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Abstract

Background Minimally invasive esophageal surgery has

arisen in an attempt to reduce the significant complications

associated with esophagectomy. Despite proposed techni-

cal and physiological advantages, the prone position tech-

nique has not been widely adopted. This article reviews the

current status of prone thoracoscopic esophagectomy.

Methods A systematic literature search was performed to

identify all published clinical studies related to prone

esophagectomy. Medline, EMBASE and Google Scholar

were searched using the keywords ‘‘prone,’’ ‘‘thoracoscop-

ic,’’ and ‘‘esophagectomy’’ to identify articles published

between January 1994 and September 2010. A critical

review of these studies is given, and where appropriate the

technique is compared to the more traditional minimally

invasive technique utilising the left lateral decubitus

position.

Results Twelve articles reporting the outcomes following

prone thoracoscopic oesophagectomy were tabulated.

These studies were all non-randomised single-centre pro-

spective or retrospective studies of which four compared

the technique to traditional minimally invasive surgery.

Although prone esophagectomy is demonstrated as being

both feasible and safe, there is no convincing evidence that

it is superior to other forms of esophageal surgery. Most

authors comment that the prone position is associated with

superior surgical ergonomics and theoretically offers a

number of physiological benefits.

Conclusion The ideal approach within minimally inva-

sive esophageal surgery continues to be a subject of debate

since no single method has produced outstanding results.

Further clinical studies are required to see whether ergo-

nomic advantages of the prone position can be translated

into improved patient outcomes.

Keywords Esophagectomy � Esophageal neoplasms �
Minimally invasive surgery � Prone position

Esophageal carcinoma is the eighth commonest type of cancer

worldwide [1]. For invasive carcinoma, open transthoracic

esophagectomy is accepted as the best oncologic operation [2],

partly because it allows the most extensive lymphadenectomy

[3]. Even in experienced hands it is associated with significant

morbidity and mortality [4]. The significant trauma of thora-

cotomy and/or laparotomy is a key disadvantage and is asso-

ciated with a pronounced systemic inflammatory response [5].

Despite improvements over the last 30 years in staging,

patient selection, neoadjuvant therapy, surgical technique,

and intensive care methods, complication rates have

remained high, global inpatient mortality rate is 10% [6],

and 5 years survival is 32% [7]. Complications of particular

concern include respiratory failure and pneumonia, which

are associated with an up to 20% risk of mortality [8].

Postoperative pain leads to further compromise of pulmon-

ary function [9]. This morbidity has led to increased interest

in endoscopic mucosal resection and radiofrequency abla-

tion for non-invasive malignant disease [10, 11]. There has

been some evidence to suggest that definitive chemoradia-

tion may be associated with better outcomes for some groups

of patients previously considered as surgical candidates

[12, 13]. Given this, there is significant pressure on esoph-

ageal surgeons to produce better results.
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Minimally invasive techniques have arisen in an attempt

to reduce these complications. Techniques described to date

include laparoscopic transhiatal esophagectomy [14–16],

thoracoscopic/laparoscopic two-stage (Ivor–Lewis) esoph-

agectomy [17–19], and thoracoscopic/laparoscopic three-

stage esophagectomy in which the surgeon may choose to do

one or both of the first two phases in a minimally invasive

approach [20–22].

The transhiatal technique was introduced in the 1980s

with the obvious advantage being the lack of thoracotomy.

A number of large studies have associated the technique

with reduced complications when compared to the open

transthoracic approach [15, 23, 24]. However, when bal-

anced with the ergonomic and technical difficulties in mo-

bilising the middle third of the oesophagus, especially when

aiming for good nodal dissection [25], it is not surprising

that a recent international survey of 269 surgeons revealed

that only 26% favoured transhiatal esophagectomy [26].

Thoracoscopic mobilisation of the oesophagus as part of

a three-stage procedure was first reported in 1993 and is

now considered at the forefront of techniques attempting to

reduce morbidity and mortality [27]. This is traditionally

performed in the left lateral decubitus position (LDP).

Early results of this technique were disappointing, which

may explain its poor uptake and relative unpopularity

[28–30]. More recent non-randomised studies have asso-

ciated it with a lower rate of major complications than open

surgery [20–22, 31–37] but a large systematic review has

reiterated that evidence is still lacking to confirm any real

benefit in terms of long-term outcome, safety, and onco-

logical quality [38, 39].

Cuschieri [40] performed the first prone-position (PP)

thoracoscopic esophageal mobilisation in 1994, and despite

proposed technical and physiological advantages over the

LDP, the technique has not been widely adopted by

esophageal surgeons and research into it has remained very

limited.

Methods

The literature was systematically searched to identify

all published studies related to prone esophagectomy.

An electronic search of Medline (PubMed interface),

EMBASE, and Google Scholar databases was undertaken

for articles published between January 1990 and September

2010 using the keywords ‘‘prone,’’ ‘‘esophagectomy,’’ and

‘‘thoracoscopic.’’ The search was expanded using the

related articles function and reference lists of key studies.

Included articles were retrieved, critically reviewed, and

summarised in this review. Twelve articles reported out-

comes, with four of these comparing them to traditional

lateral decubitus surgery. These are tabulated in Tables 1, 2

and 3.

Indications and technique

Indications for PP are similar to those for open surgery, i.e.,

both malignant and benign conditions such as refractory

strictures, end-stage achalasia, diverticula, and perforation

[40–43].

Following induction of general anaesthetic with or

without the use of a double-lumen endotracheal tube, the

patient is placed in the prone position with the right arm

abducted to 90� and the forearm flexed, which aids rotation

of the scapula [44]. The head should be well supported

(e.g., in a Mayfield head rest) to avoid tube displacement.

Both surgeon and assistant stand at the right of the patient,

with the scrub nurse to the right and a video monitor

directly opposite on the left of the patient. This situation

can be compared to LDP, where with the patient’s right

side up, the surgeon stands behind the patient and an

assistant to the front making use of a total of four ports with

two screens visible [31].

A three-port technique can be utilised in the PP, since a

port required for lung retraction as in the LDP is not

required: a 10 mm 30� scope in the seventh intercostal

space in the posterior axillary line (video camera), a 5 mm

port in the fifth intercostal space in the posterior axillary

line (grasping forceps), and a 5 mm port in the ninth

intercostal space in the posterior axillary line (coagulation

hook, scissors, needle holder, and clip applicator) [45, 46].

The use of a transitory CO2 pneumothorax (which may be

introduced prior to port insertion with a Veress needle

[47]), with pressures of between 6 and 14 mmHg, aids

exposure combined with the use of a partially or fully

Table 1 Benefits and limitations of prone esophageal surgery

Potential advantages Potential disadvantages

Shortened learning curve Longer setup time to position

Ergonomic position of hands Not an established method

Fewer thoracoscopic ports required Emergency conversion to open procedure difficult in prone position

Theoretical improved oxygenation in prone position Difficult airway management if displacement of endotracheal tube

Lungs and blood do not obscure operative field due to effects of gravity Limited clinical data

One-lung ventilation not necessarily required Unfamiliar thoracoscopic views
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deflated lung [44]. The pneumothorax depresses the dia-

phragm caudally and the right lung anteriorly, as well as

encourages extraction of coagulation smoke [48].

The general operative technique following port insertion

is similar to that of a traditional three-stage LDP procedure.

The grasper is held in the left hand and hook electrocautery

in the right. The mediastinal pleura overlying the anterior

esophagus is incised and the arch of the azygos vein is

divided using a vascular endo-GIA stapler (Covidien,

Norwalk, CT, USA) or ligated with ties and/or clips and

divided using scissors. The parietal pleura posterior to the

esophagus is opened from the azygos vein to the crus and

blunt dissection is used to identify thoracic duct and arterial

branches, which are clipped and transected using diathermy

or a harmonic scalpel (Ethicon, Somerville, NJ, USA) [48].

The esophagus is mobilised from the thoracic inlet supe-

riorly to the hiatus inferiorly and paraesophageal, subcar-

inal, paratracheal, bilateral tracheobronchial, and right

peripulmonary artery and vein nodes are dissected to

remain en bloc with the specimen [44]. The esophagus can

also be encircled with a Penrose drain stapled to form a

ring and held in the left hand to give good counter tension

during mobilisation. Following mobilisation the drain can

be left tucked under a pleural flap to allow its retrieval from

the neck later [44]. After the insertion of one or two chest

tubes (e.g., 28 Fr), the patient is repositioned to the supine

position. At this stage, if a double-lumen endotracheal tube

was used, this is replaced with a single-lumen one.

Technical advantages of the prone position technique

The learning curve associated with traditional LDP surgery

is particularly steep for a number of reasons [31]: First,

unlike traditional laparoscopy, the surgeon operates in a

plane perpendicular to the view of the camera, increasing

the chance of disorientation. Second, accurate port place-

ment is far more important due to the rigidity of the chest

wall. Improper placement leads to unnecessary force being

placed on instruments and early operator fatigue in an

operation that can easily last many hours. Excessive force

applied to intercostal spaces may also contribute to post-

operative pain. Third, the lungs obscure the operative field,

even during one-lung ventilation, requiring the resources of

a skilled assistant and a spare port to retract. The esophagus

also lies in the most dependent portion of the chest and is

thus often obscured by overlying blood. Alternation of

instruments between suction, cautery and clips can slow

progress leading to frustration and fatigue [48].

Mobilisation in the PP is thought to reduce this steep

learning curve partly because the effect of gravity is such

that the lungs and blood do not obscure the operative field

in the same way as with the patient lying in the lateral

position. The reduced requirement for skilled retraction andT
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suctioning may decrease the total number of instrument

changes, thus reducing fatigue. In addition, the surgeon

operates in a plane parallel to the camera, similar to tra-

ditional abdominal laparoscopy, increasing ease of the

operation. Dissection with long endoscopic instruments is

more ergonomic due to the port’s entrance site being

located at the elbow level of the surgeon [45]. These

combined effects may allow better quality dissection and

lymphadenectomy, with enhanced visibility of the esoph-

agus and aortopulmonary window. The natural anterior

tension on the esophagus in the prone position aids its

mobilisation. The ease with which the PP allows good

dissection around the left recurrent laryngeal nerve lymph

nodes may also explain the technique’s popularity in the

East, given their proposed oncological significance [49].

Better lymphadenectomy has the potential for improving

patient prognosis, especially at the early stage of lymphatic

spread [50–52]. The improved view may also reduce

complications such as tracheobronchial injury/necrosis,

which is known to be more common during minimally

invasive rather than open esophagectomy [30].

The enhanced operative view means that three ports are

usually required rather than four as in the LDP. This

reduction in ports may reduce postoperative pain and the

chance of intercostal vessel injury. A retracting stitch in the

diaphragm through an additional space that is usually

placed during the LDP is also not necessary.

The volume–outcome relationship in esophagectomy is

well known, with outcomes from high-volume experienced

centres better in terms of in-hospital mortality, morbidity,

and long-term survival [2]. The fact that significant benefits

from LDP esophagectomy have not yet been seen may well

be because the learning curve is so significant and has not

yet been surpassed in most centres [53–55]. Therefore, the

potential for markedly reducing the learning curve using

the PP should be considered by surgeons who are attempting

to enhance adoption of minimally invasive esophageal sur-

gery in their centres.

Physiological changes

The beneficial effects of prone positioning on arterial

oxygenation were first described over 30 years ago [56]

and it is known that pulmonary perfusion is more uniform

in the prone position [57]. Research has shown that PP can

be associated with a 60–70% increase in oxygenation in

acute lung injury patients [58–60]. Mechanisms suggested

for these changes include improved redistribution of ven-

tilation towards better perfusion of dorsal lung areas, more

tidal volume distribution associated with alterations in

chest wall mechanics [61], alveolar recruitment [62],

redirection of compressive forces exerted by the heart on

the lungs [63], and better secretion clearance [64]. The

functional residual capacity of the ventilated lung in the

LDP is decreased in comparison to PP because of a

decrease in neural output to the diaphragm and an increase

in expiratory tone of the abdominal wall muscles which

lead to an increase in intra-abdominal pressure leading to

displacement of the diaphragm cephalad. The ventilated

lung is also under pressure in the lateral position from the

mediastinum which may predispose to atelectasis [65, 66].

Trials investigating the physiological effect of prone

positioning in esophagectomy have thus far been limited.

Atsuta et al. [67] prospectively compared a group of 16

patients who underwent LDP esophagectomy and ten

patients who underwent PP surgery. Whilst there were no

differences in perioperative outcomes, the PaO2/FiO2 ratio

was significantly higher in the prone group. However,

maximum perioperative PaCO2 was higher in the prone

group suggesting a tendency towards hypercapnia. Better

pulmonary oxygenation and reduced pulmonary shunt have

been confirmed in other small studies, albeit ones com-

paring PP and open esophagectomy in the left lateral

position [66, 68]. Watanabe et al. [69] conducted a pro-

spective randomised trial in which patients who underwent

LDP three-stage esophagectomy and who were hypoxemic

and still ventilated on postoperative day 5 were randomised

to being positioned in either the prone or the supine posi-

tion for periods over four consecutive days. The prone

group showed significantly better oxygenation with sub-

sequent improved outcomes (shorter ventilation and post-

operative stay). This trial was small and to some degree the

positive conclusions can be applied only to postoperative

hypoxemic esophagectomy patients rather than intraoper-

ative positioning, which is the main focus of this review.

Kim et al. [70] prospectively analysed 21 patients who

underwent robotic prone esophagectomy. Their analysis

showed that the prone position led to an increase in central

venous pressure and mean pulmonary artery pressure, and a

decrease in static lung compliance (a similar change in

compliance is also seen in LDP). Despite these changes,

cardiac index and mean arterial pressure were well main-

tained with acceptable ranges of PaO2 and PaCO2. The

increase in peak airway pressure and plateau airway pres-

sure that they observed is not surprising given the decrease

in static lung compliance, but they attributed the relatively

stable PO2/PaCO2 to an increase in functional residual

capacity and better ventilation/perfusion in the prone

position [70].

During PP the enhanced operative view is such that

some surgeons have been able to operate without the use of

one-lung ventilation via a double-lumen endotracheal tube

[35, 48]. This potentially avoids repeated deflation and

reinflation of the lungs which cause the production of

inflammatory mediators [71]. The use of two-lung venti-

lation, or at least partial lung deflation in PP, has the
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potential to reduce pulmonary-related complications but

this has not been clinically proven [44].

Robot-assisted prone surgery

Robot-assisted thoracoscopic esophagectomy was first

described in 2004 [72]. Systems such as the da Vinci�

device (Intuitive Surgical, Inc., Sunnyvale, CA, USA) have

been developed to overcome some of the conventional

limitations of open and scope-based surgery. The advan-

tages include increased magnification, a 3D view, more

degrees of freedom, and filtering of the surgeon’s tremor

[73, 74]. Postoperative pain during thoracoscopy can be

significant due to the articulation of instruments in the

intercostal spaces. Robotic systems may cause reduced

pain due to the articulation of instruments inside the pleural

cavity as opposed to against the chest wall [75].

The article reporting prone robotic esophageal mobili-

sation on the largest number of patients is by Kim et al.

[70], in which 21 patients underwent a three-stage proce-

dure by a single surgeon with low surgical volume and no

prior experience of minimally invasive surgery. Apart from

a relatively high anastomotic leak rate of 19%, results were

comparable with other esophagectomy methods and the

group did not encounter any pneumonia, respiratory fail-

ure, or 90 days mortality. What was most remarkable about

the results was that robot console time was significantly

reduced from 176.3 ± 12.3 min in the first six patients to

81.7 ± 16.5 min in the latter 15 patients (p = 0.000). In

addition, the latter group had significantly less blood loss,

more extubations in the operating room, and increased

numbers of mediastinal nodes dissected. A study by Osugi

et al. [76] showed that in a series of 80 thoracoscopic

esophagectomies, a plateau in operating technique was not

reached until 34 cases had been performed. This implies

that robotic prone esophagectomy may have a particularly

short learning curve.

Limitations of the prone position technique

The prone position is one with which most surgeons are

unfamiliar. Adequate prone positioning takes longer and

can prolong overall operating time [44]. Other disadvan-

tages with the technique mainly relate to perioperative

complications. In the case of massive bleeding, whilst

posterior thoracotomy can be performed, it is a technique

with which most are unfamiliar [48]. Given the difficulty in

conversion, some have suggested that the prone position

should not be used in the case of bulky tumours treated

with neoadjuvant chemoradiation [48] and large tumours

adjacent to the aorta, azygos vein, or tracheobronchus

[77]. Problems with endotracheal tube displacement are

also difficult to overcome with the prone position, as

experienced by Smithers et al. [78] in their early cases

using PP until they adopted the use of a Mayfield head rest.

One of the largest series on minimally invasive esoph-

agectomy (adopting the LDP approach) is by Luketich

et al. [22]. This study included 222 patients and had a

mortality rate of 1.4% and an impressive 7 days hospital

stay. However, the decreased 5 years survival seen in this

study for stage II cancer patients (20%) compared to

around 50% for conventional surgery may be due to the

more challenging lymphadenectomy associated with min-

imally invasive surgery [3, 79]. A more recent study by

Smithers et al. [20] showed more comparable results with

respect to cancer survival, but despite this, until further

strong evidence is published, surgeons are likely to con-

tinue to have some concerns regarding the oncologic

quality of both PP and LDP mobilisation of the esophagus.

The above limitations are likely to explain why the

majority of centres have not adopted or tried the procedure.

The barriers to adoption are multiplied by the fact that

esophageal surgeons spend many years learning traditional

resection techniques with an already significant learning

curve and prone thoracoscopic views during surgery are

then likely to be unfamiliar. The lack of a clear benefit in

terms of clinical data is a further barrier as it suggests that

the prone position does not add much to an already chal-

lenging and long procedure.

Clinical results

No prospective randomised trials have directly compared

minimally invasive to open esophagectomy [2]. This is

unlikely to happen for some period given the wide variety

of techniques available and relatively small numbers of the

procedure performed per institution [80]. Therefore, it is

not surprising that the data comparing PP to the LDP

technique is particularly sparse.

The largest trial to date is by Kuwabara et al. [81] who

retrospectively compared outcomes between 22 patients

who underwent esophagectomy with PP and 76 who

underwent esophagectomy with LDP (18 of whom were

done with a flexible thoracoscope with one TV monitor,

and 58 of whom were done with a 30� scope and two

monitors). They found that esophagectomy in the prone

position was superior subjectively in terms of operating

field and lymph node dissection and in terms of total blood

loss and respiratory tract complications. There was no

remarkable difference in thoracoscopy time, mortality,

short-term overall morbidity, or postoperative stay [81]. A

study by Noshiro et al. [49] retrospectively comparing the

results of 43 PP and 34 LDP patients supported these

findings in terms of significantly reduced blood loss in the

prone position, and they also found no difference in overall

short-term morbidity or mortality. They also found the
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prone position to be associated with significantly longer

thoracoscopy times, a finding supported by Song et al. [82].

This longer time is likely to be due to the increased diffi-

culty and unfamiliarity with positioning patients in the

prone position, although one study by Fabian et al. [83]

found thoracoscopy was significantly quicker in the prone

position.

From the individual studies reporting results of using

PP, results are fairly unremarkable when compared with

results from established open and minimally invasive sur-

gery techniques in the left lateral position, apart from a

series of 130 patients by Palanivelu et al. [47]. In this series

by a highly experienced surgeon in India, the reported

respiratory morbidity was only 2.3%, major morbidity

21%, an average harvest of 18 lymph nodes, and a post-

operative stay of 8 days. The remarkably low complica-

tions in this series may well be because this surgeon uses a

single-lumen endotracheal tube, avoiding one-lung venti-

lation and its associated negative consequences. A potential

disadvantage for placing a single-lumen tube is that if an

emergency conversion to thoracotomy was required, one-

lung ventilation would be particularly helpful.

Conclusions

Although not confirmed by any large multi-institutional

randomised trials, minimally invasive surgery in esopha-

gectomy has started to show some benefits over conven-

tional techniques in selected patients. The uptake of the

technique when compared to abdominal laparoscopic sur-

gery has been slow and is likely due to the significant

learning curve associated with such major surgery. The

ideal approach within minimally invasive surgery contin-

ues to be a subject of controversy, simply because no

technique has consistently outshone the other. Prone

esophageal mobilisation was first described in 1994 and

limited research has suggested that it has a number of

theoretical physiological and ergonomic advantages to

patient and surgeon. Despite this, to date the technique has

failed to become clinically relevant due to lack of mature

supporting data and significant barriers to adoption,

meaning the technique has not been tried or adopted in

most centres. Further application of this technique is

required with careful scrutiny to establish whether it is of

any true value in terms of improved patient outcome or

simply an alternative without significant benefit to other

established procedures.
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