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Overview

* Macroanatomy

e Vascular supply & drainage
e Lymphatics

* Neural innervation

e Microanatomy

* Function
e Digestion - electrolytes & fluids - micronutrients
e Barrier - immune surveillance - gut hormones

e Clinical application



-Duodenum-Jejunum-lleum-
e 3-8.5m long with fx surface area 30-40m?*



Embryology

* Small intestines arises from the midgut along with
« SMA
 Proximal colon (up to prox 2/3 of TC)
e Communicates with omphalomesenteric duct — Meckel’s diverticulum

e Eventually rotates 270’ anticlockwise around SMA axis
e Failure leads to malrotation: volvulus, SMA obstruction

e Caudal foregut prox duodenum (pylorus — major duo papilla)
 Hindgut = Lt colon

e Mid vs hindgut relevant molecular genetics

 Rt/mid: MSI-high (immunotherapy); CIMP, BRAF, serrated neoplasia, Lynch, poor
diff with poorer prognosis with mets

e Lt/hind: APC, KRAS, TP53, better anti-EGFR response (RAS wild-type)






Blood supply

e SMA (midgut) in between celiac trunk (foregut) and IMA (hindgut)
 Watershed area splenic flexure (Griffith’s point) between SMA/IMA

e Celiac trunk (T12)

e Left gastric a (NB ulcers on lesser curve)

e Splenic a (spleen, pancreas, fundus of stomach)
Hepatic a (gastroduodenal a with D1 ulcers)
Collaterals: pancreaticoduodenal arcades
Medial arcuate ligament syndrome
~90° off aorta — low risk for embolism

¢ IMA (L3)
e Left colic/sigmoid / sup rectal (watershed rectosigmoid (Sudeck point)
e Collaterals: Marginal a of Drummond (SMA/IMA); Arc of Riolan (middle/Lt colic)

 Vulnerable in AAA repair & Ao stents



Blood supply: SMA

e SMA (L1)
* |[nferior pancreaticoduodenal a: distal duodenum + pancreatic head

e Jejunal & ileal branches
e Jejunum fewer arcades & longer vasa recta
* |leum more arcades & shorter vasa recta

e |leocolic a: Tl, cecum, appendix
* Right colic a: ascending colon
e Middle colic a: prox 2/3 TC (watershed with IMA at splenic flexure)

e ~ 38-65° off aorta
 More prone to emboli with acute mesenteric ischaemia
 Reduced fat pad makes angle more acute: Wilkie syndrome (<22°)
 Nutcracker syndrome: left renal vv compressed between Ao & SMA






Blood drainage

e SMV

e Same name branches of aa drain to SMV
 Union with splenic v & IMV to form PV infront of uncinate of pancreas

PV runs superiorly behind D1 in hepatoduodenal ligament to form porta
hepatis with CBD and HA

e SMV thrombosis

e Acute vs chronic ?isolated vs with PVT

e Bowel wall oedema £small intestine varices

e Pain out proportion, diarrhoea/ileus, cx bowel ischaemia/infarction
e Pneumatosis intestinalis















Lymphatics

For long chain trigs, cholesterol, phospholipids, fat soluble vitamins
Mop up proteinaceous interstitial fluid from capillaries

Flow rate — fasting 0.5-1l/d, normal diet 2l/d, fatty 4-6l/d, cirrhosis ~20l/d
Lacteals to submucosal lymphatics

e Mesenteric lymphatics

e Mesenteric LN (essentially similar to vascular anatomy ie jejunal, ileal and
superior mesenteric LN)

Cisterna chyli
e L1/L2 behind rt crus of diaphragm
* Reservoir where lipid rich chyle from intestinal & lumbar trunks converge

 Thoracic duct runs in posterior mediastinum
e Ltvenous angle at junction of Lt internal jug & subclavian vein



Mesentery

 Double fold peritoneum that suspends all small bowel
e Encompasses mesenteric vessels & lymphatics
* 15cm root from Lt L2 transverse process to Rt sacroiliac joint

e 4-6m fan

* More than just a support structure
 Immune hub (relevance in anti-mesenteric surgery in Crohn’s)

e Fat/lipid metabolism
* Adiponectin, leptin, resistin, omentin, gherlin

e Tissue repair
e Sclerosing mesenteritis






Endoscopic ultrasound
Alternating
hypo/hyperechoic
layers of intestinal wall

Akahoshi et al., Current clinical management of gastrointestinal stromal tumor, World J Gastroenterol 2018 July 14; 24(26): 2806-281



Microscopic anatomy

1) Mucosa

 Simple columnar epithelium enterocytes with microvilli brush border & glycocalyx
* Mucus producing goblet cells (Trefoil factors)

e Crypts of Lieberkuhn: Paneth cells/stem cells/enteroendocrine cells

e Tuft cells —important role in helminths, Th2 response pathway

* Taste receptors: sweet, bitter, umami and fat

 Lamina propria: blood capillaries & lacteals

* Muscularis mucosae: thin smooth muscle layer separating from submucosa

2) Submucosa

* Thick connective tissue layer housing larger vessels, lymphatics & Meissnher’s plexus
3) Muscularis propria

 Two smooth muscle layers sandwiching the Auerbach’s plexus
4) Serosa

 Mesothelial cell covered connective tissue layer
* Adventitia for retroperitoneal sections (prox duodenum)



Trefoil factors

Three-loop peptide molecules secreted by goblet cells

Role in epithelial healing, mucus viscosity, innate immune system

TFF1

* Mainly gastric, tumour suppressive like peptide
 Reduced in H Pylori, CAG/IM
* Loss associated with gastritis, ulcers, adenoca

TFF2
e Stomach & Brunner’s glands: spasmolytic polypeptide
e Spasmolytic polypeptide-expressing metaplasia (SPEM)
TFF3

e Small intestine & colon: co-secreted with MUC2 mucin into glycocalyx

e Epithelial restitution, tight-junctions, microbiota & innate immunity crosstalk
e Stimulated with TLR2; inhibited by TNF alpha/NF-KB

* Reduced expression in IBD (Potential therapeutic target incl radiation/chemo)



Glycocalyx

Carbohydrate rich layer covering microvilli of enterocytes

Important in barrier integrity, host-microbiome interaction, immune
signalling, nutrient digestion & absorption

Enzymes: disaccharidases & peptidases

Vulnerable to

e Acute (viral enteritis, bacterial toxins)

e Chronic (Crohn’s, Celiac, GVHD, radiation enteritis, SIBO)
Ischaemia
Hyperglycaemia
Drugs (NSAIDS/chemo/Alcohol/broad spectrum antibiotics)
Environmental/tropical enteropathy (poor sanitation, recurrent enteritis)
Prolonged TPN (luminal nutrition tropic to enterocytes (SCFA - butyrate))

Results in
e “leaky gut”, malabsorption~ PLE
 Osmotic diarrhoea (carb/lactose) / post prandial bloating
* |ncreased bacterial translocation
e Gut-liver axis



Microbiome & immunogenics

 High antigenic load in gut (bacteria, food) & requires tolerogenicity
e SIgA, mucin, defensins, decreased TLR expression

 GALT, IEL, LPMC

e “physiological inflammation”

e Microbiome & host interplay
e Less abundance & diversity compared to colon (too much - SIBO)
 Important in SFCA production, Tregs
e Gut-liver-brain axis
* Influence GLP-1, bile acid metabolism, serotonin pathways
e OmpC, CBir1 (bacteria), NOD2, CARD9 (host)

A



Neural innervation

e Enteric nervous system (ENS)
* Meissner plexus: secretion
e Secretory diarrhoea, bacterial translocation
* Myenteric (Auerbach) plexus: peristalsis
e Migrating motor complex: fasting, phase I-Il
* Dysmotility/ileus/pseudo-obstruction/bloating/SIBO
* [nterstitial cells of Cajal
 pacemaker cells coordinating slow waves & peristalsis
e Excitatory (Ach, substance P) & inhibitory (NO, VIP) neurotransmitters

e Autonomic nervous system
e Parasympathetic from vagus
e Sympathetic from celiac & SMA

e Afferent
* Detects distension, osmolarity, inflammation
 Hypersensitisation: visceral hypersensitivity with functional abdominal sx, IBS






Simplified overview

e Duodenum
 Brunner’s glands — bicarb
* Ampulla of Vater
* [ron, ions & metal absorption
e Gastric emptying regulator

e Jejunum
 Long and “leaky” — fluid absorption

e [leum
* Peyer’s patches
 B12 and bile salt absorption



Duodenum

25-30cm
D1: superior/bulb (5cm)

e Connected to undersurface of liver (porta hepatitis) by hepatoduodenal ligament
e Gastroduodenal aa (risk in duodenal bulb ulcers)

e D2: descending/ C loop (10cm)
 Major & minor duodenal papilla
e Head of pancreas lies in concavity of duodenal C

D3: horizontal (7.5cm)
e Runs Rt->Lt with IVC & aorta behind
e SMV & SMA infront (Wilke syndrome)

D4: ascending (2.5cm)

 Duodenojejunal flexure supported by ligament of Treitz (demarcation of upper Gl) at L2



Duodenum - digestion

* Receives
e Acidic chyme from stomach

e Ampulla of vater - CBD

e Pancreatic duct
e Bicarbrich fluid: neutralise acidic chyle & facilitate pancreatic enzyme fx
* Protein enzymes: trypsinogen/chymotrypsinogen/proelastase/procarboxypetidase
e Lipid enzymes: pancreatic lipase
e Carbohydrate: amylase
e Cystic duct: bile salts, phospholipids, bicarb, bilirubin (emulsifies fats, forms micelles)

e Brush border

e Contains
* Protein ezymes: aminopeptidases, carboxy/dipeptidase
 Fatenzymes: phosphatases/esterases, ALP (detoxifies LPS)
e Carbohydrate: maltase, sucrase, lactase, disaccharidase
e Dctyb (Fe3+ -> Fe2+)
 Enteropeptidase to activate trypsin which in turns activates other enzymes



Gastrointestinal peptide families

Family

Gastrin-
cholecystokinin
family

Secretin-glucagon
family

Pancreatic
polypeptide family

Tachykinin family

Members
Gastrin
Cholecystokinin

Secretin
Glucagon
Vasoactive intestinal polypeptide

Glucagon-like peptides (GLP-1 and
GLP-2)

Peptide histidine-isoleucine (PHI)

Glucose-dependent insulinotropic
polypeptide (also called gastric
inhibitory polypeptide)

Pituitary adenylate cyclase-
activating polypeptide (PACAP)

Pancreatic polypeptide (PP)
Neuropeptide Y (NPY)
Peptide YY (PYY)

Substance P

Substance K

Bombesin family

Opioid family

Growth factors

Other peptides

Neuromedin B

Gastrin-releasing polypeptide
(GRP)

Enkephalin

Beta-endorphin

Dynorphin
Adrenocorticotropic hormone

Alpha-melanocyte stimulating
hormone

Epidermal growth factor

Transforming growth factor (TGF-
alpha, TGF-beta)

Insulin-like growth factor
Somatostatin

Motilin

Neurotensin

Galanin

Endothelin






CCK (Il cells)

Stimulated by fats, proteins > carbs.

GB contraction, sphincter of Oddi relaxation, pancreatic enzyme secretion, tLESRs (CCK1)

Inhibits gastric motility & promotes acid production (CCK2/gastrin R). Induces satiety & augment incretins
CCKoma (rare): elevated CCK without gastrin; diarrhoea, wt loss, gallstones & PUD

Secretin (S cells)
» Stimulated by acidic pH/luminal H+
* Stimulates pancreatic fluid & bicarb secretion to neutralise gastric acid. Brunner glands buffer secretion
* Inhibits gastric motility & acid production. Induces satiety
* Secretin stim test: paradoxical gastrin increase in gastrinoma

GIP (K cells)

* Incretin, stimulate glucagon during eu/hypoglycaemia, storage for fat

GLP1/GLP2/PYY (L cells)
* Part of the ileal break — fat>protein in ileum negative feedback on motility/gastric acid
* GLP1:incretin, gastric slowing, also mediated bile salts via TGPR5, vagal stimulation
e GLP:2 gut trophic hormone (Tedaglutide)
* PYY: mostimportant cogin inhibiting gastric motility & acid secretion

VIP
e Stimulated by luminal distension
e Potent vasodilator for nutrient absorption, water & Cl- secretion & smooth muscle relaxation
* Various endocrine effects (adrenal, pancreas, hypothalamus/pituatiry, thyroid)
* Immunomodulatory (Th2>Th1, inhibits interferon gamma, IL-2, TNF alpha)
e VIPoma: WDHA /Verner-Morrison syndrome

Motilin (M cells)






Lipid absorption

e P-lipase hydrolyses

* Bile salts emulsify -> Micelles (LCT, cholesterol, ADEK)
e MCT - absorption via portal vein system

* Enterocyte — apolipoproteins to form chylomicrons

e Lacteals -> mesenteric lymphatics -> mesenteric LN -> cisterna
chyli (Rt crus of diaphragm) -> thoracic duct -> Lt venous angle

Chylous ascites

Aim to reduce lymph flow

Hence low fat, MCT diet -> fasting with TPN
Somatostatin analogues






lron absorption

e Haem iron better absorbed over non-
haem iron

* Non-haem Fe3+ require dissolution in
low pH (stomach) & reduction to Fe2+
by brush border ferrireductase/Dcytb

e Haem -> HCP1
e Non-haem ->DMT1/ NRAMP2

* Iron signalling to gut
e Determines absorptive capacity of
developing crypt cell

e Store as ferritin in cell for shedding

* Ferroportin + hephaestin
e Hepcidin









e Potassium (small bowel >> colon)
* Mostly passive via paracellular (also Na/K ATPase, BK K channels)
e Losses vulnerable in most diarrhoeal illnesses esp villous adenoma

e Calcium (duodenum)
e Vit D dependent TRPV6 -> calbindin -> PMCA1b or Na/Ca exchanger
e Some passive absorption (achlorhydia may impair Ca salt solubility)

e Magnesium (distal small bowel/colon)

e Passive paracellular and active via TRPM6
e ?PPI

* Phosphate

e Passive paracellular and active via NaPi-llIb



e Vitamin K (jejunum/ileum)
* K1 (plant sources)
e K2 (gut bacteria)

e Folate (duodenum/prox jej)
* Mostly from diet (fortified foods) & some from bacteria
 Brush border: poly->monoglutamate folate
e Apical transporter PCFT

e B12



Jejunum

e ~2.5m

e Difficult to discern between ileum

e After duodenum proximal 2/5ths with ileum distal 3/5ths of SI
e Thicker walls

* Richer blood supply

 Wider lumen (3cm)

* Occupies left upper & central abdomen

* High surface area
e Tall plicae circulares / long villi / dense microvilli

 Responsible for majority of solute & water absorption






Fluid absorption

* Passive absorption
* Predominantly jejunum due to paracellular not-so-tight tight junctions

e Driven by osmotic gradients with passive Na, glucose and water
absorption

e Active absorption
 Nutrient coupled Na-SGLT1 (jejunum)

e Electroneutral NaCl absorption (jej + ileum)
* NHE3
 DRA: Cl/HCOS3 exchanger NB CFTR in cholera/ CF

e Electrogenic Na absorption — ENaC
e Minor aquapourin role



lleum

* Longest segment of S| ~3.5m in central/lower Rt abdomen

e Peyer’s patch
e Covered by follicular associated epithelium (FAE)
M cells Ag phagocytosis/transcytosis

e CCR5 importantin Th1 immune response
* |Increased expression with excess Th1/Th17 in Crohn’s
* Important HIV-co receptor: largest HIV reservoir; HIV enteropathy

e Activation leads to a4[37 expression

* B12 & bile salt absorption

e |leal break & ileocaecal valve
e | cells, GLP1/2, PYY






Bile salt absorption

Bile salts more than just a fat delivery system
- Important endocrine & antimicrobial molecule

 Cholesterol -> CYP7A1 -> cholic/chenodeoxycholic acid

e Conjugated with glycine (75%) or taurine (25%)

e Hepatocytes -> BSEP -> canaliculi -> bile flow

e GB storage -> CCK -> duodenum

 Emulsify fat -> micelles with trigs presented to lipase

* Micelles deliver fats/ADEK -> bile salt remains in lumen

e 95% absorbed in Tl via ASBT -> FXR -> FGF19 -> OATP/NTCP -> liver

* TGR5
BAM: SeHCAT <15% day 7
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