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Pleura

Parietal pleura
Visceral pleura
fluid : 10—20 cc, TS o)Esl= Fuloio] oko 3lso] 5000-10000 mloj| o]=r}.

» Blood supply
1. Parietal pleura (pain sensitive)
— posterior intercostal a.
— internal mammary a.
— superior phrenic a.
— ant. mediastinal a.

2. Visceral pleura : pulmonary a.

» Pressure
— always negative pressure
— end inspirationA] pressure7} 7} Wt}
* intrabronchial Pr(-2~+2 cm H20)
* intrapleural Pr (=3~—9 cm H20) Z7}A]4l venous returno] ¢telo] AlHkzeko| ZojEr),
— insp. -8~-9 cm H20
— exp. —3~—6 cm H20

Chest Tube

» Chest tube insertion2| X
R AT CIR R R R
TPl =y
- #|2) bt W

+ Instillation of chemotherapeutic agent after removal of mal. effusion
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* Prophylactic PTx, Mx

* air—leak”} ¢}&= Pt.9] transport
— single open chest tube
— oneway flag valve

— (+) pr. ventilator

> u85
- 71%, pleurdl effusion, hemothorax
* N&&3 © pleural spaceo] AH4]
- 7/)Al<% 3 pericardial & mediastinal spaceo] A}]
R
1ol FA} e S BARL

2=
Zad uj

ol

ST B A & sl A AY AR I 250l

b AMHA| ZO|H
— TX47) : tubeQ] pleural entry siteo]A] 1-2cmoll] BojZl Lo
tube?] last hole2 HF=A] pleural spacesoo] ¢Jx|sH== 3ich

_ |y
subcutaneous tunnel-2 Y=L

r

ZAF9] tube A A]+= air drainageE 9J$F 74-9-= mid—clavicular line®] A|2—-3 ICS©|1l, fluid drainageE {3t 2%
mid—axillary line®] #] 5-6 ICSo|c}.
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Pleural Space Disease

spontaneous pneumothorax : primary, secondary
spontaneous hemothorax

chylothorax

pleural effusion

bronchopulmonary fistula

fibrothorax

postthoracotomy pleural space

Spontaneous Pneumothorax

@ Definition: accumulation of gas in the pleural space ; collapse of the lung
— primary
— secondary
— catamenial

— neonatal

[Primary Spontaneous Pneumothorax]
> Jy=x FH%
wle] FAle St 1A 1P HiHE > w74
TR el 2P SRR sl - 7| Au| e ht
wlw| o] I 5t
— HEZI7}A7) H Y54 uet Bhe] — pneumomediastinum, subpleural bleb /g
— bleb, bulla®] wallo] 7]32] Uite] sl eFg= 112 o} vl §7o 2 5717} WUt — pneumothorax

* if check valve @A), A& air leak — tension PTX (positive pressure in pleural space)

p Clinical Feature

- MF = 5-81
— 404 ©J3} : 85% (7] AL upE F-e UxP 20,300)
- Rt > Lt

— apical > middle or lower (apical portion®] alveoli7} 2 &)
— bilateral in 10%

— mostly occur d/t rupture of primary pulmonary bleb

— Sx . abrupt pleuritic pain, dyspnea

— associated underlying lung disease (+) : in 20%

— ddx with large bullae : lateral decubitus view
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primary PTX — air7} 3]

bulla = no change
— small amount PTX : expiration CXR % 9™ pneumothorax’} ZAE0] ()2 L2
— A 50% (29U (=2 FHoll B2 =&t 75%)

[Secondary Spontaneous PTX]
(spontaneous?] 20%)

p Definition
DRSS g9 AR diEe o H o= v|Fo] ATl A

P Associated disease
— COPD ( bullous emphysema) : m/c
— lung abscess
— pneumonia
— asthma
— mycotic infection

— Tbe, malignancy
dvbA oz gixto] vo|7} Wil #7|se LHE AEjo]7] wiZe]l 715 %ol vlsl Sg=reh
A}

Neonatal PTX

secondary to hyaline membrane disease, Potter syndrome

Catamenial PTX

= =2 o
~ Wt Azslo] A
— 20-301}
= O (90%) 95ollA Ay

- 97 AR 48— 72/(]7}0]—0” A7
— vfeto] Qoju] ke s Ao A71A) ket

s Hu

Ql AAA718a} o] X JE3}al, 1 39 ovulatory suppressive druge Fo{gic}
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¢
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& Complication of spontaneous PTX
1. hemothorax : localized adhesion between parietal & visceral pleura
— o] K.9]9] pneumoniaA| ruptureE|HA] bleeding
respiratory failure : COPD $Ji= elderly patientoA+= 47|02} = resp. failure W
. empyema . secondary pneumonia (Tbe, abscess)$-o]] &3}
. chronic pneumothorax
. tension PTX ! in 2-3%

mediastinal shift, disturbance in venous return — A&} 4=FAtof|

Us LN

& Treatment of spontaneous PTX
1. godl
— Cx. recognize
- Sx |
— Prevention of recurrence
2. thoracentesis Vs thoracostomy
— mild ({20%) : observation — Y 1.25%2] &7|7} &=
— moderate : needle aspiration ( thoracentesis ) — o= Wo] AJgYE]x] ok=c} T 2k}
— severe . chest tube drainage ( thoracostomy ) — closed thoracotomy. W7l o]A AL&
3. pleurodesis : secondary PTXo|A] S E7}53}L recur 7F54 1
— chemical : tetracycline

— mechanical : bleb excision + mechanical pleurodesis (spongyZ pleura 212 3\Hch

* Chest tube insertion®] Ix

- wizie] Aot was
20%0)ike] 710] Qi
— tension PTX

- Sx0) 9l B

[e)
29

()
A9

— contralateral lungef ds. = 7S¢
- CXRA PTX HH 3718l 8%

* Indications for open thoracotomy in patients with spontaneous PTX
— massive air leak that prevents re—expansion of the lung
— persistant air leak for more than 5 days
— recurrent PTX (second episode)
cf. 33] oJAFe] PTXo|A] AjekE: : 70%
43] oFo] PTXollA Adkg @ 80-90%
(A attack® 20-50%A e, 90%= Z+S £ lunge] A7)
— specific surgical indications for conditions that cause secondary spontaneous PTX
— occupational indications after first episode

+ airline pilots
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+ scuba divers

+ individuals in remote area
— previous contralateral PTX
— bilateral simultaneous PTX

— presence of large cysts visible on chest film

Spontaneous Hemothorax
P Etiology

1. Pulmonary pathology
* bullous emphysema
* necrotizing infections
* pulmonary embolus with infarction
+ Tbe
+ AV malformation

* hereditary hemorrhagic telangiectasia

2. Pleural pathology
* torn pleural adhesions secondary to spontaneous PTX
* neoplasms

+ endometriosis

3. Pulmonary neoplasms
* primary
* metaststic
— melanoma

— trophoblastic tumors

4, Blood dyscrasia
* thrombocytopenia
* hemophilia
+ complication of systemic anticoagulation

+ von Willebrand's disease

5. Abdominal pathology
* pancreatic pseudocyst
* splenic a. aneurysm

* hemoperitoneum



6. Thoracic pathology
* ruptured thoracic aortic aneurysm
— usudlly result from spontaneous PTX & pul. AV malformation

— frequent in young male (20t})

» Pathophysiology
1ol A 2 Ho] ZeiA AR gl ARt AlA R 2 ket

—o] 2}, fibrothorax

» Treatment
~ olo] wet
— C—tube insertion — drainage
~ if 857k ARFOE OXRA 7|48 2ojo] o
— open thoracotomy & decortication
- ol e F4 YA

— qkF X7 QFFH organization®|o] fibrothorax =2}

) <102 : C-tube 9J|8k] — The ErhxzolA
— replace : AJ&/Alu
— minithoracotomy
2) Delayed (>109]) : thoracocentesis — TR AJ7FR|50]| 4]
a. C—tube A3t E/Au5HA tube®al
b. 4-53F% : pleural decortication

c. occasionally successful : &

Chylothorax

» Anatomy & Physiology
— cistern chyliZ% & A]Z} (intraabdominal)
— vertebra 22202 El1l 22} T5 leveloflA] &0 2 1A AR
Lt. subclavian vein¥} Lt. jugular vein®] Th= 3292 drain
— rate of lymph flow : 1.38 ml/kg/hr
mostly from liver & intestinal lymphatics (95%)
— thoracic duct lymph : 0.4-6.0 gm of fat/100 ml

60—70% — thoracic duct £3f] systemic circulation© &

MCFA — portal vein
— forward flow : one direction (o}&] — )
d/t negative intrathoracic pressure

one way valve

AAREH +5 %
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— 1&9] 1.5-2L.9] fluid o}F
cf. pleural fluid : 5-10 L

il

P Etiology
1. congenital : atresia, birth trauma
2. traumatic ‘m/c
— blunt
— penetrating
— surgery (%)
cervical : LN dissection, RND
thoracic : PDA, CoA, esophagectomy, Lt. pneumonectomy, Fontan op.
abdominal : radical LN dissection
— diagnostic procedure
3. neoplasm : direct invasion, obstruction (lymphoma, lymphatic obstruction)
4. infections : Tbe, Filariasis

5. 7€} : venous thrombosis, pulmonary lymphagiomatosis

» Dx & ddx
fluidoj|4] chylomicron W7
turbid — empyemas= Al 71tk
chylothorax= #|<; turbid (TG > 110 mg, cholesterol/TG ratio < 1)
cf. pseudochyle : cholesterol or lecithin 1
chol/TG ratio >1
chronic inflammation

lymphangiogram, Te—99m antimony colloid

* Characteristics of chyle
— milky appearance with creamy later on standing clears when fat is extracted by alkali & ether
— fat globules stain with Sudan III
— alkaline, odorless
— sterile, bacteriostatic
S.G. 1.012 to 1.025
— lymphocyte 400—-6,800/mm?®
— RBC 50—600/mm?

» Treatment
— conservative Tx for 2wk
— NPO, parenteral (MCFA : portal vein® & &< + chest tube insertion
if 71 a7 ofolAE tbe AAHO] TAAL Fof wo 2l

10



— surgical Tx :

metabolic derangement
direct closure of fistula

sutrue of leaking mediastinal pleura

supradiaphragmatic ligation of thoracic duct (azygous v — AortaAlo] 2 vlg]shd 2 <))

*pleuro—peritoneal shunt in SVC syndrome patient

& =<:A] thoracic duct visudlize

conservative Tx7} &3} Q1S wff, d}520] 1500cco|iH(o]S),

— preop 3hrd 81} ice cream — lymph flow ! — £ flow (lecking point2F7] -8-o])

— vital dye subcutaneous injection (preop 6hrZl)

Pleural Effusion (CHF, Cirrhoisis, NS...)

P Pathophysiology

— pleural space : a pontential space

19 5-10L7} parietal — visceral pleura® ©]%
o]% 7]# : systemic hydrostatic Pr. — major
pulmonary hydrostatic Pr. — major

osmotic Pr, gradient — minor

— content : protein (I1.5g%)

* Lab test for ddx of effusion (heparin syringe®]| air sedlingsfjA] EJZA)

volume
massive — malignancy, Tbe, empyema
color & cell content
clear — transudate
turbid — exudate
microscopic & bacteriologic exam
amylase T : esophageal perforation, acute pancreatitis
glucose | : Tbe, RA, empyema, malignancy
pH : parapneumonic effusionA] Tx 274 <I#}
pH (7.2 . empyema®] &3] A]& — tube drainage
pH >7.2 : reactive effusion — drain X
cytology : malignant cell
biopsy : Tbe, malignancy
LDH/protein

» Transudate vs Exudate (5]l

» Treatment

— thoracentesis . malignancy

"
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closed thoracotomy
open thoracotomy
pleuro—peritoneal shunt

radiation

chemical pleurodesis (Tc, anticancer drug) — malignant recurrentA|

surgical pleurodesis — malignant, recurrenceA|

Tb pleurisy : chest tube insertiond}4] €3l 9 month medicatio

» Definition

— accumulation of pus in pleural space

Transudate Exudate
protein
pleural prot/serum prot <3 g/di >3 g/dl
LDH <0.b 0.5
<200 IU 200 1U
pleural  LDH/serum
LDH <06 >0.6
pleural LDH <2/3 * normal s-LDH >2/3
Neoplastic
metastatic
mesothelioma
lymphoma
chest wall tumor
Meig's syndrome
Infectious
CHF The
cirrhosis viral, [?arasitic .
nephrotic syndrome bacterial pneumpma
myxedema Pulmonary infarction
Causes peritoneal dialysis Collagen vascular disease
e RA, SLE
hypoproteinemia -
Meig's syndrome N
Sarcoidosis pancreatitis,
pseudocyst
esophageal rupture
subphrenic abscess
hepatic abscess
Trauma
hemothorax,
chylothorax
Miscellaneous
Empyema

— pleural effusion®] €244 purulentdEA U pleural effusionof|X] Alxte] AESE U

12




» Causes
o2} 22 fIQlo] flont, oF 50%eA= He dxpQl yHos <l

— parapneumonic or postpneumonic — mj/c

ol oz Fupgo] gl AT,

ol

— lung abscess

— oIHA7|o A F=9] A ! liver abscess, subphrenic abscess, esophageal perforation
— ZHA) (foreign body, dirty open wound)

— spontaneous PTX9] g

— surgical trauma

— generdlized sepsis

» Three phase of natural history

1. aucte or exudative phase
— pre—empyema phase
— aseptic exudateZ} &4, fibrino| g4t E-_L,Oﬂ Zz¢
— o] o] FHlE Hrer} Yl WBCE Aow, LDHA|%E Wt} glucose®} pHA= 784
- AEg A RE A=t 7hsskal SRl divll B agict

2. transitional, fibrinopurulent phase
— Zulolo ¢ FERX|a PMN7F 27}
— IE fibrino| F9tof Al51A] A2ke]HA] §7U loculation A (peel formation)
— 0|3} loculationS TS =3 THtQ] HASH &S offA wk=ch
~ Fujoje] pHA|s} glucoseAle W WolA| T LDHAR: o}l

3. chronic, organizing phase
— capillary®} fibroblast7} pleuraZ5 €| pleural effusion?t® & 225019} organization®
— F9o) sk RE 5ol AREA T-1020] AJztEo] 4-63 F EAR 7| Solieh

% causes of chronic empyema (acuteo]|4] chronic phase® 7] 42 739
s 2700l ko] HA] gk e T FA7I0 AET A=TF o] RoARIA] 2 -
not organized, no treatment
premature removal of drainage tubes
Tb origin
underlying lung ds. with inadequate lung expansion
associated with bronchopleural fistula

endobronchial foreign body

% complication of empyema
empyema necessitasis . subcutaneous abscess® X% fifth costochondral jx LAof 3
bronchopleural fistula
metastatic abscess : EEA| braino]u vertebraeof 7tk
chondritis, osteomyelitis of the rib

pericarditis

13



Alxbodato| oty K9AL Mgl AH4uS
mediastinal abscess

» Management
> antibiotics with drainage
>1&D
— chest—tube insertion
— thoracocentesis

— open thoracotomy

* parapneumonic effusionA] closed thoracostomy2] 2%
- pH <7.0
— glucose <40 mg/dl
— LDH >1000 u/L
* reexpansion of lung with obliteration of dead space
> decortication : thickened pleuraS 2144
> thoracoplasty
D> Clagett's procedure : decortication & dead spaceE sterile solution® & irrigationdt 3
antibiotics solution® & -2

D> myoplasty : muscle, omentum 5°& dead spaced |2

& 3 550l Az
open drainage
rib resection drainage
Eloesser's open flap procedure : rib AA| & skin, muscle flap22 open
window FHE¢] HisAlAZCE
decortication
space—reducing operation
thoracoplasty
muscle transposition {(box)
) Post—pneumonectomy empyema
— space”} £F43] obliteration=]A|] F3} — infection 1
— Tx : BPF7} 9} uf] stump= ZPHaL Hmo] A4 fistulaS 213l

empyema cavity~= muscle, omentum, Clagett'sZ stability -3-%]

Bronchopleural Fistula

P Etioloty

— traumatic
— post—surgical : biopsy, thoracotomy, pneumonectomy or partial resection -

— infection : necrotizing pneumonia, pulmonary infection, aspergillosis, coccidioidomycosis, etc.

14



» Treatment
= - oL AFEE 15-30%
— acute . post—op — C—tube drainage
HitfEo o] WS WAJsh7| flsf oflkEfo 2 Eoks
if 24-48 hr oY — #=23t
op
— chronic : op

Fibrothorax

» Etiology
— hemothorax®] organization
— chronic Tb exudate
— bacterial empyema

* thickened pleura, lung volume |

» Treatment
W} A] decortication — thickened pleura(parietal) 5% A7

Pleural Disease

XIekE(biopsy)
Tb : 60—-80%
malignancy . 40—60%

» Pleural Tb
1. Dx
— clinical evaluation : nonproductive cough, pleuritic pain, dyspnea, G/W, Wt. loss
- CXR
— sono
- CT
— biopsy
— thoracoscopy
* confirm by sputum AFB(+)
— pleural fluid or pleural bxo|4] AFB culture(+)

— pleural bxo|A4] tuberculous granuloma YA

2. Etiology

— extension from parenchymal ds.

15
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— shedding from involved hilar LN

3. Incidence
5% of pulmonary Tb patients

5. Clinical feature
— abrupt onset : 2/3
— positive culture : 30-60%
— positive biopsy : 60—80%

6. Treatment
— medical
— blood clot(+) — adequate evaluation

— Tb empyema”} &]™ resection/decortication (4% & dead space 57} £8)

P Pleural Calcification
1. Etiology

— chronic pleuritis

— unabsorbed hemothorax

— empyema or Tb origin

» Tumors
1. 7 metastatic lesion (90-95%)
. lung > breast > LM

2. primary (5-10%)
— benign : lipoma, endothelioma, angioma, cyst
— malignant : @7}] primary pleural mesothelioma
— 90% diffuse . malignant, pleural thickening, young : Px very poor

— 10% localized : benign, solitary, S== visceral pleurq, elderly female

{Staging of Madlignant Mesothelioma)

Stage Characteristic

| tumor confined to ipsilateral pleura or lung

I tumor involving chest wall, mediastinum, pericardium or contralateral pleura
1] tumor involving both thorax & abdomen or lymph nodes outside the chest
v distant blood-borne metastasis

16



3. Treatment
— benign : early stagy op
— malignant : pleuropneumonectomy with diaphragmatic excision and ipsilateral

pericardiectomy

17
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The Mediastinum

Pusan National University

Jeong Su Cho

e S

* Anatomy

« Non invasive and invasive Investigations
* Mediastinal infection

= Primary mediastinal tumors and syndromes
associated with mediastinal lesions

« Mediastinal cysts

— el

— Anatomy

-+ Ant compartment
> Thymus
» Internal mammary vessels
» Lymph nodes
» Connective tissue with fat

Anatomy

» Subdivision
> Ant compartment
» Middle or visceral compartment
» Post compartment or paravertebral sulcus

Anatomy

« Middle compartment

= Pericardium, heart, and great vess

» Trachea, proximal portions of s/
esophagus

= Extensive lymphatic tissues

» Vagus and phrenic nerves and
and fibers

» Supra-aortic and para-aortic bo

» Thoracic duct, the proximal pol

» Connective tissue and fat

SN

18




Jeong Su Cho: The Mediastinum

— Anatomy

- Post compartment

» Proximal portions of the interci

= Thoracic spinal ganglions, syn

branches

» Connective and lymphatic tisst

+ ChestCT
+ Chest MRI
Radionuclide studies

+ Mediastinal tumor markers

m e vz
asive Investigations

and surgical approaches

+ Transcervical mediastinal LN sampling and

Lymphadenectomy

- Mediastinoscopy: extended, video-assisted
+ Video-assisted thoracic surgery
Sternotomy and Thoracotomy

+ Posterior Mediastinotomy

iastinal infections

= Acute and chronic mediastinitis
» Perforation of the aero-digestive tract
» Postoperative sternal infection and mediastinitis
~ Descending necrotizing mediastinitis

Sub-acute mediastinitis

v

Fibrosing mediastinitis

v

on of the aero-digestive tract

* Four principles of treatment

1. Eliminate source of soilage by primary repair or diversion away from
the esophageal perforation

2. Provide thorough and wide mediastinal drainage to control on
going mediastinal suppuration occurring after primary repair or
diversion. In addition, gastrostomy tube decompression should be
performed to decrease gastric reflux and mediastinal soilage.

3. Appropriate antibiotics should be administered to augment host
defenses, which must be effective against both gram positive and gram
negative bacteria and against both aerobic and anaerobic bacteria.

4. Maintain adequate nutrition.

Pl ves
Case
+ 56/M
« B +=2H HISE OIS0 082 24
« EGD
* Chest CT
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Risk factor

ostoperative sternal infection

and mediastinitis

- Sternotomy: incomplete closure

Tracheostomy

CPB duration
Postoperative bleeding

Infection

- Low cardiac output
- Poor general condition

— Steroid
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 mediastinitis

The definition of subacute mediastinitis is unclear, but this term should
embrace those inflammatory processes involving the mediastinum that
produce minimal to mild and evanescent symptomatology (substernal pain,
fever, night sweats) and an identifiable anterior or visceral mediastinal mass
by radiographic or CT examination.

These infections most often are the result of fungal, mycobacterial, or, rarely,
actinomycotic organisms.

Such subacute infections are observed only infrequently in previously
normal, healthy persons but are becoming more common in
immunocompromised patients, particularly those with AIDS.

¥

i
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1g necrotizing mediastinitis

Acute purulent mediastinitis due to oropharyngeal infection
uncommon but still lethal form of mediastinitis
60 ~ 70%, secondary to odontogenic infections
Peritonsillar abscess, Retropharyngeal and parapharyngeal abscess,
Epiglottitis
Other less common causes

— trauma to the neck, including neck or mediastinal surgery

— cervical lymphadenitis, endotracheal intubation
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* Fibrosing mediastinitis is an uncol

= This chronic inflammatory proce

mediastinitis

w

resulting in the deposition and pro
tissue through out the visceral cor

mediastinum.

and compression of vital medias




Jeong Su Cho: The Mediastinum

e s
ediastinal tumors and
syndromes

+ Thymic tumors

+ Myasthenia Gravis
* Benign LN disease
+ Germ cell tumor

* Neurogenic tumors

* Neoplasm of the thymus that originates in the gland’s
epithelial tissue.

* Incidence: 0.15 /100,000 person years (United States)
+ Typically slow-growing tumors
+ Spread by local extension

+ Metastases are usually confined to the pleura,
pericardium, or diaphragm, whereas extrathoracic
metastases are uncommon.

e

linical presentation

* Thoracic symptoms
— Related to the size of the tumor and its effects on adjacent
organs

: chest pain, shortness of breath, cough, phrenic nerve palsy,

superior vena cava obstruction
— Systemic ("B") symptoms

: fever, weight loss, and/or night sweats

— el

Mﬁ yuquIes

Classification of Thymic Tumors
Epithelial cell s
Thymoma
Type A (Spindle cell, medullary)
Tipe Al (Mixed)
TipeBl  (Predominate cortical, hmphocyterich, onganoid)
Tipe B2 (Corthcal)
Tpe B3 (Epishelial}
Onbier types

Micronadular Hnmenia with hmpliold aroma
Metaplastic thymoma

Microsopie thymoma

Seberming o

it anid shyaishe carebmis

ol well differeniiancd
rsberately differentiaied
e differentiaied

Primary maligrans melamons

Myold mimor

R p——
________——==

_

The New World Health Organization Histologic

Classification of Thymic Epithelial Tumors

Type A thymoma (medulluy)
Type AB thymoma (mixed)
Type B thymoma®

Type Bl {organoid)

Type B2 (corical)

Type B3 (epithelial)
Type € (thymic carcinoma)

*May include combinations of B2 and B35 as well as Bl and B2

s chons o Thymons

Kduige Bergh, ol ol Massioke, of al'™
i Tiact carashe or grovwth within Macroscogecally, compleicly
the capuushe el inkersoojicath. oo
[ —
1 Pesmapmistie gremah it iedistinad
fat tissio
1A Macrimwops invasn s sievoaindivg 5 year survival rate
Fatny viswa cor medisstinal pours y
Stage | — 94 - 100 %
I

Micruscopi insion into capaule
[E——

Stage Il — 86 - 95 %
Stage Il — 56 - 69 %

L
organa. intrathoracic miadases, oogan (.8, pericandinm, grea veels,

or both oo g}
WA Pleiral or proscardial disemiation Stage IV —11-50 %
nu Thematogems oo hghegenoes
L— T "‘_A

Paraneoplastic disorders

+ Mpyasthenia gravis
+ Pure red cell aplasia
* Immunodeficiency

* Thymoma-associated multiorgan autoimmunity

— el

e
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cheruve NCCN Guidelines Version 2.2016

Thymomas and Thymic Carcinomas

LOCALLY ADVANCED, ADVANCED,
OR RECURRENT DISEASE

TREATMENT

retaction
Rrsactsbial = peimary & . Considar
and isalated
/ | matsarsses
. iy T——
9 Localty sdvmncud—s- Chamctheripy’ ==yl o
/ 'R
f L] AT
Thymoma or thymic Unressctabla®-s _ apy’
carsinoma:
All patients should
b managed by 3 o N Chemotheragy’ — |
= |alistarad phesrai [ |2 Consider chamethersgy’
trom it experence | atsssa Surgery’ e
thymama and thymie |
s A
\
', [Evidence of
sxtrsthorscie |[—s Chamomarsgy’
Imataseasas

Prognosis

* Thymomas

— usually slow-growing tumors

- presence of invasion is an important adverse prognostic marker
* The overall five-year survival : 70 %

~ 50 % with local invasion

— 75 % without invasion
* 10-year survival : 50 %

= 30 % with invasion

— 60 % without invasion

enia Gravis

* Neuromuscular junction disorder

» caused by the autoimmune destruction of the acetylcholine
receptors of voluntary muscle

+ Sx: diplopia, ptosis, dysphagia, weakness, fatigue

» 30 - 50 % of patients with thymomas have myasthenia gravis

* rare in thymic carcinoma

Case
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disease

Benign Mediastinal Lymphadenopathies

F

1. Mediastinal granulomatons disease
Tuberculosis
Fungal infection
Sarcoidosis
Silicosis
nulomatosis
ase

Wegener's
1L Castleman’s ¢
L. Othe
Systemic lupus erythematosus
s mononucleosis
tive mph node hyperplasia

Amyloidosis
HiIV=-associated Preumocystis carinii

Source: Machevsky MA, Kaneko M. Surgical Pathology of the
Mediastinum. New York: Raven Press, 1984:174. With permission.
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Jeong Su Cho: The Mediastinum

erm cell tumor

1. Benign germ cell tumors
2. Primary seminomas

3. Non-seminomatous malignant germ cell tumors

Pl v

Classification

Teratomatous tumor
Matiare feratoma

24 44K ZE (Benign GCT) Epidermoid cyst
Dermoids (dermoid cyst)
Teratoma (mature teratoma | | maune tratoms

Teratoma with adaitions!
malignant companent

3 41|\ ( Seminoma) Non-teratomatous

Tumors

HEANSS o HZE (NSGCT) Malignant teratoma

Choriocarcinoma

Yolk sac carcinoma {endodermal sinus tumaor)
Embryonal carcinoma

Teratocarcinoma

GCT; Germ cell umor  NSGCT: non-seminomatous germ cell tumor

Mullen & Richadson (1986)
WHO (Mostofi and Sobin, 1977) - Mediastinal Germ Cell tumors(1977a)
Testicular GCT (British testicular Tumor Panel; 1953, 1973, 1976)

o

Benign Germ Cell Tumors

E186 antimediastinum
{cyst, ealeffication, faFtissue)

Pl v

iastinal Tumor
- Anterior mediastinum
- Thymoma? Lymphoma? Teratoma? or other
- Biopsy?
- Operation?

- When?

- (VATS or sternotomy? thoracotomy?)
- Postop. 7
Seminoma

- e

&

M40

Incidence

5-10%

(extra-gonadal, mediastinum)
15% (B5% benign)

25% (children, i 5= benign)
42 (10%) (50% benign)

of Germ cell tumor

of Anterior mediastinal tumors
Mufien & Richardson | 1986)

400 mediastinal mass
Duke Univ medical centar (1930-1982)

Benign GCT (Teratoma) sniodsar (1557)

97-98% anterior mediastinum

3-8% posterior mediastinum)
Malignant GCT

1-5% of all germ cell neoplasm

3-5% of mediastinal tumors

Seminoma 50% / Non-seminomatous GCT 50%

o

o v

+ Three primodial layers
— Ectoderm; skin, hair
- Mesoderm; bone, fat, muscle
- Endoderm; respiratory epithelium, GIT

+ Mature cells or tissues — Mature teratoma
+ Less well-differentiated tissues — Immature
— Infant; behave similarly to mature teratoma
— Older patient; more aggressive (malignant teratoma)
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ﬁuptured mediastinal Teratoma

* Incidence of spontaneous rupture

up to 36% into lung & bronchial tree,
pleural space, pericardial space, great vessels

* Hypothesis of rupture

- Autolysis : most compelling cause, digestive enzymes
(pancreatic tissue, salivary gland tissue)
- Chemical inflammation : sebaceous gland secretions
- Ischemia : rapid enlarg nt
- Pressure necrosis : thinning of the cyst wall dit secrefions
- Infection : tumor wall fragile(pulmanary or hematologic)
Spontaneous rupfure of benign malure ferafomas of the mediastinem
Am J Roentgencl. 1998 Feb: 170(2).323-328
in the ant it

Teratoma with

Korean J Radiol 2000 Jul-Sep: 1(3):162-4

Seminoma

. ! iastinal GCT / TMC GCT
+ 3™~ 5" decade men, white men predominant
+  Slow-growing tumors with lobular appearance including necrosis, hemorrhage

= encapsulation = half of time, calcification - infrequently

40/M Seminoma

l 10 months old male

Huge mediastinal mass with pleural effusion
‘ | 1

Young man with anterior mediastinal tumor

Serum Tumor markers
hCG AFP LDH

Seminoma

(-) AFP
Seminoma (pure) Mi

Testicular exam. : bimanual m. & /'S
Abdominal CT/ Bone scan/ Brain CT or
MR

Biopsy

Prognostic

ter than 35 y
Mediastinoscpy or Sternotomy c
VATS

Radiotherapy or adjuvant radiotherapy
Surgery

Chemothe|

5YSR

Ay

International Germ Cell Cancer Collaboration Group
J Clin Oncol 1977

Good Prognosis
Any Primary site

No NPVM
Normal AFP, hCG, LDH

90% of seminomas
§year PFS 82 %
5YSR 86 %

Intermediate Prognosis
Any Primary site
MPVM (liver, bone, brain)
Normal AFP, hCG, LDH

10% of seminomas
5 year PFS 67 %
5YSR T2%

NPVM ¥ vi I matast
PFS progression free survival

Non-seminomatous GCT

*  Potentially curable with surgery

«  Exclusively in young adult, men (fewer than 30 cases reported in women)
*  Rapid local growing tumors with early metastasis (85-90% at diagnosis)
« In-homogenous mass with multiple areas of necrosis & hemorrhage

24/ M

o

Choriocarcinoma Endodermal sinus tumor
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NSGCT g
: Moran & Suster (1997) /& & (2008)
Incidence o> et i Tumor markers
Teratocarcinoma 41 % 95% hCG or AFP 90%
58% non-germ cell (sarcoma, epit i AFP with/without hCG 80%
Endodermal sinus (Yolk sac) tumor 35 % 42.9 % hCG 30-35%
Choriocarcinama 7% 4.8% LDH 80-90%
Embryonal carcinoma 6% 95% APF 0] BJHE 22E & 5 2 A2} pure seminomai S eICH5l 85 NSGCT® &
Mixed 11 % 9.5% hCGIE 100 ng/mi 0|42 pure seminomald & uncommon
Unknown 238 %
Differ from testis origin D:ﬂ‘e.r from s orgl
o T 3 R Testicular NSGCT AFP & hCG equal frequency
Embryonal carcinoma, much higher in testis
Non-germ call hi: gies is more in i

Young man with anterior mediastinal tumor

NSGCT -

Associated syndromes

Serum Tumor markers
hCG AFP LDH I
Hematologic malignancies

Acute -1t h ic leukemi, Acut h ic leukemi {ARE (+) AFP
Cute non-lymphocytic leukemia L] ocytic leukemia :

kil ibluisesi Seminoma (pure) Mixed tumo

Erythroleukemia Acute megakaryocytic leukemia

Biopsy, least invasive approach
Myelodysplastic syndrome Malignant histiocytosis
Hartmann(2000) 2%  Median survival § months +
(287 mediastingl NSGCT)  No patient more than 2 years Platinu d Chemotherapy

Idiopathic thrombocytopenia Long-term survival 41 1

Hemophagocytic syndrome singlo case of endodermal simes tumeor Surgery ? ornot

s 5y not inted with testicular GCT

common underlying germ cell defect

e
NSGCT
International Germ Cell Cancer Collaboration Group J Clin Oncol 1977
Good Prognosis AFP hoG LOH non-Semaonomas
hCG, AFP (N) i X
CXR (N) 2 : Testis/ratroparitoneal 56%
SN o s ! ) MoWPVM _ SyearPFS 82%
Good markers <1000 <1000 <1.5xN 5YSA 86 %
Salvage Intermediate Prognosis
Surgical Resection Chendiharany ! ; g
Testis/retroperitoneal 28%
1 e NP S e BYSMPRS RN
Intermediate markers 1,000~ 1,000- 1.5x~ 5Y5R 80 %
10,000 10,000 10x N
Benign Viable GCT Viable GCT Viable non-GCT :
teratoma Incompletely Poor F'rogn03|s
and/or Resected Resected Resected Mediastinal primary

Ne:rotii tumor

] + +

or markers > 10,000 >10,000 >10xN

Salvage Inveshigational treatment or
Chemotherapy  Supportive care

NPYM  nonm-pulmonary visceral melasiasis
PFE progression free survival

Fig 187-7 Shield, General Thoracic Surgery
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TABLE 196-1 M

ediastinal Neurogenic Tumors in Infants and Children

Tumors of autonomic ganglia

Neurobiastoma Ganglioneumblastoma  Ganglionewroma

Tumors of nerve sheath
origin

Tumors of neuroectodermal
orgin

Tumors of paraganglia

Sch Neurofib Neurogenic sarcoma
Melanotic progonoma  Askin's tumor

Paraganglioma

i, —
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ediastinal cyst

« Foregut cyst

» Gastroenteric and Neurenteric cyst
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Chest Wall Deformity

Deformities of the anterior chest wall are widely

recognized,
poorly understood and
generally neglected.

- Charles W. Lester

Pectus Excavatum

Funnel chest is an oval depression which involves the sternum as
well as the costal cartilages.

Usually it is already evident in infancy, and it becomes more
marked as the child reaches maturity.

The degree of the deformity varies from a mild depression on the
sterno-xiphoid angle, to a severe "cave-in" of most of the anterior
chest wall with the lower sternum touching the vertebral column.

Pectus excavatum is a relatively common anomaly

- occurs in about one in 300-400 live births

- three times more frequent in males

- often associated with connective tissue disorders, such as
Marfan's disease or Ehlers-Danlos syndrome

Symptoms
- palpitation, exertional dyspnea, fatigue and dull precordial
pain, paradoxical breathing, exercise intolerance

The deformity is also often emotionally disturbing, especially in
adolescents, who often avoid active sports and become shy and
retiring.

Etiology

heredity :about 20 to 50% of patients have a family history of
pectus deformities - Williams 1872

an overgrowth of the costal cartilages — Flesch 1873
arrested growth of the sternum - Ebstein 1882

various intrauterine compressive forces such as pressure by the chin,
knee or elbow

latent mediastinitis — Raubitsch

undue traction exerted upon the sternum by the diaphragmatico-
sternal ligament - Lincoln Brown 1939(1596)
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Repair of PE

* Initially surgical intervention
- only for patients with severe sternal depression
- aimed primarily at relieving cardiac compression
- cosmesis played a secondary role

* Deformed chest
- a potential source of embarrassment
- especially during adolescence and in young adulthood
- operative correction is now recommended by most
practitioners even in the absence of other symptoms

* Earlier operations - easy to perform, better results
- at a later age :chest is less pliable and less accommodating

Historical period

* The first surgical intervention of pectus excavatum
- Wilhelm Meyer in 1911
- resected right 2nd and 3rd costal cartilages
- significantly improved dyspnea

* Sauerbruch performed a more radical procedure in 1913
- 5th to 9th costal cartilage, left hemisternum

Judet in 1954 performed a sternal turn-over procedure
- reattaching the resected sternochondral apron in the anterior
chest wall

The modern era

= less than satisfactory late outcomes
« corrected position of the sternum using substernal support

* The principles of modern pectus excavatum surgery
- Ravitch in 1949.

(a) the removal of deformed cartilages,

(b) division of the xiphisternal articulation,

(c) transverse cuneiform osteotomy of the sternum at the
upper level of the deformity

(d) maintenance of the corrected position of the sternum

New Pectus Excavatum Surgery

* “minimally invasive repair of pectus excavatum”
by Donald Nuss in 1998

» the number of patients operated for pectus
excavatum has more than tripled in the last few
years

Nuss procedure

+ |
= f

Pre-oporative

| 1999 2001 2007 2009 2013 /
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Vaccum Bell

* Klobe’s suction cup for pectus excavatum:

“If the chest can be pushed out, can it be
pulled out”

Magnetic Mini Mover Procedure (3MP)

* uses two magnets to slowly reconfigure the
child’s chest, similar in concept to
orthodontics.

* By adjusting the external magnet (Magnatrac),
the internal magnet (Magnimplant) can slowly
reconfigure the chest

Silastic molds

* Allen and Douglas implanted Silastic molds into the subcutaneous space to
fill the depression in pectus excavatum

Pectus Carinatum

*  Pectus carinatum is 16.7% of all chest wall deformities in the
Boston children’s hospital experience.

* Chondrogladiolar type : most frequent form
- anterior protrusion of the body of the sternum
- protrusion of the lower costal cartilages

+ Chondromanubrial or “pouter pigeon” deformity
: least frequent form
- protrusion of the upper costal cartilages
- relative depression of the body of the sternum.

Pectus Carinatum

* Etiology : not clear

- an overgrowth of the costal catilages with forward buckling of the
cartilages and anterior displacement of the sternum

- genetic basis : 26% had a family history of chest wall deformity and
12% of scoliosis.
- more frequent in boys than in girls - 3:1

* PCis rarely present at birth
- deformity was not identified until after the eleventh birthday
- deformity often progresses during early childhood
particularly in the period of rapid growth at puberty.

Surgical repair

* The current correction of Pectus Carinatum is surgical, often
involving resection of costal cartilages and sternal osteotomy
and recently there are minimally invasive modifications using
thoracoscope.

* The majority of these operations are variations of the

procedure first described in 1949 by Ravitch.
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Compressive bracing
for Pectus carinatum

carinatiim

Bracing of Pectus Carinatum : a Preliminary Report

Sungsoo Lee, Ho n-Ho Jung, Sang Ho Ch
Ki Hyun Lim, You-5un Hol

Hyungtae

Results

+ 13 (72.2%) patients have completed treatment (mean bracing time, 4.9 £ 1.4
months).

occurred in 5 {38.5%) of 13 patients.

*  All these patients stopped wearing the compressive brace in 4 months against our
advice,

New brace
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Overcorrection

MNa

Atypical lesion

rib

)

Flared

Sydney A Haje, MD — Dynamic Remodeling

Poland’s syndrome

In 1841, while Poland was a medical student, he described congenital
absence of the pectoralis major and minor muscles associated with
syndactyly
Incidence of 1 in 30,000 to 32,000
Associated with
— Unilateral palsy of the abducens oculi muscle and facial muscles
= Abnormalities of the hand
+ Syndactyly
* Hypoplasia of the thumb
* Hypoplasia or aplasia of the middle phalanges
* Rarely, complete absence or hypoplasia of the hand and forearm
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Hyperhidrosis

Hyperhidrosis

* Pathologic condition of excessive sweating in amounts
greater than physiologically needed for thermoregulation

Pathogenesis

* Eccrine sweat glands are responsible for hyperhidrosis

— mixture of the two [apo/eccrine] glands may play a role in
axillary hyperhidrosis

* A sympathetic srgnal is camed to sweat glands by
cholinergicz *

* Idiopathic (- "
— Sweat glan
— Abnormal

nally normal.

* Genetic com

Types of hyperhidrosis

Focal or primary hyperhidrosis
— face, palms, soles, or axillae

* Generalized sweating(secondary)
— Excessive heat and obesity
— Infections, endocrine disorders, neuroendocrine
tumors, malignancy, neurologic disorders, toxins, and
previous spinal cord injuries

— Present as adults and have excessive sweating that
occurs both while awake and asleep

Treatment

* Nonsurgical Treatment

Table 2. Comparizon of Therapics for Primary Hyperhidosis

Treatment Cost* Side Effects
Topical. 20% 1o 35% alumbnum chlaride $268 + lyear Skin itation, localized burning, stinging, dasiamiticn,
cacy, temporary (lasts about 48
aﬂ!um on)
fomtophoresis (usually 20 mA 3 w0 4 $500/device Irritation, dryness or peeling of skin, burning or stinging
treatments a week for 30 bo 40 during therapy, bemporary (one treatment L|-¢ Teod
minutes vach) wl
pregaa
implan cemunts)
Oral therapy (ghycopyrrolate, atropine, $240+ fyear Dy mouth, dry eves, constipation, mydriasis, dificulry
acetylcholine inhibitoes) urinating, blurry vision
Botulirsum taxin (Botex A or B) £2.250/sessbon

Pain from injections, musde weakness, headache,
hem. -

Liposuction/VASER .
Endoscopic tharacie synipathotomy Compe ry hyperhidrosis, dye nJua
preumatharax, postoperative pain, Homer's syndrome

* Approvimale cost in U5 dellars.

Nomenclature for Sympathetic Surgery

* Rib- oriented nomenclature

— Too many patients having mediastinal fat that can
obscure clear identification of the specific ganglia

— Many anatomical variations in the ganglion anatomy

* Type of interruption
— Clipped, cut, or cauterized, or a segment removed

For example
— Clipped RS, top
— cauterized, top R4, bottom R4
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Nomenclature for Sympathetic Surgery

Wertshial ganglon of corde
Aurvaa subwclavia

Branch 1o e

ganghon

Lt recurment lyn

Cardiac plexrs
Pulmonary plexis

Esophageal plest
{anteriar porton

«_+Branches to esop
plexus from sym
trunk, greater the

Right greater
thoracic
splanchnic nerve <

Sympathetic
fibesre

Patient Selection

 Surgical consultation should include
— Secure diagnosis of primary focal hyperhidrosis
— Anatomic locations involved
— Amount of hyperhidrosis

— Full discussion of the options to surgery and potential
complications

* The patients should be made aware that the most
satisfied patients are those with palmar or
palmar-axillary hyperhidrosis, or both.

Location of Interruption of Sympathetic Chain

* Palmar hyperhidrosis
— R4 alone interruption(Yang and colleagues,2007)
* Limits the degree of CH
* May lead to moister hands
— R3, R4 interruption
* Completely dry hands
+ Higher risk of CH

* Palmar and plantar hyperhidrosis
— R4 interruption
* Reduce incidence of CH
— R4 and R5 intervention
« Drier feet

Axillary Hyperhidrosis

* ETS for axillary hyperhidrosis

— often less successful and has higher “regret rates” than ETS for
palmar hyperhidrosis.

* R4 and R5 transection is suggested

— Palmar-axillary, palmar-axillary-plantar, or pure axillary
hyperhidrosis

* A qualitative review shows a trend of lower incidence of CH
with fewer interruptions
= Incidence of CH (Munia and colleagues, 2008)
+ R3/R4 ETS 100% and higher severity
* R4 ETS alone (42%)
— Patients who underwent R5 clipping alone experienced no CH,
and none regretted having the surgery (Chou and associates )

Craniofacial Hyperhidrosis

* R2vsR3

— R3: 9% regretted the procedure, and 27% reported CH
— R2:16.7% regretted and more than 40% experienced CH

* R2vs R2+R3

— significantly higher CH rate in the group that underwent
the R2 and R3 transection (95%), as compared with the R2
group (83%)

* R3-alone interruption is suggested

— It reduces the risk of CH and the risk of Horner’s when
compared with R2 or an R2 and R3 transection

Type of Interruption

* Transection? Resection? Ablatation with a
cautery? Division with a harmonic scalpel? or
Clipping?

— No clear differences
* If the correct level division was achieved

— Enough separation between the ends of the chain
* Regrowth is impossible
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Complications and Treatment

* Primary side effects of hyperhidrosis surgery

— CH, bradycardia, and Horner’s syndrome

* The higher the level of blockade on the chain, the
higher is the expected regret rate

Compensatory Hyperhidrosis

* The most common side effect
— which occurs in the literature from 3% to 98%

* The most common risk factor
— T2 ganglion interruption(R2, R3)
— The number of levels interrupted has been inconclusive as a risk
factor

* Preoperative testing
= Injecting bupivicaine
+ reversibly achieve sympathetic nerve blockade observe for CH

* Treatment

~ Ditropan or other anticholinergic medications in escalating
doses

Horner’s syndrome

* 0.7% and 3% after ETS

» Addressed in patients with craniofacial

hyperhidrosis

— Direct injury by cautery, traction, or surrounding
inflammation can occur owing to improper localization
of the second rib

— The risk of this complication may be minimized with
procedures performed below the second rib (R2)

— Anatomically, the stellate ganglion can be lower on the
left side down to R3

* Permanent bradycardia

— Resting heart rate less than 55 or 50 beats per minute
* who may require a pacemaker

* Recurrent hyperhidrosis

— Incidence rates vary considerably and have been
described as 0% to 65%

* Others

— pneumothorax requiring chest tube drainage (1%)
— pleural effusion (1%)

— acute bleeding or delayed hemothorax (1%)

— Chylothorax

— persistent intercostal neuralgia (1%)

Thoracic Outlet Syndrome

What is TOS

* TOSis a group of anatomically related, conditions caused by

compression of neurovascular structures that serve the upper
extremity.

Scalene triangle
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Classification

Neurogenic TOS  Caused from brachial plexus compression

Symptoms include pain, dysesthesia, numbness,
85 — 90%  weakness - not localized in specific peripheral

nerve distribution

Venous TOS Caused from subclavian vein compression
Symptoms include swelling, paresthesias in the
fingers

Arterial TOS Caused from subclavian artery compression

Almost always associated with a cervical rib or
anomalous rib

Symptoms include hand ischemia with pain, pallor,
paresthesia, coldness

Cause

Congenital abnormality
— Cervical rib
— Prolonged transverse process
— Muscular abnormality(ant. scalene m., sickle-shaped scalene m.)
— Fibrous connective tissue anomalies.

* Trauma
I 5 LAs iche S 3. After the mnitial
— i ini tha head and torso move struck from behind. impact, the head
Whiplash injury  lisiniicene el L
backward

* Repetitive strain
* Etc.
= Tumor

w o TR

The torsa e

= Hyperostosis
— Osteomyelitis

Evolution of TSO surgery

Tabide | Evolution of thoracic outlet syndrome surgery
Year first Surgeon who
perfonmed imtrosduced it
1861 Ca

1908

1927

3 ~ posterior approach 1961

a0~ supea- and infrclavicular approach 1960s

-~ tramsaxillary approach 1966

1938

Refined scalencetomy 1979
Combined approach (tramaxillary first rib resection followed mmediately by 1989

transcervical anterior and middle scalenectomy)

(Adson and Coffey 1927; Atasoy 1996, 2004b)

TOS Surgery Cases

* Barnes-Jewish Hospital : 285 cases/2014
* USA : about 2000 cases annually
* More than 100 cases : 5 institutes in USA

Neglected

* In KOREA 333 cases ?
* Thoracic Surgery data registry

* 4.2 cases annually for 5 years

Message

TOS surgery is one of thoracic surgeon’s area.

Thank you for your attention!

Balloon Race Festival, St. Louis

“%ﬂ\\ & ‘ » -
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Diseases of Trachea and Chest Wall

Department of Thoracic and Cardiovascular Surgery, Ajou University School of Medicine, Suwon, Korea

Seong Yong Park, M.D., Ph.D.

Agenda

= Trachea disease

= Acquired chest wall disease

TRACHEAL DISEASE

Anatomy of Trachea Recurrent Laryngeal Nerve

* C-ring structure

* Blood supply from
inferior thyroidal artery
and bronchial artery

= Segmental vascular
supply

= Submucosal blood
supply (perfusion
pressure 20~20mmHg)

Recurrent laryngeal
nerve
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Seong Yong Park: Diseases of Trachea and Chest Wall

Disease of Trachea

Tracheostomy

= Benign disease
® Tracheal stenosis
= Tracheal perforation

= Tracheo-esophageal fistula, Tracheo-innominate artery
fistula

= Tracheal malacia

= Malignant disease
= Primary tracheal tumor
= Secondary tracheal tumor

LA

LR

Permanent stoma
i tr Tracheal i (mediastinal trach y)

Tracheostomy tube

Primary Tracheal Tumor

I (ﬁ‘
é; M Y W

r
g/
Portex tube Vocalaid tube

.,{|éf‘: {\\
W

Adjustable tube

= Most common pathology
= Adenoid cystic carcinoma
= Squamous cell carcinoma

= Symptoms
= Adult onset asthma
= Stridor

= Diagnostic tools; CT, bronchoscopy, BUS

* Treatment
= Surgical resection; Length of resection and radial margin
= Endoscopic procedures
* Radiotherapy

Secondary Tracheal Tumor

End-to-End Anastomosis of Trachea

= Most common pathology
= Direct invasion from lung, esophagus, thyroid..

= Metastasis; breast cancer, renal cell carcinoma..

= Treatment
= Surgical resection with en bloc manner
= Conservative treatment; to maintain the airway patency

Incision - -

- Low collar incision ” »

- Stermotomy L

- Right thoracotomy }' r‘ll
<
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End-to-End Anastomosis of Trachea

= Possible resection length;
about 4-6cm

= Contraindication

Expected prolonged
intubation (mechanical
ventilation)

Steroid use

= Principles of postOp.
management
* Early extubation
= Keep neck flexion
= Bronchial toileting

Release Maneuver

Release Maneuver

Suprahyoid release

Hilar release

Intubation related Injury

Tracheal stenosis

= Subglottic stenosis
= Stoma stenosis
= Cuff-related stenosis

= Tracheal laceration
(perforation)

Epiglottis

Thyroid
cartilage

Supra- |
glottis ) Sacule
Glottic
Area

Bub-

glottin i
44 cricoid

subglottic
stanosis

Subglottic stenosis

* Most common cause

= Prolonged intubation (subglottic stenosis) &
tracheostomy (cuff related stenosis)

= High cuff pressure
= Cuff pressure < 23~25mmHg
= Cuff pressure < Capillary perfusion pressure of mucosa

= Management
= Bougination
= T-tube
= Silicon stent
= End-to-end anastomosis




Seong Yong Park: Diseases of Trachea and Chest Wall

Tracheal Perforation

Tracheo-esophageal fistula

* Post-intubation
tracheal tear

= Cause
= |ntubation injury

®* Procedure-related
injury

= Treatment
= Conservative care
= Surgical repair
= Tracheal stenting

= Key of treatment; ventilator!

= Weaned off the ventilator
= One-stage repair

= Keep the ventilator
= Remove nasogastric tube
= Tracheostomy tube; low pressure, below the fistula
= Gastrostomy and feeding jejunostomy
* Frequent suctioning
= Weaning from the ventilator

Repair of TEF

Tracheo-innominate artery fistula

= Mortality; more than 80%

= Principles of management
= Keep airway
= Control of bleeding
= Resuscitation
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Tracheomalacia

Segmental vs. Diffuse

Conienltal vs. Acquired (trauma, postintubation injury,
emphysema..)

Diagnosis
= Dynamic airway CT
* Functional bronchoscopy

Benefit from surgical treatment
= Segmental tracheomalacia
= Patients with good lung function

Operation
*= Tracheoplasty (splinting)
= Tracheal stenting

ACQUIRED CHEST WALL DISEASE

Chest wall anatomy

Acquired Chest Wall Disease

Diagnostic Tools

Chest wall tumor; rare (300 case [ year in USA)
= Benign chest wall tumor
= Malignant chest wall tumor
= Most common; Lung cancer direct invasion
= (bone and cartilage tumor vs. soft tissue tumor)

= Infectious chest wall disease
= Osteomyelitis; rib, sternum
= Sternoclavicular joint infection

= Radionecrosis

* Most important symptom; chest wall pain

Chest CT
PET or bone scan (metastasis evaluation)
MRI

Ultrasound sonography

Biopsy

= Needle aspiration
= Core needle biopsy
= Excisional biopsy




Seong Yong Park: Diseases of Trachea and Chest Wall

Primary chest wall neoplasms

Principle of chest wall resection

Bone and cartilage
B Soft tissue tumor
tumor

Osteochondroma Lipoma
Chondrema
Benign Fibrous dysplasia Haoma
Neurilemmoma
Eosinophilic Fibroli
granuloma porDa
Desmoid
Chonrosarcoma Fibrosarcoma
Plasmacytoma Malignant fibrous histiocytoma
Malignant Osteosarcoma Leiomyosarcoma
Ewing's carcinoma Hemangiosarcoma

Primitive neuroectodermal sarcoma

= Resection
= En bloc resection (Obtain the proper resection margin)
= Start with the easier side to expose
= Restoration of skeletal stability
= Normal breathing (prevent paradoxical movements)
= Protection of intrathoracic organs
* Restoration of physiologic volume of rib case

= Satisfactory cosmetic results

= Soft tissue coverage

Surgical Technique

Consideration for chest wall defects

i
H S Twaar
g
3

= Location = General condition of
patient

= Sjze * Chemotherapy
* Corticosteroid

* Depth = Chronic infection

= Partial thickness
* Full thickness
= Lifestyle and type of work

= Duration

= Prognosis
= Condition of local tissue
= Irradiation
= Infection
* Residual tumor
* Scarring

Factors for Paradoxical Movements

Non-critical area

= Size of defect
* No absolute length
= >5cm of two consecutive ribs
= Location of defect
= Non-critical area; apical (1-3th ribs) or posterior area

= Critical area; lateral, anterior, basal and SC joint
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Ideal materials for reconstruction Alloplastic and Synthetic Materials
*  Strong enough to withstand physiclogic stresses = Plates and Struts * Solid and Firm Prosthetics
+ Elasticand flexible * Metal * Acrylic

= Tantulum steel = Teflon

«+  Lightandsmoath = Stainless steel « Silastic
*  Incorporableinto host tissue * Other materials

. Liscite * Silicone
* * Fiberglass * Composite
*  Securely flexible = Marlex mesh combined
*  Biocompatible = Synthetic Materials Rrosthista
*  Durable and not subject to deterioration over time * Sheets and meshes

= Polytetrafluorethylene

: toInfection and (Teflon) sheeting and patch
*  Not dangerous in case of blunt trauma * Nylon
*  Radiolucent and nonmagnetic = Polypropylene
+  Inexpensive * Prolene mesh
= Vieryl mesh

*  Readily available

Muscle flap Muscle flap

Pectoralis major Latissmus dorsi Serratus anterior Rectus
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Omental flap

Omental flap

Lower Chest Wall Reconstruction
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How to Review Coronary Angiogram in Preparation for CABG
Thoracic and Cardiovascular Surgery, Seoul National University Bundang Hospital

Kay-Hyun Park, M.D.

Planning of CABG

¢ Determine target vessel & attack (anastomosis) site.
= Surgeons viewpoint # interventionist s view point i
= Identification of target
= Location, course and torfuasity

= Branching pattern

* Relationship with adjacent branches |
* Determine type, number, length, configuration of conduit.
= Save time and unnecessary incision.
* Predict the technical difficulty and duration of anastomosis.
= Location & guality of vessel
=2 technical difficulty and duration of ischemia
* Prepare plan B.
= Alternative conduit and'or graft configuration
= CPB for PCPS=EBS) stand-by needed?

Left coronary artery Left coronary artery

LAO
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Cranial vs. Caudal view

RAQ straight RAD cnmdal

LAO cranial

LAO caudal -

Right coronary artery

RAO A LAO

54

Right coronary artery
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Kay—Hyun Park: How to Review Coronary Angiogram in Preparation for CABG

right ventricle

b [
conun. &
i
-/ h K]
g
] Inderior
E
pras i

LALY cranial

RAD crapial

LAD cranial

Pitfalls

Faint or no visualization
= Truly obliterated lumen vs. patent & graftable lumen
= RCA : total occlusion vs. left dominancy
Multiple plaques / plaque at branching point
— Where and how to make anastomosis ?
Diffuse disease
— Where and how to make anastomosis ?
Calcified vessel
— Calcification vs. contrast enhancement

Deep-seated or intramyocardial vessel

Intracoronary collaterals

EA

LAD

bb
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Long angioplastic anastomosis

Intercoronary collaterals +/- endarterectomy

CT angiography after long angioplasty Deep-seated or intramyocardial vessel

L

LITA should be harvested longer than you think enough.
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Kay—Hyun Park: How to Review Coronary Angiogram in Preparation for CABG

Other things to see in preop. imaging No-Aorta-Touch Technique
- OPCAB with pedicled arterial graft only -

« Internal thoracic arteries (& subclavian arteries)
* Ascending aorta and arch
* Valve calcifications & insufficiency

* Cardiac size

No-Aorta-Touch Technique No-Aorta-Touch Technique
- OPCAB with pedicled arterial graft only - when left IMA is unavailable

No-Aorta-Touch Technique fo.al .
when left IMA is unavailable End to Slde anastomosis
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End-to-side anastomosis
- perpendicular -

»

4 g;/
Y @

Side-to-side anastomosis

diammond

Side-to-side anastomosis

pr ¥y

End-to-end anastomosis

zevision for graft kinking / torsion / redundancy
* Graft extension (I-graft)
« Use of arterial graft injured during harvesting

Take-home messages

* Tragedies occur more from wrong planning than from poor
execution.

* Seeing angiogram is not just about “where’, it should be also
about “how’.

* There is no royal road to mastering coronary angiogram but
practice.

* Drawing by vourself may be the best start.
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Graft Harvesting and Conduit Selection
Zuchstn ojziclist SR vkstwAl
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Preoperative preparation is essential for intraoperative planning (myocardial protection strategy and
conduit selection)

v SBP difference of upper arms >20 mmHg; significant subclavian stenosis — free graft or alternate conduits

v’ varicosities or previous operation of lower vein

v’ postprandial pain — Imaging to determine disease in celiac—mesenteric axis; contraindicates gastroepiploic artery
use, endoscopy, stomach cancer in Korea

v" CKD for HD = free ITA graft, radial artery(x)

v Risk of sternal complication; severe obese, DM, COPD

v Radial artery; Raynaud syndrome, recent arterial puncture, Allen test

v" Carotid bruit(+); TCD. MRA

v’ Previous TIA/stroke — Atherosclerotic disease involving arch vessels — carotid duplex examination and echocardiog—
raphy; possible need for CT or MRI angiogram to elucidate disease extent

v’ Recent stroke(+) = delay 4 weeks

v Combined CABG and carotid endarterectomy — controversial

v’ Bilateral ITA (x) ; emergency operation, insulin—dependent diabetes mellitus, obesity, and severe COPD for which
the patient requires oral or intravenous glucocorticoid therapy

v’ Skeletonization; no impact long—term survival of graft patency, while decreasing sternal complications

v’ Free or pedicled ITA; little difference, short pedicled graft(x) — free graft

v" Unsatisfactory flow (<20 ml/min); spasm, small size, or intraoperative injury such as an intimal dissection — free
graft, end—to—end anastomosis, dlternate graft

v" Claudication — Peripheral vascular disease — Assess peripheral and central pulses; brachial-ankle index, echo—
cardiography to assess ascending aortic calcification, high op risk (5 times), risk of IABP or VAD use

v Diabetes mellitus — Poor wound hedling; difficult glycemic control perioperatively — Consider skeletonized harvesting

v" Previous sternal irradiation — Internal thoracic artery damage — May contraindicate use of internal thoracic artery

v Lower extremity vein stripping — Lack of greater saphenous vein — Choose dlternative conduits

v" Previous abdominal laparotomy — Possible contraindication to gastroepiploic artery use — Choose dlternative conduits

v' Chronic steroid use — Poor wound hedling postoperatively; consider steroid withdrawal postoperatively; difficult gly—
cemic control perioperatively — May contraindicate use of bilateral internal thoracic artery use

v’ Clubbing — Bronchiectasis; chronic pulmonary hypertension; lung malignancy Chest radiograph; echocardiography
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to determine cardiac anatomy

Preoperative medications
v" Aspirin and cardiac medications — continue
v" Digoxin — stop 1 day before
v" Warfarin — stop at least 5days and LMWH (INR <2.0)
v" Clopidogrel — stop at least 5 days, pt with DES within 1 yr — continue
v' ACEI — s—Cr (>25% baseline) — stop

Harvest technique
v" Internal mammary artery
v Radial artery
v' Gastroepiploic artery
v" Saphenous vein

v' Other conduits

Strategy of grafting
v In situ grafting
v Composite arterial grafting
v Vein grafting
v Competition

Reported graft patency in CABG

120

100 _%
80 \\ ——IMA
60 —B-RA

40 GEA

20 == SVG

O T T T 1
1YR 5YR 10YR 20YR
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Comparison of published guidelines

ol

: Graft Harvesting and Conduit Selection

variable ACCF/AHA 2011 ESC/EACTS 2014 STS 2015
IMA to LAD I/B I/B I/B
IMA to 2™ graft lla/B lla/B
In appropriate patients
BITA lla/B
No excessive risk of sternal complication
2" radial graft llb/ C lla/B

>70% on left
or >90% on right

Severe stenosis

Total arterial grafting

llc/C age<60

lla/B
Reasonable life expect.
I/C poor vein

ITA skeletonization

lla/B all patients
I/B DM or BITA use

lla/B
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CABG/PCI

Thoracic and Cardiovascular Surgery, Kyungpook National University Hospital, Daegu, Korea

Gun Jik Kim, M.D.

2011 ACCF/AHA Guideline for
Coronary Artery Bypass Graft Surgery

CLINICAL SUBSETS

Applying Classification of Recommendations
and Level of Evidence

CABG in Patients With
Acute MI

+ Emergency CABG
Lllalibll 1) Primary PCI has failed or cannot be performed.
2) Coronary anatomy is suitable for CABG.
3) Persistent ischemia of a significant area of

myocardium at rest and/or hemodynamic instability

_
refractory to nonsurgical therapy.

llaliblil - Emergency CABG
B IU Undergoing surgical repair of a post-infarction
mechanical complication of MI( ventricular septal
rupture, mitral valve insufficiency or free wall rupture)

CABG in Patients With
Acute MI

1 lla lib 111 + Emergency CABG

B ‘ Cardiogenic shock and who are suitable for CABG
_ irrespective of the time interval from MI to onset of
shock and time from MI to CABG.

I llalib il + Emergency CABG

C ‘ Patients with life-threatening ventricular arrhythmias
. in the presence of LM stenosis = 50% and/or 3VD
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Gun Jik Kim: CABG/PCI

CABG in Patients With
Acute MI

+  Multivessel CAD with recurrent angina or MI within

1 llalib 11
= the first 48 hours of STEML

| llalib i Early revascularization with PCI or CABG
Selected patients » 75 Yrs with STEMI or LBBB who are
suitable for revascularization irrespective of the time
interval from MI to onset of shock.

CABG in Patients With
Acute MI

1llalib il Emergency CABG should not be performed with
persistent angina and a small area of viable
myocardium who are stable hemodynamically.

1 lia lib I Emergency CABG should not be performed with

no-reflow (successful epicardial reperfusion with
unsuccessful microvascular reperfusion).

Life-Threatening Ventricular
Arrhythmias

Resuscitated sudden cardiac death or sustained VT
thought to be caused by significant CAD (250%
stenosis of LM and/or =70% stenosis of 1, 2, or all
3 epicardial coronary arteries) and resultant
myocardial ischemia.

1 lla llb 11 L

| llalib Il
* CABG should not be performed in patients with
WT with scar and no evidence of ischemia.

Emergency CABG After Failed
PCI

| llallb 1l Emergency CABG
Failed PCI in the presence of ongoing ischemia or
B threatened occlusion with substantial myocardium.

+ Emergency CABG
I Nalib Il Failed PCI for hemodynamic compromise in patients
without impairment of the coagulation system and
B without a previous sternotomy

Emergency CABG After Failed
PCI

1 llalib Il + Emergency CABG

Failed PCI for retrieval of a foreign body (most likely a
fractured guidewire or stent) in a crucial anatomic
location.

1 llallb Il + Emergency CABG

@ Failed PCI for hemodynamic compromise in patients
with impairment of the coagulation system and without
previous sternotomy.

| llalib 11l Emergency CABG
@ Failed PCI for hemodynamic compromise in patients
with previous sternotomy.

Emergency CABG After Failed
PCI

1 llallb Il Emergency CABG should not be performed
C after failed PCl in the absence of ischemia or
threatened occlusion.

1 llalib I * Emergency CABG should not be performed
c after failed PCI if revascularization is impossible
because of target anatomy or a no-reflow state.
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CABG in Association With Other
Cardiac Procedures

Noncoronary cardiac surgery

1 llalib Il
250% lurinal narrowing of the LM,
270% luminal narrowing of other major coronary
arteries.

1 lla lib il

LIMA is reasonable to bypass a significantly
narrowed LAD.

| lallb 1t . :
+ Moderately diseased coronary arteries (=50%

@ luminal narrowing).

CAD REVASCULARIZATION
:REVASCULARIZATION TO IMPROVE
SURVIVAL

Heart Team Approach to
Revascularization Decisions

1 llalib I Heart Team approach to revascularization is
recommended in patients with unprotected LM
or complex CAD.

1 llalib il + Calculation of the STS and SYNTAX scores is

@ reasonable in patients with unprotected LM and

complex CAD

Left Main CAD Revascularization

I lla b 111 + CABG
Significant (250%) LM stenosis.

« PO
Selected stable patients with significant (250%) UPLM
CAD
1 lla lib Il 1) Anatomic conditions associated with a low risk of PCI
@ procedural complications.

2) Clinical characteristics that predict a significantly
increased risk of adverse surgical outcomes.

Left Main CAD Revascularization

» PCI

| Hallb Iil UA/NSTEMI if not a candidate for CABG.

« PC
Llla lib Il Acute STEMI when distal coronary flow TIMI <3, and
@ PCI can be performed more rapidly and safely than
CABG.

Left Main CAD Revascularization

« PCI
Stable patients with significant (=50% stenosis) UPLM

1 lla lib 11l 1) Anatomic conditions associated with a low -
intermediate risk of PCI complications and
intermediate to high likelihood of good long term
outcome(SYNTAX score<33, bifurcation LM),

2) Clinical characteristics that predict an increased
risk of adverse surgical outcomes(mod-severe
COPD, disability prior strake or prior cardiac
surgery).

1 Hallb 11
PCI to improve survival should not be performed
in stable patients who have unfavorable anatomy.
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Gun Jik Kim: CABG/PCI

Non-Left Main CAD Revascularization

1 lla lib 1l

CABG
1 lla b 11l

PCI
| Halib 11

+ CABG

1)significant(270%) stenoses of 3 VD (+ proximal
LAD)

2)Proximal LAD + Significant(270%) stenoses 2 VD

» CABG or PCI

Survivors of sudden cardiac death with presumed
ischemia-mediated VT caused by significant(=70%)
stenosis.

Non-Left Main CAD Revascularization

1 lallb 1l

| lalib 1

« CABG
Significant(270%) stenoses without proximal LAD
disease in 2 VD with extensive ischemia.

« CABG

Mild-moderate LV systolic dysfunction (EF 35%-
50%) and significant (= 70%) stenosis multi-vessel
CAD or proximal LAD stenosis.

Non-Left Main CAD Revascularization

1 lalib 1

1 lalib 1

1 Halib 11l

+ CABG with a LIMA graft
Significant (270%) stenosis in the proximal LAD and
evidence of extensive ischemia.

« CABG
Complex 3-vessel VD(SYNTAX score >22) + proximal
LAD.

+ CABG
Multivessel VD and DM, particularly if a LIMA graft
can be anastomosed to the LAD.

Non-Left Main CAD Revascularization

| lalib 11l

» CABG or PCI should not be performed with the
primary or sole intent to improve survival in
patients with SIHD with 1 or more coronary
stenoses that are not anatomically or functionally
significant, involve only the LCX or RCA, or
subtend only a small area of viable myocardium.

CAD REVASCULARIZATION
:REVASCULARIZATION TO IMPROVE
SYMPTOMS

Revascularization to Improve

| lallb Il

1 lalib 1l

E

Symptoms

+ CABG or PCI

21 significant (270% ) stenoses amenable to
revascularization and unacceptable angina despite
GDMT.

CABG or P
=1 significant (270% ) stenoses and unacceptable
angina for whom GDMT cannot be implemented
because of medication contraindications, adverse
effects, or patient preferences.
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Revascularization to Improve
Symptoms

« PCI
1 lla lib il Previous CABG, 21 significant (270%) stenoses
@ associated with ischemia, and unacceptable angina

despite GDMT.

« CABG

Complex 3-vessel CAD(SYNTAX score >22) +
proximal LAD.

Revascularization to Improve
Symptoms

« CABG

Previous CABG, 21 significant (270%) stenoses not
amenable to PCl, and unacceptable angina despite
GDMT.

| Hallb Il

| lla II 11l * CABG or PCI to improve symptoms should not

c be performed in patients who do not meet
anatomic (= 50% LM or = 70% non- LM) or
physiclogical criteria for revascularization.

2016 ACC/AHA Guideline Focused Update on D of Dual Antiplatel
Therapy in Patients With Coronary Artery Disease
A Report of the American College of Cardiclogy/American Heart Association Task
Force on Clinical Practice Guidelines

Recommendations for CABG
LOE

T patients treated with DAPT after coronary steal implantation who
subsequently undergs CABG, P2V inhibitor therapy should be resumed
postaperatively so that DAPT continues until the recommended duration of
therapy is completed.

In patients with ACS (NSTE-ACS or STEMI) being treated with DAPT wha
underge CABG, F21Y): inhibitor therapy should be resumed after CABG 1o
complete 12 manths of DAPT therapy after ACS (S2.54,118-120).

In patients treated with DAFT, a daily aspirin dose of 81 mg (range, 75 mg to 00 |
ded (56-60,75-78),

Tn patients with STHD, DAPT (with clapide

CEO

T T g B |
12 months after CABG may be reasonable to improve vein grafl patency (121-
125).

2016 ACC/AHA Guideline Focused Update on Duration of Dual A
Therapy in Patients With Coronary Artery Disease
A Report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines

7.4. Duration of DAPT in Patients With ACS Treated With CABG: Recommendation
See Onfine Data Suppdement 4 aod | for evidence sopporting s recommendation
Recommendation for Duration of DAFT in Patlents With ACS Treated With CABG

| COR LOE

In patients with ACS being treated with DAFT who undergo CABG, PIVs:
inkibitor therapy shotld be resumed after CABG to complete 12 months of
DAPT therapy after ACS (52-54,118-120).

(88 1]

Recommendations for CABG

« UPLM ~
+ 3VD with and without proximal LAD disease

+ Complex 3vD [T _—

« 2VD with proximal LAD disease [11H

+ 2VD without proximal LAD disease with extensive

ischemia —

* 1 proximal LAD disease with LIMA
= LV dysfunction(EF 35% -50%)

« Survivors of sudden cardiac death with presumed
ischemia-mediated VT ﬁ"ﬂ
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Techniques of Conventional and Off-pump CABG

Department of Thoracic & Cardiovascular Surgery, Dongguk University [lsan Hospital

Jae Hang Lee

+ Conventional CABG

+ On-pump beating CABG

+ Off-pump CABG

* Use of cardiopulmonary bypass
* Use of cardioplegia

— Arrested heart
* Hypothermia

— Fibrillated heart

* Free graft >> composite graft or in-situ graft

dongguk

UNIVERSITY

¥

+ Optimal operative conditions

— Bloodless, motionless...

+ CPB related complications
— Systemic inflammatory response
— Increased bleeding risk

- Increased neurologic deficit

Conventional CABG

dongguk

UNIVERSITY

¥

dongguk

UNIVERSITY

¥
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n of neurologic Cx

* Mechanisms of cerebral injury
— Hypoperfusion
— Micro- and macroemboli

- Inflammatory response

* Risk factors
— Old age, previous CVA..
— Calcified ascending aorta

— Carotid stenosis

‘Evaluation of carotid artery

+ Carotid US
2E A S Carotid IMT) B was (v
[ B A 2 analy
ZEM2BD A Carotid IMT)
LHS-8 % SM{Intima-media thickeness)
2 E&(Right) 1.04 i
L E(Left) omn mm
ERFNEHPlague) Summary
Oos AT BULB 2.8mm plague
- LT BULB-CAZ 34, Imm plaque
ag SIS0 bulb-CAS B0% BE
4, $0C = oW
F2ER FEs acceleration &
BRI AA
ABI Summarny
2 B Z(Right) 0.7
BaPWVLRYLI| 302/1060
EF(Lef) ass (1201,+6%/-12%)
PWVHTI&E) W32 )
mEE T CHze ws
Conclusion

g aorta manipulation

* Hostile ascending aorta
— Off-pump technique
— On-pump beating technique
— Fibrillating heart

— Femoral or axillary or innominate cannulation

— Avoid partial clamping for graft anastomosis
+ In-situ graft >> free graft

+ Proximal sealing system (Heartstring® device) dongguk

UNIVERSITY
MEDSCAL CENTER

s

'Evaluation of ascending aorta

+ Chest X-ray
+ CAG

+ Chest CT or CT angiography

+ Epiaortic scan

g aorta manipulation

+ Meticulous palpation of aortic wall
— SBP < 50~60mmHg

* [f) no bleeding after aortotomy..??

- presence of soft atheroma

+ Epiaortic scan

dongguk
Gy




Jae Hang Lee: Techniques of Conventional and Off-pump CABG

+ Arterial cannulation

— Ascending aorta

— Femoral or axillary or innominate cannulation

= Venous cannulation
- Single cannula (two-stage cannula)

— Bicaval cannulation (combined procedure, ex. Ischemic MR)

+ LV vent catheter insertion 535%%‘4‘5 s:g_

* Blood cardioplegia

* Crysalloid cardioplegia
— HTK solution (Custodiol®)

SISO

edure — anastomosis (2) .

» Prevention of air embolism
— Avoid of excessive venting
— Avoid of high CO2 blowing
- Deairing before graft anastomosis

EE Y

+ Antegrade infusion
— via root cannula
— Caution of AR, heart elevation
+ LV dilatation & perfusion pr.}|

+ Retrograde infusion
— via coronary sinus (retrograde CPS cannula)
- 150~200cc/min, < 40mmHg

— Back-flushing Esﬂgﬁgs% s:g_

edure — anastomosis (1) -

= Coronary exposure
— Hand, gauze, spongy stick.. : 2" assistant
— Use of stabilizer

= Decision of graft configuration & length
— After blood filling inside heart
-> Prevention of graft kinking or stretching

)

On-pump beating CABG

e o
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+ Conventional CABG = off-pump CABG

Off-pump CABG (OPCAB)

* Prevent complication caused by CPB
— Avoid inflammatory response
— Reduce myocardial injury
- Reduce cerebral injury
- Reduce renal injury
- Reduce atrial fibrillation
- Reduce transfusion, hospitalization time, cost

— But technically more demanding

+ Controlled CPB drainage
— Avoid of flattened heart
— Avoid of LV dilatation

+ Controlled body temperature
— Prevention of ventricular fibrillation
— Shorten the duration of CPB

dongguk
UNIVERSITY

MEDSCAL CENTER

%

OPCAB vs ONCAB

dongguk
UNIVERSITY

MEDSCAL CENTER

&

* Heparinization
- 1.5~2.0mg /kg
— ACT > 300sec

* Maintain body temperature
— Prevention of ventricular arrhythmia

— blanket, warm saline, OR temperature 1....

dongguk
UNIVERSITY

MEDSCAL CENTER

Co-operation with anesthesiologist..!!!!

M-

10

dongguk
UNIVERSITY

MEDSCAL CENTER

%

dongguk
UNIVERSITY

MEDSCAL CENTER

&

dongguk
UNIVERSITY

MEDSCAL CENTER

%




Jae Hang Lee: Techniques of Conventional and Off-pump CABG

. ECG, ABP, CVP, PAP, Sa02

- Swan-Ganz cath

— 5-lead ECG

« TEE
— RWMA, contractility, MR grade

+ Cerebral oxymeter

dongguk

UNIVERSITY

¥

+ Unstable VIS

* Myocardial ischemia
+ Cardiac arrest

+ Inadequated anastomosis

+ Diffuse calcified arteries & Intramyocardial vessels

« surgical failure (X), modification (O)

dongguk

UNIVERSITY

¢

Coronary anastomosis — end to sﬂe’

+ Parallel anastomosis
- “cobra head”

- 12-14 stitch

* Perpendicular anastomosis
— Small arteriotomy ( < 3 - 4mm)
— 8-10 stitch

dongguk
UNIVERSITY

nance during OPCAB Ty

« BP | &PAP |
— Trendelenbrg position

— Volume loading, vasoconstrictor..

+ BP | &PAP
— Heart reposition & rest
— Intracoronary shunt
— Avoid repeated positive inot

— Consider CPB

Exposure of coronary arteries Piny

= LAD

— Gauze or glove ball at posterior pericardium
— Stabilizer only
+ OM&PLb
— Apical suction device
— Deep pericardial suture
+ PDA

— Suction device at apex or acute margin

Coronary anastomosis — side to sEé'

+ Parallel anastomosis
— Ex) LITA - D-LAD

* Perpendicular anastomosis
- Ex) composite graft - OM - PDA
— Short arteriotomy..!!!!
+ Prevent sea-gull effect

— Diamond shape & transverse shape

n

dongguk

UNIVERSITY

¥

dongguk

UNIVERSITY

¢

dongguk
UNIVERSITY
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‘Thank you for your atten
No shame in using CPB
We are CARDIAC SURGEONS

dongguk dongguk
LUNIVERSITY LUNIVERSITY
MEDICAL CENTER MEDICAL CENTER
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Mechanical Complications of THD

Fakchet ofvielist FRelvietuil

2]

A

kS

2

Mk

Contents

« Ischemic MR (Chp. 92)
— Carpentier's type IIIB dysfunction
— Acute Papillary Muscle Rupture

— Chronic Type II Ischemic Mitral Regurgitation
» Post-MI VSD & Ventricular Rupture (Chp. 93)

« Left Ventricular Aneurysm (Chp. 100)

Ischemic MR

2atolT) HEE

Ischemic MR Definition

+ Etiology: MI with regional or global dysfunction
+ Primary lesion: tethering of the valve leaflets

+ Valve dysfunction: MR restriction of leaflet

motion, in systole (Carpentier’s type MB dysfunction)

Mitral valve anatomy

Posterolateral Anterior Anterior Anteromadial
COMMissura annulus leaflat commissura

Postarior
leafiet
{3 lobes)

Chordae
tendineass

Medial
papiliary
Musche

13




AIXFS Q|

]

Fots] m9xt Mgo| oi4ug

Functional classification of MR

YA

p )

+ Type I: nl motion,leaflet

perforation, annular dilatation

+ Type Il : chordae elongation or

rupture

+ Type Illa : restricted motion(sys
and dia) d/t rheumatic change

+ Type HIb : restricted motion(sys)
secondary to PM displacement

Tyomtia

Type s b

Prevalence of IMR

= "Contaminated”, usually mild & disappear

= 17%-55% develop mitral systolic murmur or
echocardiographic evidence of IMR early after AMI

» 18% cardiac catheterization within 6 hrs of the onset of

Sx of AMI

Degree of the of IMR

« Significant 2' mitral regurgitation:
— Regurgitant volume = 30 mL
— Effective regurgitant orifice area =20 mm?

— Flow-convergence proximal isovelocity surface area >

8~9, rather than > 10

TEE Assessment of IMR

+ Downgrading of MR d/t unloading effect of anesthesia
* Provocative testing :

- Preload challenge; PCWP 15~18 mmHg

- Afterload challenge; mean AP > 100 mmHg

- if positive, inspection & repair of MV

Byrne et al Brigham & Women's Hospital The Lancet ‘00|

Clinical Presentation

+ Acute MR d/t papillary muscle rupture after AMI
* Majority:

— Prior MI, generally permanent and chronic

— Incidental finding at echo

— Symptoms and signs of heart failure

14




%2 Mechanical Complications of IHD

2 Most common clinical scenarios

Primarily Ischemia

Primarily Heart Failure

Mechanism Postenior leaflet restricton Leafiet restnction and annular dilation
Severity of MR Méld 1o moderate Modarate o severo

LV dysfunction Mild 1o moderate Moderate to severe

Ejection fraction (%) 30-50 15-40

Indication for surgery Coronary anery disease Congestive heart failure

Pathophysiology of IMR

than LV volumes or EF
+ Inf ML tethering in medial
posterior leaflet

+ Ant. ML widespread tethering

of both leaflets

Long term outcome

10

0.8 \\

M without MR

g Pe0.00) X
E’ as '\--p_..,___‘_‘__ 6118
g Miwih MR ey

04 gl SO,
@ 3845

0.2

oo

1 2 3 4 5

Figure 1, Survival (- SE) after dlagnosts according to presence
of IMR.

Worsens long term Px, increasing mortality
- Grigiony, Circulation 2001

Survival after PCI

100

-~
w
1

— No MR (97%)
~—— Mild MR (83.3%)
— Moderate to severe MR (57.5%)
Logrank, P < 0.0001
0 | | | | 1
0 1 2 3 4 5

Follow-up, years

n
wm
1

Survival of patients, %
2
o
I

Preoperative Decision Making

15
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Therapeutic Targets in IMR

* Coronary Artery Disease: CABG

+ Mitral Annulus: Principal target

Subvalvular Apparatus

« Leaflets

Left Ventricle

CABG alone or CABG + MV

Parcert in Each WA Grace

Tirma wher CABG i log scuie]

+  “Treatment of Mitral valve should be considered if the degree
is 2+ more .” Lam. Gillinov 2005 ATS

Annulus: Restrictive annuloplasty

+ Complete rigid or semirigid rings are preferred

+ Incomplete annuloplasty, flexible bands: not reduce the SL dimension

Subvalvular Apparatus; Chordae cutting

Chronic MI

Chronic MI
Chord cut

Surgical approach to ° Tethering ", Cutting the secondary chordae to the AMVL
Messas Circwlation 2003

Post-Infarct
Chordal Cuttin

Baseline Post-Infarct
Normal PM Di:

Subvalvular Apparatus; External devices

! S Transducer

Hung J. Guerrero, et al, MGH, Cire 02

16




%2 Mechanical Complications of IHD

Subvalvular; PM reapproximation

Myocardial
infarction

Surgical approach to " Tethering ": APM & PPM reapproximation
Matsui JTCS 2004

Subvalvular; PM Kron-repositioning

Subvalvular; Papillary Muscle Sling

* Hvass and Joudinaud, Paris.

+ Goretex 4mm tube passed
around both PM and
approximated

= 37 pts since 2000

+ 2 op deaths

« LVEDD 70 -> 56 at 1 yr

* EF 30-> 49

[ Mitral Leafle

- !

1 ,-_
TATRY \
o\ % |r\

IN

oo 0
) D, D

| '}w’-:" Papillary muscle

f;or:t-Tex tube

J Thorac Cardiovase Surg 2010:139:418-23

Leaflets; Edge-to-edge
® frm\ :

Leaflets; AMVL augmentation

AMVL augmentation (bovine pericardium)
Kincaid ATS 2004
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Leaflets; PMVL augmentation

c

Left Ventricle; Menicanti’s

MVP with Intraventricular papillary muscle imbrication, Heart Fail Review 2004

Left Ventricle; Dor operation

Left Ventricle: Coapsys

Subvalvular Cord
AL

Grossi, RESTOR-MV, JACC 2010

Left Ventricle: Coapsys

Grossi, RESTOR-MV, JACC 2010

Chordal Sparing Replacement

18




%2 Mechanical Complications of IHD

Annuloplasty: preoperative LVEDD

100%
80% LVEDD <65 mm
= 60%
=
e
@ 40% - LVEDD =65 mm
20% -
0% T T T T T 1

0 1 2 3 4 5 [}
Years since surgery

Patients at risk
LVEDD <65 72 67 64 46 N 21
LVEDD =65 28 20 18 14 9 6

w o

STICH: 3-4+ IMR: Trend towards CABG
alone worse than Med Rx, worse than
CABG + MV Repair

Circulation. 2012:125:2639-2648
Treatrment Harard Rao  95% CI

A
aw CABG : MED 120 077, 187
o CABG+ MVR © MED o8 04111
CABG + MVR 1 CABG 082 038, 108
am
§
ase A
a4
1
ax
w
(1 o ]
—— CABG MR
an 65 W 15 10 2% W0 15 40 45 S0
Vaars Fol
i ‘sars Following Rardomization
cARC 33 = " n = "
MD W " m n w n
CADG+MVR. W L] L] " 3 L]

MR > 2+ After Annuloplasty

100
R=073
Mihaljevic et al. [66]

E i Hung et al. [74] ‘A
3 A A
g Gelsomine et al, [8;
T /
5% Sermi et al. (7814, //
£ McGee et al. [7714
o~ 1.
2 nem-amrf;;r 98] A
E Hung et al. [74] ik !‘ e/&ﬁeimina etal [87]
g 3 —~ 4,
£ A T *aA, Tahia etal, 1761
£ - MI l?i]_i& el w2l J ________:l Roshanali etal. & Di Giammarco

4 Von Oppell et al, [81] K (B6] Mihaljevic etal. etal. (82}

Serrietal 78 A Kovatoraetal D3] etaL168] 1661+ Kuwahara etal. (791
ari et al. 78] ' t: Matsunaga et al. [75]
o . . . : :
10 days 30 days 3 months 1 year dyears  Syears

Time after MVA (log scabe)

Magne: Cardiology 2009:112:244-259

Possible Mechanisms of Residual MR

Length of the coaptation zone >8 mm

Ring type and Residual MR

Bands and flexible rings

s
<

Rigid rings

Incidence of = 2+ MR
after annuloplasty (%)
n
=]

Disease-specific rings

10 days 30 days 3 months 1 year 3 years 5 years

Foliow-up (log scale)

4 Surgical tech included I in all patients.
& Surgical technique did not include restrictive annuloplasty in all patients.

Predictors of Recurrent MR after
Annuloplasty for IMR

« TTE- Indicators of Severe Mitral Valve Tenting
— Systolic tenting area = 2.5¢cm?
— Systolic tenting height = 10 mm
— Posterior mitral leaflet angle > 54 degrees
— Distal anterior mitral leaflet angle > 19 degrees
— Posterior mitral leaflet angle > 45 degrees
— Anterior mitral leaflet tethering angle > 39.5 degrees

— MR jet direction: central or complex

19
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Predictors of Recurrent MR after
Annuloplasty for IMR

« TTE- Indicators of Advanced LV Remodeling
— LVESD > 51 mm, LVEDD > 65 mm, LVESV = 145mL
— Interpapillary muscle distance > 20 mm
— Systolic sphericity index = 0.7
+ TTE other:
— Myocardial performance index > 0.9
— Wall motion score index > 1.5

— Diastolic LV function: restrictive filling

Predictors of Recurrent MR after
Annuloplasty for IMR

* TEE:
— Mitral annular diameter in diastole > 3.7 cm
— Tethering area > 1.6 cm2
— MR severity > 3.5
+ Surgical:
— Use of flexible ring
— Use of incomplete ring
— Inadequate ring sizing
— Length of leaflet coaptation < 8 mm
— Residual MR at OR or discharge
— Absence of early LV remodeling (decrease of LVESV < 15%)

MVP for IMR: in Sabiston

+ Severe IMR: should be corrected at CABG
— MVR is a reasonable option
* Moderate IMR: No consensus but...
— MVP should undergo unless prohibitive risk:
*+ Extensive MAC
« Strong indication for OPCAB: heavily diseased aorta
— MVR: unclear efficacy and safety

Surgeons Prefer Repair

CARDHOTHORACIC SURGICAL
TRIALS prfiniort

Mitral Repair and Replacement with CABG

Percentage

Repair Replacement

Years 2008-2012, The Adult Cardiac Surgery Database, The Seciety of Thoracic Surgeons

Impact of Mitral Valve

Annuloplasty on Mortality Risk

in Patients With Mitral Regurgitation
and Left Ventricular Systolic Dysfunction

Ausdrey H. W, MD, MPH,* Keith D). Aaronson, MDD, MS,* Steven F. Bolling, MD, FACC.}
Francis D, Pagani, MD, Pub, FACC# Kathy Welch, MS, MPH.} Todd M. Koelling, MD, FACC*
Ann drbor, Michigan

1.0

Medical Rx
0.6

Event-free Survival

0.4 Mitral Annuloplas
0.2
(1] 1 L L Il
o 500 1,000 1,500 2,000
Time (Days)

Mihaljevic et al, JACC Vol 49, No. 22, 2007

Impact of Mitral Valve Annuloplasty

Combined With Ri in Patients

Functional Ischemic Mitral R

Survival
CABG alone
80F
ok
%
‘0 i .
0k CABG + MV
anuloplasty
o 1 1 1 1 L
0 2 4 6 8 10




%2 Mechanical Complications of IHD

MR 3+, 4+

CABG alone

CABG + MV
anuloplasty

] 1 week 7 weeks lyr T yrs

Time after Operation (in log scale)
o NYHA III, IV
60
50 E
a _‘\. CABG alone

% £l b
20F
Lo CABG + MV anuloplasty
% 2 r s s

Mihaljevic et al, JACC Vol 49, No. 22, 2007 Years

The NEW ENGLAND JOURNAL

370:23-32. 2014

of MEDICINE

“ ORIGINAL ARTICLE |

Mitral-Valve Repair versus Replacement
for Severe Ischemic Mitral Regurgitation

K. Par

ABSTRACT

BACKGROUND
Ischemic mitral itation is
idelines recommend su

1 with a suk ial risk of death. Practice
for patients with a severe form of this condition but

MVP vs. MVR for IMR

NEJM, Acker et al. 370:23-32. 2014

+ 15t multicenter, randomized trial

| T
* No difference in Ed 8¢ Bi
wiE 53 3§
» Survival oo |0 [ et £ Doan
& — r! am
+ LV remodeling g0 Hi
= &0
* Qol at 12 months g w©
20

= MVP: higher recurrent MR

+ at 12 mo. (32.6% vs. 2.3%)

Basaline

& Mo 12 Mo

Repair for Moderate Ischemic MR

» Longer CPB and ACC times
+ More transfusions, Afib
* Greater LOS

* Perhaps: improved functional status

Definitely: no survival benefit

Ischemic MR: Today's Options

» Residual regurgitation: poor long-term outcomes

« Severe ischemic MR

— Repair: trend of survival benefit STICH -> only if simple: cosptation depth < 10
em, tenting area < .5 cm?, LVEDD < 65mm, [anterior tethering angle < 26, posterior tethering angle < 45)

— Replace: high risk pts. (s1s PROM > 4, frall, aged)
* Moderate ischemic MR
— Replacement: rarely needed
— Repair: improve Sx. and LV, LA dilation but NO SURVIVAL BENEFIT
of annuloplasty

— CABG+MV repair = CABG alone

Acute Papillary Muscle Rupture

Historically, up to 5% of STEMI

Reduced remarkably in the era of early reperfusion

 Post. PM: susceptible to ischemia d/t single vascular supply
+ Ant. PM: dual supply from LAD and Diagonal br.

+ About 1 week after AMI

+ Sx: new systolic murmur, hemodynamic collapse, shock

= DDx: infarct VSD, LV free-wall rupture, global LV dysfunction
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Acute Papillary Muscle Rupture

Surgery should not be delayed
MVR: most common Tx
MVP with reimplantation of PM

Hospital mortality: 20%

8227

— Survival
= Survival free of CHF

[ |

Long-term survival (%)

237

2 3 4 5 6 7 8 9 0
Yoo

Chronic Type II IMR

. 2R
LT

. 22
TR

Classification of
papillary muscle rupture

Chronic elongation, thinning, and
fibrosis or rupture of PM

Fibrotic and thinned-out PM with
normal chords

Usually repairable

PTFE-NCF, chordal transfer, PM-

transposition, downsized annuloplasty

Post-MI VSD &
Ventricular Rupture

FAoC) Hg&

History of VSR

= Latham in 1845
* First described at autopsy

« Cooley in 1956

+ First successful surgical repair in a
patient after 9 weeks through
RVtomy after VSR

+ Heimbecker,Allen,Woodwark,Iben
 Late 1960s: surgery for acute phase

Incidence and Demographics

1-2% of AMI and 0.2% in thrombolytic era

5% of early deaths after MI

Male : Female = 3: 2

1 vessel (64%), 2 vessels (7%), 3 vessels (29%)
Average age: 62 yrs (range, 44-81)

Most often after the 15t AMI

Etiology and Pathogenesis

LAD asrtory —

Arpric
dlact (50°%)

Possance

dedoct (30%)

- Verencular
soplum

Apcal
daloct (20°%)

FIGURE 93-1 (@ Destribution of postinfarction ventricular septal defects. LAD, Loft anterior...

82




%2 Mechanical Complications of IHD

Etiology and Pathogenesis Pathophysiology

Post MI VSD: _ _ « Heart failure

— Timing: usually 2 ~ 4 days R « Sjze of infarction

— A few hours ~ 2 weeks « Amount of L-R shunt
— Closer to 1 day in thrombolytic era

— Chronic VSR: more than 4 ~ 6 weeks

+ Anterior septal rupture
+ LV free-wall rupture: » Widystunction
— Occur 4%-8% of AMI

— 15% of deaths after AMI

— typically occurs 1-4 days after MI
— Dx: echocardiogram

+ Posterior septal rupture
* RV dysfunction

Pathophysiology

Natural History

* Without surgical intervention:
— 25% of pts: Died within first 24 hours
— 50% of pts: Died within 1 week
— 75% of pts: Died within 1 month

— 7% of pts: Lived longer than 1 year

+ Defer early op: deprives chance for successful op.

Clinical Presentation Diagnosis

; ; . + History of AMI
Harsh new holosystolic murmur: radiate to axilla

: * Physical Examination and Monitoring
* recurrent chest pain

+ Mew systolic murmur
RV failure and pulmonary edema is rare 7?7

* Abrupt deterioration in hemodynamics
* Resemble acute MR with PM rupture

= Imaging Studies
— VSD: Ant. AMI with condunction abnormality + Echo: Gold standard

— IMR with PM rupture: post. AMI, no conduction abn'l + Coronary angiography
* LV catheterization : Not recommended

+ 9% step-up in the O, saturation
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Preoperative Management

+ Dx: indication for operation
+ Shock: surgical emergency

+ Preop multisystem organ failure:
— unlikely to survive

— benefit from a mechanical bridge: IABP, VAD

= Intermediate status: within 12 to 24 hours

Completely stable(<5%): semi-elective

Preoperative Management

« IABP
« Cardiac output 1
* Lt. to Rt shunt 1§
« Coronary Perfusion T

» Medications
+ Inotropics
+ Diuretics
+ Vasodilators (?)

Predictors of Risk

TABLE 93-1 Preoperative Predictors of Death after Surgical Repair of

Postinfarction VSD
Variable Predictor of Early Predictor of Late
Death Death
Need for preoperative P=0.001 P=NS
catecholamines
Emergent operation P=0.0001 P=NS
Anterior VSD P=0.04 P=NS
Age > 65 years P=0.009 P=NS
Right-sided heart failure P=0.01 P=0.005
Elevation in blood urea nitrogen P=0.02 P=NS
Elevation of serum creatinine P=NS P<0.05
Previous myocardial infarction P=NS P=0.05
Presence of left main coronary P=NS P<0.05

disease

Predictors of Risk

Post. VSD increased operative mortality:

— Technically difficult

— Risk of mitral regurgitation is increased

— RV failure with RV infarction

Proximal VSDs strongly predict early mortality

— Largest infarctions

Goal of Surgery

Exclusion or removal of infarcted myocardium

Elimination of Lt. to Rt. shunt

Resection of Infarcted Myocardium
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%2 Mechanical Complications of IHD

Double Patch Repair of VSR

Balkanay et al.
Tex Heart Inst J 2005;32:43-6

Surgical Techniques

Three Patch Technique

Infarct Exclusion Technique

Massetti et al. {} Thorac Cardiovasc Surg 2000;119:784-9)

Piotr Siondalski,
Interactive CardioVascular and Thoracic
Surgery 6 (2007) 160-162

Repair of Ant. PMI VSD

85



AlRpS Bt

]

Fots] m9xt Mgo| oi4ug

Repair of Post. PMI VSD

Weaning from CPB

+ Bleeding
* Low cardiac output
« IABP, Milrinone
* RV failure (especially posterior VSR)
* Volume loading, Inotropics
* PGE-1 (0.5 to 2.0 mg/min), NO gas (20 to 80 ppm)
* VAD, ECMO

Outcomes

* Operative mortality: 30% to 50%

= Most common cause of death
* Low cardiac output: 52%

+ Technical failures(recurrent or residual VSD): 22%

Long-Term Results

TADLE 93- Recent Cliniesl Exporsnce” with Surgieal Riepuir of Peatsdaretion v
eptal Detect
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» Sepsis:17%, Recurrent infarction: 9% o’ Gt
+ CVA: 4%, Intractable ventricular arrhythmias
History of Free wall Rupture Incidence

+ William Harvey
* First described the free wall rupture
of the heart after AMI in 1647
+ Hatcher, FitzGibbon, Montegut

» First successful repairs in early 1970s

+ 11% of AMI (VSR x 10)
« Elderly women, first infarction, within 5 days
* Ant > Lat.

= Simple versus complex (50:50)
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Pathogenesis and Pathophysiology

+ Transmural MI

« Infarct expansion
* Acute regional thinning and dilatation of infarct zone

= Systemic HT, lack of collateral

« After extensive hemorrhagic transformation of AMI

Diagnosis

+ Clinical picture of pericardial tamponade
« Echocardiography
« Effusion thickness > 10mm

+ Echo-dense masses in the effusion

+ Ventricular wall defect

Natural History

» Acute
+ Death in a few minutes

» Subacute
« Median survival : 8 Hours

= Smaller tear, temporarily sealed by clot or fibrinous
pericardial adhesions

+ Chronic
* False aneurysm

Surgical Technique

Epicardial patching Direct suture

Prétre R, Ann Thorac Surg 2000;69:1342-5

Sutureless Tech.

Left Ventricular
Aneurysm

Aol M2

87



]

OFG H AR Q| US| HIQK} FZO| HADG

Historical background

+ 1957, Bailey: 15t successful surgical
correction of an LV aneurysm

+ 1958, Denton Cooley: open resection and
simple closure on CPB

1968, Favaloro: 130 patients, resection
for LV aneurysm, with 13% mortality

Natural course

+ Recent 5YRS for medically managed LV

dyskinesia : 47~70%

+ Cause of death
Arrhythmia 44% : Heart failure 33%

Recurrent MI 11% : Non cardiac cause 22%

+ Factors influencing survival of LV dyskinesia
Age : HF score : Coronary disease severity
Angina duration : Prior infarction : MR
Function of residual ventricle

Direct correlation between LV
volume and survival

Relative Risk for Death Post M|
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LVESVI greater than 60ml/m?:
poor long term prognosis

Change LVESVI / survival*
Initial LVESV! ~60ml/m2
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Senior, AJC, 2001

Left Ventricular Remodeling

Left Ventricular Remodeling

Myocardial Changes

« Myocyte loss
+ Necrosis
« Apoptosis

Alterations in Extracellular Matrix

« Matrix degradation
« Replacement fibrosis

Alterations in LV Chamber Geometry

= WV dilation

« Increased LV sphericity

« LV wall thinning

« Mitral valve insufficlency

L¥, Left ventricular.

Diagnostic modality

+ Echocardiography
Screening method for detecting LV aneurysm
Useful for assessing MV function

+ Cardiac MRI
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Geometric measures

+  Sphericity index (SIy: short-

[ Noma | to long-axis ratio (S/1)
L~ 80:9 +  Conicity index (CI). apical to
\ S « 42+3mm short-axis ratio (Ap/S)
3 e

+  Apical diameter: best fits the
apex

+ 5@ has the same value in
normal subjects and in

Ap2ALd e patients with DCM
— + . he elongation of LV
| C1 - 24142 (057) H cl-aosarg | 008 Becaite thé elongation of L
| i i T L = it R S | is proportional to the
| S1 = 42/80 (0.52) 1 = 53101 (052} | increase in width

+  Whereas the CI is markedly
abnormal in the patients.

Shape of LV

= Apex: enlarged(less conical) and shifted downward
and toward the mitral plane in both systole (inner
line) and diastole (outer line)

Anterior MI
10

Silhouettes of LV shape
abnormalities

Angiographic LV silhouettes—RAO 30
W%
K E i ) Tm %

SVR for ICMP

« Dor, 1984: LV reconstruction

— If needed, CABG + MVP or MVR

+ Technique: not standardized, many variations
— Jatene: linear closure
— Mickleborough: modified linear closure
— Dor and Menicanti: circular closure with patch

- McCarthy: double cerclage closure without patch

Linear closure by Jatene

Mickleborough procedure

S

(S
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Circular patch plasty

Endoventricular patch plasty

Surgical Ventricular Restoration

Left Ventricular Reconstruction

Surgical pitfalls during SVR

Surgical Pitfalls

+ Incorrect indications

+ Incomplete revascularization

« Embolism

+ Cavity dimension: too large or too small
+ Cavity shape: spherical or distorted

Surgical Details of Anterior SVR

* Menicanti, 2001: RESTORE Group
- If needed, CABG + MVP 26mm sizer

* Mannequin:
- 50 to 60 mL/m?
— New apex = apex of the Mannequin
— Start 2/0 endoventricular circular suture
— Reduces risk: too small residual cavity
— Rebuilding of LV: in elliptical way

« If closure plane is parallel to MV: spherical LV

Surgical Ventricular Restoration

Use of intraventricular mannequin during SVR

Fontain stitch
A

A-C = patch

A-B = transitional zone |'\ /

New apex
B-C = plicated infarior ibrotic wall
B-C = segmant fibrotic aneurysmatic wall

FIGURE 100-11 & The use of the intraventricular mannequin during surgical
left ventricle reconstruction
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Suboptimal endoventricular suture

A, Suturing is done on a plane parallel to the mitral valve. B, The suture is tightened.
€, The patch is inserted, and its resultant position is parallel to the mitral valve

Suboptimal endoventricular suture

Note the spherical left ventricular chamber achieved after surgery

Pre-op Post-SVR

Surgical Ventricular Restoration

Outcomes and Prognosis

= Low early mortality
2-13%
= Acceptable 5 and 10 year mortality
5 year survival 58-80%
10 year survival 30% ( better than medical Tx)
« Most patients experience increased LV performance

LVEFt PHTn | LV volume | MV O, demand |

Exercise tolerance 1

The STICH trial

(Surgical Treatment for Ischemic Heart Failure)

= Target registry 2800 patients with 90 participating
centers

= Objectives to seek best treatment for
coronary disease and heart failure
(Inclusive of SVR)
= Groups
Medical therapy alone
Medical therapy & CABG
Medical therapy & CABG and SVR

91

1000
Patients randomized 2002-2006

CAD, EF = 35%
Anterior akinesia/dyskinesia amenable 1o SVR

Randomized

499
CABG only

Follow-up 99% complete at 48-months
~ 50% Mild Angina/

501
CABG +SVR
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CABG
== CABG+SVR

1 2 3
No. at Risk Years from Randomization

CABG 499 319 270 220
CABG+SVR 501 319 275 216

Insights into the STICH Trial

» CABG alone or CABG +SVR-Hypothesis 2
* SVR + CABG: no impact over CABG alone
- Mortality
— Heart failure hospitalizations
— Exercise tolerance

— Quality of life

limitations of the STICH trial

(1) Pt. inclusion bias: not randomized,

(2) Smaller reduction of ESV

— Questions: performed properly in a majority?

* SVR Goal: LVESVI < 60 mL/m?

« ESC & EACTS: COR IIb, LOE B
— Scar in the LAD territory
— Baseline LVESVI = 60 mL/m?

Summary of SVR

Choice to add SVR to CABG should be based on

— heart failure symptoms

- LV volumes

- mitral valve: geometry and MR severity

- transmural extent of myocardial scar tissue and viability
— surgical expertise

* Appropriate patient selection criteria:
(1) ventricular properties - better hemodynamic effects

(2) hemodynamic - clinical outcomes
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Lung Ultrasonography: Basic Application

Department of Thoracic and Cardiovascular Surgery, CNUH

Do Wan

Kim

Principle

« 5-MHz Microconvex/Linear probe ( 4 -12 MHz )

— 1-17cm range of exploration
= Turn off filters : for artifacts
« Normal lung : invisible
+ Air : non transmitter
* Fluid : good mediator
« Pneumothorax : interrupt of visceral pleura

* Pleural effusion : identification of visceral pleura

Principle

« High frequency (5 -10 MHz)
— Greater resolution
— Less penetration
— Superficial structure
* Lower frequency (2 — 3.5 MHz)
— Greater penetration
— Less resolution

— Deep structure

Check point

« Boundary
— Sternum
- Anterior axillary line
— Posterior axillary line
« Area
— Upper BLUE point
— Lower BLUE point

— PLAPS (Posterior/ Lateral, Alveolar / Pleural syndrome) point

BLUE point

Lichienstern A, The BLUE-paints: three standardized points used
in the BLUE-protocel for ulirasound assessment
of the lung in acute respiratory Tailure. Crit Ultrsound J(2001) 3:109-110
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Lichtenstern DA, The BLUE-paints: three standardized points used
in the BLUE-protocs] for ultrasound assessment
of the lung in acute respiratory faklure. Crit Ultrasound J (20013 3:109-110

PLAPS-point

* Posterior axillary line + Lower BLUE point

Alveolar syndrome : consolidation

Pleural syndrome : pleural fluid

Milestone of pleural effusion

The lowest point of the lung

BLUE protocol : not pulmonary edema but

pneumonia

Manipulation

» Correct angle — right angle of pleura

« Carmen maneuver

Zero pressure

Pleural line : 0.5 cm below the rib line

Distance of the ICS : 2 cm

Neonate ;: Same as adult
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Bat sign ??

Do Wan Kim: Lung Ultrasonography: Basic Application

10 signs

Bat sign

A line

Lung sliding
Stratosphere sign
Lung point

* Sinusoid sign

Quad sign

Shred sign

Tissue like sign

B line

Lung water

C-profile

Begin Mﬂ'd Graduwal worsening of respiratory

Bat sign

Location of the lung — 15t sign, landmark
Upper rib, lower rib, pleural line
Pediatrics : same as adult

Normal : do not distinguish visceral and

parietal pleura

More important indicator than lung sliding sign

Bat sign
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A-lines

« First letter of Alphabet

* Horizontal, Reverberations, Motionless
+ Manifestation of air

= Only finding in two third of normal lung
* A-line + lung sliding = A profile

* A-line only without sliding = A’ profile

Lung sliding

* Pleural sliding (visceral pleura movement)

* Lung touching chest wall

* Greatest in lower thorax

» Absence : pneumothorax, intrathoracic adhesion,

critical parenchymal disease, esophageal

intubation

* M-mode : Seashore sign

B-lines

Comet-tail sign : water contained anatomy
Originates from pleura, absence of air
Hyperechoic, vertical narrow bands
Obliterate A-line, move with lung sliding

3 more at once : abnormal interstitial pathology,

lesion in alveoli, lung rockets

Join of B-lines : severity
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Do Wan Kim: Lung Ultrasonography: Basic Application

Lung rockets

PLAPS point : non specific (d/t gravity)
Bilateral all fields : cardiogenic edema

Localized : consolidation (pneumonia, interstitial

diseases)
Lung rockets + lung sliding = B profile

Lung rockets without sliding = B’ profile

Stratosphere sign

« Barcode sign

« Absence of lung sliding

L]

D/D with lung pulse

* Pneumothorax in M mode

Lichienstein DA Relevance of lung ultrasound in the dixgnosis of acule
respiratory failure: the BLUE protocol Chest. 2008 Jul 13401 117-25

Lung point

» Indicator of pneumothorax

« Abrupt appearance

* Lateral side : Pneumothorax s]zel

* On one side : lung sliding preserve

* On the other side : lung sliding absent

« Pneumothorax with no lung point : massive

pneumothorax (total collapse)
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Lung point Lung point

httpziwww.emeurious.com/bilog-1

Lung point

« D/D with Mangrove variant

« End expiration or inspiration pause
* Moderate use of M-mode

» Progressive pattern

« Entire lung area

Quad sign

» PLAPS point
= Dependent position
« Static sign, pleural and lung line, rib

» Deep boundary of the collection : regular

* Roughly parallel to the pleural line

* Sub B-lines

Lichtenstein DA, Lung ultrasound in the eritically ill,
Annals of Intensive Care 2014, 4:1
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Shred sign

= Alveolar consolidation

» More common

= Boundary — pleural line, air-consolidative border
« Fractal line

» The nontranslobar sign of consolidation

« Mixed pattern :aerated lung and consolidation

« Tissular pattern

Tissue like sign

» The sign of translobar consolidation
* Hepatization

— Disorder looking like a solid organ

.

No sinusoid sign : a size remains steady

-

No fractal line

BLUE-protocol

» Acute respiratory failure

« Very fast (< 3 min.)

» Upper point : upper lobe

» Lower point : middle lobe, lingular segment

« PLAPS point : lower lobe

Accuracy

U/S sensitivity : 98%
U/S specificity : 95%
X-ray sensitivity : 67%
X-ray specificity : 85%

the diagnosis of i i the v dlepartment
Emerg Med J 2012,29,15.23
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Pneumothorax

+ High frequency probe

+ Disappearance of lung sliding

* Presence of lung point

» Evaluation of whole respiratory cycle
* Presence of B-line : r/fo pneumothorax
» Supine : lower BLUE point

» Fowler’s : upper BLUE point

Pneumothorax

Pleural effusion

* Amount : > 20ml

= The volume does change with respiration

* Quadrangular shape with a regular lower border
+ Useful Indicator of drainage site

» Transudate : anechoic

» Exudate : echogenic feature

* Sub B-line

Pleural effusion

Alveolar syndrome

* Water contained alveoli

* m/c in PLAPS point

* Does not change with respiration

+ D/D with abdominal organ (etc liver.)

* Visible state of lung tissue

« Hepatization

— Consolidated lung looks like liver

— Air bronchogram indicate parenchymal syndrome
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Interstitial syndrome

= Thickened interlobular septum

» B-lines, Lung rockets sign

* Upper and lower BLUE point

« B1=7mm apart (moderate air loss)
+ B2 = 3mm apart (severe air loss)

« D/D with Z-line

« PLAPS point : less clinical importance

Lichtenstein DA, Ul d dlis is of alveolar lidation in the
eritically ilL Intenseve Care Med (2004) 30.276-281

Lung pulse

* Disappearance of lung sliding

* Heart beating

* r/o pneumothorax

» D/D pneumothorax : no lung pulse

« Atelectasis : selective intubation, ARDS

Lichtenstein A, et al. The "hang pulse™: an early ultrasound sign of
complete atelectasis. Intensive Care Med. 2003 Deg; 297123 2187-92

Lichtenstein DA, ¢t al. The *lung pulse”: an early ultrasound sign
of complete atelectusis, Intersive Care Med (2003 ) 29.2187-2192
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Pulmonary edema

Anterior-predominant bilateral B line ( more > 4)
Presence of lung sliding

B-profile

Smooth pleura

Abrupt onset of B-line : endpoint of fluid therapy

Proceed to C-profile

Pulmonary edema

T

PR

Lichienstein DA. Relevance of lung ultrasound in the disgnosis of acule
respirntory failure: the BLUE protocol Chest. 2008 Jul 134011 117-25

FALLS-Protocol

FALLS-protocol

Not yet supported by clir

|1) Ruing eut obstructive shock |

Simple cartiac sonography

Paricardial tamponsde

Right ventricle dilatation "
BLUE-protocol: prsumothoras (4'preie

Dichotomy

Change of A-lines to [uni i o carsiogene snoes’]

1 BLUE protocol . pulmanary edema  (B.profite)
Direct biomarker of clini¢ !
{3) Ruling out hypovolemic shock | (A-profile]

[ Dstecting dukribative skeosk. seplio shach susrendy |

wveniually generating

Lichtenstein DA BLUE-protocol and FALLS-protocol:
two applications of lung ultrasound in the eritically ill.

Chest. 2015 Jun; 147(6): 1659-70.

BLUE protocol

Lung rockets : only anterolateral part
Pulmonary edema : diffuse B-line + lung sliding
Pneumothorax : A-line + Lung point + sliding(-)

Pneumonia : B-pattern + sliding(-), A-profile
+PLAPS, A/B profile, C-profile

Limitation

+ Do not evaluation of trachea

Chest tube

+ Dressing

* Subcutaneous emphysema

— No Bat sign
~ E-lines

+ Huge bullae

- finding of lung sliding
- D/D with pneumothorax
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Basic Echocardiography

Mgk oletete} 3Tkl

=
4 5 3

110



Sono-guided Vessel Access & Intervention
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Introduction

Mode: B-mode and Doppler mode

Probe: Higher frequency probes (>7 MHz) are
preferred over lower frequency probes (<5 MHz)
probe orientation relates to the image display.

Probe movement

Probe orientation

+ structures beneath the left aspect of the ultrasound probe
marker (denoted by a light or a notch on the side of the probe)
are always displayed on the left side of the imaging screen.

« when working from the head of the bed, as is often done for
internal jugular vein access, the probe marker should be
oriented towards the operator's left (also the patient's left) for

both right and left internal jugular vein access.

Probe orientation

When working from beside the patient, as for femoral vein
central line or peripherally-inserted central catheter (PICC)
insertion, this marker should be oriented to the patient's
right on transverse views. Using this orientation, the
patient's right will be displayed on the left-hand side of

the ultrasound monitor.

The center probe, a linear 12-5 mHz transducer, is most often used for
peripheral vascular imaging. The left-hand probe, called a "hockey
stick”, can be useful in tight locations. The right-hand probe is a curved,
lower frequency transducer that allows for greater tissue penetration in
obese patients.
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Figure 1 Right neck central vein cannulation. The ultrasound
probe is held so that each side of the screen displays ipsilateral
structures. With the probe mark placed on the upper left corner
of the image, the displayed structures will move in the same
direction with the probe.
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* Higher primary puncture rate
* Nearly 100% success rate
» Rare complication

« Shorter procedure time

Indications/Contraindications

+ real-time ultrasound imaging during needle placement
reduces time to venous cannulation and reduces the
risk of complications during central venous and
peripheral venous access.

» When used appropriately by qualified personnel, there
are no absolute contraindications to using ultrasound

as a procedural adjunct for vascular guidance.

Indications/Contraindications

* The subclavian vein is more difficult to localize
than the femoral or internal jugular vein because
of the proximity of the clavicle.

+ Moderate to severe volume depletion may
interfere with ultrasound localization of venous

structures.

Quialifications of the Ultrasound User
for Vascular Access

Table 2 Recommended fraining objectives for ultrsound-guided vascular cannulation

Cognegve skills
1. Knowbadge of the physical pinciples of ultrasound
2 Knowdedge of the oparation of the ultrasound squipment, ncluding the controls that afect the imaging desplay
3 Knowbadge of infechon control standands for performing vascular access and sterile preparabion of the uitrasound probe for real-time use
4 Knewled g of the surface anatamy specific to the access site and ulirasound anatomy that llows idertification of the target vessel and
structures that are to be avosded
5 Ability to recognize the location and patency of the taget vessel
. Ability to recognize atypical anatomy of vess location and redrect the needle entry to minimize complcations
7. Knowledge of the color flow and spectral Doppler flow pattems that idertify arterial and venous flow characienstics
Technical skils
1. Abilty to operate the ultrasound equipment and contrals 1o produce qualty information o dentfy the target vessel
2 Dexterity to coordinate needie guidance in the desired direction and depth on the bass of the imaging data
3. Use of needle guides for coordination of needie insertion with imaging data when operator dextesity is lacking or cinical conditions make
de:enty coordnation challenging
4 Ability to insert the catheter into the tarel vessel using ultrasound information
5. Ability to confirm catheter placement into the target vessel shd the absence of the catheter n unintended vestels and struchures

Short-Axis Vs Long-Axis Visualization

+ Short-Axis: Out-of-Plane

Long-Axis : In-Plane

+ The short-axis view allows the needle approach to be over the

center of the vein.

+ The long-axis view has the advantage of allowing visualization

of the entire needle shaft and tip.

+ No different in time and complications required for vascular

access regardless of short axis or long axis technique
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Firetie

Figure 3. Linssr sray transdoces with nesdle guide sttachmant™’.

Differentiating Arteries From Veins

* Veins are distinguished from arteries on ultrasound because
they have thinner walls, are more easily compressed, may have
visible valves, and lack arterial pulsations.

+ veins usually distend with maneuvers that impede or augment
venous return, such as application of limb tourniquets, the
Valsalva maneuver, and putting the patient in the Trendelenburg
position.

« Doppler imaging may also be used to identify blood flow and
to help differentiate arterial from venous flow.

Ultrasound of normal neck vessels

Transverse ltrascursd mages of the nght reck dsmonstrate
normal anatomy, inckadng the intemal juguar ven (bhes smow),
common cartid artery (red amow), stemeciedomastoid muscle
(SCM), and thyreid gland (T). 0 shows coliapse of the intermal
Joguiar vein when compression is apphed with the transducer. The
carotd artery i not easly compressed with kght probe pressure.

Courtesy of Laren W Averst, MO,

Static Vs Dynamic Ultrasound Guidance

* The static approach uses ultrasound to determine
the vessel location and patency, assess
surrounding structures, and mark the location to
provide optimum placement for needle
introduction. After determining this location, the
procedure is performed without real-time

ultrasound.

* In a dynamic approach, the procedure is performed

Static Vs Dynamic Ultrasound Guidance

using real-time ultrasound observation of needle entry
and placement.(with a sterile technique that includes
sterile gel and sterile probe covers)

The dynamic approach allows for real-time visualization
of the needle tip placement and has been shown to be

superior to the static approach in most situations.
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One-Person Vs Two-Person Technique

Using dynamic visualization, it is possible for one person to
perform the ultrasound while another person performs the
procedure ("two-person dynamic approach”).

In a one-person dynamic approach, the person performing the
procedure holds the needle with one hand while directing the
ultrasound probe in the other hand.(most advanced

practitioners, as it allows for real-time hand-eye coordination)

Site Selection and Preparation

1%t USG for the choice of site should include factors such as
vessel size, depth, course, surrounding structures, and adjacent
pathology such as cellulitis. Also vessel patency, course, and
other anatomic issues such as vein valves.

2d: preprocedural local anesthesia

3d: skin preparation and Maximal sterile barrier precautions with
probe cover kits (include sterile cover for the probe and sterile

gel)

Performing the Procedure

Using ultrasound to identify the depth of the center of the
intended vessel, the point of skin entry should be about the
same distance from the probe, assuming an approximately 45°
angle, set back from the probe a distance approximately
equivalent to the depth of the vessel ("triangulating” the path of
the needle toward the vessel lumen)

Trace the catheter or needle

Vessel puncture: target sign, Doppler mode, double puncture
technique(only PICC)

Use of Ultrasound After the Procedure

Catheter, guide wire

“postprocedure flush": injecting a small amount (<10 mL)
of saline that has been agitated with air and then had
large air bubbles removed from the syringe. When the
catheter is properly placed, injection of agitated saline
produces hyperechoic contrast within the lumen of the

vessel, verifying the proper position.

Ultrasound-Guided Central

Venous Catheterization

Ad and disadv jes of central vein approaches
Approach Advantages Disadvantages
Extermal Suparfical vessel that is often Not ideal for prolonged venous access
Jugular wisible

Poor landmarks in obese patents
High rate of malposition
Catheter may be difficult to thread

Coagulopathy not prohubstive

Minimal risk of pneumaothorax
(especially with US guidanca)

Head-of-table access
Prominent in elderly patents
Rapid venous access

Internal
jugular

Minimal risk of preumathoras
(espeaally with US guidance)

Mot ideal for prolonged access
Risk of carotid artery puncture

Head-of-table access

Procedure-related bleeding
amenable to direct pressure
Lower failure rate with novice
operatar

Excallent target using US guidance

Uncomfortable
Dressings and catheter difficult to maintain
Thoratic duct injury possible on left

Poor landmarks in obese/edematous
patients

Potential access and maintenance issues
with concomitant tracheastomy

Vein prone to collapse with hypovolemia

Difficult access during emergences when
airway control being established
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7Ix4d: Sono—guided Vessel Access & Intervention

Subclavian Easier to maintain dressings Increased risk of preumothorax
More comfortable for patient Procedure-related bleeding less amenable
Better landmarks in obese to direct pressure
patients Decreased success rate with inexperience
Accessible when airway control is | Langer path from skin to vessel
baing established Catheter malposition more common
(especally night SCV)
Interference with chest compressions
Femoral Rapid access with high succass Delayed circulation of drugs during CPR

rate

Does not interfere with CPR

Does not interfere with intubation
No risk of pneumathorax

Trendelenburg position not
necessary during insertion

Prevents patient mobilization

Difficult to keep site stenle

Difficult for PA catheter insertion
Increased nisk of iliofemoral thrombosis

US: ultrasound; SCV: subclavian vein; CPR: cardiopulmonary resuscitation; PA: pulmonary artery,
With permission from: Factor P, Sznaider JI, Vascular cannulation, In: Principles of Critical Care, Hall
B, Schinidt GA, Wood LDH (Eds), McGraw-Hill, New York, 1992, Copyright 1992 McGraw-Hill

Sono-guided Vs intervention complication

+ Immediate(mechanical)

- pneumothorax

- accidental arterial puncture
= Early (Infectious)

- catheter related infection or sepsis
« Late(thrombotic)

- Stenosis

- thrombosis

Immediate complication

(Accidental arterial puncture, hematoma, pneumothorax)

+ Accidental arterial puncture:
femoral > jugular > subclavian approach

* Pneumothorax, hemothorax: subclavian>jugular

Early com plication (Catheter related infection or sepsis)

+ Femoral vein > Subclavian vein
+ Internal jugular vein = Femoral vein ?

+ Internal jugular vein = Subclavian vein

Catheter insertion site= contamination®| 7hsd0] H2 2oz M
&4 0fof Bict.

+ 7ts%t femoral2 LH|THCE

* burn or infected skin, adjacent tracheostomy site, open surgical

wound& I|&kC}

Late comp[ication (Stenosis/Thrombosis Incidence)

Subclavian vs Internal Jugular

0%

Cimochowski(1990) 50%
Schillinger(1991) 42% 10%
Trerotoal(2000)* 13% 3%

*thrombosis

L REERHEA Y 273)

- HR HY BF
internal jugular vein : 7t& M5 (E5| 5
> subclavian vein
> Femoral vein

* Right Internal Jugular Vein
larger callber
shorter and direct course
easy approach

less complication
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Ultrasound Guidance for Internal
Jugular Cannulation (general)

« ultrasound guidance for IJ vein cannulation
improves first-pass and overall success rates and
reduces the risk of procedure-related complications.

+ ultrasound guidance for IJ vein insertion using real-
time guidance is recommended.

« one-person dynamic ultrasound guidance is
recommended for a CVC at the I vein site.

Ultrasound Guidance for Internal
Jugular Cannulation

Figure 8 External landmarks for |J cannulation. SCM, Sterno-
lei id muscle. Modified from N Engl J Med *

Ultrasound Guidance for Internal
Jugular Cannulation

Q O
0 o oO

O Qs

Figure 7 Variable overlap between CA and IJ vein. RIJV, Right IJ
vein. Adapted from J Vasc Interv Radiol 2

Medial

@)

“o

45%

Ultrasound Guidance for Internal
Jugular Cannulation

(i\ ) l
A B

Ultrasound Guidance for Internal
Jugular Cannulation (technique)

+ Trendelenburg position to maximize the U vein size
and minimize the possibility of air embolism.

* The operator should be positioned at the head of
the bed, with the ultrasound screen facing the
operator in a position where it can be easily

visualized during the procedure.

Ultrasound Guidance for Internal
Jugular Cannulation (technique)

+ In a transverse or short-axis view, the probe
indicator should be oriented to the operator's left,
corresponding to the left of the patient and the

left side of the screen as it is viewed.

« After procedure: Echo, Lung ultrasound for lung

sliding
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7Ix4d: Sono—guided Vessel Access & Intervention

Ultrasound Guidance for Femoral
Venous Access (general)

« not usually preferred because of higher infection
rates.

« ultrasound guidance for femoral vein access may
improve the success rate and reduce complications
for femoral venous cannulation.(this benefit may be
more important with novice operators, in pediatric
patients, or in patients without adequate pulses for
landmark guidance.

Ultrasound Guidance for Femoral
Venous Access (technique)

= “frog leg” position : supine position with the leg slightly
externally rotated.

+ Because of the close relationship of the artery and vein in this
area, it is particularly important that the guide wire is
appropriately placed before advancement of the dilator.

+ After securing the catheter, appropriate placement may be
confirmed by visualizing the inferior vena cava and/or right

atrium during a saline flush.

Ultrasound Guidance for Femoral
Venous Access

Anterior superior
iliac spina™—
Inguinal ligamant
Famoral triangle —
Femoral nerve

Femoral arery
Femoral vein —

[Sartorius musclo

Ultrasound Guidance for Femoral
Venous Access

WITH COMPRESSION

Ultrasound Guidance for Peripherally
Inserted Central Catheters

« Instead of CVC

+ Peripherally inserted central catheter lines
should be avoided in patients with advanced

kidney disease to preserve future dialysis access.

Ultrasound Guidance for Peripherally
Inserted Central Catheters

« When using a "blind" approach to PICC line placement,
most practitioners rely on a landmark such as an artery
to find the adjacent vein (ie, the brachial artery and
adjacent veins in the upper arm). In addition to
clarifying the relationship of adjacent arteries and veins,
ultrasound can find and guide access to veins that do
not travel with arteries (such as the basilic vein),
minimizing the risk of arterial puncture.
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Ultrasound Guidance for Peripherally
Inserted Central Catheters

* initial ultrasound examination of the upper arm
to determine the best site(basilic, cephalic, or
brachial veins) for needle puncture and PICC site
location.

+ recumbent, supine position with the extremity of

choice extended on a flat surface, palm up.

+ modified Seldinger technique

The many uses, the better.
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e, dMd, 24535, 2=

1. Heart1 (ZQ: ZEfAD

Parasternal long/short axis (cortic valve, mitral valve, papillary muscle level) view

2. Heart2 (249 Z435%)

Apical 4—/5—chamber view with coronary territories

3. Lung (33 2=
BLUE point
Bat sign
Lung sliding

Lung pulse on M—mode
4, Vessel (T4 ZIjH)
Internal Jugular vein with access point
Basilic vein with access point
Radial artery with access point

5. Vascular access simulation with training model

6. Self-training
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Normal Cardiac Anatomy

Keimyung University Dongsan Medical Center

Woo Sung Jang, M.D., Ph.D.

Pericardium

Transverse pericardial si
SV
Right pulmonary vei : Left pulmonary veins
——Pericardium
Pericardium -

IVCS

Segments of the heart

A-V Junction —

Ventricles

V-A Junction —

QGreat arteries
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Three Facets

* Morphology

* Relationship

¢ Connection

Heart Position

Dextrocardia

Mesocardia

Levocardia

‘Dextrocardia’ VS “Displacement’

Normal cardiac anatomy

sternocostal

P

ﬁ obtuse margin
— Pl

g

diaphragmatic
surface

|
acute ma!“

Anterior Surface
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Woo Sung Jang: Normal Cardiac Anatomy

Posterior Surface

Heart Valves

Fibrous Skeleton

Aortic

Mitral

b

Atrial Identification

Atrial appendages
Pectinate muscles

Crista terminalis

Septal morphology

Not by venous connections




CHOME A 2ol 2kotel MIOAL 3ol Asug
Atria
Right atrium Left atrium

Triangular appendage with Finger-like appendage

a broad junction with a narrow junction
Pectinate muscles Pectinate muscles not
extending to AV junction extenting to AV junction
Crista terminalis No crista terminalis
Fossa ovalis with a limb No fossa ovalis

posterior [ inferior

Crista terminalis

Extent of pectinate muscles Interatrial septum

t.. ﬁ -
[ Limbus T
RA  valve—i IAS

5 Limbus ?
!

b

AVS

Tl

RV
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Woo Sung Jang: Normal Cardiac Anatomy

avetic valve (nom-caronary cug)

avrtic valve (right coromary cusp)

triangle of Koch

Aricuspad sepeal leaflet
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Ventricles Right Ventricle

Trabeculations: heavy Trabeculations: fine and
and irregular regular
Moderator band No moderator band

Septal attachment of AV Septal attachment of AV
valve: more apical valve: more cranial

Septal attachment of No septal attachment of
papillary muscles papillary muscles

“Crista supraventricularis (Supraventricular crest)”
defined as the muscular area separating the attachments of the tricuspid and
pulmonary valves in the roof of the right ventricle
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Woo Sung Jang: Normal Cardiac Anatomy

Tehts {_,\Pr“{" Bawe

- [;-1:-w~c1'-f‘"4";ﬁ'r '-"-[P‘Nl'ﬂ
*Pare 1-’1:_ fovied
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Gkt bond
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Epinl .
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Internal view of LV
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ASD, VSD, PDA
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Congenital Heart Disease

* Acyanotic heart lesions

« Lt. to Rt. shunt lesions: ASD, VSD, PDA, AVSD, AP window, efc.

+ Cyanotic heart lesions: TOF, TGA, etc.

Features of heart failure in infants

+ History
+ Poor feeding

+ Poor weight gain

+ Physical Examination

+ Tachypnea
+ Others + chest retraction
2 Hepammegaly
Management
+ Surgical indication
+ Symptom (+)

+ Significant amount of shunt: Qp:Qs 2 1.5, LV volume overload
+ Contraindication
+ Treatment modality

+ Surgery

+ Intervention

ASD
(Atrial Septal Defect)
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+ Coronary sinus

EchoCG

Management

* Treatment

+ Intervention: > 12kg

+ Surgery
+ Limb deficiency

+ Stemotomy vs. thoracotomy vs. minimally invasive

+ Contraindication

VSD

(Ventricular Septal Defect)

+ Subarterial
+ Perimembranous (m/c)
* Inlet

+ Muscular

+ Gerbode
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£2M: ASD, VSD, PDA

Clinical manifestation

+ Size of defect / amount of shunt
+ Small
* Moderate
* Large:
+ Low Rp: large shunt - severe congestion

+ High Rp: Eisenmenger syndrome: no shunt or reverse shunt

CPA

EchoCG

Natural history

+ Spontaneous closure: + septal aneurysm

+ Subarterial type

+ AV prolapse: + AR

+ Subarterial / perimembraneous type
+ Infundibular narrowing

* Pulmonary vascular disease

Conduction system in VSD

Koch's Triangle

VSD patch closure
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Management Postoperative care

+ Surgical indication » Pulmonary hypertension

+ Significant amount of shunt  Anhythmia

+ AV prolapse + AR + JET (Junctional Ectopic Tachycarda)
+ Conlraindication Ak

+ Aortic insufficiency

+ Treatment

S + Tricuspid regurgitation

+ Intervention: muscuar VSO * Residual shunt

Hemodynamic in ASD / VSD Hemodynamic in VSD /ASD

VSO {post-TV shunt) ASD (pre-TV shunt) VSO {post-TV shunt) ASD {pre-TV shunt)

oo praiekd + Pressure loaded AV + Orly valum loaded PA
* Pressuna and volume loaded PA + Rare pulmonary HTN and Eisenmenger syndrome
| resistancein the | m
guatanurs | <RVH Y HTN, Ei syndoma  Voluma overioad RA and AV

* Volums overigaded LV 3 MR, CHF - SecondaryLV dyshunction

» Ductus from 6" arch

PDA

(Patent ductus arteriosus)

» Aorta from 4% arch
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£2M: ASD, VSD, PDA

Clinical manifestation

* Nearly same as that of VSD
+ Continuous murmur

+ Size
* Small
* Moderate

* Large

EchoCG

Management

* Surgery
+ Thoracotomy vs. sternatomy

+ Ligation / division / patch closure

* Intervention

+ 2 6kg

Surgical treatment

Thank you for your intention
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Tetralogy of Fallot with Pulmonary Stenosis

P

TOF with PS

obstruction

* Tetralogy of Fallot

* Interventricular
communication

* Biventricular origin of
the aorta

* Muscular obstruction
within the right
ventricular outflow
tract

* Right ventricular
hypertrophy

Incidence, prevalence, and
aetiology

* 3.5%, of infants born with congenital heart diseass
+ 0.28 per 1,000, or 1 in 3,600, live births
Males and females equally affected

The risk of recurrence in siblings, about 3% if there are no other
affected first-degree relatives

Microdeletions of the q11 region of chromosome 22, Di George
syndrome and the velocardiofacial syndrome, conotruncal
anomaly face syndrome

No differences are found in the incidence of affected children
according to whether it is the mother of father who had the
lesion initially

However, the risk is much higher, at above two-fifths, if the
aﬁecte‘l:l parent has a sibling with the same or a similar cardiac
anomaly

Anatomy and morphogenesis

* Phenotypic features

* Antero-cephalad
deviation of the insertion
of the muscular outlet
septum relative to the
limbs of the
septomarginal
trabeculation, coupled
with an arrangement of
the septoparietal
trabeculations which
produces a squeeze at
the mouth of the
infundibulum

Septoparital
trabecutations

Anatomy and morphogenesis

* Phenotypic features

* The outlet septum can be markedly deviated in
antero-cephalad direction without there being
subpulmonary stenosis, despite the presence of
hypertrophied septoparietal trabeculations, so-
called Eisenmenger complex ventricular septal
defect
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ZI%El: Tetralogy of Fallot with Pulmonary Stenosis

Anatomy and morphogenesis

* Phenotypic features

Variability in the margins of
the ventricular septal defect

Directly beneath the
overriding aortic valve orifice,
outlet defect

Antero-cephalad limb of the
septomarginal trabeculation,
which forms the anterior
margins of the defect

The roof of the defect is
formed by the attachments
of the leaflets of the
overriding aortic valve to the
ventriculo-infundibular fold

Sagtomasginal rateculation

Anatomy and morphogenesis

* Phenotypic features

* Variability in the
margins of the
ventricular septal
defect

Anatomy and morphogenesis

* Phenotypic features

* Variability in the margins of the
ventricular septal defect

* |In that the postero-inferior margin
is an area of fibrous continuity
between the leaflets of the aortic
and tricuspid valves,
perimembranous

* The septal remnant itself, called the
membranous flap, is safe tissue for
anchorage of sutures when such
stitches are placed with care

Anatomy and morphogenesis

* Phenotypic features

* Variability irf the margins
of the ventricular septal e
defect

* Second most common
pattern, interruption of
the area of fibrous
continuity between the
aortic and tricuspid
valves by a muscular fold,
muscular outlet

Aoriic valve

Trcusped valved

Anatomy and morphogenesis

* Phenotypic features

* Variability in the margins of the ventricular septal
defect

* The doubly committed and juxta-arterial defect, by
far the least common in the Western World, but
commoner in the Far East and South America

* Both subaortic and subpulmonary as a
consequence of failure of formation of the
muscular subpulmonary infundibulum

Anatomy and morphogenesis

* Phenotypic features

* Variability in the margins of the ventricular septal
defect

* Inlet defects, associated with straddling and
overriding of the tricuspid valve, or the ventricular
component of an atrioventricular septal defect
associated with common atrioventricular junction
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Anatomy and morphogenesis

* Phenotypic features

* Narrowing of the subpulmonary
infundibulum

Subpulmonary stenosis, an essential
gart of tetralogy, due to the squeeze
etween the antero-cephalad
deviation of the outlet septum and the
abnormal arrangement of the distal
septoparietal trabeculations

The infundibulum is longer in the

setting of the malformation

Obstruction at valvar level, two leaflets
Pulmonary arterial stenosis

Anatomy and morphologenesis

* Phenotypic features

* Overriding of the
aortic valve

* Much larger patch will
be required, the
larger part of the VSD
circumference is
supported by the
right ventricle

Anatomy and morphogenesis

Phenotypic features
Other lesions of the pulmonary circulation

Pulmonary valvar stenosis, stenosis of a bicuspid valve or to
stenosis of a valve with three leaflets

Absence of the leaflets of the pulmonary valve (absent
pulmonary valve syndrome), with dilation of the pulmonary
trunk and its branches -> airway problems

Left pulmonary artery connected by the arterial duct

Right pulmonary artery may arise directly from the
ascending aorta

Major systemic-to-pulmonary collateral arteries are
sometimes present, but in association with normal right and
left pulmonary arteries

Anatomy and morphogenesis

* Phenotypic features

« Associated anomalies

* ASD

= AVSD, straddling of the tricuspid valve

« Anomalous origin of the anterior interventricular
coronary artery from the right coronary artery

* Right aortic arch
* Aortic incompetence, commoner in older patients

Anatomy and morphogenesis

* Morphogenesis

* Study of embryos, in which developmental stages
of these malformations were observed, showed
that the factory for production of the lesions was
within the ventricular outflow tracts

« Deletion of chromosome 22q11 also support the
existence of malseptation of the outflow tracts in
humans, and point to this being due to problems in
migration of cells from the neural crest

Clinical diagnosis

* Dominated by the degree of muscular obstruction
of the right ventricular outflow tract

* Modified by associated anomalies, such as
persistent patency of the arterial duct, or presence
of large systemic-to-pulmonary collateral arteries
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ZI%El: Tetralogy of Fallot with Pulmonary Stenosis

Clinical diagnosis

* Presentation when subpulmonary obstruction is severe
from birth

* Presentation in the neonatal period

* Severe arterial desaturation, metabolic acidosis ->
increased respiratory rate -> concomitant fall in arterial
content of carbon dioxide -> compensatory respiratory
alkalosis

* Cyanosis, dominant clinical picture, increases with
crying, feeding, other activities

* Sometimes, pulmonary circulation is duct-dependent ->
maintenance of ductal patency, usually by infusion of
prostaglandin E

Clinical diagnosis

* Presentation when subpulmonary obstruction is
moderate at birth

= Acyanotic at birth

* Development of cyanosis, dependent on increasing
infundibular stenosis, and not on the degree of
aortic override

Clinical diagnosis

* Presentation when subpulmonary obstruction is
minimal at birth

« Similar to those of a large ventricular septal defect

* Increasing right ventricular hypertrophy ->
subpulmonary obstruction more marked -> shunt is
reversed -> exhibit the signs and progression as the
group with moderate obstruction

Clinical diagnosis

* Presentation with absent pulmonary valve
* Absence of the leaflets of the pulmonary valve

* Respiratory symptoms of inspiratory and expiratory
stridor, dyspnea caused by lobar collapse or, at
times, lobar emphysema

* Compression of the bronchial tree by the grossly
dilated proximal pulmonary arteries

Clinical diagnosis

* Squatting

* Causes an abrupt increase in systemic venous
return and a rise in systemic vascular resistance ->
right-to-left shunt decresed

* Hypercyanotic attacks

* Lead to reduced cardiac output, and be
accompanied by transient loss of consciousness

* Most common between 6 months and 2 years of
age

Clinial diagnosis

* Hypercyanotic attacks

« |nitial presentation, a history of episodic loss of
consciousness, convulsions, episodes of going
floppy or pale, transient vacant episodes, episodes
of becoming deeply cyanosed followed by loss of
consciousness or sleep

* Episodes of very rapid deep respiration or
hyperpnoea, or a high-pitched abnormal cry

= Spells results from infundibular spasm or shutdown
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Clinical diagnosis

* Hypercyanotic attacks

* Shutdown, secondary to other primary physiologic
influences, such as dehydration, or tachycardia-
induced reduction in right ventricular preload,
systemic vasodilation in response to fever, or other
sympathetic activity

* Prompt treatment with continuous b-blockade, and
referral for surgery or interventional catheterization

Clinical diagnosis

* Physical examination
* Cyanosis

* Auscultation, a systolic ejection murmur with a single
second heart soun

* Overt clubbing of fingers and toes, not detected until 2 or 3
months of age

* Some degree of facial dysmorphism, associated syndromes,
DiGeorge, Goldenhauer, or Down syndromes

+ All patients should now undergo chromosomal analysis
(22q11 deletion)

* Loud continuous murmur, more likely to originate from flow
through large major systemic-to-pulmonary collateral
arteries than the arterial duct

Clinical diagnosis

* Physical examination

* Subpulmonary obstruction, minimal or absent,
tachpnoea, dyspnea, and intercostal or subcostal
recession (heart failure symptoms)

Clinical diagnosis

* Investigations

Confirmation is now provided
largely by cross sectional
echocardiography

Chest radiograph

Up to one-third of patients with
tetralogy right aortic arch

Reduced pulmonary vascular
markings

Pulmonary bay

The apex of the heart may be
upturned, because the
hypertrophied right ventricle
forms the apex in the postero-
anterior projection

Clinical diagnosis

* Investigations
« Electrocardiography

* Normal or rightward QRS axis and overt right
ventricular hypertrophy

« After surgery, right bundle branch block with
prolongation of the QRS duration is frequent

Clinical diagnosis

* Investigations
* Echocardiography

* Subcostal paracoronal view, narrowed
subpulmonary outflow tract, with malalignment of
the anteriorly displaced muscular outlet septum
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ZI%El: Tetralogy of Fallot with Pulmonary Stenosis

Clinical diagnosis

* Investigations
* Echocardiography
* Parasternal long-axis views, aortic override

Clinical diagnosis

Investigations
Echocardiography

Four-chamber view, straddling or overriding tricuspid valve,
common atrioventricular junction in hearts with deficient
atrioventricular septation

When the pulmonary trunk is traced to its bifurcation, it is
possible to determine the size of the pulmonary arteries to
the level of their first bifurcation, but not the more distal
pattern of branching

To confirm normal systemic and pulmonary venous
connections

Anomalous arteries can be identified crossing the
subpulmonary infundibulum (coronary arterial anatomy)

Clinical diagnosis

* Investigations

« Echocardiography

* Post-operative assessment

* Presence of residual lesions

* Pulmonary regurgitation

= Right ventricular performance

Clinical diagnosis

* Investigations

* Magnetic resonance imaging

« Post-operative evaluation and decision-making

* Quantitative assessment of right ventricular volume,
mass, and function

* Imaging of delayed enhancement using gadolinium,
any scarring or fibrosis of the ventricles,
contributing to an increased propensity for

arrhythmias, or formation of aneurysms in the right
ventricular outflow tract

Clinical diagnosis

* |Investigations
* Cardiac catheterization and angiography

* To assess the haemodynamics within, and connections
between, the individual vessels

* Dilation and stenting of the right ventricular outflow
tract

* Pre-operative balloon dilation of the pulmonary
arteries, stenting of the arterial duct, interventions on
the aortopulmonary collateral arteries

* Additional postoperative interventions
* CT angiography

Haemodynamics and physiology

* Dominated by the severity of obstruction within
the subpulmonary right ventricular outflow tract

« The relative flows in the pulmonary and systemic
circuits depend on the relative resistances, or
impedances
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Therapeutic options

* Medical management

* In the knee-chest position and administer oxygen by
face mask

* Intravenous line, small dose of morphine sulphate, at
0.1mg per kg

* B-blocking agent such as propranolol (reduce
tachycardia and increase systemic resistance, reduce
hypercontracility)

* Accompanying metabolic acidosis should be corrected

* Intubation and ventilation in extreme cases,
intravenous vasoconstrictor, phenylephrine

* Emergency systemic-to-pulmonary shunt

Therapeutic options

« Surgical management
* Those over a few months of age, definite surgery

* Neonates and young infant, surgical palliation by
construction of a systemic-to-pulmonary arterial
shunt, balloon dilation and stenting of the right
ventricular outflow tract, and stenting of the
arterial duct

Therapeutic options

* Surgical management
* Palliative procedures

* Modified BT shunt, now frequently performed through
a median sternotomy

* Heparin in the initial post-operative period, followed by
aspirin until the time of corrective surgery

* Stenosis of the PA, potential damage to the recurrent
laryngeal or phrenic nerves, and adverse physiologic
effects such as increased flow of blood to the lungs,
systemic steal syndrome

Therapeutic options

* Surgical management
Definitive repair
= Rarely performed via a large ventriculotomy, with tranatrial closure of

the septal defect now almost universal
* Hypertrophied outlet septum, together with its parietal and septal
extensions, is excised (infundibulectomy)

* Transannular patch repair vs. pulmonary annulus saving or small
annulotomy

* MVOP (monocusp valved outflow patch)

Ideal surgery, normal right ventricular pressures, absence of any
gradient in t"ua right ventricular outflow tract -> to preserve the
pulmonary valve, even at the expense of a modest degree of residual
stenosis (minimize the adverse late effects of pulmonary incompetence,
and retain the integrity of the outflow tract, avoiding late dilation and
formation of aneurysms)

Therapeutic options

* Surgical management
« Definitive repair

* The timing of definitive repair, based on the results
in the institution offering treatment, usually
between 3 and 6 months of age

Therapeutic options

* Surgical management
+ Early outcomes

* First feature, diffusely small pulmonary arteries, the
ratio of the combined diameter of the right and left PAs
measured just before of their first bifurcation, to that of
the descending aorta is less than 1.5 to 1, not
attempting primary repair

* Second factor, PAs abnormalities, anomalous origin of
one artery, or stenosis of either artery at its origin

* Third factor, small pulmonary valvar orifice (small
annulus)

* Final factor, age at repair, both old and young, more
than 5 years
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ZI%El: Tetralogy of Fallot with Pulmonary Stenosis

Therapeutic options

* Surgical management
Early post-operative complications

Post-operative low cardiac output, inadequate relief of
subpulmonary obstruction, or an obstructed or restrictive
pulmonary vascular bed

Post-operative pulmonary incompetence

Consists of maintenance of sinus rhythm and right
ventricular preload, keeping the central venous pressure at
12 to 15mmHg, early drainage of resulting effusions, and
early extubation

Early Fost—o erative restriction is a transient phenomenon,
usually resolving within 72 hours, although reappearance in
the later postoperative follow-up period

Therapeutic options

« Surgical management
« Late outcomes of intervention

* The adverse affects of pulmonary incompetence,
previously considered to be a benign side-effect of
relief of the obstructed right ventricular outflow
tract

Therapeutic options

* Surgical management
Physical response to correction
Residual ventricular septal defect

Right bundle branch block, duration of the QRS complex
lengthening in response to dilation of the right heart

Pulmonary incompetence, remain asymptomatic for up to
20 years, but thereafter freedom from symptoms declines

Right-sided failure, arrhythmias, and sudden death

Decreased exercise performance, and right ventricular
function

Nowadays, pulmonary incompetence be measured directly
and accurately by cardiac magnetic resonance

Therapeutic options

* Surgical management
* Physical response to correction

* In the context of the mechanical dysfunction of the
right ventricle, increasingly appreciated that
additional left ventricular dysfunction seems to co-
exist in many patients with tetralogy ->
biventricular resynchronization -> significant
increase in cardiac output

= Aortic dilation and valvar incompetence
increasingly with duration of follow-up

Therapeutic options

* Surgical management
Post-operative conduction disturbances and arrhythmias

Ventricular arrhythmias, rather than conduction defects, are
more likely to be the basis for sudden deat

Older age at operation, more extensive surgery, extent of
the ventriculotomy are associated with an increase in
ventricular arrhythmias

Sudden death occurs in about 6% of patients over the long
term

QRS prolongation, right ventricular dilation, sustained
ventricular arrh\n;hmras, related to late sudden death

It must also not be forgotten that atrial arrhythmias

Therapeutic options

« Surgical management

* Treatment of arrhythmias and conduction
disturbances at follow-up

* The aims of treatment are relief of symptoms and
prevention of sudden death

* Routine treatment of asymptomatic patient with
non-sustained tachycardia is not currently indicated

* Implantable defibrillator

» Atrial arrhythmias -> medical therapies, catheter-
based ablation, additional maze procedure
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Therapeutic options

* Surgical management

* Treatment of pulmonary valve incompetence

* Surgical replacement of the pulmonary valve in
symptomatic patients

* Optimal timing of pulmonary valvar replacement, a
threshold of right ventricular end-diastolic volume for
intervention, in order to preserve the likelihood of
adequate reverse remodeling, is in the resion of 170 to
200 mL per square meter of body surface area

* Transcatheter implantation of the pulmonary valve

Therapeutic options

* Surgical management
* Other reinterventions

* Residual pulmonary stenosis, resection of residual
infundibular stenosis, or placement of a patch in the
right ventricular outflow tract

* Excision of the aneurysmally dialted patch
« Severe tricuspid insufficiency, valvar annuloplasty

* Aortic valve replacement, or the aortic root
replacement (>55mm in diameter)

* Residual VSD closure

* RPA or LPA stenosis, balloon dilation, stent insertion, or
surgery

Recommendations for long-term
follow-up

Investigations and frequency
All patients should have regular follow-up by an appropriately trained
3

cardiologist at least once per yea
Pregnancy

All patients with tetralogy, cardiologic counseling prior to conception, and
follow-up by an appropriately trained cardiologist during pregnancy

Genetic counselling

The risk of recurrence in offspring of parents with tetralogy, 2% if the mother
affected, 1.4% if the father has tetralogy of Fallot

22q11 deletion, the risk of transmission, 50%

The risk of pregnancy in patients with tetralogy of Fallot after corrective surgery
depends on the haemodynamic state

In patients with significant residual obstruction across the right ventricular
outflow tract, severe pulmonary reg#rgutat:nn tricuspid regurgitation, and right
ventricular dysfunction as well as left ventricular d;s_ unction, the increased
volume load of pregnancy may lead to right heart failure and arrhythmias

Peripartal antibitotic prophylaxis is recommended
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Transposition of Great Arteries

Department of Thoracic and Cardiovascular Surgery,
Chungbuk National University College of Medicine, Cheongju, Korea

Hong Ju Shin
StES8E
« TGAS| =& A|7| & & == ULt

Normal heart

Transposition
of great arteries

© MAYD FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESEAVED.

http://www.mayoclinic.org/~/media/kems/gbs/patient¥20consumer/images/20

13/08/26/11/07/ds00733%20medc7_transpositionthu_jpg.png

« Coronary artery patterng 7| =% 4= QILC}
« Atrial switch operationg 0| &} S+C}t
TGA,VSD,PSe| =S 28 5 ULt

» Arterial switch operation% 2| long-term

complicationg O|sig == QULCt

Definition

« Concordant atrio-ventricular connections

+ Discordant ventriculo-arterial connections

History

+ Baillie7} 17974 M2 HEf& oz 7|=3st9 1, 18144
Farre?} 7 2|(transposition) 2}= E& 2 AFR3S}SC}
197144 Van Praagh?} =8| 2|8} ct

+ Senning 2+ Mustard 7} 195941} 1963 0f 2}z AYH
flE8 HEo2 W3 A|ZiCH 19753 Jatene S0j| 2|5H
HEez 4550l =2 et=(arterial switch operation,
ASO)O| A& At
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Anatomy of TGA

« Intact ventricular septum ("Simple" TGA) = 50%

VSD (perimembranous) = 25%

VSD and pulmonary stenosis = 25%

Patent foramen ovale in nearly all

Coarctation rare

Incidence

A7|BO| 5-7% YIZ 2 2l

- HMZ ATI|Y 5 E2 43350 ojof £

« EXtOIA 2 3:12 Wt =0}

Classification
« TGA with IVS — A 480}7| &2 T Q
« TGA with VSD — 37 & O|L} == ZQ

+ TGA with VSD, PS(LVOTO) — Pailliative <~

Physiology

= Separate parallel circulation

Degree of cyanosis depends on mixing

VSD patients less cyanotic

LV thickness/function diminished > 1
month

Clinical Presentation

+ Cyanosis: simple >VSD

« Earlier presentation: simple > VSD and

PS > VSD

« Soft systolic murmur

Diagnosis
+ CXR
— Normal at birth
» Echo

— Posterior branching great vessel
— Intracardiac anatomy defined
— Coronary ostia defined
« Catheterization
— Septostomy or coronary anatomy
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Medical management Pathophysiology

. . ) . ) + Two parallel circulations
+ Prostaglandin E1 infusion to maintain PDA

+ Mixing between the parallel circulations: PDA, ASD, VSD

i . « Rapid progression of pulmonary vascular disease
- Balloon atrial septostomy (Rashkind, 1966) PRPESRIE IRy e e
- LVOTO
« Correct acid-base abnormalities * LV pressure
. BYSUYE
« Increase pulmonary blood flow / mixing Single / Intramural

Figurm 24-1, Lincien, cormvantion. s | i e sinos adacems 0 the pualmonary anery on the right-hand wde of the clwenr. Sou 2

Coronary Anomalies Intramural Coronary Artery

« Intramural coronary artery
« Single coronary ostium

« Coronary ostial atresia, stenosis

Anderson RH. Paediatric cardiology. 3rd ed. 2010
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Single Coronary Artery

Jonas RA, Comprehensive surgical manag, it of ¢ ital heart di
2nd ed. 2014

Surgical Management

« Atrial switch procedure (Senning, Mustard)
« Arterial switch procedure
+ Rastelli / REV / Nikaidoh procedure

« Arterial switch after LV retraining

Lecompte Maneuver

Cardiol Young 2005;15(Suppl 1):93-101

Arterial Switch Operation

Steps in Arterial Switch Procedure

+ Excision coronary arteries

« Transfer coronary arteries to neo-aorta
+ LeCompte maneuver

» Neo-aorta anastomosis

« Reconstruct neo-pulmonary root -
pericardium
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Arterial Switch Operation

Figure 24-4, Trapdcor formation, Medially bused fap incisioey
are wea foe coponry pemplareation

Open technique Close technique

Figum 246, The ket 1 the aorts borm which the cornary =

que 24-7, Direct pulmonary ariery MCOnSIcion 1 svod

arterins Fove oo encsed B TR W) & Partsoon- &, ot ) D e i
et Lriming tee groWE

Vi 34-4, ¥ jitaccrevrissural orighs of ifer or both cormrery areres $om e long sruses o prasert, sscson of
DOFN o B Felion 5L wifon ity Lo resmshary 10 ow HASeren,

+ Preserve a harmonious curve of the coronary trunks.
« In the middle of the appropriate sinus

L

| J Thorae Cardiovase Surg 1988,96:354-63 l_
|

Eur J Cardio-thorac Surg 1994;5:74-8 _J

]
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J Thorae Cardiovase Surg 1992:104:706-12

Single Coronary Artery

Fgure 158 aremely rove
theugh B amd ool mith prrandue

great weries i sceta 10 Aghl, with comnany

Wigure 201 Artertd vt st by
pattern of LAICa. This coronary patierm i commeon with iy gres artery orentaton. A, Dashed Bres thow propesed transecton ules

Postoperative care

» Respiratory and supportive care

Adequate ventilation

mild
7.60,

respiratory alkalosis (pH 7.50 —
pCO2 28 - 35 mmHg)

Sedation and pain relief -> | oxygen

consumption, metabolic expenditure,

prevention of pulmonary hypertensive

crisis

Postoperative care

LV is poorly compliant after ASO

« Rapid infusion of fluid should be avoided.

Boluses of fluid are generally given by
infusion in quantities of 5 —10 mi/kg.

» High LAP or CVP pressure should be avoided
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Postoperative care

» Increased afterload might result in low
cardiac output and ventricular failure.

« Afterload reduction should be maintained
at least 48 — 72 hours during the period of LV

adaptation to the SVR

 Blood pressure : 50 — 70 mmHg

Postoperative care

[+ Retraining the left ventricle after arterial switch
operation: emerging uses for the left ventricular assist
device in pediatric cardiac surgery

.J Cardiothorac Vasc Anesth. 2000 Aug;14:454-6

+ ECMO

Results of Arterial Switch

« Operative mortality = 2-5%
« Higher mortality
- single coronary/intramural coronary
« Supravalvular PS = 10-15%
« Sinus rhythm > 95%
* 90% survival at 5 years

Risk Factors for ASO

Presence of an intramural coronary artery
Low birth weight

Older age of patients with simple TGA
longer periods of circulatory arrest
Multiple VSD's

Augmentation of the aortic arch

Senning Procedure

Senning Procedure

|~

Setm
wae
e
\f o

Corary
wn
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Figure 1418

Figuew 111

Mustard Procedure

Figure 305

Figure 3hh

Figure 338
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Disadvantages of Atrial Switch

= SVC obstruction - Mustard > Senning
« Supraventricular arrhythmias

« Baffle leaks

« Tricuspid insufficiency

» Late RV failure

Figare 3310

Figure 3312

TGA, VSD and PS TGA, VSD and PS
« Shunt when symptomatic as infant * Goals of surgery
i X 1.Unobstructed LV outflow tract / RV outflow tract
. Raste”l repalr = 1-2 years Df age Z‘Competent aortic and pulmonary valve
« Operative mortality = 5-10% * Stygken) options
1. Arterial switch + LVOTO relief
« Late reoperation for conduit replacement 2.Rastelli procedure

3.REV procedure

« Atrial Septectomy

4.Nikaidoh procedure or its variants

5.Pulmonary root translocation

Rastelli Procedure

= DB
« LV to aorta baffling + VSD enlargement T 5w 7

» RV to pulmonary artery (valved) conduit

Poor long-term survival reported

LVOTO, RVOTO, arrhythmia, sudden death

Ann Thorac Surg 2005;79:2089-93
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Rastelli operation

Figme 383 Fieare 158

REV Procedure REV Procedure

« Aggressive VSD enlargement to prevent

LVOTO

» Avoidance of the use a RV to PA conduit

Flgure 3511

Figare M5.18

REV Procedure (RVOT Reconstruction) Nikaidoh Procedure

Aortic translocation

Half-turned truncal switch

Double root translocation

Ross-Switch-Konno

Oper Tech Thorac Cardiovasc Surg 2003;8:150-9
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Patient

20Mo/9.8Kg/ M
TGA with
- VSD (PM)

— PS (valvar and subpulmonary by post. Deviated
conal septum)

9 days: BAS
22 days: RMBT

Surgical Options

NikaRi MR Modification

Aortic root translocation

Reoperation After ASO

Ann Thorac Surg 2013;95:2105-13

155



AlRpS Bt

l-.l

fot3| HM9AL Mgo| LG

Reoperation After ASO

« Supravalvular pulmonary stenosis

* The most common cause for re-operation (7-28%)
* Possible causes

Pericardial patch constriction

Anastomotic site tension

Suture purse-string effect

Inadequate dissection of pulmonary artery

Reoperation After ASO

« Supravalvular pulmonary stenosis

+ Double pericardial patch -- should be avoided(Paillole, 1988)
+ A single large pantaloon pericardial patch

+ More extensive dissection and mobilization of pulmonary a.
into the hila (Yamaguchi, 1990)

« Balloon angioplasty for postoperative pulmonary artery

stenosis{Nakanishi, 1993) -- 50% success rate

Reoperation After ASO

Factors implicated for neoaortic insufficiency
« | * Previous pulmonary artery banding
+ Thickening and deformity of the pulmonary valves
and sinuses

Aortic root dilation

« Distortion of the commissure

+ Deformity of the neoaortic root

« Discrepancy in size between the PA and and aorta

+ Regurgitation preoperatively

Reoperation After ASO

« Coronary stenosis

«+2-11%
« Cause of early death and morbidity

« Late coronary events — < 2%

o

1&2E

* TGAS| ==A|7|2 & =+ ULt
« Coronary artery pattern2 7| &% 4= QIC}
« Atrial switch operation2 0|&}|&tCt

TGA,VSD,PSQ| 4dg 22 4 ot

- Arterial switch operationZ 2| long-term

complication2 O|&§&t 4= QULCt

Summary

» TGA/IVS simple - Arterial switch < 14 days

» TGA/IVS simple with intramural L main -
Mustard/Senning

« TGA/VSD - neonatal switch and VSD
closure

» TGA/VSD/PS - shunt; Rastelli 1-2 years
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Single Ventricle

Pediatric and Congenital Cardiac Surgery,

Seoul St. Mary’s Hospital, College of Medicine

s

The Catholic University of Korea

Cheul Lee, M.D.

Contents

1. Classification
2. Pathophysiology
3. Surgical management

4. Outcomes of surgery

Terminology

* Single ventricle
* Functionally univentricular heart

* Broad category of hearts that lack two well
devel-oped ventricles

Congenital Heart Surgery Nomenclature and
Database Project: Single Ventricle
Marshall L. Jacobs, MD, and John E. Mayer, Jr, MD

Section of Cardiothoracic Surgery, St Christophes's Hospital for Children, Philadelphia, P
Sungery, Chikdren's Hospital, Boston, Massachasctts

and D of Cardiac

The extant nomenclature for single ventricle (SV) hearts
is reviewed for the purpose of establishing a unified
reporting system. The subject was debated and reviewed
by members of the STS-Congenital Heart Surgery Data-
base Committee and representatives from the European
Association for Cardiothoracic Surgery. Efforts were
made 1o Include all relevan! nomenclature categories
using synonyms where appropriate. Although many is-
sues single ventricle or univentricular hearts
remain unresolved among anatomists and pathologists, a
classification is proposed that is relevant to surgical

therapy. A comprehensive database set is presented,
which is based on a hierarchical scheme. Data are entered
at various levels of complexity and detail, which can be
determined by the cliniclan. These data can lay the
dation for hensive risk analy-
ses. A minimum data set is also presented that will allow
for data sharing and would lend lself to baskc Interpre-
tation of trends. Dutcome tables relating diagnoses, pro-
cedures, and various risk factors are presented.
(Ann Thorac Surg 2000:659:5197-204)
0 2000 by The Society of Thoracic Surgeons

Congenital Heart Surgery Nomenclature
and Database Project: Single Ventricle

* Double inlet left ventricle (DILV)

* Double inlet right ventricle (DIRV)
* Mitral atresia

* Tricuspid atresia

* Unbalanced AV canal defect

* Heterotaxia syndrome

* Other

Ann Thorac Surg 2000;69:5197-204
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Double Inlet Ventricle

Atrioventricular e _"" ......
junctions

Cardiol Young 2006;16 Suppl 1:22-6

Double Inlet Ventricle

Two atrioventricular valves Common atrioventricular valve

Cardiol Young 2006;16 Suppl 1:22-6

Double Inlet Ventricle

Cardiol Young 2006;16 Suppl 1:22-6

Mitral Atresia

. Absent left
/ . AV connection

Dominant
right ventricle "
ncomplete
left ventricle

Cardiol Young 2006;16 Suppl 1:27-34

Tricuspid Atresia

Dominant
left ventricle

Incompi
right ventricle

Cardiol Young 2006;16 Suppl 1:27-34

Unbalanced AV Canal Defect

Cardiol Young 2006;16 Suppl 3:43-51
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Isomerism

Usual Body Arrangement
and Its Mirror Image

Anderson RH, et al. Paediatric Cardiology. 3 ed.

Anderson RH, et al. Paediatric Cardiology. 3@ ed.

Heterotaxia Syndrome
(Isomerism of the Atrial Appendages)

<D @

L0,
Malrotated gut Malrotated gut

Anderson RH, et al. Paediatric Cardiology. 3 ed.

Congenital Heart Surgery Nomenclature
and Database Project: Single Ventricle

Single ventricle, Heterotaxia syndrome, DORYV,
CAVC, Asplenia

Single ventricle, Heterotaxia syndrome, DORYV,
CAVC, Polysplenia

Single ventricle, Heterotaxia syndrome, Single LV

Single ventricle, Heterotaxia syndrome, Other

Ann Thorac Surg 2000;69:5197-204

Univentricular Atrioventricular Connections

Anderson RH, et al. Paediatric Cardiology. 3™ ed.

Circulatory System vs Electrical Circuit

* BP=QxR

*V=IxR
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Normal Heart

RV

R

Cardiol Young 2003;13:316-22

Normal Heart

* Serial systemic and pulmonary circulations

» Different BP and O, saturation in each part

+ CO=Qp=0Qs(Qp/Qs=1)

Single Ventricle

ULz
i

Veniricle

oo
o /

Cardiol Young 2003;13:316-22

Single Ventricle

Ventricle —

Cardiol Young 2003;13:316-22

Pathophysiology of Single Ventricle (1)
* Parallel systemic and pulmonary circulations

* BPin each part of the circulation is the same, if
there is no obstruction to systemic and
pulmonary outflow.

* O, saturation is the same in the aorta and the
pulmonary arteries, if complete mixing of
desaturated and saturated blood occurs within
the single ventricle.

Pathophysiology of Single Ventricle (2)
» CO=Qp+0Qs

« Because of the different vascular resistance in
each component, flows are different.

* Qp/Qs = (BP/Rp)/(BP/Rs) = Rs/Rp

* Arterial O, saturation is determined by the ratio

between the pulmonary blood flow and the
systemic blood flow (Qp/Qs).
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O, Saturation in Single Ventricle

100
90
80
70

60

Arterial saturation (%)

50

0 1 2 3 4
Qp/Qs ratio

Cardiol Young 2003;13:316-22

“Balanced” Single Ventricle

* Qp=0Qs
* Natural obstruction to pulmonary blood flow
* Arterial O, saturation of approximately 80%

* Volume overloaded (double the normal CO)

Manipulation of Pulmonary Vascular Resistance

Manoeuvres that Manoeuvres that

increase pulmonary decrease pulmonary

resistance resistance

Acidosis Alkalosis

Increasing positive end Nitric oxide
expiratory pressure Isoproterenol

Vasopressor agents
(noradrenaline, adrenaline)

High arterial partial
pressure of carbon dioxide
hypoxia, added nitrogen

Lowering mean airway pressure

High concentration of inspired
oxygen

Phosphodiesterase inhibirors,
nitrates

Cardiol Young 2003;13:316-22

Clinical Presentaion

» Determined by Qp/Qs and the associated
cardiac lesions

* Cyanosis

* Congestive heart faiure

Ultimate Goal of Surgery

= Separation of systemic and pulmonary circulations,
with the single ventricle connected to the systemic
circulation (creation of in-series systemic and
pulmonary circulations)

« Best achieved by optimizing compliance of the single
ventricle as well as by minimizing the total resistance
between the systemic veins and the ventricular
chamber

Fontan Operation

* Final palliative surgery for single ventricle
* Total cavopulmonary connection

* Staged interventions are necessary to prepare
for the successful Fontan operation.
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Three-Stage Surgical Management

1. 1% stage palliation
2. Bidirectional cavopulmonary connection

3. Fontan operation

1t Stage Palliation

* Goal: balancing systemic and pulmonary blood
flow (Qp/Qs =1)

* Usually performed during neonatal or early
infantile period

* The choice of procedure is determined by the
amount of pulmonary blood flow and
presence of systemic outflow obstruction.

1%t Stage Palliations for
Inadequate Pulmonary Blood Flow

* Pulmonary outflow obstruction
— Systemic-to-pulmonary arterial shunt

* Obstructed TAPVC
- TAPVC repair

* Restrictive ASD
- Atrial septectomy or balloon septostomy

Modified Blalock-Taussig Shunt

|~ Viagus nerve

Right recurrent
laryneal nerve

i b

Mavroudis C, et al. Pediatric Cardiac Surgery. 4'" ed.

15t Stage Palliation for
Excessive Pulmonary Blood Flow

* No pulmonary outflow obstruction
- Pulmonary artery banding

Pulmonary Artery Banding

Mavroudis C, et al. Pediatric Cardiac Surgery. 4'" ed.
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1%t Stage Palliations for
Systemic Outflow Obstruction

* Aortic and subaortic obstruction
— Norwood or Damus-Kaye-Stansel procedure

Norwood Procedure

b
“';flm’-» :

AP shunt ‘

Mavroudis C, et al. Pediatric Cardiac Surgery. 4'" ed.

Damus-Kaye-Stansel Procedure

PDA Restrictive bulbo-
Mpa  ventricular foramen

Coarctation

Proximal divided
- ascending aorta

hensive Surgical Manag ital Heart Disease. 2" ed.

Jonas RA. Comp

Bidirectional Cavopulmonary Connection

* Also referred to as “bidirectional Glenn”
= 2M stage palliation

* Usually performed at 3-6 months of age

Bidirectional Cavopulmonary Connection

Selke FW, et al. Sabiston & Spencer Surgery of the Chest. 9'" ed.

Advantages of BCPC

* More desaturated blood (systemic venous rather
than arterial) is shunted to the lungs, with
therefore a much greater efficacy on increments
of arterial oxygen saturation.

= Diversion of approximately one-third of the
systemic venous return to the lungs reduces the
volume load on the heart, whereas an arterial
shunt constitutes an additional ventricular
volume and workload.
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Fontan Operation

= 3 stage (final) palliation

* Complete separation of systemic and
pulmonary circulations

* Usually performed at 2-3 years of age

Original Fontan Operation

Thorax 1971;26:240-8

Kreutzer’s Atriopulmonary Connection

J Thorac Cardiovasc Surg 1973,66:613-21

Complications of AP Fontan

Exposure of the RA to the high pressure of the
Fontan circuit - huge dilatation of RA

Supraventricular tachycardia
Pulmonary venous obstruction
Atrial thrombi

Lateral Tunnel Fontan

Kouchoukos NT, et al, Kirklin/Barratt-Boyes Cardiac Surgery. 4™ ed.

Extracardiac Conduit Fontan

Stark JF, et al. Surgery for Congenital Heart Defects. 3™ ed.
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Extracardiac Conduit vs Lateral Tunnel Fontan

Extracardiac conduit Lateral tunnel

Technically simpler, more easily
reproducible with variable patient

Judgment required

The “Ten Commandments” for
Selection of Patients with
Tricuspid Atresia for the Fontan
Procedure

Factors influencing early and late outcome
following the Fontan procedure in the current era.
The "Two Commandments'?
Riad B.M. Hosein®, Andrew J.B. Clarke®, Simon P. McGuirk *, Massimo Griselli®,
Oliver Stumper ", Joseph V. De Giovanni®, David J. Barron®, William J. Brawn ™"

“Department of Cordioe Surger
* Deprartment of Candisiony,

P —————

morphology 1. Minimum age 4 years
“Minimizes" atrial suture lines Heavier atrial suture burden 2. Sinus rhythm
No atrial tissue at high pressure Thin strip of atrial tissue at high pressure 3. Nprmal caval drainage
Difficult to fenestrate Easy to fenestrate it nght SEHI of S0Undl e e
5. Mean pulmonary artery pressure <15 mm Hg
No catheter access to atrium Catheter access to atrium available 6. Pu]monary arterial resistance <4 U/m?
No growth potential Grows 7. Pulmonary artery to aorta diameter ratio 20.75
Avoids CPB + cross-clamp Short clamp time, CPB mandatory 8. Normal ventricular functions (ejection fraction >0.6)
Pl = cordiapalimanary BYpass 9. Competent left atrioventricular valve
10. No impairing effects of previous shunts
Jonas RA. Compreh Surgical Manag of Congenital Heart Disease, 2" ed. Selke FW, et al. Sabiston & Spencer Surgery of the Chest, 8" ed.
Selection Criteria for Fontan Operation
CARDIO HORACH
e e e * The pulmonary vasculature and ventricular function

remains the most important selection criteria for
successful outcome after the Fontan operation.

» Pulmonary vascular resistance: < 4 U/m?
* Mean pulmonary artery pressure: < 15 mm Hg
* Ventricular end-diastolic pressure: < 10-12 mmHg

Issues After Fontan Operation

* Atrial arrhythmias

* Venovenous collaterals

* Pulmonary arteriovenous fistulas
* Thromboembolism

* Protein-losing enteropathy

* Plastic bronchitis

* Fontan failure

Management of Failing Fontan

* Fontan conversion
* Heart transplantation

* Mechanical circulatory support
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Overall survival

100 |
o] \_
40-Year Follow-Up After the ® Te—
. 60
Fontan Operation o % 1’“&
Long-Term QOutcomes of 1,052 Patients 40 L
Kavitha N. Pundi, MD,* Jonathan N. Johnson, MD,*1 Joseph A. Dearani, MD,| Krishna N. Pundi, BS,; Zhuo Li, BS,| 20 4
Cynthia A, Hinck, RN, BSN,* Sonja H. Dahl, RN, DNF,* Bryan C. Cannon, MD,"| Patrick W. O'Leary, MD,"|
David J. Driscoll, MD," Frank Cetta, MD*|
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Fig. 5. Conduit-to-IVC cross-sectional area ratio according to conduit size,
Filled squares denote mean values (numbers above error bars) and error bars
represent 95% confidence interval for means.,
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o1 ghafe] Uk dlojgHo] s S50 B0 R = onof A R, o), YY/AT o] B, A=A WgE &
Stk o1 gkl 552 1970d] vl=e] AR el AIEE FAHOR o4 2kl 5ha ZAlolARE AFE o, 1982
o] 578 AA2FE National Trauma Data Bank (NTDB) Al0.2 SHfj=|Qiet. of Hiofl =, km=go], 24, A=, dinp=,
Ui, T7/ERE, Autt 9 A=t S5, w AR, o3ttt 5 A=A oY Ho[EiA AlARRE 1S8kaL ik

1. $XIRIZQ FIt U JHM

S5 HolEe e o e vlad 4 Qo] AA A= el Wik A= we(quality controlof] 8%t &=
ARsete). Jurkovich 52 1987dHE 10 2t o Al2ge] F-8-40] 2
Z

tras sud o HolHWAa AARE sk Hed 194 o2 Wlol disl] vl 3 HelolM <l dHlolEHA
AR 2] 2 35 vt =2ol3ith AT A B wmEelk oW HlolEA Al B8do] ke Zhe st

Aot At 7okt Alxgo] th2il, dlojge] dyAdo] FEsh, vlal WAl FAE AllEe AIASITE whebA
[e]

o] A7 Ano] TS ZARIEE ©] ATOIAE AZF 65000 olge] BatE HESH S AElSIA AFYE 74t Bt
AR 712F o] o) QA Ugkeka WrEskick. S dlolela A2 253 5819 Hole) Weist 1 AT Qe
A gslo] MRS ), A= Zufe] FHo| U ouldickn & 5 gl

2. 54 oyfe] F7|o]

ST BlolEMa A2Re 28510l 2ol Thakeh Yolol thet A 85 merky, Aol FuE Bl ol WS
T 2 glck o 5 vlolelols ool Z1au 4 YAle] B BRFHES Sk dloleE & BESH AR £ o)
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Hlo|E o83t 7 ZRAET}F Fual 1-29 ofyjo]] o] & o83t = Wt T e & 4 v (H DHlolE oA

-8 lapan N
i L | -m— America

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 (vear)

32! 1. o[ W3S olE3 =& Y.

2120| Hlo|EMT AIART} At

1. O|=2| Hlojg B3 A|AR

HFEE o83t o dojeH|o] 2] AR 1969 AJ71a1e] Cook hospitalofA] AJZFE|SITE o] Blojgso] AJARLE: e
o590 QPIRIR} FFO] {Ito] o 1971 50719 o A7} ofeli= AAES 531 H ]It o] % ot Sl o] 3774
FollA o e AlE7L ofsl= Y 550 % SEdint 2719 55 A2 dido] BE3L HloleHlolAg o, &2
Ok Bxpo] AEkA Aol o] Y=olA] QIGIT TR o 2] X8 oA Q9] A S 913t 7MY #ES vist
L Ao| F=Ao]glr) 2008ofl= National Trauma Data Standard (NTDS)S AJ5}te] #Z35}1E dlo|el-dS AAIS51 .o,
Ak 20139 474 814,66350] SR} SEEGOm, T 7 Wl of 86HS SEsjela 4] 1567 el Holsilct. AA
Q1 AFESEAL IS 4. 7%= vie- 22| ol - thro] AHE2EE Fmsial Q7] "zt 1SS7F 97 odRl 797t 48%7F o)

ok

2. U2O| GH|o|E{HI A|ARY

dorts dEeldeleleiel di-soletele] sl el AlE W eAte] AARE 7531 Sl 2014 23471 3o
71RO A=RE ste] - 116,466789] oV St o] Al S5 ARS] AFEES 10.1%0] 23Firt (Japan Trauma
Data Bank Report, 2014). 12y} 2] 79 1SS7} 97 o1 A7} 17.9%2 557 =01, I a7 gAlE ol ARt o=
A== Z10] ohy7] wige] of AmAlAR o] ofahA] o2 A W eAEe] ARTE AAA R AL Qi) vl QM
g2 A E A Qs vlsre] 3uelH], eV AlY 55 ARe 1/10 FERE St S5 5N Qlnk wheb o]2iRt ied]et
AR SHRAILHS i e ARt A AAF R rerEvks EAPE QAL Al

3. 7HLtCH Blo|E#I AlAH
fytlo A= Canadian Institute for Health Information (CIH)E £33 #53lE <71 @A SEZAA(National Trauma
Registry, NTR)(CIHI 2013)& &%J5h o]& &) A7t HuAE 27kslar 9tk o] ZAJAHA= International Classification of
Discase (CD)AIAVY <42] 9191 Tl Sshin &40 FEEE BrB13S uf Injury Severity Score(S9)7} 12243 WS 44}
S
o

3900 YU, ALH UolE APIU] ST RS WA, ST RS AT Foll AT T

172



BEZ AYSEAA

S dpom slo] F50| £AMAE At dioR AL It Sale] S50} BIE TS Predot injury Codes, Severity
Codes and ISS Body Regions, MAIS Code by ISS Body Region, Injury Severity Score’} itk

4. ko] Ho|E{Hia A|AE

= ePEEAIA= vl=r NTDBE -3-83F 201219 KTDBE 7Hdste] 2013WRE 7|44 E PHAEE S402 SEAYS
AlgstaL Qlek. spARE oF4] Hloly Axk M 9l Ayke]r} EaL QJA] vk ZETEe S ), A2)/4=(ED]l #2571
©), ZAeHKCD-6th) AlS(update 2008)E ARgsal ok

2008 2009 2012

PEESIN(, 4T, AY)  FSZAYSTUN 2N IB oo mmEENL) M _—
MK 2} of " T PEESS2NE EM5aR . " "
HEUSHAHIS MG BE »E5SS3Y S48% > QIS = H(KTDB) Hi =M P2 L 2Y

PESSTES SENH &7 HES B

2R WA 5L R IEE 1)

U
i

I3 2. KTDB F2lk.

5. 7IEt M7= & IHHEAG=olAel CIo|E{HIT Al A

SO R, B 40) ko) SIE 2ol 712g S Shek B8 ARIS Sk Ik B8 W7} 7hen] =]
0]+= Norwegian National Trauma Registry, A¢dlofli= Swedish Trauma Registry Standard (KVIT-TRA), H#=0jl= TOOLO,
Hu}Hofl= Odense?} 22 £2 A|AH”0] ¢lon E=oll= Trauma Registry of the German Society for Trauma Surgery,
52} FAWEofl= National Trauma Registry Consortium 50| )tk

M=ol Ao o A} 552 AFstAY wtef Qlejeie A o|ar kgt o7} tiiitolt). thRte] HlolE=
O ehxje] gk HekAIQl HlolE Al 7|20l SlEsh= k4] glolw, o Aol tigt FEr} FAdelksict vl-go] wol SaL
A= H <7 7)s Qo] #5517] uhzel, Az E dlole = tjxIQle: uje- ofefe: AAolt) w7| s o= oY 2t
LA} Trauma and Injury Severity Scoring (TRISS)E o83t} A& &2 & 4= Q= 2ZEL OIS Foll SRS T531L
ek ftetol A= 197FA19] otoglS: gt vlwA] 71t || tlofe] 555 Aldskal qirt. 550 Fagh 8- gt
Hlo]#] Eekoz A2 glolEolARt o3l ool %l A= & ANE =T ZIekL Slok oY #AF 55 A 18k
gllof] B2 ofelmat {al 8.9lo] IARE s AR =7k ofF BEslo] FE A AE Al e os
tlof] A=2os &85 4 Q= dlolHE sHste] skl Sk

rr

Fr[:‘

@A Zi=roll A= i AlS(abbreviated injury scale)& 213e52] 7EF AAR o1 555 AlRSkAL JAPHE 1). o=
TRt S5 B7F AEE AHEIA sh 2 AISef| tisf HArsiaia) Sk

173



]

OFG H AR Q| US| HIQK} FZO| HADG

1. 2=0 o =574

USEE EVES S o (] N O S=4i AlS L=
o 2y 2004 FMI, TAHZ EEOR AIS98 92
Aot Z2{o|Alo} =Ly 2006 A= SE3X|, ok =Het 36
OfAlO
UAE =Ly 2003 =WEt =4|0[x| =4 100
oA =iy 1995 =st =4|0[x| =gst 300
o 3 g5, =, HOo[E A& S S2
2 1993 T o HOE TS AIS80~AIS2005 107
= AIS90 (~2012.3)
s B HlofEd i Pty
Hfct 24 1997 Jole Y005 (2012.41) 46
] _ AIS98 (2009.5)
o 2 Zm0jx
= 2 1989 EM| #olx| 92008 (20006 250+
= 2y 1993 zM3 S=&X|, ZHO0R,  \1s9s, AI2005 287
e —es tfofef M '
oy R 24 2006 s st s} 150
= =L 1995 =W S=EE2X| AIS90 23
L AIS98 (~2008)
0[ER[0 xE S -
ielot 2008 B o AIS2008 (2008 ~) 110~130
Euro TARN Ck2Zt 2002 =2H[gH H|0[ERL S5t 237
& ool AIS98 (~2010.6)
8|Ea|0fZE = ' Z50jx
ok T2000 e Hor AIS2008 (2010.7~) 36
. AIS98 (~2007.6)
l_A oﬁ'?‘ olzx = g_?_ % 0lX
oHollop FrefeEs o0 ok AIS2005 (2007.7 ~2009) >32
M2 EsTAL AIS90 (1998 ~2008)
A=Y=z ES T T Zmolx
B T8 o AIS2008 (2009~) o7
doAERoROE  F 1994 e, O segx| AIS98 %5

1821848 X|E

Aeleta] A 2= k] 2 AJEIE H7she Hl @] AMS-Eh= Glasgow Coma Scale (GCS), 757 @ 25+, GCSE
0]85} Revised Trauma Score (RTS), circulation, respiration, abdominal/thoracie, motor, speech (CRAMS) scale} £3Ex}A0)|
A R} FHrto]| 82 AREE]E= Acute Physiologic and Chronic Health Evaluation (APACHE) 5] Q)th

1) GCS

GCS TRl dgirtel Aehs B7hs destale 1HHsH| dYsl7] ¢Islf Jannett 5o W3k 7|z=o|ch 7iQh S5A=C0=
QUFE ARX| O] HEG- 9l Ao)7]50) Sthamol 212 4(4 « APEA JigE, 3 ¢ REs o] ek 2 1 SFASA] TG 1 L ZHSkSHA]
2, 6 (6 1 APHA, 5 1 TR b, 4 0 =uETbs, 3 oldEaiks, 2 1 AR, 1 JE F2l0]A] o)
250 ¢ R 7k 4 ¢ 3jekERE, 3 1 ddojER, 2 ofeid 4 gl Aled], 1 ) WAR AIskE A AR (T
192 BHE] AEiE BrF 7t Qlok GCS= eRA1e] ool f-85faL Tolshes dleEolehe Bart W
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2) Revised Trauma Score (RTS)
RISE 355, 4=7] &Y, Glasgow coma scale ©AF 371129] AJejeld] AR HS ALESH) Z42F 044714 A4z LB
O-12771A|2 TR 11 ofskel %S AEg Mo ojo] Wasirha & 4 gk
revised trauma score=(points for respiratory rate)

+ (points for systolic blood pressure)

+ (points for Glasgow coma score)
Fesle RISE thea) 2ol AWe 4= 9tk

RTSc = 0.9368 GCSc + 0.7326 SBPc + 0.2908 RRc

E 2. Revised trauma score)

Parameter Finding Points

N

respiratory rate 10-29 per minute
>29 per minute
6-9 per minute
1-5 per minute
0

systolic blood pressure >89 mm Hg

76-89 mm Hg

50-75 mm Hg

1-49 mm Hg

0

13-15

912

6-8

4-5

3

Glasgow Coma Score

O~ NWPO~_,ANWPO~,LNW

LrofA] Agefebe] A|sEe= opdollM & A e m = AERith

ek SAR| R = AR E = (International Clas sification of Disease; ICD)2} 1950 o] 2 7idl=]lo] AlAHeH =
LAyl 2=r 2 Mol B2 07 0|20]Z] Abbreviated Injury Scale(AlS), AISQ] AAF-LE H4E 0]83t Injury Severity
Score (ISS), Anatomic Profile £0] it}

1) Injury Severity Score (ISS)
Abbreviated injury scale (AIS)-& A HQHE WASH= 4= wi7Ex| Q] &ARS Z172E H4E oA H75k= AL E, minor 17,

moderate 27, serious 37, severe 47, critical 573, maximum 6892 H4E A R £ARS JLESHaL ok AIST) ZF

o] Aol Hish 1ok, 155 chig e ARSI 4 S Baelel et

PR S, SR 0 S ol U A L e el S, 31

Hslslol(AIS: 1-5%) dto] 2 Relie] Al Fe] RS cslel 4igslo] Aktslol ol
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2] AR A S ol URFA R ISS = 15 ol 5 oM B

T

ISS = AIS (1)* + AIS(2)? + AIS(3)

I 3. Injury severity

Injury Severity Abbreviated Injury Score

minor injury

moderate injury

severe but not life-threatening

potentially life-threatening but survival likely
critical with uncertain survival

Unsurvival

Do WN =

3. A2, siEX|Ee| FYE AMYAF Pt
1) Trauma and Injury Severity Score (TRISS)
sleiel FEES WoRs o JolH AleishHel Ao} slRohd SAIEE Tiol] o] gajolof gk Zol AHel
Adfolck o]#gt 7def dzist djx A2l APE Hr7PHPHE] TRISSQ}F A Severity Characterization of Trauma (ASCOT)o|t}
198210114 1989\0]] ZA 1607} o] Wedo] AlEgt 1Tahy ool 5ol debaie] thet AkwE o83t tifit V= AFgE
ot A1 MIOS7} AIREIRIEE o] Qs F5EE Flehs W 1k Amsi s, ojeia) me) SiHel XEs
el ol olgalol A elavjae] WA S5 WiE 4 Sl Aol ARE AT 22 753 ssick of 9o
A} o} o] ul2 TRISSO|h 1981de] A2 £ TRISSE FaFson opah A2sas AEs 71y thEsel
PHECR FuloA YA sEANIA ARGEAL Tk
TRISS= 47115 7122 w/Hblunt injury)¥t ¥-8-(penetrating injury) &= & 5fat, 2p2H2] ghxlto] tiste] 1SSet
RTS, 9% W5 o835k 23197 £4 5% (logistic regression model)& 50 2H J2Ate] HESES A&z Eqto]
o AFYE ST HEE WA, SOl Aoldsparity) 502 H/HE 4 Slw, o] m7o) dlZEE he FEE AoR
Uelsith MTOSe] A7t Aut TAbol| A= HIZHE 64.3%, S0]%99.1%, Zfo] 06148 Lrehtal, THEAR] 4% vizie 84.2%, £o]
F98.7%, #jo] 0,8102.2 Upet}, TRISSo] ofgh 2}aaia} Aleelge. ofe) A10) elsjo] AT}, Selet 550) olifol 9lo]
A 2ELe] Aol 554 ol A9 AFgEREC] B &7] wiizoll, oFf AoflAl 554 o1}l 7B-9+= AGE=10] H i1, 554wl
79 AGE=00] Hir}. HuloH 2eiat 1o 27 sl dhet k4ol Fmom)S A Sisiol S| MIOse)
ZF Wl S AlE v Ak
Ps = 1/(I+e —b)
b = bO + bI(RTS) + b2(ISS) + b3(AGE)

2) ICD- 9 based Injury Severity Score (ICISS)
TRISSU ASCOT 9} 22 HHES 2-83}7] $faljrl= AISS] 2] oAsl0] 2A4kS: 71&slof 317] miizol|, PIeats2A4A et

e o] AR4YAAS Zolof Bk, T ofefet ARHAAE 257 SIIAE B el ulgo] Aawl] e,
AR SzollA] BhS )R |The o A 8] Bsithe BAlbe] AAEle] Sitk elRit SEAAYE 7k weelelg)

Ir

L ujsel MR olejdt ARAHAAL uiskEle] 9l alek. vl A 507} % F 247 TN SYBASEAAS
22531 glom), A SYITHS] 20% vlelut Asge] et B olRoln 9, st 57, s S 4]
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ML AYSENA

R ) H202 YD ek 1l 2 Sof e YO sl AL Rl dscharge cbsirocy
ICD-93=5 $H8slo] Qo] 32EE Hle17] 13 A7} ol2olA $ith 1 % 7H Fold Aukg molw 9l A
Osler So] 7jaKst ICISSo|t}. ICISS= 7124 s} RS o]gsle] EX AMHS 71 32te] 7| hAES S (survival risk
rotios SRR A2 AU Aolck ATe] 918, doleiolsol Atk 71l —tﬂgo 004 1 Afole] Zke Zie

O, FEETL WO AR 0 AESNE GRS 2, FEET} RS AR LR EEE 7k ZH Aotk Oder 59] Aol
(IS} 15590 Mletel o Lhe: 41418 Uebilmn, I0550] 218, &4714) RISE 27kl e TRSSHI 4 o s
Uik, of2fal MhEES o] 83t ICISSelAlE M o] ARl Ha ) tiEe] 2 vle-g Solx] gl W olws|uke
G402 e Badalel HiE 717} solckis o] 7 2 olek 2 Mol (IS 54 29) skl

71 ghApe] of2 e TR AESIdekES] woR HaEEd) oks 71E ISSOﬂH = F7Pohs AREE el 5
N2 ARl EAE 53 A 0= Helr, &, 157 thi el $5=5 3 7}0}:cﬂ QlolA okt ¢lgld EAIS ofi

A= Ak Ao}, E3L o|e} uRTIR| R P dghRtoA] o xef AUl AE o2 Zgte] gEstEo| itk s e 5=

Utk A& Ay 9l

ICISS=SRRinj(1) X SRRinj(2)...... X SRRinj(10) ICISS full model& 7|2 ICISSo|| RTSZ 7[5t Ao ARXAILS thea}l 2t
Ps=1/(1+e—b)

b=bO+b1(RTS)+b2(ICISS)+b3(Age Index)

oMy HIo|EIYI AARIS| 25

1. HO[EWI AAY TS 9ot LA
R S ele A8 Aok SiE BAT Y SR ) AR £ 2 ERAS Vil 489 S
0] 3 24 4) 5% 2IEHe] 5) U %4 85 24 0 ARE Bk Ake E 3 S0 ol A deleiga

HE3Re elol] vk TSk d.

2. AFA =l £E(Study design)
lofe] o] FA} F9-0] 28-S o WA & ZIQ17tel| whet wjo|E=0] e} tlofe] WA debd 4= qlrk T 7]
U 7)o Thele] 7]ato] Hojdha] wrpAlQl TFmolA] 8] Hrhe] el AAsjok sttt A ZHiol|A] 2221811 9l dlo|ewa
Aol o] Welet 23} 7|/A9] 7S WA BB et Hlolel 84S sl o) mj2] Ate] EXm
SRS Ak AlRE At WS Aglehs TRESS %501"? gt} olefdt ZREZo|= 1) 9o By}l 349
71 BAl 2) ZF wiaee] et % «1 3) < dole =3 9 1 8.9dof ok 4) 201 HlofE 4 W 9 A4 5) TlolE
Hi5 9)Qlslo] A7) el Hole =3t golg $ojo] BAl =& W 12 6) glolg Q] A&ael muEy) Helrt EalEo] Qlojof

3. Zo/HQ| 7IFe| 2%

2E oW Bixto] 5&2 AAEIL EF 7&K (inclusion criteria)T} A|2] 7]&exclusion criteria)S &3] 3haL Ut 22 HloJElE
Q] gt Ae] Bajo] Eetslehl 7|22 2 elsiolol dick. Airte] SR oW 34} 6,830% F T 712G WS
3l 204 A% = BASIGEY|, 23 7|ES Injury Severity Score (ISS) 1540 & =A] 2183 & A)|2] x}ollA]

AgE 9 89f 7IRE AR A7e] HlEo] w3t HAsiiith

4. HolE) wae| 7%
ul=t Q&) dglo|ewy=19] glo|g| WMol 32} A H(demographic information)@} 24} 710 thet H42A AEX], AFHA,
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CHOLG- S AR Q| IISLY] RIQA HZO| 014m G

SEulol, WA} Aok 2 W AF1S| FHOL L AR Wy eole} ulere) AlehE: A5 7]t AT S 25
EF, F5Y B P U BEY RS skt MRS 357 @

4 73t International Classification of Disease (ICD-9)&
o1 QA At BE, A9 712

b S d AMEE HpR A 7SS ofal ok TS HARS] A [abbreviated injury
scores (AIS)], A|RUIS, AR ee] A, F4 B AT 5w weo] THSHL

dlole] wiseo] 7} ololelofi slolelsfol] BefokEs 7R RO SAR SRS A Fhe A7) wek. oke
X7 O] WS- A5 “Excellent/Good/ Fair/Poor” & Usethd ZF thA|9] A o)7} wWalsfok glc) 2o 7]utc) oAF 31} 529
R g ofBA Aofsherloll wet tefsAl s 4= Jlem = gets] & dart Ak 4 AR FAID mofl= & 99
A Al S92 TR G| G Jsfiof gt A 713Ee] ol EHE BHsAY AR AT 4 QU ae) R
A ofiel 435 A o] HRbict chmiie ol SEESioks A ofeke ¥l 1 - SI

w2 dlole] T Avte] =5 ffeliie A 71, A= sRte] X' AnE Ao s Boslsfjof gtk o] Hosk=
A 8ol FR5BhaL 47 BE 4 Y Sslaof Tick. ]| NTDSE: Blo]e] e M Hrg RESSHES S
Ak ) FR}O] Hx A A9 Hrlojl= Glasgow Coma Score, Revised Trauma Score, ISS7} &-8Fch A= 71542

ofzah Wl TRISSZ AMgsm, 27} 7t dolele] vme o of 83k}
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ECMO: Past, Present and Future

Department of Thoracic and Cardiovascular Surgery, Organ Transplantation Center, Korea Artificial Organ Center,
Anam—Hospital, Korea University Medical Center, Seoul

Jae-Seung Jung, M.D., Ph.D.

Pre-Heart-Lung Machine Era First Blalock-Taussig Shunt

1944. Crawford Resection of coarctation of'aorﬁ-

1945. Blalock. Blalock-Taussig operation
« 1946. Gross. Surgical closure of AP window

« 1958. Glenn. Glenn shunt

“Most powerful stimulus to the development of
KOREA a OREA| | KoREA cardiac surgery ” a KOREA




Controlled Cross-circulation

Development of CPB |

1951. Dodrill. Mitral valve surgery unde
VSD under controlled cross- = 1952. Dodrill. Relief of PS under right heart bypass
cirenlAg 1953. Lewi ASD cl d fa li
‘ Used i]'| 45 paﬁe]]ts betwee]l . LEWIS. closure under suriace cooling
1954 to 1955 + 1953, Gibbon. ASD closure by heart-lung machine
oV
T(S)I; + 1954, Lillihei, VSD closure under controlled cross-circulation
AVSD * 1954, Kirklin, Establishment of CPB with
oxygenator in cardiac surgery
KOREA w @ma KOREA Fa KOREA

Y
Mayo=-Gibbon Bypass

| J. Gibbon and Heart-lung Machine :
_ NNe, since 1957

John and Mary. Gibbon -
1930s begins work on

extracorporal circulatory

ECMO2 HAI

techniques, which eventually

led to development of the

heart and lung machine
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Jae—Seung Jung: ECMO: Past, Present and Future

Early Animal experiments

Ted Kolobow and Warren Zapol 1969
- membrane lung for CO2 removal

ECMO - the beginnings

1971 - first reports of bedside CPB
term support *

Prior to 1970s, attempts at long-term
extracorporal support limited by gas-exchange
devices (“oxygenators”), which did not separate
the gas from the blood and led to hemolysis,
thrombocytopenia, coagulopathy if used for hours
at a time 2 bubble oxygenator

Auto Bicycle TA

- Traumatic
thoracic aortic
rupture

-» Post Op ARDS

*Kolobow T, Spragg RG, Pierce JE, Zapol WM. Extended term (16 days) partial

o | bload ha wil iral b I heti:
SXUMOPOTIN, bioed ghs mIchinge WG Toin mor MR dneshetend J Donald Hill MD and Maury Bramson BME, Santa Barbara, Ca,

KOREA 'wmos TrmsamSocary intsmOrgars 1373735 354 @ KOREA| | 1971 (Courtesy of Robert Bartlett, MD) 3 KOREA

ECMO - the evolution

ECMO History

1975, Bartlett et al.
successfully apply bedside

CPB to treat a newborn
with meconium aspiration,
marking the beginning of

ECMO in critical care

KOREA| | X EA
R Siide of Dr. . Bartlett LU
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— Reprinted from THE LANCET August 9, 1980, pp. 292-294

speranza, age 2’ USA

OREA
KOREA| | KOREA KOREA
slide of Dr. R. Bartlett @ e ey

TREATMENT OF ACUTE RESPIRATORY
FAILURE WITH LOW-FREQUENCY
POSITIVE-PRESSURE VENTILATION AND
EXTRACORPOREAL REMOVAL OF CO,

L. GATTINONI* A. AGOSTONT
A, PESENTI* A. PELIZZOLA*
G. P. Rossr* M. LANGER*
S. VESCONT* L. Uziert
U. Fox} F. LoNnGoNtE
T. KoLoBow§ G. DAMIA*
*lstsruto di A olopia ¢ R ¢, T1stituio di Clinkea

Medica VII, and $Instuto di Clinica Chirurpica I11, Uninernd di
Milane; and § National Institutes of Health, Bethesda, Maryland,

Low-Frequency Positive-Pressure
Ventilation With Extracorporeal CO,
Removal in Severe Acute
Respiratory Failure

Lumano Gattnons, MD; Antorug Pegenti WMD), Darvele Mascheron, MO, Aoberio Marcoln, MO
Roberto Fumagal, MO Francesca Rossi, MD; Gaetano lapiching, MO, Giukano Romagnob, MO:
L Uziel. MO, Angelo Agostoni, MO, Theodor Kolobow, MO Giorgo Damia, MD

Gattinoni et al, J4 MA , 1986; 256, 881-886
KOREA KOREA

UNIVERSITY]
MEDICAL CENTER]

KOREA

Original ECMO Registry Report 1988

Vo NIV Trans A Soe AR e Cirgany 1488
Regrstry Reports

National Experience with Extracorporeal Membrane
Oxygenation for Newborn Respi y Failure

¥

Data from 715 Cases

forn M. Toomasan, Sastr M, Sspicos, Rowan G. Corsnl,
RomET £ Cuuky, aso RoMET H, Basier

ELSO CHARTER MEETING

Ann Arbor, Michigan
October 1, 2, 3, 1989

KORES

, EXTRACORPOREAL
| LIFE SUPPORT
“ae. ORGANIZATION

=  Charter Meeting

ANN ARBOR
MICHIGAN
October 1-2:3,
1888

£
L

n=

£ NT

&
A
Qﬂr
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Jae—Seung Jung: ECMO: Past, Present and Future

EXTRACORPOREAL LIFE SUPPORT ORGANIZATION
Charter Mecting

October 1-3, 1989 Ann Arbor, Michigan

diiial UNIVERSITY]
MEDICAL CENTER]

ECMO History in Korea

(1985~1990)

e bl el bt wbadr WD

Table 11, Ventricular Assist Device

3= ECMOQ xJ|J1= i

1 PO U WP AR 2 v )
WA N ARSI el SEv A e,
B oIR8 dEdbinet sdnws 4
* N e TR e DA WY
EASETE FEE ST EE L TR
| M s BRERA e A o,

LVAD 1/ 7/I06/85/126/8 T/8 R/
RVAD 1114

Total 1/47/106/85/126/8 B/% 3/51
VAD : Vertncular Assist Device

KOREA K REA| | *oF REA
UNIVERSITY ERSITY
MEDICAL CENTER| ! MEDRCAL CENTER|

1st ECMO Cases in Korea

1st Korean Oxygenators

« 1%t oxygenator (1982)
- Korea-Kim venotherm Oxygenator

+ 1% clinical study (1990 Oxyrex)
Hrun Chal MO Wang Gra Low. .11, Sung Mism Low, 30", Hpes Som Maca, WLD* - MM KM KT S Q23061 1049-56
MO, Kook Byus Loa, MO, D" et Kwang Wos Kim, MDD
i tmwt o Assdhunsias Calige ¥ Mudenne Mol [ameutt
Eirtarar f Anvetesidars, Svas Grnrrs Tianed Operations Mo, of Patients

CaR Tl f AnSheag, Caegn f Mofcto, K pun S sty

Mitral Valve Replacement i
Acrtic & Mitral Valve Replacement

5

- ar i AT OIS| -, Acrtic Valve Replacerment -]

7 i S S & Trgncupid Viave Replacemsnt 1

« 1%t Respiratory support Aortocoronary Bypass 1

- KP Hong KITC Surg 1994.27.60-, :Ssg :::: ;

. 15t i Sinus Valsalva R Repai 2

1 Extr‘acqrporeal Cardiopulmonary Sins Valeaen Rupture Reoai :

Resuscitation (E-CPR) Corcfriaw Corvoton 1

= I JUN KITC Surg 1998:3253-7 Cardiac Tumor Resection 1

1VC Thrembosis Removal 1

KORES I KOREA| | KORE Tol )
U bl L veRsiTyl T

MERCAL CENTER|
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Sep. 15~18, 2014 25" Anniversary ELSO, Ann Arbor, MI

 “orea

KOREA

Total 468 ECMO centers were

~Runna.

Lyt ___?_ T
R Ly

;'"v?.-- i :-

i Life Support O
ECLS Beglstry Report it ol
International Summary Building 300, Room 303 |
July, 2015 et Ann Arbor, MI 48109
Overall Outcomes
Total Patients Survived ECLS Survived to DC or Transfer
Neonatal
Respiratory 282N 2379 B4% 20078 T4%
Cardiae 6,045 3750 B2% 2487 1%
ECPR 1,188 TEE  B4% 480 41%
Pedratric
Respiratory 6,929 4579 06% 3979 5%
Cardeac 7,668 5084  66% 3878 E1%
ECPR 2583 1432 55% 00 1%
Adult
Respiratory 1822 5209 65% 4576 58%
Canfiac 6522 3661  56% 2708 42%
ECPR 1,885 791 40% 580 30%
Total [e9a14 40083 T1% 40764 5%
KOREA @ KOREA
S UNIVERSITY
MAEDRCAL CENTER|

Centers by Year

=

m

"

Centers

o o
| il s o §

T
[
o3

After 2008 = Abruptly increased Adult ECMO cases

- ECMO was effective in cardiac originated arrest
- CESAR trial : ECMO was effective for Severe Lung failure

@ KOREA
PR
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ECLS Registry Report J E I Life Support Organizat : T T
g il 2800 Plymauth Road Cardiopulmonary resuscitation with assisted extracorporeal
International Summary Building 300, Room 303 life ional cardionul
January, 2016 i Ann Arbor, Ml 48109 I —SUPPDI't versus conventional ca lopulmonary
resuscitation in adults with in-hospital cardiac arrest:
- an observational study and propensity analysis
Vi Sharrg Che”, e Wi Li, 4 Vi Y, Wi, M-St g Wes-Tiem Chersg, Wi Jorar Cha, Shus-Chiem g, M- O
Chab b Wang L-Chin ey 3-8 T, Shevs- Shen Wong, kv Jom Hwirg, Fang. Fue Lin .
In-hosp. Cardiac arrest of cardiac origin Liiait QR 372 55461
6000+~ - —— " Respinlony
o i 3 — == P - conventional CPR 10 min > No ROSC > ECMO insertion
m - 40% 30% | — i [ o
1000 4~ - . wl = W i
S e | . -
. i 1ol | fs S o
Cases Wean off Survival discharg {0 H i e
Respiratory 9102 5989 (66%) 5254 (58%) > ' i ~ r
Cardiac 7850 4394 (56%) 3233 (41%) T . a—
ECPR 2379 948 (40%) 707 (30%) e o T
19331 11331 9194 EA| e I & e Ly Tl
MEDCAL CENTER N : . Ry

Se k Conventional management
vere . ECMO* 1
Adu]t % e 2 v )
. . z i
Respiratory failure E -
r 3
Articl %
Lancet 2009 o
o T T T 1
o S0 100 150 00
Efficacy and i of ional @*% D] Tirme (clays)
ventilatory support versus extracorporeal membrane Comventional munagement 90 & & ™ o
oxygenation for severe adult respiratory failure (CESAR): ECMO® 90 61 59 58 o
amulticentre randomised controlled trial
e e b b e s o Time from randomization to death
i KOREA &
ke g umvﬁs.ﬂ . o Llog rank p = 0.03 3 “""’5"&
MAEDRCAL CENTER| MAEDRCAL CENTER|
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Courtesy by Prof. C. Schmid el KOREA

UNIVERSITY]
MEDICAL CENTER]

Versatility

Current systems

Cardiohelp Sorin

ECMO transportation

Transport vehicle

* Hospital helicopter
* Medical air service
« Military equipment

by Courtesy by Prof. C. Schmid uﬂlvﬁ A
<

STy
MEDICAL CENTER]

S—

Transportation of critically ill patients on
extracorporeal membrane oxygenation
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ECMO transport in Sweden ECMO transport in Korea

Transports on ECMO

Courtesy by Dr. YH Cho

ECMO transport in Germany ECMO Devices for transport

. —
—
NOTARZ 1

phinty 'l KOREA 2 Courtesy by Prof. C. Schmid
Courtesy by Prof. C. Schmid SadbadaL ExnTen

Patient mobilization in Korea

(S

T

ECMO patients Mobilization

KOREA| | KoREA G SOREA
UNTVERSTTY ASAIO ). 61(5):564-568, 2015. SadbacaL EinTen
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Patient mobilization in Germanry
(Regensburg Univ. Hosp)

Courtesy by Prof. C. Schmid

New Applications Outside the hospital ECPR

= Outside of Hospital ECPR

« ExtraCorporeal DCD (Donation after Cardiac Death)

« Artificial Placenta

« Artificial implantable Lung, chronic respiratory support

« Organ perfusion and culture

Case report
Out-of-hospital extra-corporeal life
UMAC, Paris Marathon, 2010... cardiac arrest in a half-marathon rw

Guillaume Lebreton®, Matteo Pozzi®, Charles-
Pascal Leprince®, Benoit Vivien®*

+48 yrs. Man = sudden arrest durin
*No flow time < 1min 2 ECMO ins

KOREA KOREA| & . Dirct surgical sccess to ight femarl vessels s veno-arteri. Fig. 1. Patient under extra-corporeal e sspport (ECLS) within the MICL amb-
S UNIVERSITY Werformed by canfeothorack surgeons within the MICU ambulies [ance. sty aftes end ol veno-arterial i Lt
MEDICAL CENTER|  fronary Hation was continued by EMS ey - and ECL

196
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In case of Uncontrolled DCD
< Maastricht Class I, I

VERS|

el KOREA
From : §. Pelletier, MD, U of Michigan UNIvERSiTY

Tl

Artificial Placenta

g
low p0,, and fetal
environment

® No mechanical ventilation

® Simulated breathing with
fluid filled lungs

® VV-ECLS with inflow via
umbilical vein and outflow
via jugular vein

KOR!

UNIVERSITY]
MEDICAL CENTER]

A

» Oxygenator only

» Transthoracic a/v lines
to PA and LA

» Ambulatory lung assist

KORE.

Courtesy by Prof. C. Schmid
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liac death donor
1sion technique:
ition

Functional evalu:
hearts using a col
Potential for exp:

Sator Osaki, MD, PhD, M
Takushi Kohmoto, MD, Pl

thahab A, Akhter, MDD, and

2 2004 148:1123-30

* 10 Discarded

= coronary dz

= Resuscitation < WIT < 40min

FIGURE 1. Ex vive perfusicm syserm K REA)

Australia announces first successful dead heart ®) PRE

Devices and techniques

Imagine !!!

+ Very Low flow CO2 removal devices
+ Advanced Cannula - no complication, no anticoagulation
+ Special Oxygenator for

- Bioartificial Liver, Sepsis, CRRT modules

+ Nonthrombogenic surfaces coating techniques for oxygenator

9 KOREA

UNTY
MEDICAL CENTER|




|TpotY| HIgAL FZO| 01ARg

New Definition of Sepsis

Mgk oletete} 3Tkl

of ¥ Z

—_
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