ONLINE CONTENTS

Visit www, ExpertConsult.com for the following:
PRINTABLE PATIENT EDUCATION BROCHURES FROM FERRIS
NETTER PATIENT ADVISOR, 3rd EDITION

Managing vour GASTROESOPHAGEAL REFLUX DISEASE
.‘.1..1n.1gi|:g woLr EOSINOPHILIC ESOPHAGITIS

Managing your GASTROPARESIS ANDY GASTRIC MOTILITY
DISORDERS

Managing vour HELICOBACTER PYLOR! INFECTION
Managing vour FOOD ALLERGIES

Managing vour DIVERTICULAR DISEASE

Managing vour ULCERATIVE COLITIS

Managing vour CROHN'S DNSEASE

Managing vour MICROSCOPIC
COLLAGENOUS COLITIS)

10 Managing your FAMILIAL ADENOMATOUS POLYPOSIS AND
POLYPOSIS SYNDROMES

e Bl =

W wd SR LA de

LITIS (LYMPHOCYTIC OR

11
12
13
14

15

-
&

1%
20
21
i
3
4

Managing vour BACTERIAL FOOD POISONING

Caring for vour child with CYS IBROSIS

Managing your ACUTE PANCREATITIS

Managing vour PANCREATIC CANMCER

Managing vour HEPATITIS B

.\l:lllﬂs‘lng your HEPATITIS C

Managing your HEMOCHROMATOSIS

Managing vour WILSON'S DISEASE

Managing vour LIVER TRANSPLANTATION

Managing your DMETARY FIBER

Managing vour IRRITABLE BOWEL SYNDROME (1BS)
Managing yvour COMPLICATIONS OF BARIATRIC SURGERY
Managing your PROBIOTICS

Managing your SMALL INTESTIMNAL BACTERIAL OVERGROMWTH




SECTION |

Esophagus

Fifitor: Neil R Floch

1

10
n

12

13

14

SECTION 1l

Anatomy of the Esophagus and the Foregut, 2
Neil R Floch

Congenital Anomalies of the Esophagus, 16
Nevl R. Floch

Deglutition, 19

Neil R. Floch

Benign Disease of the Esophagus, 26

Neil R. Floch

Esophageal Diverticula, 30

Neil R Floch

Foreign Bodies in the Esophagus, 34

Neil R. Floch

Caustic Injury of the Esophagus, 37

Neil R. Floch

Esophageal Rupture and Perforation, 40

Nl R. Floch

Esophageal Varicosities, 43

Neil R, Floch

Eosinophilic Esophagitis, 46

Neil R. Floch

Gastroesophageal Reflux Disease, 48

Neil R. Floch

Sliding and Paraesophageal Hiatal Hernias Types 1, 2,
and 3, 61

Neil R. Floch

Esophageal Motility Disorders and Diagnosis, 66
Neil B Floch

Neoplastic Disease of the Esophagus, 73

Neil R. Floch

Stomach and Duodenum

Editar: Martin H Floch

15
16
17
18
19

20
21

22
23
24

Anatomy of the Stomach and Duodenum, 84
Martin H. Floch

Gastric Secretion, 95

Martin H. Floch

Factors Influencing Gastric Activity, 97
Martin H. Floch

Role of the Stomach in Digestion, 99
Martin H. Floch

Gastric Acid Secretion Tests: Hydrochloric Acid and
Gastrin, 101

Martin H. Floch

Effects of Drugs on Gastric Function, 103
Martin H. Floch

Upper Gastrointestinal Endoscopy:
Esophagogastroduodenoscopy, 105

Martin H. Floch

Coated Tongue, Halitosis, and Thrush, 107
Martin H. Floch

Aerophagia and Eructation, 109

Martin H. Floch

Motility of the Stomach, 111

Martin H. Floch

25
26
27
28
29

30
31

32
33
34
35
36
37

38

39
40
41
42

43

SECTION 1l

CONTENTS

Gastroparesis and Gastric Motility Disorders, 113
Martin H. Floch

Pyloric Obstruction and the Effects of Vomiting, 116
Martin 4. Floch

Nausea and Vomiting, 118

Martin B Floch

Hypertrophic Pyloric Stenosis, 121

Martin H. Floch

Diverticula of the Stomach and Gastrointestinal
Prolapse, 123

Martin H. Floch

Diverticula of the Duodenum, 125

Martin H. Floch

Dyspepsia, Functional Dyspepsia, and Nonulcer
Dyspepsia, 127

Martin H. Floch

Helicobacter pylori Infection, 129

Martin H. Floch

Gastritis: General, Erosive, and Acute, 132
Martin M. Floch

Peptic Ulcer Disease, 135

Martin M. Floch

Upper Gastrointestinal Bleeding, 141

Martin H. Floch

Therapeutic Gastrointestinal Endoscopy, 144
Martin M. Floch

Benign Tumors of the Stomach and Gastrointestinal
Stromal Tumors, 146

Martin M. Floch

Gastrointestinal Lymphoma and Mucosa-Associated
Lymphoid Tissue, 148

Martin M. Floch

Cancers of the Stomach, 151

Martin H. Floch

Tumors of the Duodenum, 154

Martin 4. Floch

Principles of Gastric Surgery, 156

Martin H. Floch

Postgastrectomy Complications: Partial
Gastrectomy, 158

Martin H. Floch

Effects of Total Gastrectomy, 161

Martin H. Floch

Abdominal Wall

Editor: Raul J. Rosenthal

44

45

46

Abdominal Wall Anatomy, 164

Cristian Alefandro Milla Mature, Matthew Lange,
Emanuele Lo Menzo, Raul J. Rosenthal

Peritoneum and Related Diseases, 170
Savannah Moan, Mania C. Fonseca, Emanuele Lo Menzo,
Raul J. Rosenthal

Mesenteric Ischemia and Other Vascular
Lesions, 179

Marns Sasson, Davd R, Funes, Emanuele Lo Menzo,
Raul J. Rosenthal

xi



47

48

49

SECTION IV

CONTENTS

Alimentary Tract Obstruction and Intestinal
Injuries, 182

Mauricio Sarmiento-Cobos, Hira Ahvnad, Emanvede Lo Menzo,
Raul J. Rosenthal

Abdominal Wall and Abdominal Cavity Hernias, 187
Kandace Kichler, Camila Ortiz Gornez, Emanuele Lo Menzo,
Raul J. Rosenthal

Abdominal Access, 196

Rene Aleman, Luis F. Zosnilta Nuriez, Mobola Oyefude,
Fmanvele Lo Menzo, Raul J. Rosenthal

Small Intestine

Fditor; Martin H. Fioch

50

51

52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

72

Anatomy of the Small Intestine, 202

Martin H. Floch

Secretory, Digestive, and Absorptive Functions of the
Small Intestine, 214

Martin 4. Floch

Gastrointestinal Hormones and Neurotransmitters, 217
Martin H. Floch

Imaging of the Small Intestine, 220

Martin M. Floch

Visceral Reflexes, 223

Martin H. Floch

Congenital Abnormalities of the Small Intestine, 225
Martin M. Floch

Meckel Diverticulum, 227

Martin H. Floch

Diverticula of the Small Intestine, 229

Martin H. Floch

Motility and Dysmotility of the Small Intestine, 231
Martin H. Floch

Obstruction and lleus of the Small Intestine, 233
Martin H. Floch

Chronic Intestinal Pseudo-Obstruction, 236
Martin #. Floch

Irritable Bowel Syndrome and Functional
Gastrointestinal Disorders, 239

Martin H. Floch

Evaluation of the Small Bowel, 242

Martin H. Floch

Lactose, Fructose, and Sucrose Intolerance, 245
Martin 4. Floch

Diarrhea, 248

Martin H. Floch

Celiac Disease and Malabsorption, 251

Martin H. Floch

Whipple Disease, 255

Martin H. Floch

Small Intestinal Bacterial Overgrowth, 257
Martin H. Floch

Short Bowel Syndrome, 259

Martin H. Floch

Food Allergy, 262

Martin H. Floch

Eosinophilic Gastroenteritis, 265

Martin H. Floch

Intussusception of the Small Intestine, 267
Martin H. Floch

Benign Tumors of the Small Intestine, 269

Martin H Floch

73
74

75

SECTION V

Malignant Tumors of the Small Intestine, 272

Martin H. Fioch

Carcinoid Syndrome and Neuroendocrine Tumors, 274
Martin H. Floch

lleostomy, Colostomy, and Gastroenteric Stomas, 277
Martin H. Floch

Colon, Rectum, and Anus

Edvtor: Martin H. Floch

76

77

78
79
80
81
82
83

84

85
86
87
88
89

90
9
92
93
94

95

96
97
98

Anatomy of the Colon, Rectum, and Anus, 280
Martin H. Floch

Secretory, Digestive, and Absorptive Functions of the
Colon and Colonic Flora, 291

Martin H. Floch

Probiotics, Prebiotics, and the Microbiota, 294
Martin H. Fioch

Anoscopy, Sigmoidoscopy, and Colonoscopy, 297
Martin H. Floch

Laparoscopy and Laparotomy, 300

Martin H. Floch

Stool Examination, 302

Martin H. Floch

Intestinal Bleeding, 305

Martin H. Floch

Motility and Dysmotility of the Large Intestine, 308
Martin H. Floch

Normal Defecation and Pathophysiology of Fecal
Incontinence, 310

Martin H. Floch

Constipation, 314

Martin H Floch

Effects of Drugs on the Colon, 317

Martn H. Floch

Megacolon and Hirschsprung Disease, 319

Martin H. Fioch

Volvulus, Sigmoid, and Cecum, 321

Martin H. Floch

Diseases of the Appendix: Inflammation, Mucocele,
and Tumors, 324

Mavtn H Floch

Diverticulosis, 326

Martin H. Floch

Ulcerative Colitis, 330

Martin H. Floch

lleostomy and Colostomy, 337

Martin H. Floch

lleal Pouch Anal Anastomosis and Pouchitis, 339
Martin H. Fioch

Differentiating Features of Ulcerative Colitis and Crohn
Disease, 342

Martin H. Floch

Crohn Disease, Complications and Surgical
Therapy, 345

Martin H, Floch

Perianal Disease in Crohn Disease, 349

Martin H. Floch

Drug Therapy for Inflammatory Bowel Disease, 351
Martin H. Floch

Microscopic Colitis {Lymphocytic or Collagenous
Colitis), 354

Martin H. Fioch



CONTENTS

99

100

101
102
103
104
105
106

107

SECTION VI

Neoplasms of the Large Bowel: Colon Polyps and Colon
Cancer, 356

Martin H. Floch

Familial Adenomatous Polyposis and Polyposis
Syndromes, 363

Martin H. Floch

Rectal Cancer, 366

Martin H. Floch

Hemorrhoids, 368

Martin H. Floch

Rectal Prolapse and Procidentia, 370

Martin H. Floch

Anal Fissure, Pruritus Ani, Papillitis, and Cryptitis, 372
Martin H, Floch

Anorectal Abscess and Fistula, 374

Martin H. Floch

Lymphogranuloma Venereum and Sexually Transmitted
Proctitis, 377

Martin H. Floch

Fecal Incontinence, 380

Martin H. Floch

Infectious and Parasitic
Diseases of the
Alimentary Tract

Editor: C. S. Pitchumoni

108

109
110
m

112

113
114
115
116
117
118
119
120

121

122

123

Human Immunodeficiency Virus and Gastrointestinal
Tract, 384

C. S Pitchumoni

Infectious Esophagitis, 386

C. S. Pitchumoni

Typhoid Fever (Paratyphoid Fever, Enteric Fever), 387
€. S. Prechumoni

Food Poisoning and Enteric Pathogens, 390

C. S. Prchumoni

Clostridium difficile and Other Antibiotic-Associated
Diarrhea, 396

C. §. Prchumoni

Gastrointestinal Tuberculosis, 399

C. S. Pitchumani

Abdominal Actinomycosis, 402

C. S. Pitchumoni

Amebiasis, 404

C. $. Pitchumoni

Giardia lamblia and Other Protozoan Infections, 406
C. 8 Pichumoni

Intestinal Helminths: Trichuriasis, 409

C. S. Pitchumoni

Enterobiasis, 411

C. S. Prichumoni

Ascariasis, 413

C. §. Pitchumoni

Strongyloidiasis, 415

C. S. Pitchumoni

Hookworm Disease (Necatoriasis and
Ancylostomiasis), 417

C. S. Prichumoni

Tapeworms (Cestodes), 419

C. 8. Pichumoni

Other Helminth Infections: Trichinella spiralis and
Flukes, 424

C. S. Pitchumoni

SECTION ViI
Fditor: C. S. Pitchumoni

124 Development and Anatomy of the Pancreas, 428
C. S Pischumaoni

Pancreatic Ducts and Exocrine and Endocrine
Organs, 431

C. S. Pitchumoni

Pancreatic Physiology, 433

C § Pichumoni

Cystic Fibrosis, 436

C S Pictumoni

Acute Pancreatitis, 438

C. S Pitchumoni

Chronic Pancreatitis, 443

C. S Pitchumoni

Pancreatic Cancer, 448

C. 8 Prchumoni

Cystic Neoplasms of the Pancreas, 452

C S Pitchumoni

Pancreatic Neuroendocrine Tumors (Islet Cell
Tumors), 455

C S Pitchumoni

Pancreas

125

126
127
128
129
130
131

132

SECTION Vil
Fditor: C. S. Pitchumoni

133 Anatomy and Function of the Gallbladder, 460
C S Pitchumons

Gallstones, 462

C S Pitchumoni

Acute Cholecystitis, 465

C S Pichumons

Cholecystitis: Complications, 467

C $ Pitchumoni

Chronic Cholecystitis, 469

C S Puchumoni

Choledocholithiasis and Cholangitis, 471
C S Pichumoni

Sphincter of 0ddi Dysfunction, 475

C S Pitchumoni

Periampullary Cancer, 478

C S Pitchumoni

Gallbladder Cancer, 480

C S Pirchumoni

Cholangiocarcinoma, 482

C. $ Pitchumons

Gallbladder and Bile Ducts

134
135
136
137
138
139
140
141

142

SECTION IX
Editor: Joseph K. Lim

143 Anatomy of the Liver, 487

Kns V. Kowdley. Joseph K. Lim

Liver Function Tests, 503

Kns V. Kowdley, Joseph X Lim

Prothrombin Formation, 505

Knis V. Kowdley. Joseph K Lim

Bilirubin and Bile Acid Metabolism, 507
Kns V. Kowdley, Joseph K. Lim

Clinical Manifestations of Cirrhosis, 511
Kris V. Kowdley, Joseph K. Lim

Physical Diagnosis of Liver Disease, 513
Kns V. Kowdley, Joseph X Lim

Liver

144
145
146
147

148



149

150
151
152
153
154
155
156
157
158
159
160

161
162
163
164
165
166
167
168
169
170
17

172

CONTENTS

Causes of Portal Hypertension, 515
Kriz |\ Kowdley, Josaph K Lim

Ascites, 517

Kris V. Kowdley, Josaph K Lim

Hepatic Encephalopathy, 520

Kns I Kowdley, Josaph K Lim
Hepatorenal Syndrome, 523

Josgph K Lim

Variceal Bleeding, 525

ki V. Koweoy, Josaph K Lim
Transjugular Intrahepatic Portosystemic Shunt, 529
Joseph K Lim

Liver Biopsy, 531

Jogeph K Lim, Knig V, Kowdley

Hepatic Necrosis, 534

Josaph K Lim, Krig V. Kowdley

Cirrhosis, 536

Joseph K Lim, Knis V. Kowdley

Imaging Studies of the Liver, 539
Josaph K Lim, Knig V. Kowdley

Alcoholic Liver Disease, 543
Joseph K. Lim, Kris V. Kowdley
MNonalcoholic Fatty Liver Disease and
Steatohepatitis, 548

Joseph K Lim, Kris V. Kowdley
Extrahepatic Biliary Obstruction, 551
Joggph K Lim, Knig V, Kowdley

Primary Biliary Cholangitis, 555
Josaph K Lim, Krig V. Kowdlley

Primary Sclerosing Cholangitis, 561
Jogepd K Lim, Kris V. Kowiley
Autoimmune Hepatitis, 564

Josaph K Lim, Krig V. Kowdley

Acute Viral Hepatitis (Hepatitis A, D, E), 566
Josoph K Lim, Kns V. Kowdiey

Hepatitis B, 570

Joseph K Lim, Knis V, Kowdley

Hepatitis C, 573

Jozeph K Lim

Hepatitis Caused by Other Viruses, 575
Joseph K. Lim, Kris V. Kowdley
Hepatotoxicity, 577

Joseph K Lim, Krig V. Kowdley

Disorders of Bilirubin Transport, 580
Josaph K Lim, Kig V. Kowdley
oy-Antitrypsin Deficiency, 562
Josenh K Lim, Kris V. Kowdley
Hereditary Hemochromatosis, 563
Josaph K Lim, Krig V. Kowdley

173
174
175
176
177
178

179

180
181
182

183

SECTION X

Liver Disease in Pregnancy, 536
Joseph K. Lim, Kris V. Kowaley

Benign Liver Tumors, 539

Jaseph K. Lim, Kng . Kowdtey
Granulomatous Liver Diseases, 591
Josmph K. Lin, Kns V. Kowabey

Wilson Disease, 594

Joseph K. Lim, Kriz V. Kowdley
Hepatocellular Carcinoma, 596
Jasenh K L, Kns 1 Kowaiay

Liver Transplantation, 598

Jazeph K. Lim. Kns V. Kowdbey

Other Infections of the Liver: Amebiasis, Spirochetes,
Actinomycosis, Echinococeus, Schistosomiasis, 602
Joseph K. Lin, Knis V. Kowdiey

Vascular Disorders of the Liver, 609
Jozeph K. Lim, Kriz V. Kowdbey

Bile Duct Cancer, 613

Jaseph K. L, Kng ¥ Kowaley
Metastatic Cancer, 616

Joseph K. Lim, Knis V. Kowdiey

Hepatic Trauma, 615

Joseph K. Lim, Kng . Kowdiey

Mutrition and Gastrointestinal
Disease

Editor: James 8. Scolapio

184
185
186
187
188
189
190

191

192

Dietary and Nutritional Assessment, 627
James 8 Scolapie

Macronutrients and Energy, 624

James 8 Seolapio

Micronutrient and Vitamin Deficiency, 625
Jamas 8 Scolapiy

Enteral Nutrition, 625

Jamis 8 Selapio

Dietary Fiber, 629

James & Soolapio

Parenteral Nutrition, 633

James 8 Scolapio

Malnutrition, 634

James & Scolapio

Surgical Treatment of Dbesity, 636

Rishabh Shah, Gamett Wegerif, James 8§ Scolapao,
Samug! Sramstein, Emanvele Lo Mo, Rawl J. Besenthal
Gastrointestinal Dizeases Related to Nutrition, 644
James & Soolapio

Index, 645



Anatomy of the Esophagus and the Foregut

Neif R. Floch

TOPOGRAPHIC RELATIONS OF THE ESOPHAGUS

The pharynx ends at the level of the cricosd cartilage and the sixth
cervical vertebra (C6) and where the esophagus begins (Figs. 1.1 and
1.2). On average, the csophagus is 40 cm (16 inch) long from the upper
incisor teeth to the edge of the cardia of the stomach. The esophagus is
divided, with the first part extending 16 cm from the incisors to the lower
border of the cricopharyngeus muscle. The remainder is 24 cm long.

The aortic arch crosses behind the esophagus from the keft side and
is located 23 cm from the incisors and 7 cm bedow the cricopharyngeus
muscle, and 2 cm below this level, the left main bronchus crosses in
fromt of the esophagus. The lower esophageal sphincter (LES) begins
37 1o 38 cm from the incisors, The esaphageal hiatus is located 1 cm
Iselow this point, and the cardia of the stomach is yet lower, In children
the dimensions are proportionately smaller. At birth the distance from
the incisor teeth to the cardia s approximately 18 cm; at 3 vears, 22 ¢m;
and at 10 years, 27 cm.

Like a“good soldier,” the csophagus follows a lefi-right-left path as
it marches down the anteroposterion curvature of the vertebral column,
It descends amterior to the vertebral column, through the lower portion
of the neck and the superior and posterior mediastinum. The esopha-
gus Forms two bateral curves that, when viewed anteriorly, appear as a
reverse 5 the upper csophagus has a convex curve toward the left, and
the lower esophagus has a convex curve toward the right. At its origin,
the esophagus bends ¥ inch (006 cm) to the left of the tracheal margin,
It crosses the midline behind the aortic arch at the level of the fourth
thoracic vertebra {T4). The esophagus then turns to the right at the
seventh thoracic vertebaa ( T7), after which it turns sharply to the left as
it enters the abdomen through the esophageal hiatus of the diaphragm,
1o join the cardia of the stomach at the gastroesophageal (GE) junction.

The esophagus is composed of three scgments: cervical, thoracic,
and abdominal. Anterior to the cervical ssophagus is the membranous
wall of the trachea, Loose arcolar tissue and muscular strands conmect
the esophagus and the traches, and recurrent laryngeal nerves ascend
in the grooves between them, Posterior to the esophagus are the longus
colli musdes, the prevertebral Fascia, and the vertebral bodies, Although
the cervical esophagus is positioned between the carotid sheaths, it is
closer 1o the left carotid sheath. The thyroid gland partially overlaps
the ¢sophagus on both sides,

The thenrcic esoplragus lics posterior to the trachea. It extends down
o the bevel of the fifth thoracic vertebra (T5), where the trachea bifur-
cates. The trachea curves to the right as it divides, and thus the left main
bronchus crosses in front of the csophagus, Below this, the pericardium
separates the esophagus from the left atrium of the heart, which lies
anterior and inferior to the esophagus, The lowest portion of the thoracic
esaphagus passes through the diaphragm into the abdomen,

O the left side of the esophageal wall, in the upper thoracic region,
is the ascending portion of the left subclavian artery and the parietal
pleura. At approximately the level of T4, the arch of the aorta passes

2

backward and alongside the csophagus. Below this, the descending aorta
lies to the left, but when that vessel passes behind the esophagus, the
left mediastinal pleura again comes to adjoin the esophageal wall, On
the right side, the parictal pleura is intimately applied 1o the esophagus,
cxcept when, at the level of T4, the azygos vein intervenes as it turns
forward,

In the upper thorax, the esophagus lies on the longus colli muscle,
the prevertebral fascia, and the vertebral bodies. At the cighth thoracic
vertebra (T8), the aorta lies behind the esophagus. The azygos vein
ascends behind and o the right of the esophagus as far as the level of
T4, where it turns forward, The hemiazygos vein and the five upper-
right intercostal arterics cross from left to right behind the esophagus.
The thoracic duct ascends 1o the right of the esophagus before wrning
behind it and to the left at the bevel of T35, The duct then continues to
asgend on the left side of the esophagus.

A small segment of abdaninal csoplagies lies on the crus of the
diaphragm and creates an impression in the underside of the liver,
Below the tracheal bifurcation, the ssophageal nerve plesus and the
anterior and postersor vagal trunks adhere to the esophagus,

As the esophagus travels from the neck 1o the abdomen, it encounters
several indentations and constrictions. The first narrowing occurs at
the cricopharyngeus muscle and the cricoid cartilage. The aortic arch
creates an indentation on the left side of the esophagus, and the pulsa-
tiens of the aorta may be seen during csophagoscopy. Below this point,
the left main bronchus creates an impression on the left anterior aspect
of the esophagus, The second narrowing occurs at the LES,

Although the esophagus is described as a “tube,” it is oval and has
a flat axis anterior to posterior with a wider transverse axis, When the
esophagus is at rest, its walls are approximated and its width s 2 cm,
but it distends and contracts, depending on its state of tonus,

MUSCULATURE OF THE ESOPHAGUS

The esophagus is composed of outer longitedinal and inner circular
muscle layers (Figs. 1.3 and 1.4). On the vertical ridge of the dorsal
aspect of the cricord cartilage, two tendons originate as they diverge
and descend downward around the sides of the esophagus to the dorsal
aspect. These tendons weave in the midline of the ventral area, creating
a Washaped gap between the two muscles, known as the Veshaped arca
of Laimer. This gap, or bare arca, cxposes the underlying circular muscle,
Located above this arca is the cricopharyngeus muscle. Sparse longitu-
dinmal muscles cover the arca, as do accessory fibers from the lower
aspect of the cricopharyngeus muscle,

In the upper csophagus, longitudinal muscles form bundles of fibers
that de not evenly distribate over the surface. The thinnest layers of
muscle are anterior and adjacent to the posterior wall of the trachea,
The longitudinal muscle of the esophagus receives fibers from an acoes-
sory muscle on each side that originates from the posterolateral aspect
of the cricoid cartilage and the contralateral side of the deep portion
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Fig. 1.1 Regional Anat
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of the cricopharyngeus muscle. As the longitudinal muscle descends,
its fibers become equally distributed and completely cover the surface
of the esophagus.

The inner, circular, muscle layer is thinner than the outer longi-
tudinal layer. This relationship is reversed in all other parts of the
gastrointestinal (G1) tract. In the upper esophagus, the circular muscle

'ofr' l’k

gm, Stomach, and Esophagus.

closcly approximates the encircling lower fibers of the cricopharyngeus
muscle. The upper esophageal fibers are not circular but elliptical, with
the anterior part of the ellipse at a lower level of the posterior part. The
ellipses become more circular as the esophagus descends, until the start
of its middle third, where the fibers run in a horizontal plane. In one
1-cm segment, the fibers are truly circular. Below this point, the fibers



SECTION | Esophagus

16
opharyngeus
{muscle) part of
inferior
g ryngeal
Thoracic constrictor
._g_ {aortobronchial)
€ constriction
v
-
£ \
£r23
3
€
&
)
<
Diaphragmatic
constriction
(infevhiov .
agea
'ﬂinﬂm"ﬁ
38 e

Abdominal part
40 of esopha

Cardiac pant
of stomach

Cricoid cantilage

Inferior pharyngeal
constrictor muscle

Cricopharyngeus
(muscle) part of
inferior
pharyngeal
constrictor

Diapheagm

Lateral view

Fig. 1.2 Topography and Constrictions of Esophagus.

become elliptical once again, but they now have a reverse inclination—
that is, the posterior part of the ellipse is located at a lower Jevel than
the anterior part. In the lower third of the esophagus, the fibers follow
a spiral course down the esophagus. The elliptical, circular, and spiral
fibers of this layer are not truly uniform and parallel but may overlap
and cross, or they may even have defts between them. Some fibers in the
lower two thirds of the esophagus pass diagonally or perpendicularly,
up or down, joining fibers at other levels, These branched fibers are 2
to 3 mm wide and 1 to 5 ¢cm long and are not continuous,

The cricopharyngeus muscle marks the transition from pharynx to
esophagus. It is the Jowest portion of the inferior constrictor of the
pharynx and consists of a narrow band of muscle fibers that originate
on each side of the posterolateral margin of the cricoid cartilage. The
cricopharyngeus then passes slinglike around the dorsal aspect of
the pharyngoesophageal (PE) junction. Upper fibers ascend and join
the median raphe of the inferior constrictor muscle posteriorly. Lower
fibers do not have a median raphe; they pass to the dorsal aspect of the
PE junction. A few of these fibers pass down to the esophagus. The
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cricopharyngeus functions as a sphincter of the upper esophagus. Muscle
tonce of the csophageal lumen is greatest at the level of the cricopha-
ryngeus, and relaxation of this muscle is an integral part of the act of
swallowing. There is a weak area between the cricopharyngeus and the
main part of the inferior constrictor where Zenker diverticula are thought
to develop.

The upper 25% to 33% of the esophagus is composed of striated
muscle, whereas the lower or remaining portion is smooth muscle.
Within the second fourth of the csophagus is a transitional zone where
striated muscle and smooth muscle are present. The lower half contains
purely smooth muscle, Between the two muscular coats of the csophagus,

Aberrant vessel patterns incude one left and one right in 25% of paticnts,
two right and two left in 15%, and onc left and two right in 8%, Rarcly
do three right or three left arteries occur.

At the tracheal bifurcation, the esophagus receives branches from
the aorta, aortic arch, uppermost intercostal arteries, internal mammary
artery, and carotid artery. Aortic branches to the thoracic esophagus
usually consist of two unpaired vessels. The cranial vessel is 3 to 4 cm
long and usually arises at the Jevel of the sixth to seventh thoracic
vertebrae (T6-17). The caudal vessel is longer, 6 to 7 cm, and arises at
the level of T7 to TS, Both arteries pass behind the esophagus and
divide into ascending and descending branches. These branches anas-

a narrow layer of connective tissuc is inserted that acc dates the
myenteric plexus of Auerbach.

ARTERIAL BLOOD SUPPLY OF THE ESOPHAGUS

The blood supply of the esophagus is variable (Fig. 1.5), The inferior
thyroid artery is the primary supplicr of the cervical esophagus; esopha-
geal vessels emanate from both side branches of the artery and from
the ends of the vessels. Anterior cervical esophageal arteries supply
small branches to the csophagus and trachea. Accessory arteries to
the cervical esophagus originate in the subclavian, common carotid,
vertebral, ascending pharyngeal, superficial cervical, and costocervical
trunk.

Arterial branches from the bronchial arteries, the aorta, and the
right intercostal vessels supply the thoracic esophagus. Bronchial arter-
ies, especially the left inferior artery, distribute branches at or below
the tracheal bifurcation. Bronchial artery branches are variable, The
standard—two left and one right—occurs in only about 50 of patients,

t along the esophageal border with descending branches from
the inferior thyroid and bronchial arteries, as well as with ascending
branches from the left gastric and left inferior phrenic arteries. Right
intercostal arterics, mainly the fifth, give rise to csophageal branches
in approximately 20% of the population.

The abdominal esophagus receives its blood supply from branches
of the left gastric artery, the short gastric artery, and a recurrent branch
of the left inferior phrenic artery. The left gastric artery supplies car-
dioesophageal branches cither through a single vessel that subdivides
or through two to five branches before they divide into anterior and
posterior gastric branches. Other arterial sources to the abdominal
esophagus are (1) branches from an aberrant left hepatic artery, derived
from the left gastric, an accessory left gastric from the left hepatic, or
a persistent primitive gastrohepatic arterial arg; (2) cardiocsophageal
branches from the splenic trunk, its superior polar, terminal divisions
(short gastrics), and its occasional large posterior gastric artery; and
(3) a direct, slender, cardioesophageal branch from the aorta, celiac, or
first part of the splenic artery.
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Fig. 1.4 Pharyngoesophageal Junction.

With every resection surgery, arcas of devascularization may be
induced by (1) excessively low resection of the cervical segment, which
always has a supply from the inferior thyroid; (2) excessive mobilization
of the esophagus at the tracheal bifurcation and laceration of the bron-
chial artery; and (3) excessive sacrifice of the left gastric artery and the
recurrent branch of the inferior phrenic artery to facilitate gastric mobi-
lization, Anastomesis around the abdominal portion of the esophagus
is usually copious, but sometimes it is limited.

VENOUS DRAINAGE OF THE ESOPHAGUS

Venous drainage of the esophagus begins in small tributaries that even-
tually empty into the azygos and hemiazygos veins (Fig. 1.6). Drainage
begins in a submucosal venous plexus that exits externally to the surface
of the esophagus. Tributaries from the cervical pericsophageal venous
plexus drain into the inferior thyroid vein, which empties into the right
or left brachiocephalic (innominate) vein, or both, Tributarics from

the thoracic pericsophageal plexus on the right side join the azygos,
the right brachiocephalic, and occasionally the vertebral vein; on the
left side, they join the hemiazygos, the accessory hemiazygos, the left
brachiocephalic, and occasionally the vertebral vein, Tributarics from
the short abdominal esophagus drain into the left gastric (coronary)
vein of the stomach. Other tributaries are in continuity with the short
gastric, splenic, and left gastroepiploic veins. They may also drain to
branches of the left inferior phrenic vein and join the inferior vena
cava (IVC) directly or the suprarenal vein before it enters the renal vein,

The composition of the azygos system of veins varies. The azygos
vein arises in the abdomen from the ascending right lumbar vein,
which receives the first and second lumbar and the subcostal veins.
The azygos may arise directly from the IVC or may have connections
with the right common iliac or renal vein. In the thorax, the azygos vein
receives the right posterior intercostal veins from the fourth to eleventh
spaces and terminates in the superior vena cava (SVC), The highest
intercostal vein drains into the right brachiocephalic vein or into the
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Fig. 1.5 Anteries of the Esophagus.

vertebral vein. Veins from the second and third spaces unite in a common
trunk, the right superior intercostal, which ends in the terminal arch of
the azygos.

The hennazygos vein arises as a continuation of the left ascending
lumbar or from the left renal vein, The hemiazygos receives the left
subcostal vein and the intercostal veins from the eighth to the eleventh
spaces, and then it crosses the vertebral column posterior to the esopha-
gus to join the azygos vein.

The accessory hemiazygos vein receives intercostal branches from
the fourth to the cighth intercostal veins, and it crasses over the spine

and under the esophagus to join the hemiazygos or the azygos vein.
Superiorly, the accessory hemiazygos communicates with the left superior
intercostal that drains the second and third spaces, and ends in the left
brachiocephalic vein, The first space drains into the left brachiocephalic
or vertebral vein, Often the hemiazygos, lhc .m.cssory hcmuzygm and
the superior intercostal trunk form a cont dinal channel
with no connections to the azygos. There may be lhm to five con-
nections between the left azygos, in which case a hemiazygos or an
accessory hemiazygos is not formed. If the left azygos system is very
small, the left venous drainage of the esophagus occurs through its




