Esophagus

Anatomy and Physiology

1. Anatomy

· Muscular tube – 25 – 30 cm long from the cricoid cartiledge to T11

· 4 Segments:

· Pharyngoesophageal – down to crycopharyngeus

· Cervical portion – from UES to thoracic inlet

· Thoracic portion – from thoracic inlet to diaphragm

· Abdominal portion – diaphragm to cardia

· 2 muscle layers

· Inner circular muscle that is actually spiral – so spastic disease gives the esophagus a corkscrew appearance

· Outer longitudinal muscle sheath – gives the esophagus a worm-drive movement as opposed to segmental peristalsis

· Important muscles:

· Inf pharyngeal constrictor (aka thyropharyngeus) 

· which goes from the superior poles of the thyroid cartiledge posteriorly and upward to join at the median raphe

· Cricopharyngeus (aka the esophageal introitus, UES)

· Transverse fibres that make the bottom of Killian’s triangle

· Connect the two sides of the cricoid cartiledge


· Sits just posterior and to the left of the trachea

· Remains to the left all the way to the aortic arch where it deviates to the right for a few centimeters

· Then returns to the left to sit just in front of the thoracic aorta

· Goes even further left to come out through the hiatus (so the aorta sits just under the right crus)
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· Abdominal esophagus is 1-2 cm long

· It is invested by

· Peritoneal reflection

· Phrenoesophageal membrane which is a thickened attachment of transversalis fascia

· A fat pad

Esophageal constrictions

· UES – the narrowest point in the GI tract – 14 mm across

· At the cricopharyngeus

· Bronchoaortic constriction – 16 mm across

· Diaphragmatic constriction – 18 mm across

Blood supply

· Cervical esophagus – inferior thyroid artery

· Thoracic esophagus – segmental with:

· 2-3 bronchial branches

· Direct aortic branches

· Abdominal esophagus

· Left gastric (coronary) artery

· Inferior phrenic arteries

· Also – Belsey’s artery – crosses the left crus to join the inferior phrenics to the coronary artery.

Veinous drainage

· Esophageal plexus runs up and down the esophagus

· Drainage mirrors the arterial supply

· Drains into:

·  inferior thyroid vein (into brachiocephalic vein)

· Bronchial veins

· Azygous and hemiazygous vv

· Left gastric vein

Lymphatic drainage

· Rich network that communicates longitudinally along esophagus

· This allows lots of longitudinal spread of cancer

· For each 1 cm of spread laterally, there is 6 cm of spread longitudinally

· The lymph nodes all sit in the paraesophageal soft tissue

· Drainage mirrors embryology (as usual)

· Upper two thirds drain cephalad

· Lower third drains up and down.

· The rich network means that lymphatic metastases can wind up anywhere along the nodal basin (ie there is no SLN)

· So - wide nodal resection makes a big difference in esophageal Ca
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Innervation

· Cervical esophagus – from recurrent laryngeal nerves

· We always talk about the vocal problems with nerve injury but aspiration is a big problem too.

· Rest of esophagus gets direct vagal fibers 

· sympathetic fibers come from the superior cervical ganglion and the celiac ganglion

· Pain fibers are visceral and travel with those of the heart – so esophageal pain is indistinguishable from heart pain

· Thoracic Duct

· Forms at T12 and travels up through the aortic hiatus and goes up just behind the esophagus.

· At T4 the duct moves to the left, goes UNDER the aortic arch ascends along the left side of the esophagus to drain into the left subclavian artery where the left IJ enters.

· Injury = chylothorax

Pathology

1.  Structural Problems

1) Vascular rings

2) Upper Esophageal Webs (Plummer-Vinson Syndrome)

3) Lower esophageal Webs (Schatzki’s ring)

4) Congenital Webs

5) Duplication cysts

6) Diverticuli
 
Vascular rings

· Young adults with dysphagia

· Typically due to aberrant great vessels

· Eg. Anomalous right sublcavian artery from arch of aorta causing “dysphagia lusoria”
· Treatment is to divide the vascular ring but this can be tough for obvious reasons

Upper esophageal webs (Plummer-Vinson Syndrome)

Also called sideropenic dysphagia
The syndrome consists of - Older, skinny, malnourished, anemic women with brittle fingernails and chronic Fe deficiency anemia

They also get these upper esophageal webs that cause cervical dysphagia

· nobody knows why they get the webs (maybe as simple as chronic ferrous sulfate pill esophagitis!)

Diagnosis:

· Ba swallow

· Endoscopy

Treatment:

· Esophageal dilatation

· Correction of nutritional deficiency

Problem:

· PREMALIGNANT! – 10% get SCC in the mouth / esophagus

· Just need to followed.

Schatzki’s ring

Annular constriction at the lower end of the esophagus

Epidemiology:

· Somewhere around 1/20 people

Pathogenesis:

· No one knows

· Could be chronic reflux or congenital or just folding up of redundant mucosa

Diagnosis:

· Ba Swallow

Problem:

· Dysphagia when ring narrower than UES (ie 13 mm across)

Treatment:
· Esophageal dilatation

· Antireflux medical tx +/- antireflux procedure with repair of hiatal hernia

Congenital webs/rings

See peds surgery notes

Usually show up in infancy

Can be rings, webs or totally atretic segments

· recall types of TE fistula / atresia

Cysts / Duplications

Can be bronchogenic, neurogenic or enteric but since we can’t tell them apart and the treatments are the same we call all of them duplication cysts

Presentation

· Incidental posterior mediastinal mass

· Dysphagia

· Dyspnea

· Bleed

· Infection

Treatment
· Excision by enucleation

· Excellent results if the whole thing comes out.
Diverticuli

· 3 types of diverticuli

Pharyngoesophageal (Zenker’s)

Midesophageal

Epiphrenic
1. Zenker’s Diverticulum
· Pulsive, false diverticulum that occurs through Killian’s triangle

· An acquired herniation

· Occurs in patients older than 60

· Presentation:

· Usually incidental finding

· Regurgitation of undigested food

· Excessive salivation

· Dysphagia

· Halitosis

· Cough

· Dyspnea

· Patients often do some maneuver to help swallowing

· Problems:

· Infection

· Perforation

· Bleeding

· Halitosis

· MALIGNANCY in the diverticulum

· Diagnosis:

· AFL in the diverticulum on cervical XR

· Ba Swallow establishes the diagnosis

· Pathophysiology:

· It’s thought that incomplete relaxation or poorly timed relaxation of the cricopharyngeus during swallowing leads to high pressures in the pharynx that cause pulsion

· So – treatment is aimed at opening up the cricopharyngeus

· Treatment:

1. Surgical
· Lateral neck incision along ant border SCM

· Retract SCM and carotid sheath laterally

· Dissect the diverticulum out down to its base

· Perform an esophagomyotomy longitudinally for 10 cm from the base of the divericulum in each direction

· If the diverticulum doesn’t go away with just this, then resect it with a stapler

· Close. 

2. Endoscopic
· Using a stapler or laser, the common wall between the pharynx and diverticulum is opened.

· A “pharyngoesophagotomy”

· This also divides the cricopharyngeus

· For diverticula < 3 cm at their inlets, surgery has better outcomes

· For diverticula > 3 cm, endoscopic tx has better outcomes.

· Recurrence is rare.
2. Midesophageal diverticuli

Used to always be traction diverticuli due to TB or lung Ca

With decreased rates of TB, more and more of these are pulsive, due to dysmotility.

Traction ones are due to inflammatory process near the esophagus

· Tuberculosis is the most common cause

· lung Ca

Usually asymptomatic, but can cause dysphagia, perforation, bleeding, infection, dyspnea

Workup:

· Find the underlying cause

· CT chest

· Treatment:

· Reserved for symptomatic patients

· Treat the underlying inflammatory cause

· Pulsive ones are treated with a right thoracotomy, excision of the diverticulum just like a Zenker’s, then myotomy for 4 cm prox and distal to the site on the opposite side of the esophagus.

3. Epiphrenic Diverticuli
· Pulsive diverticuli 

· Same presentations as other diverticuli

· Usually due to a motility disorder, but can be congenital, traumatic or due to a distal obstructing lesion (tumor or ring)

Workup:

· Ba swallow

· Find the underlying cause:

· Manometry

· CT

· UGI scope

· Treatment:

· Surgical

· This is big surgery so only treat the ones that have significant symptoms

· Left thoractomy

· Dissect out the diverticulum and excise with a stapler

· Perform and esophagomyotomy extending up to the aortic arch

· There is a lot of debate whether or not it needs to go down onto the stomach or not.

2. Esophageal Injury

· Perforation

· Caustic injury

1.  Esophageal Perforation

· Was usually due to trauma or spontaneous

· Now, most commonly iatrogenic

· Boerhave’s syndrome

· Esophageal perforation with soilage of the left pleural cavity due to emesis

· Diagnosis:

· Symptoms:

· Pain

· Odynophagia

· Hematemesis

· Signs:

· Tachycardia

· Pneumomediastinum, pneumothorax

· Subcut emphysema in cervical perforation

· Workup:

· CXR – abnormal in 90%

· Esophagogram using either Barium or gastrograffin (see below)

· False negative esophagogram rate is 10% (same as CXR)

· A note on Barium:

· Sabiston says that:

· barium is inert in the chest but peritonitis in the abdomen and thus should not be used if you are concerned about intra-abdominal soiling.

· Gastrograffin causes a massive pulmonary edema if aspirated and thus should NOT be used if there is a risk of aspiration

· CT neck and chest.

· Treatment:

· Etiology, location and time to treatment are the major determinants of outcome

· Time to treatment has the biggest effect on outcome.

· Morbidity and mortality increase as the perforation extends into the thorax

· Emesis as a cause has the highest mortality (delayed diagnosis and extensive pleural/mediastinal soiling)

· Non-operative:

· Has a very high mortality rate in poorly selected patients

· Appropriate for patients with:

· Intramural Injury

· Transmural Injury with:

· No Sepsis

· No intraabdominal component

· No obstructive esophageal problem

· No malignancy

· Well contained leak

· This is the minority of patients

· Broad spectrum antibiotics, NPO until no leak (serial esophagograms q1 week), G or J-tube for feeding.

· Do NOT stent.

· Operative treatment:

· For the vast majority of patients
· Approach is dictated by site of injury:
· Cervical Esophagus
· Treat with cervical drainage
· See picture below – the most important part is to open the prevertebral fascia
· Leave drain in (penrose)
· Keep NPO
· Place G-tube
· Check with esophagograms q1 week, when there is no leak, remove the drain and advance diet and D/C home.
· They will all heal as long as the criteria for healing fistulas are met (ie no malignancy, no distal obstruction, no infection, no radiation, no foreign body, no epithelialization)
· It is not necessary to do a primary closure as well.
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Approach for drainage of a cervical esophageal perforation. (A) Skin incision parallel to the anterior border of the left sternocleidomastoid muscle, extending from the level of the cricoid cartilage to the sternal notch. (B) With the sternocleidomastoid muscle and carotid sheath retracted laterally and the trachea and thyroid gland medially, blunt dissection along the prevertebral fascia in the superior mediastinum is carried out. Injury to the recurrent laryngeal nerve in the tracheoesophageal groove must be avoided. (C) Schematic drawing of the prevertebral space drained by this cervical approach. (D) Two 1-in rubber drains placed into the superior mediastinum are brought out through the neck wound to allow establishment of an esophagocutaneous fistula, which usually heals spontaneously. (After Orringer MB. The mediastinum. In: Nora PH, ed. Operative surgery, 3rd ed. Philadelphia: WB Saunders; 1990:370.)
· Thoracic Injuries:

· Requires a thoracotomy

· Right thoracotomy for injuries of the upper 2/3rds

· Left thoracotomy for injuries in the lower 1/3

· Debridement, primary repair and drainage are appropriate

· Primary repair can be used on lesions greater than 24 hours old as long as there is no underlying esophageal problem (ie malignancy, achalasia…..)

· Do a hand-sewn single layer closure at the perforation site

· NB: These must be buttressed with a flap of neighbouring tissue

· Anything will do:

· Strap muscles in the neck

· Pleura or intercostal muscles in the chest

· Leave large chest tubes in place and do the usual:

· Q weekly esophagograms until there is no leak.

· Abdominal Esophagus

· Same idea as above.
· Approach with an abdominal incision (chevron probably best but remember that you’ll have to wash out the abdomen like crazy)
· Primary repair buttressed with neighbouring tissue
· Peritoneum from the inferior diaphragm
· Omental flap
· Other options for surgical treatment:

· Esophageal diversion (cervical esophagostomy)

· Used for instances in which primary repair is not possible (due to size of injury for example)

· End ostomy of proximal esophagus to the left neck.

· Esophagectomy

· This is when there is a huge injury, a very unstable patient or an underlying esophageal problem that can only be treated with resection.
· Can be done with either an immediate reconstruction or with a cervical esophagostomy, G-tube and a pull through later on.
· Note: if you are going to do a 2 stage repair, the pull through has to be retrosternal because the old esophageal tract will be obliterated.
2. Caustic injury

· Severity is based on the substance, quantiy and duration of tissue contact.

· Alkali – causes liquefactive necrosis

· So there is much more spread of the injury

· Acid – causes coagulative necrosis so injury is typically more superficial

· Treatment:

· AIRWAY FIRST!!!

· Then based on esophagoscopy:

· Superficial (degrees I and IIa)  – just monitor – 

· if asymptomatic overnight d/c home

· if symptomatic then continue to monitor and repeat endoscopy

· Deep (degrees IIb and III)

· Abx

· TPN

· Check for perforation before feeding

· OR for all with signs of perforation and treat as above for perfortations
3.  Functional Problems

1) Reflux

2) Motility disorders

1.  Reflux and Barrett’s

· Epidemiology
· 1/3 of western population gets at least some symptoms of GERD

· Rate is increasing, as is the rate of Barrett’s

· Presentation
· Long history of heartburn, sometimes with new onset of regurgitation (later stage disease)
· Symptoms 1-2 hours after eating, often at night

· After eating spicy foods, coffee, chocolate, citrus

· Relieved by OTC antacids and H2 blockers

· Atypical symptoms in up to 20% of patients:

· Hoarseness

· cough

· pneumonia

· Diagnosis

· History alone is wrong in 1/3 of patients!!

· You must use some objective study to corroborate hx.

· See below for w/u.
· The LES

· Zone of high pressue at the GE junction

· No anatomic marks

· HPZ exists at all times except for during swallowing and burping

· several things maintain the HPZ

· the diaphragm itself

· the esophageal hiatus tightens during inspiration

· the diagonal fibres of the circular muscle layer of the stomach

· increased resting tone of the muscle at the GE jcn

· positive intraabdominal pressure

· 3 factors influence the competence of the LES:

· its resting pressure (measured at end expiration)

· normal = 13 mm Hg

· its length

· normal = 3.6 cm

· the length of the intra-abdominal segment

· normal = 2 cm

· so an LES will be incompetent if it has any of:

· resting pressure </= 6 mmHg

· length < 2 cm

· intra-abdominal length <1 cm

· the most common problem is lack of intra-abdominal length (ie a sliding hernia)

· Pathophysiology:

From Greenfield:

Integrated Hypothesis of the Pathophysiology of Gastroesophageal Reflux Disease
The data support the likelihood that GERD begins in the stomach. Fundic distention occurs because of overeating and delayed gastric emptying secondary to the high-fat Western diet. The distention causes the sphincter to be “taken up” by the expanding fundus, exposing the squamous epithelium with the high-pressure zone, which is the distal 3 cm of the esophagus, to gastric juice. Repeated exposure causes inflammation of the squamous epithelium, columnarization, and carditis. This is the initial step and explains why in early disease the esophagitis is mild and commonly limited to the very distal esophagus. The patient compensates by increased swallowing, allowing saliva to bathe the injured mucosa and alleviate the discomfort induced by exposure to gastric acid. Increased swallowing results in aerophagia, bloating, and repetitive belching. The distention induced by aerophagia leads to further exposure and repetitive injury to the terminal squamous epithelium and the development of cardiac-type mucosa. This is an inflammatory process, commonly referred to as “carditis” and explains the complaint of epigastric pain so often registered by patients with early disease. The process can lead to a fibrotic mucosal ring at the squamocolumnar junction and explains the origin of a Schatzki ring. Extension of the inflammatory process into the muscularis propria causes a progressive loss in the length and pressure of the distal esophageal high-pressure zone associated with an increased esophageal exposure to gastric juice and the symptoms of heartburn and regurgitation. The loss of the barrier occurs in a distal to proximal direction and eventually results in the permanent loss of LES resistance and the explosion of the disease into the esophagus with all the clinical manifestations of severe esophagitis. This accounts for the observation that severe esophageal mucosal injury is almost always associated with a permanently defective sphincter. At any time during this process and under specific luminal conditions or stimuli, such as exposure time to a specific pH range, intestinalization of the cardiac-type mucosa can occur and set the stage for malignant degeneration.

· The 3 Problems with Reflux:
· Mucosal Injury

· The idea is that acid causes pain but pepsin and trypsin cause injury

· Pepsin and trypsin are inactivated by acid so often those with lots of pain, don’t have much injury and vice versa

· Pulmonary Problems

· cough, asthma

· two possible reasons:

· Reflux theory: refluxed gastric contents are aspirated causing the symptoms

· Reflex theory: acidification/irritation of the distal esophagus causes reflex bronchoconstriction

· Regardless – the problem is reflux of gastric contents at least into the esophagus.

· Metaplasia / Neoplasia of the esophagus and Barrett’s
· See Barrett’s  below.

· Barrett’s Esophagus
· Barrett’s – first described in 1950 as columnar replacement of esophageal squamous cell lining.
· Initially, diagnosis required extension of columnar lining 3 cm proximal to LES

· Now diagnosis requires INTESTINAL columnar lining to be present regardless of height.

· to call it intestinal you need GOBLET cells.

· Despite all that, Greenfield says…..

· The term Barrett's esophagus should currently be used in the setting of an endoscopically visible segment of intestinal metaplasia of any length or columnar replacement of the esophagus of 3 cm or more
· Risk factor = duodenal contents refluxing into esophagus

· Treatment:

· Two goals

· Treat the GERD (symptomatic tx really)

· Prevent progression of the disease

· PPI – usually pts with Barrett’s have severe GERD and don’t always completely respond to even bid PPI but that’s all we got right now.
· ½ of patients still get reflux with PPI’s

· (I think they all do, since you haven’t fixed anything, we just don’t pick it up because they’re on PPI’s,)

· Surgery

· Problem here is that to get Barrett’s, patients usually have esophagi and stomachs with terrible anatomy (hence the severe reflux)

· ie – large hiatal hernia, shortened esophagus, poor motility, esophageal strictures.

· so surgery can be tough.

· Lap Nissen is the procedure.
· 80% will still get reflux on 24 hr pH monitoring

· 80% will have some symptomatic relief despite the above

· Dysplasia and Barrett’s

· dysplasia is graded (high vs low)
· 20% of pts with Barrett’s have some kind of dysplasia

· 10% have high grade dysplasia

· high grade dysplasia has malignant potential 

· 40x increased risk of malignancy (esophageal Ca is so uncommon anyway that it’s still not that common)
· Treatment of dysplasia
· Indefinite/indeterminate dysplasia

· b.i.d. PPI for 6 months then re-biopsy
· the goal is to get rid of inflammation so that accurate histological examination is possible.
· Low grade dysplasia
· Aggressive medical tx and frequent bx

· B.i.d. PPI
· Biopsy q6 months
· High grade dysplasia
· Confirmation by a second pathologist
· Esophagectomy
· 50% of patients with Barrett’s and high grade dysplasia have a cancer of the esophagus
· it still may not have come from the dysplastic area but they’re at a high enough risk to justify taking it out.

· Those who are not operative candidates should see a gastroenterologist re: endoscopic tx.
· GERD Workup:
1. Endoscopy:

· Mandatory prior to surgery

· Major role is to exclude other problems (particularily before surgery)

· Also grades the degree of esophageal injury (Savory-Miller classification):

· Level 1 = erythema

· Level 2 = linear ulceration

· Level 3 = confluent ulceration

· Level 4 = stricture (Schatzki’s ring)

· Also, biopsy for Barrett’s +/- dysplasia

2. Manometry

· Also mandatory preop

· Does 2 things:

· Rules out esophageal dysmotility

· Wraps are VERY bad in people with dysmotility!

· Demonstrates abnormal relaxation or decreased tone of LES
· Normal resting tone of LES is 12-30 mmHg.

· Normal peristalsis = 80% of swallows transmitted down the esophagus

3. 24-hour pH monitoring

· Gold Standard for diagnosing reflux

· 2 ways of confirming reflux:
· DeMeester score

· Gives points to each event recorded by the patient as to it’s likelihood to injure the esophagus

· Normal is less than 14.7

· Percent of time that esophagus is below pH 4.

· Normal is less than 4%

4. Dual Probe ambulatory pH monitoring
· To diagnose reflux as a cause of respiratory complaints.

· One probe in the distal esophagus and one in either the prox esophagus, pharynx or trachea

· “Gold standard” for dx of reflux as cause of respiratory complaints but, as above, reflux doesn’t always correlate chronologically with respiratory problems (even when reflux is the cause)

5. Esophagogram
· Value is to delineate anatomy of distal esophagus and proximal stomach

· Very large hiatal hernia may require a lengthening procedure

· A peptic stricture can actually make pH monitoring normal (by preventing reflux) and you can see this on an esophagogram

· Treatment of GERD

1. Lifestyle Modification
· Smoking Cessation

· Decreasing caffeine intake

· Avoidance of large meals prior to lying down

· Raise HOB

· Weight loss

2. Medical Management

1. Trial of PPI

· No workup specifically for reflux is necessary if the Hx and P/E is convincing

· Check CBC for chronic anemia

· Give 6 week course of BID PPI

· Confirms dx and treats @ same time

3. Surgical Management

· Candidates
· Erosive esophagitis

· Barrett’s with no or low grade dysplasia

· Just be careful because a fundoplication can make GEJ biopsies very difficult later on

· So fundo can impede f/u monitoring.

· PPI dependence

· Factors suggestive of progression of disease

· Nocturnal reflux

· Mixed reflux

· LES abnormality (eg HH)

· Overall – dependence on PPI’s or increasing dose requirements are the biggest indication

· This is due to non-compliance, financial burden or young age (<50)

· Preoperative Evaluation

· Remember the two goals of treatment:
1. to remove reflux symptoms

2. to avoid complications of the surgery (because you’re not saving anyone’s life with this surgery)
· 3 factors identify those who will get relief of symptoms with surgery (ie those whose symptoms are due to reflux)

· Abnormal 24 hr pH monitoring

· Typical symptoms

· Relief with PPI’s

· Endoscopy
· To assess GEJ for mucosal injury, Barrett’s
· You can do a reflux procedure in someone with Barrett’s as long as there is no dysplasia!
· If there is high grade dysplasia then they should be getting an esophagectomy and NOT a fundo!
· To look for a hiatus hernia
· 24 hour pH monitoring
· You need to make sure that the patients symptoms are due to reflux of stomach acid otherwise a fundo won’t do any good.
· The following values are recorded
· Total time w/ pH<4

· Upright time w/ pH<4

· Supine time w/ pH<4

· # of episodes with pH<4

· # of episodes longer then 5 minutes

· Length of the longest episode

· Together, these are put together to make the DeMeester score

· A higher score predicts better outcome with antireflux surgery (just because the symptoms are more likely due to reflux)

· Barium swallow
· Goals are to:
· Define a hiatal hernia
· Determine length of esophagus
· Look for strictures
· Identify esophageal dysmotility (although on its own this test is not enough – you need to do a manometry test too)
· Esophageal Manometry
· It’s poor form to give a fundo to someone who can’t swallow.
· Also, you may find that the cause of their symptoms is not reflux but dysmotility.
· The shortened esophagus
· You can’t always figure this out preop
· Also, pneumoperitoneum raises the diaphragm making the esophagus look longer.
· Doing a Nissen with any tension on the esophagus greatly increases the risk of it slipping into the chest
· Also, doing the wrap around the stomach won’t stop GERD but will result in post prandial pain and early satiety.
· Greenfield says that if you do Lap Nissens then you should be facile with esophageal dissection in the mediastinum and with the Collis gastroplasty for shortened esophagi.

· Which Procedure?
· Read Greenfield for the debate but basically
· Symptomatically, partial (Toupet) and complete (Nissen) fundos are equivalent
· There is a greater risk of persistent reflux on pH monitoring after partial fundos
· People with dysmotility have worse outcomes with complete fundos
· So….
· Do a Nissen in everybody except those with dysmotility.
· Complications

· Temporary dysphagia is very common and resolves over 3 months
· Hyperflatulence is also common

· Inability to vomit 

· Occurs in everyone who has a good wrap.
· 8% of patients have some complication
· 1% risk of herniation of the wrap into the chest
· Pneumomediastinum, Pneumothorax
· Usually don’t require a chest tube because there is no more air getting in there and the CO2 from the laparoscopy dissipates very quickly.
· Mortality rate is 0.08%
· Outcomes

· 90% of pts get relief of GERD symptoms at 5 years

· 2/3 get relief of respiratory symptoms

· 90% have normalization of 24 hr pH monitoring
2. Esophageal Dysmotility
1.  Upper Esophageal Dysfunction Syndrome

Pharyngeal / cervical dysphagia due to dysfunction of the swallow reflex
· this can be due to central or peripheral neurologic disease, myopathy, strictures, cricopharyngeal bars, GERD, surgery, bone spurs, thyromegaly, tumors (really anything in the vicinity that can harm the normal swallow)

Workup

· Upper endoscopy

· Barium swallow

· Pharyngeal manometry

Treatment:
· of course depends on what is found in workup

· if it is purely hypertonicity of the UES then patients get a cervical esophagomyotomy

· Patients with strictures get bougienage up to 54 or 56 fr

2. Dysmotility of the esophageal body
This is a spectrum from hypomotility (achalasia) to hypermotility (DES)
1.  Achalasia
Greek -  “no relaxation”
6/100,000

Failure of LES to relax in advance of peristalsis

Presentation

· Middle age patient

· sticking sensation of liquids first at the level of the xiphoid

· progresses to dysphagia to both solids and liquids

· Classic Triad:
· dysphagia

· weight loss

· regurgitation

· often they have fullness in the chest after a meal, drink lots of water and then get a sudden relief as the LES gets forced open by the column of water and food.

· They can get respiratory symptoms from chronic aspiration (pneumonia, abscesses)

Pathophysiology
· Results from loss of ganglions in Auerbach’s (myenteric) plexus

· Can either be idiopathic or due to infection (Trypanosomiasis, ie Chagas disease)
· Chagas disease causes loss of Auerbach’s plexus throughout the gut

· Over years, the esophagus gets more and more dilated until it becomes a megaesophagus

· The esophagus also loses its peristaltic capacity as it’s stretched out.

· Pseudoachalasia

· Compression of the distal esophagus by a tumor, congenital anomaly or tight fundoplication
Problems:

· Obviously the main problem is the inability to eat

· Also – premalignant lesion with 5-10% risk of squamous cell carcinoma

Diagnosis
· CXR – AFL in central chest

· Ba swallow – bird’s beak +/- dilated esophagus

· Manometry

· early in disease – normal peristalsis with failure of distal HPZ relaxation

· late in disease – weak or poorly coordinated peristalsis

· Endoscopy

· all should get UGI scope to assess esophagitis and to look for malignancy

· Bethanacol challenge 

· a cholinergic that causes increased frequency and strength of peristalsis

· this correlates with chest pain in achalasia but not in scleroderma

Treatment

· Different depending on the stage of the disease
· Early stage disease (ie while esophagus still has adequate peristaltic activity)
· NTG sublingual before meals

· bougie diltation to 48-54 Fr gives a few weeks of relief

· Balloon dilatation

· had higher perforation rates (4%) and mortality rate (0.5%) compared to esophagomyotomy until Gruntzig came out with a pressure limited balloon

· Still, this has lower success rates than surgery does

· Nonetheless, this can give relief lasting years if it does work (60% response rate)

· Surgery – esophagomyotomy

· transthoracic is the classical approach but now laparoscopic and thoracoscopic approaches are common

· 7-10 cm incision along the left posterolateral esophagus through both muscle layers down to the submucosa
· the muscle is then separated from the submucosa on either side to prevent it from tightening back up

· the incision starts at the left infer pulmonary vein and goes down onto the stomach

· An antireflux procedure is probably not necessary (see Schwartz for discussion)

· If it is done, it should be a partial fundo (Dor, Belsey or Toupet) because a tight wrap with a myotomy is baaaaaad idea!

· Botox injection into LES

· this works as well as anything for a few months but has no long term effect

· good for high risk patients (ie elderly)

· End stage (patients with tortuous megaesophagus)
· these are highly symptomatic patients with failed previous treatments (including esophagomyotomy)

· Esophagectomy

· transhiatal with gastric pullup

· repeat esophagomyotomy has maybe a 60% response rate and the subsequent reflux rate is high.
2. Diffuse Esophageal Spasm and Nutcracker esophagus
Patients present with odynophagia, chest pain associated with swallowing, interscapular back pain with meals

DES
· manometric and fluoroscopic findings are highly variable

· The most common finding is of multipeaked waves in more than 20% of swallows
· There is normal LES function (in contrast to achalasia)

· “Corkscrew esophagus” occurs in patients with advanced disease

Nutcracker Esophagus
· Aka supersqueezer esophagus

· Very high amplitude (250-400 mmHg), frequent peristaltic waves

Vigorous Achalasia
· Essentially DES along with poor relaxation of the LES

Treatment
· The same for both

· In patients with non-incapacitating disease, try:

· Calcium channel blockers

· Avoidance of trigger foods and stress at meal time

· Treatment of underlying psychiatric disorders

· Patients with incapacitating disease are candidates for esophagomyotomy

· This goes from the GEJ all the way up to above the aortic arch

· All circular muscle fibers have to be cut

· The jury is out regarding the necessity of an anti-reflux procedure afterward.
3. Scleroderma
A major diagnostic sign of the disease is progressive esophageal dysmotility
They get a shortened, tightened esophagus that has progressively weaker and weaker pulsive activity.

Treatment involves two things:

1. Esophageal lengthening with a  Collis gastroplasty

· You’re not really lengthening the esophagus itself, just making a tube out of the proximal stomach than go up into the chest
2. An antireflux procedure because they often have terrible esophagitis

· You can just do Nissen fundo with the remaining stomach after the Collis gastroplasty

· See Sabiston for pictures

4. Esophageal Neoplasms

1. Benign Neoplasms

· All are very rare
· Leiomyoma is by far the most common, but fibromas, hemangiomas, lipomas can all occur
· Leiomyomata
· Occur in young patients (30’s) which differentiates them from esophageal ca

· Extraluminal compression of the esophagus that causes dysphagia

· Normal overlying mucosa, so they don’t bleed

· Workup

· CT chest, neck

· Endoscopy

· Treatment
· They should all be taken out for two reasons

· To exclude malignancy

· They grow and become symptomatic

· They can be simply enucleated via a thoracotomy or if >8cm or annular, segmental esphagectomy is used.
· Recall – 

· prox and mid thoracic esophagus = right thoracotomy

· distal thoracic esophagus = left thoracotomy.

· Cysts
· Congenital

· Can come from bronchi, trachea or esophagus

· Thus can be lined with columnar, squamous, or respiratory mucosa

· Also can have cilia

· Basically these are duplication cysts

· Treatment:

· Enucleation

· Look for a communication with the bronchial tree and close it off during the removal

2. Malignant Neoplasms
· Squamous cell ca is the most common worldwide

· Adenoca is the most common in western countries
· Adenoca has grown in frequency faster than any other human malignancy

· Also get SCC, small cell ca, rhabdomyosarcoma, leiomyosarcoma, fibrosarcoma, metastatic deposits

· Most thoracic surgeons will never see anything apart from SCC and Adenoca

· Epidemiology
· 0.5% lifetime risk
· Risk Factors (from Greenfield)

· They differ for SCC and Adenoca but the big ones are

· Tobacco products

· Alcohol

· Barrett’s

· Radiotherapy

· Tylosis (hyperkeratosis of the hands and feet)

· Carries a 95% risk of esophageal SCC!!!

· Genetic testing identifies them

	TABLE 44.4 ETIOLOGY: RISK FACTORS FOR THE DEVELOPMENT OF ESOPHAGEAL CANCER WITH THEIR RELEVANT CONTRIBUTION TO BOTH SQUAMOUS CELL AND ADENOCARCINOMA OF THE ESOPHAGUS

	Risk factor

Squamous cell carcinoma

Adenocarcinoma

Tobacco use

+++

++

Alcohol use

+++

—

Barrett's esophagus

—

++++

Weekly reflux symptoms

—

+++

Obesity

—

++

Poverty

++

—

Achalasia

+++

—

Caustic injury to the esophagus

++++

—

Nonepidermolytic palmoplantar keratoderma (tylosis)

++++

—

Plummer-Vinson syndrome

++++

—

History of head and neck cancer

++++

—

History of breast cancer treated with radiotherapy

+++

+++

Frequent consumption of extremely hot beverages

+

—

Prior use of beta-blockers, anticholinergic agents, or aminophyllines

—

±




· Diagnosis
· Most have do not present until they have dysphagia or odynophagia

· Many patients have already altered their diets to avoid dysphagia by the time they present

· Local invasion symptoms occur as well
· Respiratory complaints

· RLN dysfunction

· Metastatic disease

· Eg. Virchow’s node

· Workup

· Ba swallow – often the test that finds the disease

· Endoscopy w/ biopsy

· EUS 

· This is the best test to determine depth of invasion and local nodal status

· Can also biopsy nodes via this route

· CT chest and abdo

· This is for mets only and is not very useful for local characterization of the tumor

· FNA of palpable nodes

· There are no serum markers for esophageal Ca

Esophageal Ca Subtypes
Adenocarcinoma

· Fastest rising frequency of any cancer

· Now most common type of esophageal Ca

· Obesity, Reflux and Barrett’s are the major risk factors

ANNUAL RATE OF TRANSFORMATION IN PATIENTS WITH BARRETT’S IS 0.5%
Squamous cell carcinoma

· Caused by chronic irration of the mucosa:

· EtOH

· Smoking

· Tobacco products

· Caustic ingestion

· Also associated with medical conditions:

· Plummer Vinson syndrome (as above) – 10% risk

· Tylosis (hyperkeratosis of the palms and soles of the feet) – 40% risk of esophageal SCC

· Achalasia – 7% risk

Staging of Esophageal Cancer
· Stage correlates very closely with survival including that of treated patients so accurate staging is required to guide further treatment.
· The major goal is to determine which of the 3 treatment options you can pursue:

1. Curative surgical resection
2. Palliative surgery

3. Medical Palliation 

· CT – first step after diagnosis to find metastatic disease

· +/- PET – the combination is probably more sensitive for metastatic disease

	TABLE 44.5 STAGING: AMERICAN JOINT COMMITTEE ON CANCER (AJCC) STAGING OF ESOPHAGEAL CANCER


	Stage

	Description


	PRIMARY TUMOR (T)
	 


	TX

	Primary tumor cannot be assessed


	T0

	No evidence of primary tumor


	Tis

	Carcinoma in situ


	T1

	Tumor invades lamina propria or submucosa


	T2

	Tumor invades muscularis propria


	T3

	Tumor invades adventitia


	T4

	Tumor invades adjacent structures


	REGIONAL LYMPH NODES (N)
	 


	NX

	Regional lymph nodes cannot be assessed


	N0

	No regional lymph node metastasis


	N1

	Regional lymph node metastasis


	DISTANT METASTASIS (M)
	 


	MX

	Distant metastasis cannot be assessed


	M0

	No distant metastasis


	M1

	Distant metastasis


	TUMORS OF THE LOWER THORACIC ESOPHAGUS
	 


	M1a

	Metastasis in celiac lymph nodes


	M1b

	Other distant metastasis


	TUMORS OF THE MIDTHORACIC ESOPHAGUSa
	 


	M1a

	Not applicable


	M1b

	Nonregional lymph nodes and/or other distant metastasis


	TUMORS OF THE UPPER THORACIC ESOPHAGUS
	 


	M1a

	Metastasis in cervical nodes


	M1b

	Other distant metastasis


	aFor tumors of midthoracic esophagus, use only M1b because these tumors with metastasis in nonregional lymph nodes have an equally poor prognosis as those with metastasis in other distant sites.
From American Joint Committee on Cancer. AJCC cancer staging manual, 6th ed. New York: Springer; 2002:91–98
· A guy named Ellis modified the TNM staging system (from 1988) to make the WNM (wall, nodes, mets) system

· This one correlates much better with survival and has a better stepwise decline in survival wrt stage……..

· Schwartz uses the Ellis classification

· W0 = carcinoma in situ

· W1 = extension to but not through muscularis propria (T1 and T2)

· W2 = extension through the muscularis propria (T3 and T4)
· N0 = no nodes

· N1 = 1-4 nodes

· N2 = 5+ nodes
Table 24-13 Staging of Cancer of the Esophagus and Cardia: Modified WNM Criteria
Stage
 

Classification
 

No. of Patients
% 5-Year Survival
p Value
0

W0
N0
M0
    38

88.2

} 0.0002

I

W0
N1
M0
    59

50.3

 

 

W1
N1
M0
 

 

 

II

W1
N1
M0
    95

22.5

} 0.0005

 

W2
N0
M0
 

 

 

III

W2
N1
M0
138

10.7

} 0.02

 

W1
N2
M0
 

 

 

 

W0
N2
M0
 

 

 

IV

Any W

Any N

M1
33/408

    0

} 0.0001

SOURCE: Reproduced with permission from Ellis FH, Heatley GJ, Krosna MJ, Williamson WA, Balogh K: Esophagogastrectomy for carcinoma of the esophagus and cardia: A comparison of findings and results after standard resection in three consecutive 8 year time intervals, using improved staging criteria. J Thorac Cardiovasc Surg 113:836, 1997.



	


Management of Esophageal Ca
Resection is the only chance for cure.

Schwartz - A curative resection should be encouraged if endoscopic ultrasound indicates that the tumor has not penetrated the esophageal wall, and/or fewer than five enlarged lymph nodes are imaged

· This allows you to resect Ellis stage III disease because it has either <5 nodes or W1 disease.
The jury is out on neoadjuvant therapy

· Despite several tries, no study has shown a survival benefit to preop radiotx

· A European trial suggested that preop chemotherapy may increase survival but no one has duplicated the results so neoadjuvant chemo is considered investigational.

	TABLE 44.6 STAGING: AMERICAN JOINT COMMITTEE ON CANCER (AJCC) STAGE GROUPING WITH RECOMMENDED TREATMENT STRATEGY AND PREDICTED 5-YEAR SURVIVAL

	Stage

TNM designation

Treatment

5-yr survival (%)

0

Tis, N0, M0

Surgery alone

95

I

T1, N0, M0

Surgery alone

75

IIA

T2, N0, M0
T3, N0, M0

Surgery alone

30

IIB

T1, N1, M0
T2, N1, M0

Surgery alone or surgery +/- preop
chemo/XRT under investigation

20

III

T3, N1, M0
T4, any N, M0

Surgery for T3 lesions with or without preoperative chemo/XRT under investigation
Palliation (chemo, XRT, stenting, or combination)

10–15

IVA

Any T, any N, M1a

Palliation (chemo, XRT, stenting, or combination)

5

IVB

Any T, any N, M1b

Palliation (chemo, XRT, stenting, or combination)

1




the following is an algorithm for treatment from Schwartz

the major factors in determining resection for cure vs palliation are:

· Patient factors

· Age (>75)

· Fitness (FEV1 <1.25, EF <40%)

· Disease factors

· Clinical staging (anything suggestive of metastatic disease)

· EUS staging
· Intraop staging
Patients who are put into the palliative group should then be considered for surgical palliation

· If you can resect the whole primary and if there is no distant disease (basically those who have N2).
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 ×
Surgery for esophageal Ca

With respect to surgey esophageal Ca is divided into upper and lower tumors at the carina

Upper tumors (cervical and upper thorax) have much lower survival rates because of the proximity to vital structures

· Often these require neoadjuvant chemotx or radiotx to make them respectable and to allow sparing of the larynx
Lower tumors are more often resectable

Neoadjuvant therapy
· Neoadjuvant tx does NOT improve survival (see Schwartz for references)

· It can make tumors respectable and save local structures (ie the larynx)

Adjuvant chemotherapy
· Only useful as salvage therapy for those with recurrent systemic disease after resection

· There is no benefit when all comers are given adjuvant chemo

Transhiatal Approach
Preferred by most surgeons

upper midline or chevron incision and left cervical incision

the esophagus is dissected out in the mediastinum bluntly with the fingers

Usually closed with a gastric pullup

Ivor-Lewis Approach (transabdominal-transthoracic)

Same abdominal operation as the transhiatal approach

But, once that is done, you reposition the patient to LLD and do a right thoracotomy to dissect out the thoracic esophagus

the potential benefit is in dissecting out the the thoracic esophagus under direct vision

It’s a pain in the ass to move the patient and they have a higher post op mortality because of the thoracotomy
Also, if they leak, they get mediastinitus and half will die.

Three field approach

abdominal, thoracic and cervical incisions

the idea is to allow wider dissection (including lymph nodes) in the chest while still doing a cervical anastomosis

No real benefit to patients over the transhiatal approach (a Dutch study covered this in 2002
· Hulscher JB, van Sandick JW, de Boer AG, et al. Extended transthoracic resection compared with limited transhiatal resection for adenocarcinoma of the esophagus. 
· N Engl J Med. 2002;374:1662.


Palliative therapy
Surgery – removal of the primary

Chemotherapy – 5-fu based
· beneficial for most patients

Long course Radiotherapy

· relieves dysphagia in 75% of patients

· Effects last a few months

· Takes 4 weeks to work though and is thus only useful for those patients expected to live for a few months

· Also has siginifcant side effects

· transient worsening of dysphagia

· radiation esophagitis with fistulization to airway

· dermatitis

Stenting

· Problem is that they migrate like crazy.

Photodynamic therapy and Laser Fulguration 
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