/nN/nyrogetac-busro

 Nguyen et al        7/18               8/16  11.67      0.64 [0.16, 2.49] 
 Van den Brook et al       14/25              18/20   8.00      0.14 [0.03, 0.74] 
 Braghetto et al       18/47              72/119  39.38      0.41 [0.20, 0.81] 
 Smithers et al       14/23              76/114  24.00      0.78 [0.31, 1.96] 
 Fabian et al       15/22              31/43  16.95      0.83 [0.27, 2.54] 

Total (95% CI) 135                312 100.00      0.52 [0.32, 0.84]
Total events: 68 (MIE), 205 (Open)
Test for heterogeneity: Chi² = 4.36, df = 4 (P = 0.36), I² = 8.2%
Test for overall effect: Z = 2.69 (P = 0.007)

 0.01  0.1  1  10  100

 Favours MIE  Favours Open

03 Total Morbidity

Fig. 4 Forest plot for total morbidity: MIE versus open esophagectomy

thgieW)modnar(ROnepOEIMHydutS  OR (random)
IC%59%IC%59N/nN/nyrogetac-busro

 Law et al        0/18               2/63  3.63      0.66 [0.03, 14.47] 
 Osugi et al        1/77               2/72   5.87      0.46 [0.04, 5.19] 
 Shiraishi et al       13/116              9/37 38.38      0.39 [0.15, 1.01] 
 Smithers et al       17/309             10/114  52.13      0.61 [0.27, 1.36] 

Total (95% CI) 520                286 100.00      0.51 [0.28, 0.91]
Total events: 31 (HMIE), 23 (Open)
Test for heterogeneity: Chi² = 0.50, df = 3 (P = 0.92), I² = 0%
Test for overall effect: Z = 2.27 (P = 0.02)

 0.01  0.1  1  10  100

 Favours MIE  Favours Open

04 Anastomotic Leak 

Fig. 5 Forest plot for anastomotic leak: HMIE versus open esophagectomy
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volume status of their centers, so it was difficult to adjust

for this factor. Finally, patients selected for minimally

invasive surgery are unlikely to have been representative of

the population of patients presenting to the reporting cen-

ters. Particularly in the early stages of their experience with

MIE, prudent surgeons are likely to have selected patients

with smaller tumors and to have avoided candidates with

serious comorbidity. In addition, there is a long profi-

ciency-gain curve [22] involved in mastering MIE, which

could also have influenced the results of the studies.

Due to patient factors, tumor characteristics, and sur-

geon preference, randomized trials along the lines of this

meta-analysis are unlikely to be feasible, thus highlighting

the importance of such an analysis. Moreover, in the

absence of randomized controlled trials, we believe that

this meta-analysis of nonrandomized studies is useful to

guide researchers towards properly informed randomiza-

tion in future studies. To rule out a 50% relative risk

reduction in 30-day mortality [from 6% (open) to 3%

(MIE)] with a 5% significance level and 80% power, we

calculated that a traditional randomized controlled trial

(RCT) would require 608 patients in each arm. Similarly,

to rule out a 35% relative risk reduction in anastomotic

leak [from 14% (open) to 9% (MIE)] with a similar sig-

nificance and power value, 566 patients would be needed in

each arm for a RCT. If we include only high-volume

centers (*50 esophageal resections annually) in such a

trial, it would take approximately 4 years for six high-

volume centers to accrue this sample size.

Conclusions

This study has demonstrated that minimally invasive

approach to esophagectomy is a safe alternative to the open

technique. Although there is no change in 30-day mortality,

patients undergoing MIE may benefit from lower blood

loss, shorter hospital stay, and reduced total morbidity and

respiratory complications without compromising lymph

node clearance. These results suggest some advantages of

the minimal invasive approach; however, better evidence

on outcomes is needed before any claims can be made for

the superiority of the minimally invasive approach in

normal surgical practice.
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