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Abstract
Background Most published minimally invasive esophagectomy techniques involve a multiple field approach,
including laparoscopic and thoracoscopic esophageal
mobilization. Laparoscopic transhiatal esophagectomy
(LTE) should potentially reduce the complications associated with thoracotomy. This study aims to compare outcomes of LTE with open transhiatal esophagectomy (OTE)
and en-bloc esophagectomy (EBE).
Methods Retrospective chart review was performed on all
patients who had an LTE for cancer between July 2008 and
July 2012 at our institution. Data was compared with an
historic cohort of patients who underwent OTE and EBE at
the same institution from July 2002 to July 2008.
Results There were 33 patients with LTE, compared with
60 patients with OTE and 139 with EBE. The presence of
minor operative complications was similar (p = 0.36), but
major complications were significantly less common in the
LTE group (12, 23 and 33 %, respectively; p = 0.04). The
median number of blood transfusions during hospitalization was significantly lower in the LTE group (0, 2.5 and 3,
respectively; p = 0.005). Median tumor size was significantly smaller (1.5, 2.2, and 3 cm, respectively; p = 0.03),

Presented at the SAGES 2013 Annual Meeting, April 17–April 20,
2013, Baltimore, MD.
J. C. Cash  J. Zehetner  B. Hedayati  N. A. Bildzukewicz 
N. Katkhouda  R. J. Mason  J. C. Lipham (&)
Department of Surgery, Keck School of Medicine, University of
Southern California, 1510 San Pablo St, Suite 514, Los Angeles,
CA 90033, USA
e-mail: john.lipham@med.usc.edu

123

but the LTE group had a significantly higher percentage of
patients with neoadjuvant treatment (39, 14 and 29 %,
respectively; p = 0.008). Median lymph node yield for
LTE was lower (24, 36 and 48, respectively; p \ 0.0001),
but the percentage of patients with positive nodes was
similar (33, 33 and 39 %, respectively; p = 0.69). Mortality was equivalent among the groups (0, 2 and 4 %,
respectively; p = 0.38). The median LOS for the LTE
group was significantly lower (10, 13 and 15 days,
respectively; p \ 0.0001). Overall survival was not different between the three groups (p = 0.65), with median
survival at 24 months of 70, 65 and 65 %, respectively.
Conclusion LTE can be performed safely with less major
complications and shorter hospital stay than open esophagectomy. The reduced lymph-node harvest did not impact
overall survival.
Keywords Esophageal cancer  Laparoscopic
transhiatal esophagectomy  Minimally invasive

Esophagectomy is the key element in a multi-modality
treatment approach that offers a potential cure for patients
with esophageal cancer. Although there have been vast
improvements in surgical technique since the first esophagectomy by Kelling in 1911, traditional open esophageal
resection has been associated with high morbidity and
mortality. Birkmeyer et al. [1] reported mortality ranging
from 8 to 23 % in the US, depending on hospital volume.
As the incidence of esophageal cancer has risen worldwide,
so too has the debate over which technique offers the most
optimal combination of minimal morbidity and mortality
while retaining strict oncological principles [2]. The
importance of reducing operative complications is further
emphasized by the development of non-surgical treatment
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options for early-stage esophageal malignancy, such as
endoscopic mucosal resection and ablation therapy [3, 4].
Minimally invasive esophagectomy (MIE) techniques
were first reported by Cuschieri et al. [5], and in the subsequent two decades, numerous variations have been
employed with heterogeneity in the reported perioperative
and oncological outcomes. Systematic reviews of MIE
studies have shown equivocal results, but meta-analyses
have suggested that MIE has lower morbidity with no
significant effect on mortality [6–8]. Recent populationbased studies in the UK, conducted by Mamidanna et al.
[9], showed a dramatic increase in the utilization of MIE
over time, but no difference in 30-day mortality or overall
morbidity, as well as a higher re-intervention rate.
The most widely employed techniques for MIE involve
a multiple-field approach, including laparoscopic and thoracoscopic mobilization of the esophagus. The thoracoscopic approach offers improved visualization of the
intrathoracic esophagus and a more thorough dissection of
the lymph node basin. While the use of thoracoscopy has
reduced the number of chest-related complications in most
series, there is room for improvement as pulmonary complications are the leading cause of post-esophagectomy
mortality in several series [10–14]. The laparoscopic
transhiatal approach was first described by DePaula et al.
[15–18] in 1995, with several subsequent reports being
published regarding this technique. The transhiatal
approach avoids the complications of directly accessing the
thorax, although it has not been as widely adopted. One
possible explanation is a perceived lack of mediastinal
exposure that could potentially compromise the radial
resection margins and lymphadenectomy. Although there
was initial concern over the oncological feasibility of
minimally invasive techniques, a systematic review by
Dantoc et al. [19] reported higher median lymph node yield
for MIE compared with open techniques (16 vs. 10), as
well as no significant difference in 5-year survival.
In this study, we compared a series of 33 laparoscopic
transhiatal esophagectomies (LTEs) for esophageal cancer
with a historical cohort of patients undergoing open
transhiatal esophagectomy (OTE) and en-bloc esophagectomy (EBE) at the same institution to investigate perioperative outcomes, lymph node harvest, and overall survival.

Materials and methods
This study was approved by the Institutional Review Board
of the University of Southern California. Charts were
reviewed to identify all patients who had undergone LTE
for esophageal cancer from July 2008 to July 2012. Data on
these patients were collected using the hospital’s electronic
and paper medical record. During the study period, all
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esophagectomies performed by the primary surgeon were
via the LTE technique, with the exclusion of those with
prior major abdominal surgery. All patients undergoing
completed LTE or attempted LTE converted to open were
included in the analysis. The Social Security Death Index
was accessed to verify the survival status for all patients.
Data were analyzed and compared with a historical
cohort of esophageal cancer patients who underwent OTE
and EBE at the same institution from July 2002 to July
2008. Statistical analyses were performed using Prism
(GraphPad, La Jolla, CA, USA). Survival estimates were
calculated according to the Kaplan–Meier method. Statistical significance was defined by p \ 0.05.
Post-operative complications were classified as minor or
major. Minor complications were those that did not require
interventional procedures or reoperations. All other complications were classified as major, including any anastomotic leak; anastomotic leaks were further classified as
minor or major leaks. Minor leaks were those treated with
antibiotics alone and did not require interventional procedures, stenting, or reoperation, while all other leaks were
classified as major.
Comorbidities were subdivided into cardiac and respiratory, as well as the presence of hypertension and diabetes. Cardiac comorbidities were defined as having any
documented history of angina, myocardial infarction, coronary artery disease and valvular disease, or any history of
interventional or open cardiac procedures. Respiratory
comorbidities were defined as having any documented
history of restrictive or obstructive lung disease, or the
patient was actively smoking.
Surgical procedure
En-bloc and transhiatal esophagectomy were performed as
described in previous publications [20, 21]. LTE is performed with the patient in the dorsal lithotomy position,
with the operating surgeon standing between the legs and
assistants on either side. Trocars are placed in the upper
abdomen in a standard Nissen fundoplication configuration. The distal esophagus and all periesophageal tissue are
then carefully mobilized and the dissection is extended
proximally in a circumferential manner. The pericardium is
skeletonized anteriorly up to the carina. In a similar manner, the aorta is skeletonized posteriorly, and the parietal
pleura laterally. The right and left crura are often incised to
provide better exposure of the mediastinum. After completing this portion of the mediastinal dissection, the
stomach is then mobilized and a lymphadenectomy of the
celiac trunk is performed. The cervical dissection is then
performed and the cervical esophagus is dissected down to
the proximal extent of the previous mediastinal dissection.
The esophagus is then transected in the neck and removed
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Table 1 Baseline characteristics and comorbidities

Age (years)

Table 2 Tumor staging and recurrence

LTE (%)
[n = 33]

OTE (%)
[n = 60]

EBE (%)
[n = 139]

p Value

72 (50–83)

75.5 (70–80)

61 (53–71) \0.0001

22

51

129

Female

11

9

10

Co-Morbidities
Cardiac

EBE (%)
[n = 139]

p Value

15 (45)

22 (37)

35 (25)

0.04

0.0003

Stage II

6 (18)

16 (26)

45 (32)

0.24

12 (37)
13 (39)

22 (37)
7 (14)

59 (43)
31 (29)

0.67
0.008

25 (76)

50 (83)

87 (63)

0.01

Stage III
Neoadjuvant

15 (45)

24 (40)

19 (14)

\0.0001

Tumor size (cm)

1.5

2.2

3.0

Median lymph nodes

24

36

48

Patients with positive
nodes

11 (33)

20 (33)

54 (39)

Recurrence

Respiratory
Hypertension

8 (24)
17 (52)

21 (35)
40 (67)

21 (15)
57 (41)

0.007
0.004

Diabetes

3 (9)

9 (15)

15 (11)

0.62

EBE en-bloc esophagectomy, LTE laparoscopic transhiatal esophagectomy, OTE open transhiatal esophagectomy

transabdominally after the camera port is extended to
accommodate the specimen. The stomach is tubularized by
sequential firings of the GIA 100 mm stapler, and the
staple line is over-sewn. Prior to removal, an umbilical tape
is affixed to the esophagus, which is then used to pass a
chest tube retrograde through the posterior mediastinum,
attached to the gastric conduit, and gently withdrawn to
pull the conduit up into the neck. A Kocher maneuver is
not routinely performed as tubularization of the stomach
generally provides enough conduit length, although, if
necessary, this could be performed through the small
midline incision used for specimen removal. Adequate
vascular supply to the conduit is confirmed, and a singlelayer, hand-sewn anastomosis is constructed. Additionally,
a jejunostomy feeding tube is routinely placed. Pyloroplasty is not performed for any patients undergoing LTE.

Results
Between July 2008 and July 2012, a total of 33 consecutive
LTE were performed for patients with squamous cell carcinoma or adenocarcinoma of the esophagus. The results were
compared with a cohort of 60 patients who underwent OTE
and 139 patients who underwent EBE for the same pathology
from July 2002 to July 2008. The median age was significantly
different between the groups, with EBE having the youngest
patients (p \ 0.0001) [Table 1]. The majority of patients in all
groups were men, although the male predominance was significantly less in the LTE group (p = 0.0003). Prevalence of
comorbidities was significantly higher in the LTE and OTE
groups than EBE (p = 0.01), with a higher incidence in all
subgroups except prevalence of diabetes.
When pathological staging was analyzed, the EBE
group had fewer stage I tumors; otherwise, there were no
significant differences in staging of the groups (Table 2).
Median tumor size was significantly smaller in the LTE
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OTE
(%)
[n = 60]

Stage I

Sex
Male

LTE (%)
[n = 33]

0.03
\.0001
0.65

8 (24)

15 (25)

38 (27)

0.90

Locoregional

5

4

14

0.24

Systemic

3

11

23

EBE en-bloc esophagectomy, LTE laparoscopic transhiatal esophagectomy, OTE open transhiatal esophagectomy

group compared with the OTE and EBE groups (p = 0.03),
but there was also a significantly higher percentage of
patients who received neoadjuvant therapy in the LTE
group (p = 0.008). Of patients in the LTE group receiving
neoadjuvant treatment, 23 % had a complete pathological
response (3/13). Additionally, the percentage of patients
with positive nodes was similar among all groups
(p = 0.65), although the number of lymph nodes resected
was lower for the LTE group (24) than the OTE and EBE
groups (p \ 0.0001). Recurrence was similar among all
groups (p = 0.9), with no significant differences between
the ratios of systemic and locoregional recurrence between
the groups (p = 0.24).
The LTE group had a conversion rate of 6.1 % (2/33),
with one conversion being due to the inability to clearly
identify the left gastric vessels due to adherent tissue
obscuring proper visualization. The other conversion was
due to difficulty with port placement and maintaining
proper insufflation secondary to a previous abdominal wall
reconstruction with mesh after TRAM (Transverse Rectus
Abdominis Myocutaneous) flap for breast reconstruction.
The average operative time was similar among the LTE
and OTE groups (274 and 275.5 min, respectively), and
significantly shorter than the EBE group (415 minutes;
p \ 0.0001) [Fig. 1]. The presence of minor operative
complications among the three groups was similar
(p = 0.36), but major complications were significantly less
common in the LTE group (p = 0.04) [Table 3]. There was
no difference in the incidence of pulmonary complications
(p = 0.57) or anastomotic leaks (p = 0.72). The LTE
group did not require any re-operations compared with 10
and 16 % in the OTE and EBE groups, respectively,
although this difference was not statistically significant
(p = 0.56). The median LOS was significantly lower for
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Fig. 1 Perioperative outcomes.
EBE en-bloc esophagectomy,
LTE laparoscopic transhiatal
esophagectomy, OTE open
transhiatal esophagectomy

Table 3 Morbidity and mortality
LTE (%)
[n = 33]

OTE (%)
[n = 60]

EBE (%)
[n = 139]

p Value

Minor

9 (27)

23 (38)

40 (29)

0.36

Major

4 (12)

14 (23)

46 (33)

0.04

Leak
Minor

3 (9)
2

8 (13)
5

20 (14)
13

0.72
–

Morbidity

1

3

7

–

Chest

Major

2 (6)

5 (8.3)

16 (11.5)

0.57

Reoperations

0

6 (10)

22 (16)

0.56

0

1 (2)

6 (4)

0.39

Mortality

EBE en-bloc esophagectomy; LTE laparoscopic transhiatal esophagectomy; OTE open transhiatal esophagectomy

Fig. 2 Kaplan–Meier survival curve. EBE en-bloc esophagectomy,
LTE laparoscopic transhiatal esophagectomy, OTE open transhiatal
esophagectomy

the LTE group at 10 days compared with the OTE and EBE
groups at 13 days and 15 days, respectively (p \ 0.0001).
Median PRBC transfusion during hospitalization was

significantly lower for the LTE group at 0, compared with
2.5 and 3 in the OTE and EBE groups, respectively
(p = 0.0005) [Fig. 1].
Median follow-up was 26 months (range 2–55 months)
for the LTE group, 64 months for the OTE group, and 62
months for the EBE group. Using the Kaplan–Meier
method, overall survival was not significantly different
between the groups, with a median survival at 24 months of
70, 65, and 65 %, respectively (p = 0.65) [Fig. 2].

Discussion
The number of centers employing MIE continues to rise, as
well as the overall percentage of patients undergoing MIE
compared with open repair [22]. As a result, the optimal
approach to esophageal resection for malignancy remains
an area of active debate [23]. In their selected series of LTE
compared with combined laparoscopic and thoracoscopic
two-field esophagectomy, Benzoni et al. [24] showed
shorter operative times, shorter intensive care unit and
overall stay, and a trend towards better survival in the LTE
group, although this was limited by a small number of
patients. Because of the difficulty of randomization, only
one trial has been published to date. This study compared
open transthoracic with minimally invasive transthoracic
esophagectomy, showing lower rates of pulmonary complications and shorter hospital stay in the MIE group, with
equivalent lymph node yield between the two arms [25].
To date, there has not been a randomized trial comparing
LTE with either open or minimally invasive techniques.
Our objective was to compare our series of patients
undergoing LTE with a historical cohort who underwent
open transhiatal and EBE at our institution.
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The age of patients undergoing LTE and OTE was
significantly higher than those undergoing EBE. This was
likely due to selection bias against older patients in the
EBE group, given the higher prevalence of comorbidities
among an older population and the high morbidity associated with this operation. This is reinforced by the finding
that the LTE and OTE groups had significantly higher
comorbidities overall, and previous studies have suggested
that a transhiatal approach may be beneficial for this group
of patients [26]. The male predominance in our series is
consistent with other reported series. The LTE group also
encompassed the first 33 consecutive patients undergoing
this procedure, however they were not selected as all
esophagectomies performed by the primary surgeon during
the study period were via LTE approach.
The LTE group also showed a significantly shorter
operative time than the EBE group, and operative times are
comparable to those reported in other recent series of
laparoscopic and laparoscopic hand-assisted transhiatal
esophagectomies [15, 26–28]. Maas et al. showed similar
operative times when comparing LTE and OTE (300 vs.
280; p = 0.11) [26]. LTE also has the potential for shorter
operative times compared with other MIE techniques utilizing thoracoscopy since these require intraoperative
repositioning of the patient.
Blood loss for LTE was also less, as evidenced by a
significantly lower need for perioperative blood transfusion, which is also in keeping with other reported series
that showed lower incidence of intraoperative blood
transfusions and lower median volume of products transfused when comparing MIE with open procedures [6]. The
need for transfusion was analyzed instead of estimated
intraoperative blood loss as we feel that these estimates are
subjective and inaccurate, and instead wanted to focus on
blood loss significant enough to warrant transfusion. With
improved visualization during a laparoscopic transhiatal
approach, blood loss is minimized as there is less ‘blind’
dissection associated with the open transhiatal approach.
Depending on the type of MIE employed, conversion
rates between 3 and 18 % have been reported in the literature [29, 30]. Our conversion rate of 6.1 % is lower than
that reported in other recent series [17, 26, 31]. Although
previous reports described problems with bleeding due to
blunt dissection associated with the transhiatal approach,
we experienced no such issues with hemostasis as our
conversions were due to aberrant anatomical considerations. Luketich et al. [32] reported a conversion rate of
4.5 % in their large series, with reasons for conversion
from laparoscopy most commonly cited as adhesions,
inadequate conduit length, tumor bulkiness, or need to
better assess margins. Other series have excluded patients
from LTE based on prior upper abdominal surgery [33] but
none in our group were excluded for this reason, although
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one conversion was due to difficulty maintaining pneumoperitoneum due to a prior complex abdominal wall
reconstruction. The significantly shorter length of stay for
LTE is consistent with other reports of MIE [15, 34]. Initial
studies showed a shorter LOS for hand-assisted LTE
compared with OTE (9.1 vs. 11.6; p = 0.037) [35], with a
similar reduction shown in more recent series of LTE [26,
33]. In their review, Decker et al. [36] reported median
LOS of 11.5 days for all MIE techniques versus 15–19 days
for conventional approaches. The transhiatal approach can
potentially reduce complications by avoiding the atelectasis associated with thoracoscopy or thoracotomy. Although
minor post-operative complications were similar among
groups, major operative complications were significantly
lower in the laparoscopic group. Hulscher et al. [37]
showed lower rates of pulmonary complications with the
transhiatal approach in a randomized trial, presumably by
obviating the need for single-lung ventilation and direct
thoracic access. Other studies have reported lower rates of
pulmonary complications with MIE [38–40]. Maas et al.
also showed a lower incidence, although not significant, of
pulmonary and cardiac complications in their comparison
of LTE and OTE [26]. Other comparative studies have
shown 8–10 % complication rates for open and 7–8 % for
LTE [41, 42]. We had a trend toward lower pulmonary
complications in our series and feel this may approach
statistical significance with a larger series.
Higher leak rates with cervical anastomoses are widely
reported [38, 43], although a few have reported higher leak
rates with thoracic anastomosis [30]. We only perform
cervical anastomosis in conjunction with LTE as we
believe the potential increased risk of leak is offset by the
ease in managing cervical leaks compared with the often
catastrophic consequences of thoracic leaks and associated
mediastinitis. Our series showed no difference in leak rates
and are consistent with others reported in the literature
ranging from 7 to 13% [36], including those of Luketich
et al. [32] and Orringer et al. [44] in their large series.
A population-based study by Mamidanna et al. showed
an increased re-intervention rate among MIE compared
with open (21 vs. 17.6 %; p = 0.006) [9]. Conversely, our
comparison showed statistically significant lower rates of
major complications (requiring interventional procedures
or re-operation) and a trend toward lower incidence of reoperations.
Studies have reported that performing the lower and
middle portions of the mediastinal lymphadenectomy via
the hiatus allows it to be approached along the appropriate
anatomical layers, with good surgical views of the posterior
and left mediastinum [45]. A recent meta-analysis reported
high overall median LN yield (16 vs. 10; p = 0.02) for
MIE compared with open [46] as well as another recent
series (20 vs. 9; p \ 0.0001) [47]. Another study
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comparing LTE with laparoscopic and thoracoscopic twofield esophagectomy showed higher LN yields for LTE
[24]. In contrast, our series showed a lower LN yield for
LTE compared with open groups, similar to the lower yield
reported for LTE by Luketich et al. [48] in their series and
a recent review showing lower yield for transhiatal
approaches overall [36].
Although the number of lymph nodes resected in the
LTE group was significantly different than in the other
groups, our median of 24 exceeds the yield of 16 required
for a complete lymphadenectomy reported in various
studies [19, 49, 50], and is higher than that reported in
other series [15, 31, 34]. These variances could be due to
surgical protocol or the quality of pathological examination. Other LTE series have reported similar LN yields and
our yield approximates that reported by a recent large
series of over 1,000 MIE patients [27, 32].
Our higher incidence of neoadjuvant therapy in the LTE
group is consistent with that in recent published literature.
A systematic review reported no overall difference in stage
of patients undergoing open versus MIE but a significantly
greater use of neoadjuvant therapy among patients undergoing MIE [19]. Our general institutional policy is to refer
patients for neoadjuvant treatment if more than two lymph
nodes are identified on EUS; however, a significant portion
of our patients are referred from outside our institution, so
there was not uniformity regarding the neoadjuvant regimen received. In patients undergoing MIE, the presence or
absence of neoadjuvant treatment did not affect operative
time, blood loss, or LN yield [34, 51].
Our preponderance of early-stage patients in the LTE
group mirrors that in the Decker et al. series, who reported
transhiatal MIE, including more early-stage patients than
transthoracic MIE (36 vs. 21 % for stage 0 or I) [36]. Other
recent series have also reported staging disparities between
comparison groups, but this should not preclude any
comparison of oncological outcomes [8, 52, 53]. Our
institution previously reported increased survival for
patients with higher stage (T3N1) tumors for patients
undergoing EBE compared with OTE, which could explain
the higher incidence of stage III cancer in our EBE group
compared with the OTE group [54].
MIE has been shown to provide appropriate locoregional control. Our comparison shows no difference in
recurrence rates based on operative technique, which is
consistent with a report by Thomson et al. showing that
operative approach was not a prognostic factor for recurrence (local, regional, or distant) [55]. The necessary radicality of LN dissection is controversial [56–58]. Our
institution previously reported a survival benefit for
patients with 23 or more LN resected [59], although it is
unclear whether this benefit is due to stage migration or
eradication of occult metastatic disease. Other reports have
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called into question this conclusion, and a randomized trial
by Omloo et al. [60] showed no survival benefit for open
TTE compared with open THE, although the open TTE had
greater LN yield.
Recent studies have suggested that a less invasive and
radical operation is not necessarily a less curative one. A
meta-analysis by Hulscher et al. [37] showed similar 5-year
survival rates for those undergoing transthoracic compared
with transhiatal esophagectomy. In a randomized trial by
the same group, there was no significant difference in the
median survival, disease-free survival, and quality-adjusted
survival between the groups [61]. The authors commented
that long follow-up is needed to determine whether the
possible survival benefit outweighs the increased morbidity
associated with the transthoracic approach [37]. Reports
from our institution [21, 54] have shown improved survival
and decreased local recurrence with more radical LN
resections in selected series, but reports comparing MIE
with open techniques have shown at least equivalent survival. A recent meta-analysis showed no difference in
overall 5-year survival between open and MIE, and MIE
showed better survival in earlier time periods [46], as did a
recent series [6]. Survival at 24 months was equivalent
among all groups in our series, which is consistent with the
literature, and reinforces our hypothesis that less radical
lymph node dissections will not negatively impact survival.
Maas et al. showed no difference in overall and diseasefree survival at 3 and 5 years in their study comparing LTE
and OTE, and others have suggested that survival may be
improved with MIE, but the majority of recent publications
and our own experience suggests MIE in general and LTE
specifically has at least equivalent survival compared with
open techniques [15, 24, 26].
Our data should be interpreted carefully as there are
inherent shortcomings with any retrospective series. Our
follow-up time is limited, and our controls were not conducive to case-matching. Randomized trials comparing the
differing modalities of MIE should be undertaken to further
define the roles of these techniques in esophageal cancer
treatment.

Conclusion
LTE has several advantages over open techniques for
esophageal cancer resection. Operative mortality and reoperations are equivalent to open techniques, with lower
major complication rates, less blood loss and shorter LOS.
LTE provides excellent exposure and yields an appropriate
lymph node harvest and oncological resection with equivalent recurrence and survival rates. LTE should be considered as a preferred approach to esophagectomy.
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