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Diagnosis and Management of Mediastinal Diseases

Pusan National University

Jeong

Su Cho

H#WB_(_?!_F

= Anatomy
« Non invasive and invasive Investigations

Mediastinal infection

» Primary mediastinal tumors and syndromes
associated with mediastinal lesions

Mediastinal cysts

— !natomy

» Traditional three-compartment subdivision
» Ant/ Middle / Post mediastinum

Trachea

Middle
Mediastinum

Posterior

Mediastinum
Inferiar vena can
- f Aorta
-
. MRS 1473 An exsmple of the schamat Mutrabon of the traditionsl thres-compartment ubdeision of the
meduers

[ ‘_Alw

natomy

» Traditional four-compartment subdivision
» Sup / Ant/ Middle / Post mediastinum

Superior
Memslinum

Middle
Mediastinum

Posterior
Diaphragm Mediastinum

Inferior vena cava

FIGURE 147.1 Schamatic Sustration of the traditiensl four-compartment subdnision of the medastinum

H#WB_(_?!_F

natomy

» Felson's classification
» Ant/ Middle / Post mediastinum

Traches

Stemal angle

Anterior

Middle
Mediastinum [} Mediastinum

Pasterior
Mediastinum

S Ficums 147.3 Schematic stration of Febons clanics { the
Bied on the chest roemgenciogy, therefors the boundary bee ¢
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Anatomy

» Shields' mediastinal subdivision.
» Ant/ Middle / Post mediastinum

Trachea

Right pulmonary artery

Sternal angle
i Middle
A i £ dle
Nmi::inum { Mediastinum
4 J Paravertebral
Diaphragn.- Sulei
Infierior vena cava |

L > FIGURE 147.4 Schemat,

— || Aorta
atinal pubdiiteon,

natomy(ITMIG)

+ Ant mediastinum
> Thymus
» Connective tissue with fat
» Left brachiocephalic vein

Glanduls tiyrenes
A mreoyres gy |

natomy(ITMIG)

- Post compartment

> thoracic spine and paravertebral soft tissues.

Anatomy

Group(ITMIG) Classification

Trachea

Right pulmanary artery,

Sternal angle

Anterior
Mediastinum [

Duaphragm
Inferior vena cav:

* International Thymic Malignancy Interest

Middle
Mediastinum

Posterior
Mediastinum

- Middle compartment

» Vascular category
+ heart, superior vena cava, ascen
descending thoracic aorta, intrap:
thoracic ductof the azygos vein
» The other category

-+ trachea, carina, and esophagus,
embryological origin

natomy(ITMIG)

+ Chest plain film including lateral view
. ChestCT '
+ Chest MRI N

Radionuclide studies

+ Mediastinal tumor markers

/asive Investigations

;




Jeong Su Cho: Diagnosis and Management of Mediastinal Diseases

asive Investigations

and surgical approaches

+ Transcervical mediastinal LN sampling and

Lymphadenectomy

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

+ Posterior Mediastinotomy

« Acute and chronic mediastinitis

—

P v

*!oh of the aero-digestive tract

* Four principles of treatment
1. Eliminate source of soilage
2. Provide thorough and wide mediastinal drainage
3. Appropriate

4. Maintain adequate nutrition.

ostoperative sternal infection
and mediastinitis
* Risk factor
- Sternotomy: incomplete closure
— Tracheostomy
~ CPB duration
— Postoperative bleeding
- Infection
- Low cardiac output
- Poor general condition

— Steroid

ediastinal infections

~ Perforation of the aero-digestive tract

~ Postoperative sternal infection and mediastinitis
~ Descending necrotizing mediastinitis

» Sub-acute mediastinitis

~ Fibrosing mediastinitis

- —~———
mﬂ*‘i Ton
Case
56/M
LIg =2 & 2SS AL S0l 0|22 &M
EGD
Chest CT

» Acute purulent mediastinitis due to cropharyngeal infection
* uncommon but still lethal form of mediastinitis
» B0 ~ 70%, secondary to odontogenic infections

+ Peritonsillar abscess, Retropharyngeal and parapharyngeal abscess,

*+ Other less common causes

c 1g necrotizing mediastinitis

Epiglottitis

- trauma to the neck, including neck or mediastinal surgery

— cervical lymphadenitis, endotracheal intubation
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* Presentillness : 22 AES2 ZXNEE
UOLt B ZEHGA O LS 5IUCD 0/F
ol AdE

* \/S : BP 80/50. PR 120/min, BT 38.9'C

* P/EX: S olHZ0 S FA% F0 UASH $HD &Y 22T S8

+ Chest CT

e 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.

_— o

Lo
‘mediastinal tumors and
syndromes

* Thymic tumors

+ Mpyasthenia Gravis
* Benign LN disease
« Germ cell tumor

* Neurogenic tumors

el vange

Pl
o
0
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>
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mediastinitis

* Fibrosing mediastinitis is an uncor
resulting in the deposition and pro
tissue through out the visceral cor

mediastinum.

= This chronic inflammatory proce

and compression of vital mediag¥

ors

TABLE 156.1 WHO Histologic Subtypes of Thymic Epithelial Tumors

Thymoma Thymic Carcinoma Thymic Neuroendocrine Tumor
A Squamous Carcincad tumor

Typical

Atypical
AB Basalowd Large cell neuroendocnng
Bl Mucoepidermaid Senall cell carcinoma
B2 Lymphoepitheloma-like
5 Cloar cel_
Micronodular tumor with lymphoid stroma Sarcomatowd
Metaplastic thymama Adenocarcnema

Undifferentiated carcincma

Sheild's Geneal Thoracic Surgery 8" edition

el
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inical presentation

» Neoplasm of the thymus that originates in the gland's + Thoracic symptoms

epithelial tissue. . . i
— Related to the size of the tumor and its effects on adjacent

+ Incidence: thymoma(2.2 to 2.6/million/yr), thymic carcinomas
(0.3 to 0.6/million/yr), thymic neurcendocrine tumors(even
less common)

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

+ Typically slow-growing tumors superior vena cava obstruction

« Spread by local extension — Systemic ("B") symptoms

» Metastases are usually confined to the pleura, pericardium, or  fever, weight loss, and/or night sweats
diaphragm, whereas extrathoracic metastases are uncommon.

. \ 5@?0‘3 Geneal Thoracic Surgery 87 ‘ . \ 5@?0‘3 Geneal Thoracic Surgery 87 ‘

Paraneoplastic disorders

TABLE 166.2 Description of Masaoka-Koga Staging System

* Myasthenia gravis
Stage  Descrigtion

Groasly and mi i dated tumor

Microscopic imvasion through the capsule

Gros/macrascopic imanicn though the capsule mto the surrounding fat but no imvasion of pleura or pencardum

Direct invasaan into adjacent structures (plewra, pencardum, lung parenchyma, vasculir saructunes)

Pleural or pencardial metastasis/implants

Lymph node metastass ino bevel specified). Hematogenous metastas

Adaptad from Koga K, Matsune ¥, Noguoh M, #2 3l & eview of 79 thymoman: modification of staging tystem and resppranal of comentionsl dhition

ko invasve and rcn-imasive thymoma. Aathol it 109444350-367. Copyright © 1904 by John Wiy Soms, Inc. Regeinted by permissioe of jchn
Wley & Sons Inc

. : S!%?a‘:s Geneal Thoracic Surgery 8. ‘ . _: S!%ra’:s Geneal Thoracic Surgery 87 ‘

+ Pure red cell aplasia

* Immunodeficiency

* Thymoma-associated multiorgan autoimmunity
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TABLE 166.3 The TNM Staging System Proposal by ITMIG/LASLC

Tumot limited 1o captule of meduannal far

b Extension o mediastinal pleura

iz} Ivvaion of percardum

] Inwasion of hung, chest wall, phrenic nerve, v, pulmonary vessels, hikim

™ Ieasion of sarta, sonic arch vessals, main pulmerdey sttery, myocadasm, traches, ssophagus
L No nodal iwvolvement

Antarion nodes [penthymic)
Dep witratharack o carvical nodes
No metastatic daease

Pleural or pericardal nodules (separate from primary tumor)

N1

N2

Mo

M1

a

b Pulmenary intraparenchymal metartisn, snirstharscic matastaie

Stage | T N M

' n no Mo

n T2 NGO MO

ma T NO M

L] T4 WO Mo

VA T any N1 Mo
T any HoL Mla

e T wny N2 MO, 18
T any N any Mib

Shefid's Genaal M&wd‘“
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el Tatsle. ety
NocH ﬁ:‘:;r Thymomas and Thymic Carcinomas Unasa
LOCALLY ADVANCED, TREATMENT
ADVANCED,
RECURRENT DISEASE
Burrestlance for
Unreasctabie® = Concermnt chemomdation' s .._m
rraecical! ko
o [mmary | e+ o o 55
o Pa————] pid wm|- IHIHI;.’M
wah "
wveied I,U.I:‘
FETCT 107 for thymoms.
of i Pomntislly | Chemotengyt—=] body of '
carcinoma: esactatie’ 4 il basa
A panaray Saittary. e
should ba i gh) an
manspedbys | 10 hbealty
] . indicamud AT
e s P i
of thymoma Surgery! —=or
aned thymie. Lol
Evidence of
ml—w
PR v
ced Tumors

+ Except for stage IVB tumors (LN or extrathoracic metastases)
thymic tumors are generally considered a surgical disease, and
complete resection (R0) is the primary goal of treatment.

+ Thymomas are typically chemosensitive and the goal of neoadjuvant
chemotherapy is to improve the rate of RO resection.

+ For advanced tumors with local invasion, especially if resection
margins are close or positive, postoperative radiation treatment
(PORT) is favored.

Prufle wiaans

mors

* RO resection is the goal of treatment with care to avoid
violating the tumor capsule.

— total thymectomy with en-bloc resection of the tumor with
the entire thymus gland and surrounding fat.
- thymomectomy alone : not gocd
- approaches
+ transsternal
+ thoracotomy or hemiclamshell,
* minimally invasive thoracoscopic or robotic approach,

» transcervical approach.

‘LA_A

ced Tumors

+ Although thymic carcinomas are much less responsive to
chemotherapy, recent evidence suggests that thymic carcinomas
may benefit from PORT.

+ Patients with thymic tumors are generally younger and healthier
than those with lung or esophageal cancers and, thus, are able to
tolerate extended resections quite well.

+ ltis recommended that surgical resection be performed within 6 to 8

weeks of completion of chemotherapy.
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TREATMENT FOR THYMIC TUMORS

Induction Chemotherapy I

— Thy are o i to be tumors and a variety of

of py regi have been rep with varying

response rates

— There are no randomized trials examining different regimens

* Induction Chemoradiation

* Induction Radiation Therapy

i

EATMENT FOR THYMIC TUMORS

+ Adjuvant Chemotherapy

Adjuvant Radiation Therapy

- Port in Thymoma

- Port in Thymic Carcinoma

*  Thymomas are indolent tumors that usually do not shorten life expectancy

They can recur and th , long-term foll p is still required after
resection.
+ The majority of the recurrences are intrathoracic and re-resection has been

described and associated with long-term survival,

+  Most authors have described treatment with dj t ch therapy or

d by local . if there is no progression of
disease. There are, however, significant biases in these studies and the
decision to re-resect should be made on a case-by-case basis with

multidisciplinary tumor board consensus.

. .

enia Gravis

» Neuromuscular junction disorder

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

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

» approximately 30% of patients with thymomas have
myasthenia gravis

+ rare in thymic carcinoma

= Thymoma {3322}
= Thymmic Carcinoma (585)
Theymic Cancinoid (102}

Logrank test g0 D001

Probability of Overall Survival
0.

(1]

Overall surv
ung
datsbase: an unprecedented resou

right & 2014 International

Case

S57Hl X X2t SA 84 2 HE0| & 2
JISEEE 540101 SS4S LE20tAULCH AIH
Bt ERFNAMSHSEEUAM Olei 2 2= B0l
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TABLE 1641 Osserman and Genking Clessification of Myasthenia Gravis, Modified by the MGRA Task Force

st Chnical Formiy Symptom
VR | Ordar form | P, ke
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MGHA VY | Ficcgharpprilsmprinyy muuslion » emwmsel macdtn

v Myathess vt s chal defon | Severe chogess form wih meance awzphy

MGH Y Seveee NG reuinrg riuduten |

A Mgt G Foundition Knarsion, B st
“Rur 5 the v
Adipted o Ty K S0k . Seatmest of Myarts . Schvess A sl Apcs

08 Wik prmitmon o DN et MeScl Pabishen 181

mﬁ yuquIes

|assification

TABLE 165.1 Thymectomy Classification

T-1 Transcervical Thymectomy
(a)-Basic
(b)-Extended
T-2 Videoscopic Thymectomy
{a)-"Classic™
(b)-"WATET"
T-3 Transsternal Thymectomy
{a)-Standard
(b)-Extended
T-4 Transcervical & Transsternal Thymectomy

Regardiess of the technique employed,
Complete removal of all thymic tissue is the goal

Minimally invasive maximal thymectomy.

- ~ ; mzwms«mw‘

SN

Clinical Aspects

Radiographic and Electrophysiologic Evaluation

Antibodies to Acetycholine Receptor

e

mﬁ yuquIes

— ]

Medication

ACETYLCHOLINESTERASE INHIBITORS
— CORTICOSTEROIDS

- AZATHIOPRINE, CYCLOSPORINE

- MYCOPHENOLATE MOFETIL

— RITUXIMAB

mﬁ yuquIes

PLASMA EXCHANGE AND INTRAVENOUS IMMUNOGLOBULIN

THYMECTOMY

mawmwy‘ ‘
> - - - - -

CRISIS

mﬁ yuquIes

Approximately 16% of all patients experience a crisis, a figure that

has not appreciably changed over time.

Progressive weakness, oropharyngeal symptoms, refractoriness to
anticholinesterase medication, and infection precede crisis in most

of these patients.

Crisis is a temporary exacerbation, regardless of the proximate

cause.

The goal is to keep the patient alive until the transient morbidity
of viral or bacterial infection, aspiration pneumonitis, surgery,
or other complications subsides and responsiveness to

anticholinesterase medication returns.

10

Mbwmﬁ.ﬂgsvy?a




Jeong Su Cho: Diagnosis and Management of Mediastinal Diseases

ign LN disease

TABLE 167.1 Benign Mediastinal Lymphadenopathies

I Mediastinal granulomatous disease
Tuberculosis
Fungal infection
Sarcoidosis
Silicosis
Wegener granulomatosis
1L Castleman disease
Il Others
Systemic lupus erythematosus
Infectious mononucleosis
Reactive lymph node hyperplasia
Amyloidosis
HIV-associated Pneumocystis carinii

Sheiid’s Geneal Tharacic Surgery & edition !

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

- When?

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

Benign Germ Cell Tumors

E/56 antimediastinum

(cyst, caleffication, fatfissue) W Fi21 ant. mediastinum (cystic)

serm cell tumor

TABLE 169.1 Classification of Mediastinal Germ Cell Tumors

L Teratomatous les
L Mature teratoma (composed of well-differentiated, mature elements)
2 Immature teratoma (with the presence of immature mesenchymal or neuroepithelial tissue)
3. Teratorna with additanal malignant component:
Type L with an associated malignant GCT tumar (seminoma, embryonal carcnoma, yolk sac tumod, etc)
Type I with a non-germ cell epithelial component (squamous, adenocarcinoma, etc.)
Type Ik with a mal component (rhabdomycsarcoma, chondrosarcoma, etz
Type IV: 2 teratoma with any combination of the above
i atous tumors
oma
ac tumar, or endodermal sinus tumar

5 Combined nonteratomatous tumors (a8 combination of any of the above)

Sheild’s Geneal Tharacic Surgery & edition

o

Incidence

5-10% of Germ cell tumor
(extra-gonadal, mediastinum)

15% (85% benign) of Anterior mediastinal tumors

25% (children, Ci S & benign) Mo & EBchercion{1460)

42 (10%) (50% benign) 400 mediastinal mass

Duke Univ. medical centar (1930-1982)

Benign GCT (Teratoma) shioasar (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%

+ 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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Seminoma
. i iastinal GCT/ TMC diastinal GCT
« 3~ 5" decade men, white men predominant
+  Slow-growing tumors with lobular af 1ce includi is, hemorrhage

40/M Seminoma

= encapsulation = half of time, calcification - infrequently

International Germ Cell Cancer Collaboration Group

Ayl v

J Clin Oncol 1977

Good Prognosis
Any Primary site

90% of seminomas

Mo NPVM

§year PFS 82 %

Normal AFP, hCG, LDH

Intermediate Prognosis
Any Primary site

5YSR 86 %

10% of seminomas

NPVM (liver, bone, brain)

5 year PFS 67 %

Normal AFP, hCG, LDH

5YSR 2%

NPVM ll Y wi !
PFS progression free survival

——

+  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

Seminoma

Young man with anterior mediastinal tumor

Serum Tumor markers
hCG AFP LDH

(-) AFP

Testicular exam. : bimanual
Abdominal CT/ Bone scan/
MR

Biopsy  Mediastinoscpy or Sternotomy

-
VATS obstruction

Lymphadencpathy

Radiotherapy or adjuvant radiotherapy
Surgery

notherapy

Non-seminomatous GCT

24/ M
Endodermal sinus tumor

Choriocarcinoma

Ayl v
NSGCT
= Moran & Suster (1997) =& & (2008)
Incidence 229 cases 29cases
Teratocarcinoma 41 % 9.5%
58% non-germ cell P f a, i
Endodermal sinus (Yolk sac) tumor 35% 429 %
Choriocarcinama 7% 4.8 %
Embryonal 6% 95 %
Mixed 1 % 9.5 %
Unknown 238 %

Differ from testis origin

Pure endodermal sinus tumor, extremely rare in testis

Embryonal carcinoma, much higher in testis

Non-germ call histologies is more in

Lo

NSGCT

Tumor markers

hCG or AFP 90%
AFP with/without hCG 80%
hCG 30-35%
LDH 80-90%

APF 0] 2018 agE 2
hCGI} 100 ngimi

=8 A pure seminomas & = NSGCTR &

pure seminomal¥ & uncommon

Differ from testis origin
Testicular NSGCT AFP & hCG equal frequency
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Associated syndromes

Hematologic malignancies

Acute non-lymphocytic leukemia Acute lymphocytic leukemia

Erythroleukemia Acute megakaryocytic leukemia

Myelodysplastic syndrome Malignant histiocytosis

Hartmann(2000) 2% Modian survival § months
(287 mediastingl NSGCT)  No patient more than 2 years

Idiopathic thrombocytopenia

Hemophagocytic syndrome single case of endodermal sinus lumor

s sy nat with testicular GET
common underlying germ cell defect

Initial Chemotherapy (3-4 cycles)

AFP (N)
idual tumor)

hCG, AFP (N)
CXR (N)

Salvage
Surgical Resection Chematherapy

Viable GCT Viable non-GCT
Incompletely

Resected

Viable GCT
teratoma
and/or
Ne:roli? tumor

Resected Resected

+ + +
Investigational treatment or
Supportive care

Salvage
Chemotherapy

Fig 187-7 Shield, General Thoracic Surgery

NSGCT
International Germ Cell Cancer Collaboration Group J Clin Oncol 1977

Good Prognosis AFP hea LOH  non-semonomas
Tastis/retroperitoneal 56%
No NPV 5 year PFS 82 %
Good markers < 1000 <1000 <15xN 5YSA B6 %
Intermediate Prognosis
Testis/retroperitoneal 28%
No NPVM _ SyearPFS75%
Intermediate markers 1,000~ 1,000~ 1.5 x~ 5¥5R 80 %
10,000 10,000 1M0xN
Poor Prognosis
Mediastinal primary 16%
NPVM (iiver bone, brain) Syoar PFS 41%
Poor markers >10,000 >10,000 >10xN GY¥SR 4B %

NPVM  non-pulmonary visceral metasiasis
PFE progression free survival

. . o

TABLE 169.2 Definitions of the Germ Cell Consensus Classification for Metastatic GCT

L Good prognoss

anterior mediastinal tumor

Serum Tumor markers
hCG AFP LDH

() AFP
Seminoma (pure)

(+) AFP

Biopsy, least invasive approach

12

Chemotherapy
V —

Surgery ? ornot

| resection

ses and good markers, including all of
1 (1,000 ng/ ind serum
rseminamas show § progression-free sunval

3. Testsfretroperioneal pnmary and no nonpul
fml, and f-human choricnic gon
L5 tmes the upper imet of norm,
at suryival rate of 92%.

onpul seeral metastases and normal o-FR any f-CG, any LOH; 90%
% and S-year sunvival rate of 86%

A Nonsem

wizceral metastases and any of o
s normal or £10 times narmak; 28% of

% and S-year sunvreal of

fP 31

afy. or nonpulmonary visceral metastases, or poor markers:
e LDH >10 times » uppee bmit of normak 16% of norsaminomas show a

Sheil's Ganeal Thoracic Surgery 8 edition

Neurogenic tumors

Sheild's Ganeal Thoracic SM
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n@ ] m@ ]
TABLE 170.1 Neurogenic Tumors of the Thorax Mediastinum
Benign Malignant Age Group
Nerve sheath arign ) TABLE 172.1 Primary Mese | Tumors
NsUriemoma Malignant schwannoma; neurogers: 1arcoma Adubts
Neutogers: 1acoms Tissise i Mabgnant
Neurofibroma Adults
Molanctic schwannoma Adubts Adiposs liposarcoma
Geanular call tumes Adubts
Autongmic gangha Chidren and young adults
Ganghaneuroma Ganghoneurcblastoma Chidren, rarely in adults Lymphatic
Adubts
Meuroblastoms
Blood Vessak Hamargicendothelioma
m!lgn_g_p( tum ANGIOLMTOMS
i il i rral i 1] e Agin tumor hy R
Peripheral neurcectodermal tumo: il tumce: Asion tumes Chidren bl Frciag
A F
TABLE 170.2 Mediastinal Neurogenic Tumors A oS e Sooma
Tumors of Autonomic Ganglia Ganglicneuroma. L
SRR Shalatal Chondroma [ —
fumors of Nerve Sheal W‘l
(Neurilemoma) Chondrotarcoms
Tumors of Neuroectodermal MAT Muscular
Origin Strated Letomyeima Lemmyosarcoma
Tumaors of lia Origin | Parsgarghoma | | Smooth Ehabdamyoma Rhabdomyotaccoma

i

WWWW&"‘
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Diagnosis and Management of Pleural Diseases

gepigoelns Frolihny

x M 7|
Contents
1. Pneumothorax (slide)
2. Pneumomediastinum (supplement)
3. Pleurdl effusion (slide)
A. Hemothorax
B. Chylothorax
4., Empyema (slide)
5. Pleural tumor (slide)
A. Solitary fibrous tumor
B. Mdlignant pleural mesothelioma
6. Diaphragm (supplement)
7ol g
L. Pleural disease W-g-0] %3] Wal, 4ol 2 thFojx]|A] oh= e 2o Qlo] w2 FFs17]7F W] °}¢‘45¥
2fet o] OIS E Nl R BRI, WRF A9 Tape} RS oA, 7t wele) A HEole] 2L vl
HlhTY,
2. Ago] olapyes} e lolthe A SNl B 2] Fol ol ool U Agsiglerc 2 48

¥z, x%ﬂ 41 52k oJ3fof B A|AJT} £7] Ho] s} Qi o HEE FAHOR OB s
BE 5 NI TRl gpom, 1 Sl B WashAL skl 4 St o Huck Ee delaetls
0 94 29Il A 12 P 94 i) olah 571 S SR SR Bl v

w
A
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1. Pneumothorax

FH| 27|17F5Z (Pneumothorax) e ]
+=HEH TZoI2AM SZH0| LT 37| 7155 2Xtol| cisiM E=ts| TICHstn
B2 MeE =+ oo, 20| Wast AL HESH 20K = AlgHE 4
QLOfOF tCt
O| &t X| 4
Basic 71Ze| Fol|E 4BY + ULk SHI} |
(1, 24%h 7|80 2R QoS MdyE 4 QUrCt (B ZAD
J|Eo| TICH e S HYHE 4 QUrt
7189 Xz YWHs 2% £ ULt
7|82 & X858 4% + Uct
7|80 == T U QS YT 5+ UCH
Advanced ool 75%e Yelg dYE += o FEHI
(3, 49 %h 71829 == WHo oM YT 5= ULt (BITIAD
7180 fue Y + e U CiShA ST 5= UACH
O| At 2|44, ﬂ’é‘:‘ol' 2Z4d 7182 Hl=H, =5 K20
chst Bl Mo 9 ofl$£E MY 4= Uk
Grndeceed WY Ty
SITIAD |
s7let &
' Basic EHEAI™Y
(1,29%h Ctst 37|l gs HeUs & =+ UCh (ds/
Crfeh X0 25 Heg = UCt SsEd)
BHE 3717t 07X Q= E HAH & 5+ ACt
Al B *7|7f‘“’“0||»'\‘| SINKE &+ UCk
20| ZastHEs Mo 2EE & 4= ALt
s £t chemical pleurodesis 2 & 4= QUC}
' Advanced AHAY
Gadsh S8 337 SE0) UM B B 5 UCk L
3717t5 30| CHE VATS wedge resections & 5= QUL
Faradvanced 3771530 CiE ST o =5 XEE Al & = QUCh YA
(M) (Single port VATS-wedge resection, bullae ligation, pleurectomy &) (a4
1) Definition

+ Accumulation of air in the pleural space

+ Collapse of the lung

2) Classification
D Spontaneous
* Primary. no immediate apparent lung disease, bulla or bleb rupture
+ Secondary: a complication of clinically apparent lung disease
2 Traumatic
* Blunt trauma; rib fracture

* Penetration trauma; gun shot, knife
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ZM7|: Diagnosis and Management of Pleural Diseases

@ Iatrogenic
* Transthoracic or transbronchial lung biopsy
* Placement of central venous catheter
+ Thoracentesis or pleural biopsy
* Barotrauma; mechanical ventilation
@ Catamenial
- Female (20—30 yr), recurrent, menstrual cycle (48-72 hr),
+ Right dominant (90%), No pneumothorax if not ovulation

- Surgery (diaphragm resection), ovulatory suppressive drug

Differences Between Primary and Secondary Pneumothorax

Primary Secondary
Age Usually <35 years Usually > 45 years
Presentation Chest pain Usual, may be severe Occasional
Dyspnea Usually mild/moderate Often severe
Degree of collapse Any size, often small Usually small or moderate
Chest radiograph Pleural reaction G 1, may di i Occasional
Other findings Often diastinal shift in I Il Changes of underlying disease
Observation alone Often possiible, outpatient Usually inappropriate, requires admission
Resolution on medical  Preferred initial Simple aspiration or CASP Simple aspiration or CASP
management intervention
Persistent air leak Occasional, surgery indicated
C but 20% lly resolve
Medical pl desi Not appropri 1f high surgical risk
Surgical approach? VATS is best option VATS, but mini-thoracotomy may be
needed

CASP, catheter aspiration of pneumothorax.
“Surgical approach includes a combination of bleb excision, apical pleurectomy, pleural abrasion, talc or doxycycline pleurodesis

3) Diagnosis

@ Chest PA
+ Amount of pneumothorax
* If small amount, check expiration CXR
« If necessary to ddx from large bulla, check decubitus CXR

@ Chest CT
+ Bleb; subpleural collection of air within layers of visceral pleura as a result of ruptured pleura. Air from ruptured

alveolus dissects through the thin, fibrous layer of visceral pleura to form the bleb

* Bulla; air—filled space within the lung parenchyma as result of deterioration of alveolar tissue
+ Cyst; congenital or acquired, check valve obstruction of small bronchioles

+ LAM; lymphangiomyotosis

4) Treatment
D Flow chart (slide)
@ Tube thoracostomy
+ Small bore (10 Fr); + portable bag
» Large bore (>20 Fr); for chemical pleurodesis

+ Skin incision; considering port site of VATS

17
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* Subcutaneous tunnel
* Rib upper margin
* Removal on Valsalva maneuver
(® Chemical pleurodesis
+ Aseptic inflammation with symphysis of pleura
+ Doxycyclin, Tale, Fibrin glue, Betadine, Autologous blood:-.
@ Surgical indications
« Recurrent ipsilateral pneumothorax (PNX)
+ Contralateral PNX
+ Bilateral PNX
* Persistent air leak >2-5 days
+ Hemopneumothorax
« Professional at risk (pilot, diver)
+ Large bulla visible on chest x—ray
® Surgery
* VATS wedge resection; me, single or multi—port
+ Mini thoracotomy; secondary PNX
® Additional procedure to prevent recurrence
+ Mechanical pleurodesis
« Visceral pleural coverage (bioglue + bio sheet <surgicel, neoveil >)
+ Pleural symphysis with chemical agents
(D Reason of postoperative recurrence
* Regrowth of bulla at stapled margin
+ Missed bulla at first operation

* Regrowth of bulla at other sites

2. Pneumomediastinum (supplement slide)
1) Definition: air in the mediastinum, generally benign, self-limited

2) Pathophysiology
+ Caused by air from pharynx, tracheobronchial tree, esophagus

+ Excessive intra—alveolar pressure — rupture of perivascular alveoli

Higher
pressure

/ in alveoli {

Mudistrum

18
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3) Diagnosis
+ To ensure that a serious underlying cause is not missed

+ CT, Esophagogram, Bronchoscopy

4) Treatment

+ Close observation
+ Subxiphoid incision along the entire length of sternum

+ Transverse suprasternal incision

3. Pleural effusion
FH| 7t& 9% & (pleural effusion) ol
FHSE EY HE 575 TE Tt 3 4 ol T TcH 5 e

o,
= Hl—r%"i‘( *%’E‘I Y$YE ol Hffl-?- Creiet $IX]of °”‘d$l7‘il sue
# e RO et 82 HESE AlYslo SYS HEY + A0foF

BHCH
2702t =5
Baske At 80| Jta2 HALE & 4 ULk, ik
@283 xiz gxol ga yyes B+ Uk i
| Advanced FctE x| 7159 M= 45 otof Alg® == Ut EHYAIH
(3,a%h S2MESE A5 510 AW 5 At (=54
1 (thoracic duct) B}2|, AEHE Z=510]| Al = QUCH
S7HET ZEE JEl| AlgE =+ o)
Faradvanced SE2Z EXEFS HEE + AUCH EHHAH
(e E’:‘E}%ﬂi 0|85t BUME HE & mtofoln Hets| tyet =9l (:54)
=H 712942 (pleural effusion) oty
+EFE =9} & S8 Ese Tk e = DAY TCHE = e, 2} Fichy
e HI‘““E’ﬁ Za W § o|shstn CrYet Qx| QHEEH B2 YU
;‘- T-lc":ﬂ Hao datME 82 ES® AlESIol F8& SHET 5 Aojof
& Y
Basic 7t5% H@Eo S0 oSS 2E® <+ UCH TEEI}
(1, 249%h t5Y H@e T eeE 2% ® = UCL (2ITIAD
7159 A@ol Y weE 4% ® = U
50 MEo X2 wYE 8% ¥ 4 2ot
8% HE0M BB HUSC HSSE MW = UCh
EEUM Ewe HESH 2EH = UL
Advanced B2 (thoracic duct)2| FHAZE WBT £ QL) FEHI}
(3, 44%h SO1EC H=2X Lo CHsiM ST 5 QUCh (ZITIAl
FOI88 +& Al7|2} Chs =& 2o CHofAM 2T =+ QUCt
Far advanced 527
gl
{ : (BI1ZIAD
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1) Pleural effusion
* 4 types
+ Hydrothorax; serous fluid
+ Hemothorax; blood
+ Chylothorax; lipid
* Empyema; pus

D Diagnosis

+ CXR, decubitus; blunting (>300 cc), shifting (r/o loculation)

+ CT; location, guide to PCD or chest tube

« Pleural tapping (USG—guided); color, amount, lab.

@ Differential diagnosis

« Exudate; fluid/s—protein >0.5, fluid/s—LDH>0.6, LDH >200 (Light criteria)

Transudate Exudate from local pleural process

from systemic disease Infectious Inflammatory Lymphatic abnormality
Congestive heart disease Pneumonia Pancreatitis Yellow nail synd.
Albuminemia (bacterial and mycobacterial) Radiation Lymphangioleiomyomatosis
Cirrhosis Subphrenic abscess Hemothorax Malignant obstruction
Urinothorax Malignancy ARDS
SVC obstruction Immunologic ds
Atelectasis Lupus pleuritis
Trapped lung Rheumatoid pleuritic

Malignancy Wegner granulomatosis

Pneumonia Sarcoidosis

* Volume; large — malignancy

* Color; bloody and recurrent — malignant pleural mesothelioma

Milky — chylothorax

+ High amylase — esophageal perforation, acute pancreatitis

+ Low glucose — Tuberculosis, empyema
@ Treatment
+ Thoracentesis

+ Tube thoracostomy

+ Chemical pleurodesis; malignant pleural effusion

+ Pleuro—peritoneal shunt

@ Indications of tube thoracostomy (or VATS drainage)

+ Parapneumonic effusion, complex type
— Pus
— Positive Gram stain or culture
— Glucose <60 mg/dl
— pH <7.20
— LDH >3x upper serum level
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— Loculation

® Flow diagram for workup of pleural effusion

Pleural effusion
Y

Assessment

Possible clinical cause of transudate
|

-

Mo

'

Thoracentesis
Send for cytology, total protein,
LDH, pH, glucose, Gram stain, and cullure

'

-

Yes
'

Treat

Possible empyema, chylothorax

or hemothorax
[ 1
Mo Yas
Additional pleural fluld tests:
Empyema - Centrifuge
Chylothorax - Cholasferol and
3 ;
Hemothorax - Hematocrit
Transudate?
— L
No Yes
v '
Pleural fluid analysis
suggests diagnosis Treat

(e.g., amylase - pancreatitis
glucose - rhaumatoid disease)
I

'

Mo
Thoracic CT

Pleural biopsy - w's guided, closed,
or thoracoscopic

Diagnosis?
|

' '

Mo Yas

Thoracoscopic
blopsy

Diagnosis?
|

v
Mo Yes
|
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2) Hemothorax
O Embolization
@ Indications for thoracotomy after tube thoracostomy
+ Massive hemothorax, >1,000 to 1,500 mL of initial drainage
+ Continued bleeding, >300 mL in the first hour, >200 mL/hr for 3 or more hour
* Increasing size of hemothorax or clotted hemothorax

+ Combined with persistent or large air leak

3) Chylothorax

D Thoracic duct course (slide)
@ Composition of chyle
+ Fat in thoracic duct lymph
— Neutrdl fat, Free fatty acids, Sphingomyelin, phospholipids
— Cholesterol, Cholesterol esters
+ Fatty acids of <10 carbon atoms
— Absorbed directly into the portal system
— Largely bypass the lymphatic circulation
— Medium—chain Triglycerides (MCTs) has been used
+ Cellular elements: predominantly T lymphocytes
+ Fat—soluble vitamins, antibodies, enzymes, urea nitrogens
* Bateriostatic due to high fatty acid content
* Very little pleural reaction
@ Causes — injury site (after surgery)
— Below the T6 level: tend to present on the right
— Above the T6 level: tend to present on the left
* Radical neck dissection
+ PDA, CoA — left subclavian artery
- Esophagectomy — direct trauma (0.5%—3.4%)
+ MLND in lung cancer — paratracheal or subcarinal
@ Diagnosis
+ Milky or turbid (ddx, empyema—pus went down over time)
+ TG >110 mg/dl
+ Cholesterol/TG ratio <1
+ Lymphangiography (slide)
+ Intraoperatively; subcutaneous injection of 1% of Evans blue dye in the thigh
® Treatment
+ Conservative treatment for 2 weeks
+ NPO, parenteral (MCFA, middle chain fat acid)
* Radiation therapy especially in chylothorax associated with lymphoma or metastasis to mediastinum

+ Pleuroperitoneal shunting
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* Thoracic duct embolization

— Lymphangiogram

— Cisterna chyli cannulation

— Catheter threaded up the thoracic duct under fluoroscopic guidance

— Coail or glue injection to leak point

— Success rate: 45—71%

— Sometimes accompanied with MRI to localized cisterna chyli

— Contraindication: previous abdominal surgery hx,

+ Surgical management

— Direct ligation of thoracic duct; preop. Ice cream or high fat milk (slide)
@ If the leck can be identified

— Mass ligation of thoracic duct
@ If the leak cannot be identified, extensive dissection should be avoided
@ dll tissue between corta, spine, esophagus, azygos vein, pericardium
@ Above the diaphragmatic hiatus via the right pleural space
@ Particular care following esophagectomy

— Indications
@ loss of >1,500mL/d in adults or >100 mL/d in child over 5—day
@ Persistent leak for >2 weeks despite conservative management
@ Nutritional or metabolic complications
@ [f the lung is entrapped or pleural symphysis cannot be achieved

— Early attempt is better

— Right—side mass ligation > direct repair of the leak

— Thoracic duct between corta and azygos vein

4, Empyema

+ Collection of pus in the pleural space

o l2 2 B3 (empyema) o

=g =8O HoE HBT 4+ ol HegHoe HEh « A0l 50 HES
i A7 9ST 4+ 2ol BY SIS Eloesser T5& S50 AW T 5 9
o +5 ¥ WY 2|, HESE SYH2: JUSH sBE HEY = 2

ofof #C}

ol 8x| 4
Basic NeDBTC BUE HEW 5 UL T}
(2d%)  ZSDEE IT WHE HHW = UCk (EEAY

TS TEIFY (g, Olard, TR HEE o+ Si0h
7@ FEEN OE XaF 2HW + 2k

Advanced e D8RS e E Y 25T + 20 L
i3, 4% e BT +u T UYETH 08 @B W o 2O (ST
s 2 W40 JsY DT S e OjHs 98T - QU0
BR U Y 1S E o Qe UEY oiEY HE 5 U
Far advanced FEEI
Hea)
: (ETAD
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L |

HegH

Basic

(1, 23xh

Advanced
(34493

Far advanced
{fellow)

tE1 88 (empyema)

JenEEe H9 BER XEo cjsy QWY - Sk
e FYo| Hefde 8] KE0 CHBY O|HBICE

72 8

HEEES Mbed HAE W s UL

Hi=REo B3 HEE AEE s U0

O 3 W s HES AYY + 2UCH

Eloessert| Him@ BX19| CHYUE AWY + RUCLH

BT & USRS BE AER £ AUCL

>R E 27 RES Y7 HE HEDE ABE 5 AC

@ F HEY S0F SET o YRE FX MY = 2UCH
Eloessers] i@ ¥ BHAF 0|88 AY&s A9 + 2UCH

b REY HiYe W O AWE + o

Eloesserd] HiE@ & AWE = 2UC}

OlE4 ZZ0HE O|ESY 7 DIBEE TES| siHW 5= 2UCH
7hE 1ETS HEE HE@E + fUCh

1) 3-steps dynamic process of empyema
D Exudative (0—2 weeks); nonviscous, freely flowing

@ Fibrinopurulent (1-6 weeks); increasing viscosity, thickening of pleura, loculation

® Organizing (>5 weeks); pleural peel

2) Decision making of surgery in empyema treatment

D At least 50% compression of the lung (esp, with apical involvement)

(@ Unsuccessful attempts at aspiration

® Lack of improvement after 6 weeks of conservative management

3) Contraindications for decortication

D Mdlignant pleural disease

(@ Endobronchial disease preventing lung expansion

(@ Extensive ipsilateral parenchymal disease

@ Significant operative risk
® Chronic debilitation

® Fibrothorax with limited subjective or objective impairment

4) Surgical technique
® Open

+ Posterolateral thoracotomy

+ 6th intercostal space to provide better exposure of lower lobe and diaphragm

- Rib resection (prn)

+ Extrapleural dissection, sometimes

+ Lung inflation at dissecting visceral peel
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ZM7|: Diagnosis and Management of Pleural Diseases

* Better to leave some layers of the peel behind than to create a severe lung injury, instead relaxing incision allowing
some re—expansion of lung
+ 3—chest tube (2 straight and 1 curved)
@ VATS

+ For early—stage

5) Postoperative care
(D Suction of dll chest tubes

@ Elective positive—pressure ventilation

@ CT check to identify the presence of any undrained collection

5. Pleural tumor

FH 7t&%Y FU(pleural tumeor) B

HasE laY E¢o ZRE oML 2o EYe] By, Nohwy =g W 8
U 5 T HEE0 it olMEich 2 AU 2o SHEEF] 2o H
B2 FEUAME AlYWSHX| WeCt

ojttx 4]
' Basic Jae Eyo BB Ao @UTAY BUG 4T + Ak PEEF
0, 2a%) o4 FHECl $& SR GRM 29 + A0 (@A) |
Advanced  Solitary fibrous tumor @] B4, A7, +& HH0| (81K WY + FEUT}
(3 443 UCh (@A)

:{‘E SOSIE +8 YUOCS ZHS, MM HofA 33 + 2

{ngr :E-a,':c':ﬁ"“d Solitary fibrous tumor2l 44§ AlASHE 2§ 4 ¢ ATk IEH7}
s MPM2| W2|BE 20 0T SIXt0| s HEE S Uk (2ITA)

=3 1Y% FY(pleural tumor) =7y

BE558 &Y SUC SHE oSSt Ao FYC| S THUY, s& JEY, 28
W, ea F HAS0 oM ojsffict &2 D= SHEET| M2
HE2 FEUME AESH B0

w212 8
Basic HEAa
(1, 2 Eh HE (g
! 224)
Advanced g LHSR ST HEMH AHE 498 = AUCE EHEAH
(343%h EFF T8 T o ¥ 219, 4% HUS A EE = Ak (rEd)
(For advanced 89 WHIGE NUF & UCk A
(fellow) (=)
1) Benign
D Solitary fibrous tumor (slide)

* Visceral pl >parietal pl

* Pedunculated

+ Hypervascular pedicle
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+ Malignancy 12%, especidlly if size >10 cm, heterogenous feature on CT

- Complete resection (+wedge or lobectomy)

@ Lipoma, lipoblastoma

(3 Adenomatoid tumor

@ Calcifying fibrous tumor

2) Malignant pleural mesothelioma (MPM)

@ Type

- Epithelioid (50—-70%), bad prognosis (Px)
- Mixed or biphasic (30%), worse Px
* Sarcomatoid (10—20%); worst Px

@ Stage
- T
Tl
T2
T3
T4

Nl
N2

Tumor involves ipsilateral parietal or visceral pleura only
Tl + Invasion of diaphragmatic muscle, lung parenchyma
Tl + Invasion of endothoracic fascia, mediastinal fat, solitary focus of chest wall

T1 + chest wadll, peritoneum, contralateral pleura, mediastinal organs, vertebra

Metastases to ipsilateral intrathoracic lymph nodes

Metastases to contralateral intrathoracic lymph nodes, ipsilateral or contralateral

®) Surgical treatment

+ Indications

v" Good performance status

v' Epithelioid or mixed histology

v" NO status
+ Methods

v' Partial pleurectomy

v Pleurectomy and decortication (P/D)

v’ Extrapleural pneumonectomy (EPP)

26



ZM7|: Diagnosis and Management of Pleural Diseases

6. Diaphragm

=g 729} F#(Disease of the diaphragm) Hrtgd
HEeRE JtRote| siedy P U WalE clMFict

WEY, Yot F29 wEe| el Wa W X2E 08 o)

tEbd WEHEE Y gy 8 XEF olsyEct

2 Zo sl ofsfBict

|| 4
Basic JEete 40 RE YRR MAET|UHO CHE 4 8 5 FERT}
(1, 2E%xh 2ict, (E[EAL

;!r[ar'ar A 80 M2 SyEMY RE LU B E T
20 W NCHE 90 AALHE LUYoD YUBLE 4Y

=+ QUCH

Slabd 7p29F BEO| HE) W2 § O ECh
_ FtEotyd WERHEL SEE D ABYE dHC
Advanced HEY 729 BHe R, ey g W Y2 sy P
(3, 4 %h O|BfECE (EIEA

MY 29 gEe XE W a3 YYE LGB

MEH 7t2e SEHO| 5 & 2| O YASH Ojs Q¥Bc

2 WP & HEF U redds 499ct

JIEY S WS, YUYy, G20 2y GFTch

F:,r?jéﬁ'““d Zt2% 28 FEE WA Y% B vE YUE k4052 TEHIt
a3 O HFE B2 2ME B9 HYE + 2UCH (EITLAL
=H 729 H¥(Disease of the diaphragm) B7puy

YSRE 2% B5AH IX Y MalF ojssict
MEM, QA 729 YAo| Wel Wal U XS ols) Bt
2o RN daLs U ARE ot
129 Faof cis ojssic

=712} =%

Basic 8 B2 Yo chsl ofsysch HEAMY
(1, 2Wxh s Ho] hsiM ojsgEct (rEa)
Advanced HEAY
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1) Structure and function
(D Three natural openings
* gortic opening; most posterior, aorta, azygos vein, thoracic duct
+ esophageal hiatus; middle
+ IVC opening; anterior, within the confluence of the tendons
@ Central tendon
@ Peripheral muscle

2) Phrenic nerve
D Anterior trunk — anteromedial & sternal branch
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(@ Posterior trunk — posteromedial & crural branches

(® Anteromedial and posteromedial branches are main

3) Phrenic vessels
(D Superior phrenic artery from lower thoracic aorta

@ Inferior phrenic artery from abdominal corta above the celiac artery

4) Diaphragmatic incision

@ Circumferential
*+ At least 5 cm lateral to the edge of central tendon
« Difficult to correctly realign

@ Central tendon
+ Centrally
* Excellent visualization
+ Always extend toward the posterolateral portion

@ Radial

+ For thoracoabdominal incision or resection of GE junction

5) Diaphragmatic resection and reconstruction
@ Resection; lung cancer with diaphragmatic invasion, mesothelioma, thymoma with pleural and diaphragm implantation
@ Reconstruction
* Suture anchoring the patch to the anterior spinal ligament
+ A tongue of extrapatch material folded inferiorly along the lumbar spine in simulation of the diaphragmatic crus

+ A composite of two patches of 2mm Gore—tex stapled together in the middle with TA stapler

6) Congenital diaphragmatic hernia

@ Definition; Muscle defect between abdomen and thoracic cavity + Pulmonary hypoplasia
@ Type
+ According to the site: Bochdalek hernia (90%), Morgagni hernia (2%), Esophageal hiatal hernia

hdalek
- According to the laterdlity: Left—sided (84%), Right—sided (14%), bilateral (2%)
+ Often associated with cardiac, GI, GU, skeletal, neural anomalies, or trisomies
® Pathophysiology
+ Long—term compression of fetal lungs by the herniation of the viscera into the thoracic cavity
+ Pulmonary underdevelopment and lung hypoplasia, both side
+ Decrease of the total arteriolar cross—sectional areq, increase of adventitial and medial thickness of all size pulmo—

nary arteries
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ZM7|: Diagnosis and Management of Pleural Diseases

» Persistent pulmonary hypertension (PPHT) > Respiratory failure, R>L extrapulmonary shunting, progressive acido—
sis and heart failure
@ Diagnosis
* Prenatal US: Presence of fluid—filled loops of bowel in the thorax
+ Prenatal MRI: distinguish a CDH from CCAM, pulmonary sequestration, bronchogenic cyst, enteric cysts or media—
stinal teratoma,
(® Management: No consensus
» Prenatal management: Fetal Tracheal Occlusion (FETO)
* Postnatal treatment
» After birth, all efforts should be made to stabilize the cardiopulmonary system during resuscitation
» Intubate to relieve respiratory distress, and insert gastric tube to decompress the stomach
» Ventilation by mask is contraindicated as it may cause a distention of the stomach situated in the thoracic
cavity
» Must be sedated but muscle paralysis is not encouraged because of its untoward consequences on ventilatory
mechanics
» Systemic hypotension must be reversed with fluid administration
+ Conventional ventilation: Controlling the peak inflation pressure (18 to 22 cmH20) by limiting the pressure of ven—
tilation while tolerating an oxygen saturation of 85% and a rise of the arterial pressure of CO2 (permissive hyper—
capnia), and stimulating spontaneous ventilation
- High—frequency oscillation (HFO): can used as the first choice of ventilation or when conventional ventilatory strat—
egies fail
+ Surfactant: Standard treatment in the fight against PPHT in children with CDH
+ Other drugs: Guanylate cyclase and cGMP—specific phosphodiesterase, Calcium channel blockers, NO
+ ECMO
» Criteria: vary widely from center to center, and the final decision is often reached when an infant shows a
clinical deterioration
» Type: Both venovenous and venoarterial techniques have been reported with equally effective results
+ CDH repair
» Optimal timing? Timing of surgery makes no difference in the outcome of early and late repair groups
» Must first take into account the stability of the child and its capacity to tolerate “gentle” ventilation with low
peak pressure, a FiO2 lower than 50%, a minimum of inhaled NO, and good blood gas values
» Cautions: Repair often worsen pulmonary compliance by reducing elasticity of chest wall and increasing intra—
abdominal pressure
+ OP Technique
» Subcostdl incision > Reduce herniated viscera > Repair diaphragm w/non absorbable interrupted mattress or
pledgetted suture
» Transthoracic approach: especidlly for a CDH on the right side, affords a nice view for a liver reduction,
> Prosthetic implant may be needed, but no optimal patch material (too rigid for adapting to the growth of thoracic
cavity)
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® Prognosis
« Mortality rate? 20%
* Major determinant of survival? Degree of associated pulmonary hypoplasia + Severity of pulmonary hypertension

- Two factors influence postnatal mortality? Timing of termination of gestation + Presence of additional anomalies.

7. Post-resectional pleural space
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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 chesi
well as the ¢

e sternum as

Usually itis
marked as tl

85 more

‘ession on the
»f the anterior
ebral column.

* Pectus excavatum is a relatively common anomaly
- occurs in about one in 300400 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)

3
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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

“i~+gorical period

. 1 )
- \\
5 2 :
-Sthti = =
+ Judet £ > /
reatt.
chest

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

Onteatomy -
Antract b0 X

1 ¥ $ vamaca

#22

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
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Nuss procedure
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Post-oparative

Why a new approach?

NORFOLK 1977
POST RAVITCH REPAIR

Failed rib regeneration, subcutaneous cardiac impulse

Acquired Asphyxiating Chondrodystrophy

Rigid and corrugated anterior chest wall.

Second opinion post Ravitch recurrence,
Procedure done elsewhere.

When removing the rib cartilage it bent to a 90* angle

“Why are you removing it?

Can you not see how flexible it is?”
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A New ldea

1st Patient — One month Post

A.C age ten, 6 years post repair
Keloid formation

Conclusion: Move the incision away from the anterior chest.

1987 1987
First Minimally Invasive Pectus Procedure
Kelly clamp tunneled under the sternum
Thoracoscopy

With Co2 Insufflation (1998)

Helps with selecting bar position and makes the procedure safer.
May be inserted on the right, left or both sides.
Always keep the Tip of the Introducer in view

New Instruments

“New introducers”
permit sternal elevation

Introducers greatly facilitate tunneling

Sternal elevation corrects the deformity before bar insertion
and decreases the amount of pressure on the bar.
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PDS pericostal sutures 2002

P LT

| 1999 2001

Parallel vs Cross

Vaccum Bell

n cup for pectus excavatum:
cd — ht, canitbe

v ,E[onfigure the

the internal m _ g
reconfigure the chest

Silastic molds

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

*  Pectus carinatum is 16.7% of all ches
Boston children’s hospital experienct

* Chondrogladiolar type : most freque
- anterior protrusion of the body of the

N

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

PC is 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.

n is surgical, often

* The current cc”

[

T 1
involving rese: sternal osteotomy

and recently t! modifications using

thoracoscope.
+ The majorityc A B c tions of the
procedure firs ) zh.

1960s and 1970s

* Some authors reported corrective

Dynamic Chest Compressor

A Minimally Invasive Technigue to Repair Pectus Carinatum.
Preliminary Report
on, Arch Bronconeumol 2005; 41: 349 - 351

= CNEsL wdil wds ¢

- intrathoracic co

- the strut was removed after 1 year
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Compressive bracing
for Pectus carinatum

Bracing of Pectus Carinatum : a Preliminary Report

Ajou L School of
Department of Thoracic and Cardiovascular Surgery
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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,

gth Annual International Nuss Pectus Excavatum and Carinatum
Lecture Series
June 23-24, 2011

New brace

Overcorrection

1] ¢

Atypical lesion

=

Flared rib
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Brace with Excercise

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

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 signal is carried to sweat glands by
cholinergice =~ "

Sweat glands recetve signah

Hypothalimas serses e and sacrte et

in bemperature and sends

Idiopathic [‘ signals via nervous system f 1'
- Sweat glar ._’,_.! & nally normal.
— Abnormal o :

<,

[
==

Blood ven v

Genetic com m ?.._,-..f..n.i dalate

Homeotasn
eaprial fonty Temperatuie
of apprmsimately 3-38°C
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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

Tabie 2. Comparison of Therapies for Primary Hyperhidrosis

Treatment Cost*

Side Effects

Topical, 20% to 35% aluminum chlaride 266« fyear Skin irritation, localized burning, stinging, desquamation,
poor eficacy, temporary (lasts abous 48 hours per
application)

lontophoresis (usually 20 mA 3 w0 4 $500/device Iritation, dryness or peeling of skin, burning or stinging

treatments a week for 30 o 80 during therapy, temporary (one treatment Lasts 1 bo 4

miknutes cachh weeks). Not recommended for women who are
pregnant ar for persons with pacemakens or substantial
mplants (e, joint replacements)

Oral therapy (ghycopyrrolate, atropine, $240+ Iyear Diry mouth, dry eyes, constipation, mydriasis, difficulty

acetylcholine inhibitoes) urinating, blurry vision

Botulimsm toxin (Botox A or B) L2500 sessbon Pakn from injections, musde weakness, headache,
hematoma, swelling, need for repeat proceduncs

Liposuction/VASER 53,000/ session Hematoma, superficial skin erosion, alopecia, paresthesia

Endoscopic tharacie synipathotomy §15,000 Compensatory hyperhidrosis, bradycandia,

preumatharay, postoperative pain, Homer's syndrome

* Approvimale cost b 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

Nomenclature for Sympathetic Surgery

Aerthial ganglion of cord
Arvaa suiblavia

Branch 1o o
mesrve from

Convicottoraci
ganghon

Lieft rocurrent laryn

Cardiac plexirs
Pulmonary plesu

Esophageal phesi
{anterior porton

- - Branches to esop
plexus from sym
trunk, greater the

Right - splanchnic nenv
Illotarﬂm il thoracic aoic §
splanchnic nerve

i‘l’&nﬂmﬂﬂ sAnterior vagal |

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
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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 RS 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(but clipping shows
recurrence)
* If the correct level division was achieved
— Enough separation between the ends of the chain
* Regrowth is impossible

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? controversial
= Injecting bupivicaine
+ reversibly achieve sympathetic nerve blockade observe for CH

* Treatment

— Ditropan or other anticholinergic medications in escalating
doses

Compensatory Hyperhidrosis

Reversal surgery
* Nerve reconstruction

* R5,6,7,8?

|
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Gustatory Hyperhidrosis

Postop. Craniofacial hyperhidrosis d/t food
* Variable degree even smell, vision

* 15-50%

* Informed consent : necessary

Thoracic Outlet Syndrome

What is TOS

* TOSis a group of anatomically related, conditions caused by

compression of neurovascular structures that serve the upper
extremity. S

Scalene triangle

Classification

Characteristics

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

. B tD:"-\gmﬁlﬂdrivif‘. Z.l!ilhrw.“liﬂt_l! h”‘?"““ul
- WhIPIESh injury ::aim 10 the vehicie. :BE‘mﬂ;nu u:rﬁ‘:::u
Repetitive strain N o O
Etc. >
= Tumor

= Hyperostosis
— Osteomyelitis

Nehicle traveling forward

Evolution of TOS surgery

Table | Evolution of thoracic outlet syndrome surgery

Year first Surgeon who
Name of opemtion perfonmed imtroduced it
Cervical b resection 1861 Coote
First rib resection 1908 Murphy
Sealenotomy 1927 Adson/Coffey
Firsa rib resection - posterior approach 1961 Clagen
First rib resection - supea- and infraclavicular approach 19605 Varioss surgeons
Firna rib resection - transaxillary approach 1966 Roos
Sealenectomy 1938 Adson
Refined scalenectomy 1979 Sanders
Combined approach (tramsaxillary first rib resection followed immediately by 1989 Atasay

transcervical anterior and middie scalenectomy)

(Adson and Coffey 1927; Atasoy 1996, 2004b)
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Barnes-Jewish Hospital
Washington Univ, St. Louis

721%

By Cases for Calendar Year 2014
il 240 Total Number of Cases

233% &

4.6%

Muiltidisciplinary TOS Clinical Care Team  Aneral TOS =~ Venous TOS  Neurcgenic TOS

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
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Lung Transplantation
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Adult and Pediatric Lung Transplants
Number of Transplants by Year and Procedure Type
History of LTx 5000 =
4500 g1
*1963: James Hard g 4000 ™
: Y THEWORLDSFIRST 1063 5 00 -y
*13 human LTx: 18 days  BESNICRGLNEZT LS i S o
g
'.g 2500 -
+1983: Joel Cooper O uMMC § 2000 et
*1% successful single LTx £ 1500 o i
= 1000 -
= it A
*+1986: Joel Cooper o ETERT

1% successful double LTx

R AR

NOTE: This figure inchudes only the lung transplants that
are reported to the ISHLT Transplant Registry. As such,
‘this should not be construed as representing changes in
the rumber of lung tramsplants performed worldwide.

15t LTx in Korea

+  The first operation

+ 1996

+  Right single LTx
+ Recipient

* M/53

+ IPF
*  Donor

= M/I8 g

+  Traffic accident l
+  Survival : 82 days

+ Cause of death : aspergillosis

Number of Solid Organ Transplants
from the Brain Death Donors

(E24: 20

=wg [0 z|2[3|7 397 ]8]
R R E ) EA A eI Enl
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StMXI: Lung Transplantation

Indication

Recipient considerations

I. High (=50%) risk of death due to lung disease within 2 years if lung
transplantation is not performed:

II. High (>80%) likelihood of surviving at least 90 days after lung
transplantation;

111. High (=80%) likelihood of 5-year post-transplant survival from a general
medical perspective provided there is adequate graft function,

Absolute contraindications

*  Recent history of malignancy
= Adoper diesse fre inerval combined wilk  low preicted sk of ecustenceafe lung ransplaniason,foe instance
in skan cancers other tham melanom:
= AS-year discase-froe interval lhu‘ﬂ be demonstrated in most cases, particularly hematologe malignancy. sarcoma,
‘melanoma, of cancers of the breast, bladder, o kadney

*  Poorly lled of another major organ system
— Hheant, liver, kidney or brain discase usiless a multi-ongan transplant s being mlmdcml.l
*  Uncorrected coronary artery disease with end. or
coronary artery diseasé not amenable to revascularization

An unstable medical condition (acute sepsis, myocardial infarction, and liver failure)
Uncorrectable bleeding disorder

Poorly controlled infection with a virulent and/or resistant microbes:;

Evidence of active Mycobacterium tuberculosis infection

A chest wall or spinal deformity expected to cause severe restriction after transplantation
Class 11 or 11l obesity (BMI=35.0 kg/m?)

Current non-adherence to medical therapy

Psychiatric or psychological issues

Inadequute social support system

Functionally limited with inability to participate in a rehabilitation program

A history of illicit substance abuse or dependence (e.g.. alcohol, tobacco, marijuana, or other
illicit substances)

and/or

Relative contraindications

+  Age
_l" 65 years i assocttion with kow physiologscal reserve andior other relative contramdications
—  Although no limitation, >75 years of age are less likely to be candidates for lung transplamation
+  Class | obesity (BMI 300 to 34.9 kg/m2). particularly central obesity
+  Significant malnutrition
*  Significant osteoporosis
+  Extensive prior chest surgery with lung resection
+  Mechanical ventilation and/or extracorporeal life support (ECLS)
—  Casefully selected candidates withont other acute of chronic organ dysfunction may be successfully
transplanted
+  Colonization with resistant or highly virulent pathogens;
+ G infected with b is B and/or C
= Without clinical, radiological
whe are stable on appropriate therapy
*  Patients infected with HIV
= Controlled disease with undetectable HIV-RNA, and adherent with anti-retroviral therapy (cART)
+  Extrapulmonary conditions that have not resulted in significant organ damage
*  Diabetes mellitus, systemic hypertension. epilepsy. central venous obstruction, peptic
uleer disease, or gastroesophageal reflux

ar | signs of cirthosis or portal hy amd

Adult and Pediatric Lung Transplants
Recipient Age by Year (Transplants: January 1987 — June 2017)

é#@#fw’@o‘fé‘#ﬁff.ﬂff.ﬁféﬁﬁ%@w&%&

Year of Transplant

2

]
Median recipient age (years; blue line)

% of Transplants
B

-
@

Transplant Recipient Age:
KONOS 2010 - 2017

100%0
0%
6%

0%

% of Transplants

20%

% -
S8

I
Year of Transplant

|--s w10 5-18 ®-34 w-49 w-64 w-T4 l-75|
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Indication for lung transplantation

Obstructive

= Emphysema

— a-| antitrypsin deficiency

= Obliterative bronchiolitis
Suppurative

= Cystic fibrosis

= Bronchiectasis

Interstitial

= Idiopathic pulmoenary fibrosis
= Sarcoidosis

= Connective lissue disease

= Eosinophillic granulomatosis
= Occupational lung discase
= Hypersensitivity pneumonitis
= Drug intoxicity

= Lymphangicleiomyomatosis {LAM)

Indication for lung transplantation

= Obstructive
= FEV1< 25% predicted and/or
= PaC02=55 mmHg andlor
= Cor pulmonale
= Preference o patients on oxygen therapy
*  Suppurative
—  FEV1< 30% predicted or
- FEVI1= 34 with
*  Increased pumber of hospitalization
*  Rapid fall in FEV1
Massive hemoptysis
Incrensed cachevia
= PaCO2> 50 mmig
= Pulmonary fibrosis
= Symptomatic and progressive disease
—  Abnormal pulmenary function without symploms
—  Vital capacity < 60-T0% predicted
= DLCO correcied < 50-60% predicied

Adult Lung Transplants

Indication for lung transplantation s O o v i o
Diagnosis SLT (N=19,112)  BLT (N=39,813) TOTAL (N=58,925)
*  Pulmonary hypertension COPD T525(39.4%) 10,505 (26.4%) 18,030 (30,6%)
- NYHAIllor IV ne TA00(37.0%) 5,064 (20.3%) 15,164 (25.7%)
= Cardiac index < 2L/min/m? £ 223(L2%) 8871 {32.3%) BGILLAR)
— Right atrial pressure> 15 mmHg ILD-ast 1P 16T (S.6%) 2209 (£5%) 3276 (5.6%)
: N ALATD BOG (4.2%) 2,056 (5.2%) 2862 (4.9%)
= Mean pulmonary arterial pressure> 35 mmig
N . Retransplant 966 (5.1%) 1410 (3.8%) 2,376 (4.0%)
*  Eisenmenger syndrome 1PAH 93 (1L5%) 1,609 (4.0%) 1,702 (2.9%)
— NYHA Il or IV Non CF-bronchicctasis T3 (04%) 1,526 (3.8%) 1,599 (2.7%)
= Progressive symptom Sarcoidosis 328 (1.7%) 1,126 (2.6%) 1454 (2.5%)
PH-not IPAH 136 (0.7%) 767 (1.9%) W03 (1.5%)
LAM/tuberous sclerusis 155 (0.8%) 400 (1.0%) S55(0.9%)
on 76 (0L4%) 431 (L1%) 807 (0.9%)
[Si] 154 (0.5%) 349(0.9%) S03 (0.9%)
Cancer 7 (0.0%) 30 (0.1%) 37 (0.1%)
Other 401 (2.1%) 460 (1.2%) 861 (1.5%)
Adult Lung Transplants - N
Major Diagnoses by Year (Number) Indications of LTx in Korea:
4,000 KONOS Data 2010 - 2014
BCOPD ®mAIATD oCF mlP ollD-notliP @Ret t =
| Fassierd | L 2o | 2o [ 202 [ 2013 ] 2014 ]
Asbestosis 1
£ a0 Bronchicctasis I 5 6 I 2
m
g. 2,500 Cystic fibrosis 1
E 2000 Eisenmenger SD 1
%5 COPD/Emphysema 1
| IPF 7 9 12 2 25
E 1,000 | LAM 1 3 2 1 2
Hi
s PPH 1 1 3
BO after Tx 1 3 5 5
]
Unknown 1 2
TR
FEEE ST EEEE S PSS T % 7|E} 6 12 12 14 20
Tranaplant Yeor Total 18 35 37 16 55
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Complication

* Ischemia-reperfusion injury
— the most worrisome complication in early postoperative course
— Characteristics
+ progressive lung injury over the first few postoperative hours
+ noncardiogenic pulmonary edema
+ mild and transient edema in most cases
— Causes
+ poor preservation of the graft
+ Prolonged ischemic time
+ Aspiration in the donor lung
— Treatment
+ Mechanical ventilatory support: minimizing inhaled tidal
volume
* Diuresis
* NO inhalation
+ ECMO

Anastomotic complications
= Bronchial dehiscence and necrosis
— the early use of sirolimus

Acute rejection
= Lung : susceptible to acute rejection among all solid organ transplants
= up to 50% of patients within the first month
— present with cough, desaturation, low grade fever
= pulmonary edema pattern or normal in X-ray
— Diagnosis
+ transbronchial biopsy via bronchoscopy
— Treatment
+ IV pulse dose steroids
+ optimization of the cyclosporine and azathioprine doses

* Infectious complications
= leading cause of early postoperative deaths
— predispose to acute allografi rejection
= Bacterial infections
* the most common in the early posttransplant period
* use of broad spectrum antimicrobial prophylaxis
-2 antibiotic regimen based on the recipient and donor sputum culture
= Viral infections
+ particularly CMV infection
= highest risk: R(-) + D{+}
— 12-week regimen of [V ganciclovir in high-risk mismatch
= Fungal infections
= Aspergillus
= Mortality: ~ 60% in aspergillus pneumonia
=T bination of systemic and inhaled antifungal agents
— Preventention
» oral voriconazole or inhaled abelcet
» Systemic antifungals
* Candida

Survival
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Adult Lung Transplants
Kaplan-Meier Survival by Procedure Type for Primary
Transplant Recipients (Transplants: January 1990 — June 2016)

100
Median survival (years):
Double Lung = 7.6; Conditional = 10.0
Single Lung = 4.7; Conditional = 6.5
75

p<0.0001

Survival (%)
3

25 ‘_‘_\_‘-—-‘-—-‘

——Bilateral/Double Lung (N=37 460)

=Single Lung (N=19 838)

[} T T ——r— 7 ——T—r—
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1
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In Korea
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Heart transplantation

History of HTx

*1964: James Hardy
15t Animal HTx

*1967: Christiaan Bernard
15t Human HTx: Survival for 18 days

*1968: Norman Schumway
*1 HTx in USA
*< 3months, less than 1/3 patients

*1983: Cyclosporine

First case of HTx in Korea
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Adult and Pediatric Heart Transplants
Number of Transplants by Year and Location
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Number of Solid Organ Transplants
from the Brain Death Donors

mHJ

2| 2013 | 2014 mslms.mn

19 20

Adult and Pediatric Heart Transplants
Recipient Age by Year of Transplant

% of transplants

(-9 =mi0-17 =miE-39 =Em40-50 =mE0-69 =mm70+ =e=Madian Age

Median recipient age (years)

Adult and Pediatric Heart Transplants
Donor Age by Year of Transplant

| E30-5 =mi0-17 =EmIE-39 =Em40-50 EmG0-68 =70+ Median Age

=
#

% of transplants
Median donor age (years)

Adult Heart Transplants
Diagnosis

OCHD

mHCM

micM

mNICM

BRCM

= Retransplant
avem

o Other

1/2009 - 612017

111982 - 612017

Adult Heart Transplants
% of Patients Bridged with Mechanical Circulatory Support*

by Year and Device Type
B0

BECMO BVAD+ECMO

oTAH oL

BRVAD aLvAD

% of Patients

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year of Transplant

* LVAD, RVAD, TAH, ECMO

50

Survival (%)

Adult and Pediatric Heart Transplants
Kaplan—Meier Survival
(Transplants: January 1982 — June 2016)

100
Median survival = 11.1 years:
Median survival conditional on surviving to 1 year = 13.7 years
75
50 1
N = 132404
25 1

o1 L Lo ST LS LS S S | Pt S | | P S S P et S LI P |

788101

112131415161718192021 222324252627 282930313233
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Adult and Pediatric Heart Transplants

Kaplan—Meier Survival by Age Group
(Transplants: January 1982 - June 2016)

100

N
)

Survival (%,
n

Years

Adult Heart Transplants
Cause of Death (Deaths: January 1994 - June 2017)
Couse of Death | 0-300ays | 310ays-1 | >13¥ears | 3.6 Yoars | 610 Yaars (>10-15 Years| >15 Yoars
(N=7,048) [Year (N=6,076] (N=4,258) | (N=3683) | (N=8,428) | (N=5789) | (N=5,176)

s:::“"l:?'“ s0(1.3%) | 212(a8%) | 484(11.5%) | 483 (13.9%) [1.201 (12.7%)| B34 (12.3%) | 860 (10.8%)
Acute Rejection 204 (42%) | S1e(msw) | #13098%) | 1724 | 17T (9%) | 62(0.9%) | 28(0.5%)
Lymphoma 2 [0.0%) 64 (1.1%) 104 (2.4%) 8 [3.1%) N2(3.3%) 183 [27%) | 108 {2.1%)
Malignancy, Gther 4004%) | 151(28%) | 529 (123%) | 720 (19.5%) [2,036 (21.6%)[1.438 (21.3%)| 865 [19.0%) |
[+ 1 3{0.0%) 58 (1.0%) 1 (0.5%) B{0.2%) B0.1%) 4(0.1%) 2(0.0%)
Infection, Non-CMV | 981 (13.9%) (31.7%)| 574 (13.4%) | 389 (10.5%) 1,006 (10.7%)] 736 (10.5%) | 638 (12.3%)
Graft Failure Eﬂlm 1,074 (17.7%) | 1,437 (26.5%) | O%) | 1,835 (19.5%) (1,176 (17.4%)| 862 (16.7%)
Tochnical so0(71%) | sapnewy | morw) | 2o | saqtom) | s1(12%) | e8(1.am)
Other M2da%) | o1ssn) | 33emen | 281 (men) | T19(me%) | 449 (66%) | 381(7.4%)
T.'::::' Organ 1,243 (17.6%)] 964 (15.9%) | 261(6.1%) | 209(5.7%) | 650(6.9%) | 571 (B4%) | 486 (9.4%)
Renal Failure 30 (0.4%) | B3 (0.8%) 57(0.3%) | M4(31%) | 516(5.5%) | 538 (m0%) | S00(9.8%)
Pulemonary 180027%) | 230(38%) | 175 (a1 | teaaan | a20a6m) | s18amw | 252000
Cersbrovascular | 842(7.7%) | 332(5.5%) | 18a(amw) | 1243.4m) | assarn) | sessem) | 20887
Total Deaths (N} LAk 6,979 5,276 4,647 12,489 8,763 T.735

Percentages represent % of deaths in the respective
time period. Total numbor of deaths includes deaths
with unknown causes.

Adult Heart Transplants
Cumulative Morbidity Rates in Survivors within 1, 5 and 10
Years Post Transplant (Transplants: January 1994 — June 2016)

Adult Heart Transplants
Post Transplant Malignancy (Transplants: January 1994 — June 2016)
Cumulative Morbidity Rates in Survivors

Total Nwith | Within  Total N with Total N
Qutcome e known | SYears  known | o veer with known|
— msponse | —

Severs Renal Dysfunction® 6.9%  (N=38,588) | 16.1%  (N=22,131)| 23.4%  (N=9,000)
Creatinine > 2.5 mg/dl 5.4% 12.7% 15.1%
Chrenic Dialysis 1.4% 2.9% 6.0%
Renal Transplant 0.1% 0.6% 20%

Diabetes® 210% i M MM ¥:

Cardiac Allograft Vasculopathy 7%  (N=35766) | 20.2%  (N=16921) [ 47.2%

15 ) = "
221 ymollL), dialysis or renal transplant
? Data are not available 10 years post-transplant.

> 2.6 mgldl |

RTAND LUNG THANSHLARTATION

JHLT, 3514 Oct: 3T[10): 11451208

MalignancyType Sukehians i A Sck s
Mo Malignancy 37,928 (94.8%) 20,922 (84.0%) B,451 (72.1%)
M (all types 2062(5.2%) | 3,981 (16.0%) | 3,277 (27.9%)
Malignancy Skin 677 (1.7%) 2,378(9.5%) 2,189 (18.7%)
Type Lymphoma 203 (0.5% 279 (1.1%) 211 (1.8%)
Other 1,141 (2.9% 1,545 (6.2%) 1,190 (10.1%:)
Type Not Reported 41 (0.1%) 38 (0.2%, 21 (0.2%,

“Other” includes: prostate (11, 31, 18), adenocarcinoma (7, 2, 1), lung (6, 5, 1), bladder (2, 3, 0),
Kaposi's sarcoma (0, 2, 0), breast (1, 4, 2), cervical (2, 3, 2), colon (2, 4, 3), and renal (2, 6, 1).
in are those within 1 year, 5 years and 10 years, respectively.

p may have more than one type of malignancy so the sum of
individual malignancy types may be greater than the total number with malignancy.

Skin malignancy includes melanoma
and non-melanoma skin cancers.

JHLT, 3314 Oct; IT(10}: 11481208

Survival after HTx in Korea

2
B % 835833888

]

=1

Imonths  1yr Iyr Syr Ty 9yr Iy

Immunosuppression

in organ transplantation
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Introduction

+  Alloimmune response
— Hyperacute rejection
« Onset: Immediate after perfusion
* ABO mismatch
= Tx: Removal of graft
— Acute rejection (Most common rejection)
+ Onset: 2 weeks ~ several years afier transplantation
= Infiltration of lymphocyte and interstitial edema
= Tx: Steroid pulse therapy, anti-thymocyte globulin
Chronic rejection
= Onset; 6 months ~ several years after transplantation
« Bronchiolitis obliterans syndrome: fibrous obstruction of bronchiole
* Humoral immune reaction, IR injury, CMV infection, HTN,
hyperlipidemi
« Tx: no medical treatment

» Types of immune suppression
— Induction therapy
— Maintenance therapy
~ Treatment of rejection

* Principles of immune suppression
— Combinations of agents
+ Different mechanism
= Synergic effect
* Reduced toxicity

Immunosuppressants

* Biologic agents
— Induction therapy
— Meonoclonal antibody: Muromonab-CD3 (OKT3)
— Polyclonal antibody: Antithymoceyte globulin/antilymphocyte globulin

* Non-biological agents
~ Maintenance therapy
Calcineurin inhibitor: Cyclosporin/tacrolimus
~ DINA synthesis inhibitor: Azathioprine/ Mycophemolate mofetil
— Steroid
— Mammarian Target of rapamicin(mTOR) inhibitor:
Sirolimus/everolimus

Calcineurin inhibitor (CNI)

* Mechanism
— inhibition of phosphatase activity of calcineurin in T-cell
cytoplasm
— inhibition of IL-2 production
— Monitoring of blood level: food intake
— Adverse effect
+ Nephrotoxicity: most common
« Lymphoproliferative disorder: cardiomyopathy in pediatric heart
transplantation (Tac)
+ Hypertension, hyperlipidemia (Cs>Tac): with steroid
* hepatotoxicity, hyperkalemia, hyperuricemia

Calcineurin inhibitor (CNI)

 Cyclosporine (Sandimmun®, Neoral®, Cipol*)
— No suppression of BM
— TGF-p1— fibrosis — BOS?
— Adverse effect: hirsutism, GI trouble, gingival hypertrophy

 Tacrolimus (Prograf®, Tacrobell™)
— up to 10~100 times more potent than cyclosporine

— Adverse effect: tremor (more severe than Cs). post-
transplant DM, neurotoxicity, alopecia

Calcineurin inhibitor (CNI)

» Drug interaction

— Increasing CNI level (cytochrome P-450 inhibitors)
Calcium channer blocker: diltiazem, nicardipine, nifedipine
Antifungal agents: voriconazole, fluconazole, itraconazole
Macrolide antibiotics: clarithromycin, erythromycin
Prokinetic agents: cisapride, metoclopramide

Others: benzodiazepine, cimetidine, methylprednisolone,
allopurinol

Food: Grapefruit juice

.

— Decreasing CNI level (cytochrome P-450 inducers)
+ Anti-convulsants: phenobarbital, phenytoin
+ TB medication: Rifampicin, Isoniazid
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Corticosteroid

Mechanism

— Prevention of cytokines production by B cell

= Inhibition of T-cell growth factor

— Anti-inflammatory effect
Type

— Methylprednisolone (1V): solumedrol

— Prednisolone:Solondo

— Deflazacort: Calcort, Prandin- reduced DM and moon face
Tendency to use low dose «+—dose and time dependent
Acute rejection: Treatment of choice
Adverse effect

~ wound dehiscence, infection, gastric ulcer, moon face, osteoporosis,
AVN, hypertension, hyperglycemia, wt. gain

DNA synthesis inhibitor

* Mechanism
— Block of purine synthesis
— inhibition of differentiation and proliferation of lymphocytes
+ Azathioprine (Imuran®)
— Adverse effects
* BM suppression (WBC=>platelet>RBC), hepatotoxicity, nausea, skin
cancer (?)
*  Mycophenolate mofetil (Cellcept™)
— Better effective than Aza
= Inhibition of smooth muscle proliferation—BOS]
— Acute rejection and recurrent rejection
— Adverse effects
+ < Aza: hepatotoxicity, BM suppression
+ = Aza; Gl trouble (Myfortic®), infection (strong suppression)

mTOR inhibitor

Mechanism
— mTOR inhibition— cell eycle arrest in the late G| phase of T-cell

No nephrotoxicity: Substitute for CNI
Anticarcinogenic
Antifibroproliferative effect

~ Treatment and prevention of BOS

Sirolimus (Rapamune®)/ Everolimus (Certican®)

Adverse effect

~ Hyperlipidemia, gingivitis, arthritis, BM stgﬁression. diarrhea, wound
dehiscence, elevation of nephrotoxicity of CNI

Anti-T cell agents

= Abs to antigenic determinant on T cell surface

= Polyclonal Ab: Anti-thymocyte globulin (Thymoglobulin®)
— T-cell depletion
— Adverse effect

= Cytokine release syndrome — fever, chill, headache, hypotension:
ac inophen, antihistamin, steroid

= CMV infection, post-transplant lymphoproliferative disease
+ Monoclonal Ab
— Muranonab-CD3 (OKT3)
= Treatment of steroid-non-response rejection
— IL-2R antibody:Basiliximab(Simulect®)/Daclizumab(Zenapax™)
= reduce modestly the incidence of acute cellular rejection
= no cytokine release syndrome, no increase in infection

Induction therapy

* Biologic agents

Advantage Disadvantage

.l ified i
early after Tx
* Reduced incidence of acute
rejection

* Delay of rejection until stable
graft function

* Ability to delay introduction of
nephrotoxic drugs such as Cs

* Reduced incidence of BOS

ISuppr ession | » First dose side effect

* Increased incidence and
severity of infection (CMV)
* Increased of PTLD

* Increased cost

+ Need for antimicrovial
pophylaxis

A
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Imaging in Thoracic Disease
Department of Thoracic and Cardiovascular Surgery, Yonsei University College of Medicine, Seoul, Korea

Seong Yong Park, MD, PhD

JAMA
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= Chest X-ray

= Chest CT, abdomen CT
® PET

= MRI

= Esophagography

= Bed-side ultrasound
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Seong Yong Park: Imaging in Thoracic Disease

Radiologic Density Contrast

Radiologic Density Contrast

= X-ray absorption coefficient
= Metal density ; bone, calcified LN
= Water density ; almost all solid
organs
= Fat density ; subcutaneous,
mesenteric retroperitonal fat

= Air density ; lung, hollow viscus

= Hounsfield Unit
» X40| 2 FtEC) #E U
ofl olsl) ks HEE MM
2 Ed

= Water o, Bone 1000, air -t000

Radiologic Density Contrast

Plane

Mediastinal window Lung window

= Axial; 2|0l M o2 = B A
= Coronal; @HOAM EF
= Sagittal; ZTHO|A EH

Chest X-ray

Pneumothorax, pleural effusion
Atelectasis
Infiltration
Mass lesion

Rib fracture
Central line, chest tube & 7| E} & #E2| 2| X| &ol,
fIxle] #

= Tracheostomy, L-tube, drain....
2hat 0| ™ X-ray®} H| 8| OF SHCH

DensityS & =75l Of StC}
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Chest CT

= Most important imaging modality in thoracic
disease (backbone of thoracic imaging)

= Contrast
= lodine dye
= Can cause the renal failure

- FF
* Chest CT contrast vs. noncontrast
= Chest HR CT
= Pulmonary CT
= Aorta CT

Chest CT

Chest CT

Axial, coronal, sagittal viewE 25 22l

Lung setting, mediastinal setting

Mediastinal setting2 2 MX| 2 £, lung setting2 £
HHLO{ M 2L}

Setting® HHY7HEA| 10| #13}7} QL= X| AT EC}
AYZ M E SAIM 2X| Yo, sHES HAY ED B E
S BEEE

Z % 9| Hounsfield Unit, contrast enhancement O£ &
F28HThM 7L ECk

CT 0] 0| X] Q| thicknessS &HQlgt 7

* Chest X-ray 7} OO S} 24t cTE &

(nonconO| 2t&)

2
rHt
il

= LeakO| _.I*'E|E AL E bariumSS HO| cTE

gZasliE 5 2t

= Nodulell} vesselO] SIZE AL
x| = HHQIX| EQISHT}

= 9| of2f = o] of
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Seong Yong Park: Imaging in Thoracic Disease

PET

= Glucose uptake of cells
= Physiologic uptake, inflammation

= Tracer; FDG, other tracers (ex. 11c-
MET for parathyroid)

* Parameters
* SUV (standardized uptake value)max,
SUVmean
= MTV (metabolic tumor volume)
= TLG (Total lesion glycolysis) = SUVmean
xMTV

Siography

PET

= Brain HH2 45| & 4 giCH

= 37|7} Z2 HH 2 FpG uptakeO| FOIE PETHAME E R
O|X| &2 %= 2/Ch 7mm ~1cm O] 442 £|0{0F EQl 715

= PET/CT &0l A & 0] 0|X| 7} 2t 5L A UX|SHA| 2EE 5= A
C}; breathing, normal GI motility

- g4 uEe o eE 4 At

= 2= #x| 2 M preoperative staging0ll 7} H&5t
imaging tool O|C}

MRI

MRI in esophageal cancer

= Useful situation

Brachial plexus invasion

Spinal cord invasion

Brain metastasis

Pancoast tumor, thoracic outlet

syndrome, mesothelioma,
adrenal mass

= Not useful situation
= Invasion of aorta or trachea

g9

= Chest MR with cine, dynamic,
T2-55H, b-FFE, THRIVE, DWI, Tz-
STIR

= Asymmetric enhancing wall
thickening of upper esophagus,
suggestive of esophageal
cancer.

= lll-defined margin between
posterior tracheal membrane
and esophageal mass,
suspicious of invasion.

= Suspicious of azygos vein
invasion.

* No definite aortic invasion.

* r/o metastatic LN in the Lt
highest mediastinum.

= Fibrosis with granulomas in
both upper lobes, probably Tbhe
sequelae.
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Pneumothorax

Pneumothorax in chest AP
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Skinfold

Pleural effusion

« 7 BB 201F
JlsdUS

= Line HPZO| =X
sl s

* LineO| B MX|
A%

Meniscus sign: | £ 258 fluid
level

cPAZ| blunting

75ml — posterior CPA blunting —
lateral view

150ml — Lateral CPA blunting —
chest PA

soml —+ Lateral decubitus view
(fluid shift)

Meniscus?| 41| SZ2| HEg

ol =5 F 1,000ml

Pleural effusion at chest AP

- B47HH HZo
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Seong Yong Park: Imaging in Thoracic Disease

Effusion vs. atelectasis

Pleural effusion at chest CT

Empyema sac

Empyema sac

Solitary pulmonary nodule

Table 3:7

DIFFERENTIAL DIAGNOSIS FOR SOLITARY
PULMONARY NODULES

NODULE ENOLOGY  DISTINGAN
E— P :

CHARACTERESTICS
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Mediastinal mass =
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for primary malignancy.

-
=
ga]
rlo

Ehak 0| AFZEI D} H| 5 Of $HCH = Enlarged LNs with intense FDG
uptake in the Rt. interlobar, Rt.

hilar and Rt. lower paratracheal

= & A £ BHE O|LHL| AFEIE EHQIsf o BiCt spaces, suggesting LN metastases.
- ST YO UAM KR E W 0|30l K| O] HEN " o middle esophagus, suspicogs.
)| i o Of Tt ’

for double primary esophageal
cancer. D/Dx> paraesophageal
metastatic LNs, less likely; Rec)

= FEF0= I=|"E"‘l 'JI}" H 0||:||1|2|' =408 gge;s.o{ He Enhanced CT and EGD.
A& ol O Ttrt
* No other remarkable findings.
e o12120| Y2Asts R CHE ROH IR 4 SUck (83

Bedside Ultrasound Effusion in ultrasound

Diaphragm
Effusion

Spleen

Collapsed

Lung:
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Seong Yong Park: Imaging in Thoracic Disease

Pneumothorax in ultrasound
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Pain Control After Thoracic Surgery

Department of Thoracic and Cardiovascular Surgery, Seoul National University Bundang Hospital

Jae Hyun Jeon

Post-thoracotomy pain

® Most painful incision
@ Poorly treated post-thoracotomy reduces
~ patient satisfaction
» quality of their life, their loved ones
~ ability to co-operate with postop. physiotherapy and

remobilization

® Effective pain control can facilitate a reduction in postop.

lications.

=

[T

complications, particularly pulmonary com

SNUHY eguganass

Pathophysiology of post-thoracotomy pain

Skin incision

Division and retraction of the muscles
Sometimes fracture of rib

Stretched ligaments

Dislocated costochondral joints
Injured intercostal nerves

e @ & & & @ @

Inflammatory response; pleural injury, chest tube drains, residual blood

® Central transmission of these multiple, complex nociceptive signals amplifies
pain transmission and increases pain perception through central sensitization.

=

[T
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Post-thoracotomy pain & Pulmonary function

Inspiration stretches the injured structures initiating a reflex
contraction of the expiratory muscles.
Splinting of the injured hemi-thorax limit the distraction of the injured

structures.

Reduced FVC
Aggravate atelectasis, shunting, and hypoxemia
Reduced inspiration, and effective coughing, expectoration

[T

SNUHY eguganass

Effective pain control

@ Effective pain control can
» quality of their life, their loved ones
» ability to co-operate with postop. Physiotherapy

» remobilization

=

[T

SNUHY eguganass

62




Jae Hyun Jeon: Pain Control After Thoracic Surgery

Predictors of Postoperative Pain and Analgesic Consumption

A Qualitative Systematic Review

Hui Yun Vivian Ip, MB.ChB, MRCP, FRCA," Amir Abrishami, M.D..t Philip W. H. Peng, MBB.S, FRCP.C.t
Jean Wong, MO, F.RCP.C.§ Frances Chung, MO, FACP.C.

mhﬂnﬁl distress.
Praoperative pain
Age Elderly patients : more susceptive to oplold analgesla
Jipeof segery  Thoracle surgery, abdominal surgery, 0S op..
P > o

P parception
Ceging
Precpanativs anaigeic  Prggmptive
Surgery for cancer
Surgery duration
Previcus surgery

Anesthesiology 2009; 111:657-77

[T

Pre-operative Preparedness

® Pre-operative Preparedness

POSTOPERATIVE
WT
WITH HAACOTICS

; Well-informed patients may "
experience less pain

; Patients should receive a full explanation
of the analgesic protocol, its limitations,
and potential side effects

TOTAL MORPNINE ey 214N D
]

Welkinformed
n|'l ' T 3 a Ll

DAYS AFTER ORERATION

Frauns 1. Poitoperation Treatment with Narcotics {Meani
for Eack Day + Standard Erver of the Mean).

NEIM 1964;270:825-7
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A Meta-Analysis Comparing Muscle-Sparing and
Posterolateral Thoracotomy

Ann Thorac Surg 2014:97:1093-102

o ..+ f—— B
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D4 pesied <oqpons o

Shoulder function; internal rotation ~ Paln score at POD #7 ™

Favers ST g— ':rnm P -
[ Favnur

There was significantly improved shoulder internal rotation, and pain scores on day 7.

| Fvois MET 4— |

Higher incidence of seroma, similar postop pulmonary function, and complications, g

=
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Non-divided intercostal muscle flap

A Nondivided Intercostal Muscle Flap Further
Reduces Pain of Thoracotomy: A Prospective
Randomized Trial

Robert James Cerfolio, MD, Ayesha 5. Bryant, MSPH, MD, and Lee M. Maniscalco, BS

Division of Cardiothoracic Surgery, Departments of Sungery and Cardiohoracic Surgery, University of Alsbama at Birmingham,
Hismingham, and Usiversity of South Alabara, Mobibe, Alabansa

Ann Thorac Surg 2008;85:1901-7

Intercostal Muscle Flap for Decreasing Pain After
Thoracotomy: A Prospective Randomized Trial

Amr Mohammad Allama, MD
Cardiothoracic Surgery Department, Faculty of Medicine, Menoufia University, Menoufia, Egypt

Surg 2010,89:195-9

[T

Non-divided intercostal muscle flap

IMF Group  PCS Group

Variable im = 60) in=60) Valse
Postoperative FEV, 6328 = A8 62532102 059
(% predicted)
Time to ambualation 1743 = 461 0003
(hours)
Pain scare {0-10) Int I le flap and int tal
Day 1 562115 oM
D2 421 0ne sutures are rapld, safe, and effective
Day 3 AR08 0018
Dayd 3=057 00+ procedures in decreasing early pain
Day 5 2084 0034
Day 6 062 | 178=07 00 after thoracotomy.
Day 7 115 = 048 14205 0m*
Number of analgesic dos 309 i6=11 0o
imjected in the
epidural catheter
Complications 0.959
Alr leak &(10%) 5(83%)
Empyema 1075 10.7%)
Bleeding 10.7%) 2033%)
Wound infection 305%) 2033%)
Chest tbe drainage (mL) 4808 = 1841 4583 = 1735 0506
Hospétal stay (days) 7+13 04D
Return to normal daily oot
activities {days) [T

Intra-costal sutures

Deill Creasing

s

Peri-costal sutures Intra-costal sutures

[T

Intracostal Sutures Decrease the Pain
of Thoracotomy

Robert |. Cerfolio, MD, FACS, Theolynn N. Price, MD, Ayesha 5. Bryant, MSPH,
Cynthia Sale Bass, RN, MSN, and Alfred A. Bartolueci, PhD
Diepartments of Cantiothoracic Surgery and Bustatistion, Ussversy of Alsbama ot Binminghas, Dirmingham, Alibasa

Ann Thorac Surg 2003,76:407-12

Taable 4. Mean Pain Scores With Standand Devlations at 2

Weeks, and 1, 2 and 3 Months After Jfor the 8 —
Tewo Grouprs .

Pericostal Intracostal o o

Group Group p Value 4 e

2 weeks 55:14 33:z19 0.004
1 month 3813 17214 oot 11
2 months 3=10 ISR L) < 0 o - - —
3 months 1608 06 =07 < 0001 Sweeks 1 month 2 monitha Soath

Fig 3. M puint scores with shindand deviations, (# = P grow:
| = | growp}

[T

Intracostal sutures +
intercostal nerve dissection

Intracostal sutures only

[T
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Rib approximation without intercostal nerve compression reduces
post-thoracotomy pain: a prospective randomized study

Ahmet Sami Bayram®*, Metin Ozcan®, Fatma Nur Kaya®, Cengiz Gebitekin

Eur J Cardiothorac Surg. 2011;39:570-4

0 160,00
% 140,00
n 120,00
o Basdi 00,00 I ® Andgeniccof
% AS a0 ] B VAS ot et
“ LUE T, « 1 1 0VAS g
BOVR ' »OVRS
¥ o 111
20 oREs BRSS
10 * 20,00 [
¢ 0,00 .
2nd 4th  8th  16h  24th  46th 2nd 4th Bh 1Bh 24th  48th
hour hour how hour hour hour hour hour hour hour hour hour
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Video-assisted thoracic surgery (VATS)

[T

VATS VS Thoracotomy

® Fewer complications Paul?

@ Less pain Nagahiro?

@ Better quality of life Handy?

® Better PFTs Nakata*

® Less pneumonia Whitson®
1. JThorac Cal 2010:13%:366-78

@ Earller recovery Flores® > Jm:;racm&gz:am
3. EurJ Cardigthorac Surg 2010 ;37:451-5

T 4. Ann Thorac Surg. 2000;70:938-41

® Easler for mgeﬂaﬂaﬂs Port 5 A:: m:mm:m?:sa-isss-m

® Better compliance with Petersen® 5 e sy sorsootony
8. Ann Thorac Surg 2007;83:1245-9

adjuvant chemotherapy

[T

VATS VS Robotic

[T

Evaluation of acute and chronic pain outcomes after robotic,

video-assisted thoracoscopic surgery, or open anatomic

pulmonary resection
o 3

J Thorac Cardiovasc Surg 2017:154:652-9

The benefits of RATS lobectomy in terms of
__ acute and chronic pain outcomes is unclear.

Aute Pan Soore

) T8 s

A 5 &
Post-<p Day

Agute pain score difference between RATS v VATS Acute pain score difference between MIS vs spen

Confidence interval r Confidence interval P
PODI L9110 03522 A (LTS 1o 02056 2506
POD2 DRSTS 0 (3002 w52 06298 o L1624 L]
PODA 09258 o 02341 un 141 o 06808 2070
PO - 13696 10 0.2447 179 038100 13176 L
PODS — 16287 10 01,1500 1033 08030 1o 1 4892 <0001
PODG -L1261 w0 041 TR 980 0.1855 10 15872 Aanaz
ron? ~247160 04178 1634 (G644 1o 22302 AL
PODH ~4.0033 10 12640 WITS L3177 1w 19556 D001
PO 33280 v | 629 2989 (LA408 1o 42324 004

Single-incision thoracoscopic surgery (SITS)

Table 3: Primary outcomes: Group A and Group B

GroupA  Group B[ P-value
H H - T 1 Fatients, n 51 55
Umpor:lal \nde? assisted thoraco.scoptc lobectomy versus other ezt : -
video-assisted thoracoscopic lobectomy techniques: i S ;:c:nL day : f o irsi ot .
= jian VAS on the thir g lobectomy does ni resen
a randomized study Median marphine use in the 4 n 072 y P
i S —— . first 24 h (mg) better postoperative outcomes
Valerio Perna*, Angel Francisco Carvajal, Juan Antonio Torrecilla and Orlando Gigirey Median morphine use on the 8 7 081
b i second day (mg) than VATS lobectomy.
Eur J Cardiothorac Surg. 2016,50:411-5 Miedan ol i o 4 S ii ¥
third day (mg)
(S

Table 4: Secondary outcomes with interquartile and
confidence interval: Group A and Group B

GroupA  GroupB  Povalue
Patients, n 51 55
Median duration of PVC 10,1 12 o082
Median duration of chest drain (days)  2(2,3)  2(1,4) 065
Median in-hospital stay (days) 325 325 082
ion 0 1 024 ﬁ

Operative or 30-day mortality 0 1] 1

[T
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Single-incision thoracoscopic surgery (SITS)

Single-incision thoracoscopic surgery for primary spontaneous
pneumothorax using the SILS port compared with conventional
three-port surgery

Hee Chul Yang « Sukki Cho + Sanghoon Jheon

Surg Endosc. 2013:27:139-45
SITS (n=27) VS conventional 3-port procedures (n=13)

(q

Surgery

1ary Spontaneous Pneumothorax

Single-incision thoracoscopic surgery (SITS)

Table 3 Efficacy of the unipont group compared with the three-pon

roup
Variable Uniport Three-port p value
in=17) n=13
Puin score
Day 0 41217 48+22 0.26
Day | 32+ 14 28+ 1 0,33
Day 2 27+ 10 6kl 061
TV analgesics 28 1.0 15+ 25 023
Paresthesia: n (%)
[ Yes 9333 < 10 i76.9) om ]
Mo 18 (66.7) 3231
Cosmesis: n (%)
Satisfied 19.170.4) 40307 003
Fair 7{159) > 5138.6)
Dissatisfied 1i3T) 430
Total surgical material LRI0 £ 3200 1,741 + 329" 058

oot (US5)

Original research

Subxiphoid vs intercostal single-incision video-assisted thoracoscopic
surgery for spontaneous pneumothorax: A randomised controlled trial

Lin Li, Hui Tian', Weiming Yue, Shuhai Li, Cun Gao, Libo Si
Departmest of Thoraos Swrpery. (ibe Hospinal Shandong Unfversey. fsan, Ching
Table 3

VAS scores of unilateral postoperative pain. Int.J Surg. 2016;30:99-103
SUV (n - 16) IV (0 - 15) pvalue |
VAS scorcs
PODO 20+ 031 420 + 0.85 <0001 | Single-incision subxiphoid
POD 1 1.37 £ 050 30+ 084 <0001
POD 2 056 + 051 1.20 = 067 <0001
n seem
POD 3 012 +034 066 + 048 oo | 3PP oach ed to be
SUV: Subriphoid unipoart VATS, ILUV: Intercostal uniport VATS. associated with lower
Table 4 postoperative pain.
VAS scores of bilateral postoperative pain.
SUV (n - 6) WV (n - 6) [ pvalue |
VAS scores
POD O 3.0+ 089 456 & 051 0003
FOD 1 166 & 051 10 & 063 0oo3
POD 2 066 + 052 150 + 054 0023
POD 3 033 2051 1.16 + 040 aom

SUV: Subiphoid uniport VATS, JUV: Intercostal uniport VATS.

Chest tube removal

The impact of chest tube removal on pain and pulmonary function
after pulmonary resection’

Majed Refai®, Alessandro Brunelli, Michele Salati, Francesco Xiumé, Cecilia Pompili
and Armando Sabbatini

Eur ] Cardiothorac Surg. 201:41:820-2

Table 2: Comparison of the pre- and post-removal pain

and FEV1

Variables Pre-removal Post-removal P-value
Static pain 26(2) 15(1.5) <0.0001
Dynamic pain 41(27) 24(19) <0.0001
FEVT (I/s) 15 (08) 1.7 (09) 0.0004
FEV1% 53 (24.7) 60.2 (30.8) 0.0004

SNUHY eguganass

ERAS protocol

Pain Management in an Enhanced Recovery (s
Pathway After Thoracic Surgical Procedures

Reza ). Mehran, MD, Linda W. Martin, MD, MPH, Carla M. Baker, M5,
Gabriel E Mena, MD, and David C. Rice, MD

Dhepartments of Tharade and Cardiovascular Surgery, and Anestheds, The Universty of Tesas MDD Anderson Cancer Center, Houston,
Texan; and Division of Thoraci and Cardiovascular Swrgery, University of Virginia School of Medicime, Charlottesville, Virginia

Ann Thorac Surg 2016;102:595-6

Pain management within an enhanced recovery program after
thoracic surgery

J Thorae Dis. 2018:10.53773-53780

=
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Jae Hyun Jeon: Pain Control After Thoracic Surgery

ERAS protocol ERAS protocol

Pre-, intra-operative
® Detailed written information about operation and perioperative care

ERAS guidelines recommend multimodal pain management strategies.

(I) The use of a variety of analgesic medications to target different ® Gabapentin 300 mg and tramadol 300 mg orally within 45 min of the Induction
mechanisms of action In the peripheral and/or central nervous system; ® Thoracotomy : multilevel posterior intercostal nerve block, before & after incision
® Minimally invasive procedures : preemptive injection into i | space
(1) The use of regional anesthesia; Post-operative
(Illy Avoidance of oploids whenever possible; #. Remove cheat tube s quicidy B3 possible

® Gabapentin 300mg po tid, 30 days
® AAP 1000mg qid IVS -> oral AAP

L]
Tramadol S0mg po qid Ann Thorac Surg 2016;102:e595-6

g ® Prn) Hydromorphone g

SNUHY eguganass I

(Iv) Transitioning to oral medications as soon as possible.

SNUHY eguganass I

The Comparative Effects of Postoperative Analgesic
Thoracic epidural analgesia (TEA) Therapies on Pulmonary Outcome: Cumulative Meta-Analyses
of Randomized, Controlled Trials
Anesth Analg 1998:86:598-612
Fisk Ratio 05% CI
Lo o 1 0 W snoy Yo _L“' “_
_ N . 5 R e
”___,‘_z Addson W s
Cufer ees n)
Cumturt e 0|
it o 3 e Hodln a7 7|
® mid-1970s; for high risk patients, R - N
1990s; mainstay of post-thoracotomy analgesia . g N O oL w| § P 1K
® “Gold standard" for post-thoracotomy analgesla, traditionally Predmonia T L - e
® Provide effective, and rellable post-thoracotomy analgesia ® Postoperative TEA can significantly decrease the Incidence of pulmonary
® Reduce pulmonary complications, and improve the outcome after thoracic morbidity ¢/w other local anesthetic methods, and systemic oploid.
Surge

SNUHY eguganass [

SNUHY eguganass

Pre-emptive analgesia Pre-emptive thoracic epidural analgesia (TEA)
® Pre-emptive analgesia Clinical Study
: anti-nociceptive treatment started before the noxious stimulus The Effectiveness of Preemptive Thoracic Epidural

; to prevent the establishment of altered central processing of sensory algesa In Thoract Surgery

input that amplifies operative pain
P P postope pa Engin Erturk,' Ferdane Aydogdu Kaya,’ Dilek Kutanis,' Ahmet Besir,' Ali Akdogan,'
; decrease acute post-operative pain Sitkran Geze,' and Ersagun Tugcugil®

; inhibit the development of chronic post-operative pain ® RCT, Patlents who underwent thoracotomy

® Preemptive TEA (n = 22) vs. Postop. TEA only (n = 22)

pre-incisional thoracic epidurals, paravertebral blocks, NMDA
antagonists, gabapentin and systemic opioids. E

=

SNUHY eguganass Huimin

Biomed Res Int. 2014;673682

)

SNUHY eguganass [
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Pre-emptive thoracic epidural analgesia (TEA)

I
*
n a
)
"
0 . =
= E
£ s =
£ K 3
G -
£ t &
2 4 ad
i
Preemptive TEA
L 132 hour 24tk bour
I H 4 6 1 H

Patient's demand count on PCEA Total analgesic requirement

Biomed Res Int. 2014;673682

[T

SNUHY eguganass

Pre-emptive thoracic epidural analgesia (TEA)

Postop pain score (VAS)

Groap C Group P Pvalue
Postaperative st hour 105+ 218 1902121 0,002
Postoperative 2nd hour > 140 £ 054 0.001
Postoperative 4th bour 1202 083 0.00%
Postoperative 6th bour 1052 163 [
Pastoperative Lth hous LID+137 0.50 £ 0,52 o
Pnllurfr.llllr 24th hour 754102 0.35 ¢ 081 0192

Biomed Res Int. 2014;673682

[T
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Pre-emptive thoracic epidural analgesia (TEA)

Fre-empive Control WD (random) YYeght WMD) (randorm)

or Suls: MlegOny N Maan (B0) N Mean (509 _,eo - %1

08 Pain o resd (24 hew)

Obala 1999 20 2.30(0.30) 30 3.5000.50) 6.7 -1.20 (-1.41,-0.59)
Meusten 2007 19 4.50(2.80) 11 4. 2003.40) - 2.88% 0.30 [-1.94, 2.54]
Ochoch 2002 47 2.2000.30) 55 L.60(0.30) 2846 0.60 [0.48, 0.72]
Senik 2000 32 0.10(0.30) 24 0.50(1.50) 1 13,08 -0.40 [-1.17, 0.37)
Yegin 7000 M 0.52(0.08) 31 0.80{0.08) ! o.16 9,27 [-0.31,-0.23)

L
Sublstal (3% C1) 146 15 100,00 -0.27 [-0.81, 0.37)
Testfor heterogensly Ch® = 277 42, df= 4 (F « 0.00001), F= $86%

Testfor overall effect 2o 083 P =041}

07 Pain at rest (45 hrs)
Obata 1999 3 1.3500,2%) 30 2.70(0.50) 30.52 =1.45 [-1.65,-1.25]
Meosten 2000 19 2.500L.70) 13 4,.5003.80) e 00 -2.00 [-4.20, 0.20]
Ochioch 2003 47 1.85(0.30) 55 L.BO{0.30} H.62 .08 [-0.07, 0.17)
Serfork 2000 23 0.0000.00) 24 0.2000.40) Eot estinable
fiegin 7000 0 0.16(0.06) 31 0.32(0.08) 313,46 <016 [-0.20,-0.12]
Subletal (9% CO 146 153 TLEA [ 100.00  -0.5% [-1.04,-0.04]
Testfor heterogensty. Ch® = 171.40, df= 3 (P « 0.00001), P= 987
Tieatfor overall effect 7= 200 P =004
10 5 R
Favors Pro Favors Post

[T
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Acute pain  J Cardiothorac Vasc Anesth. 2005:19:786-9

Pre-emptive thoracic epidural analgesia (TEA)

Stugy Pre Post RR (random) Weight RR (random)
0 SUBC abegory L] nN 5% Cl - %0
Oibats 1999 19728 LLFE —— .05 2.04 [1.16, 3.59)
Ochioch 2002 w/a ¥7s55 -# 40.51  0.89 [0.86, 1.19])
Senturk 2002 1222 924 I - .44 L.4% [0.77, 2.76)
Total (95% Cf) 97 109 TEA 100,00  1.32 (0.6, £.30]
Total events: 58 (Pre), 56 (Posy
Teest for haterogenaty Chi*s 7 48, ofs 2P = 000, F= T36%
Testtor overall eflect 2= 098 P=030)
Wom w13 4w
Favors Post Favors Pre
Chronic pain

Preemptive TEA appeared to reduce the severity of acute pain but had no effect on the

J Cardiothorac Vasc Anesth. 2005;19:786-9, g

incidence of chronic pain.

SNUHY eguganass

TEA: Limitations

@ Failure rate ~ 15%
® Major complication ~0.02%
® Respiratory depression

@ Epidural hematoma; anticoagulants - contralx.
® Epidural abscess

® Urinary retention: m/c complication

)

[T

SNUHY eguganass

Paravertebral blocks

Intraoperative

)

[T




Jae Hyun Jeon: Pain Control After Thoracic Surgery

Paravertebral blocks

® Continuous thoracic paravertebral blocks > single bolus
@ Rates of failed block were lower

® Provide comparable pain relief

@ Better side-effect profile (hypotension, urinary retention,

nausea, vomiting)

@ Reduction in pulmonary complications
® Cost?

=

[T
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REVIEW ARTICLE

A comparison of the analgesic efficacy and side-effects of
paravertebral vs epidural blockade for thoracotomy—a
systematic review and meta-analysis of randomized trials |

BrJ Anaesth 2006.96: 418-26

i Escural WD [raredom) Weigrs WMD) {random|
o sutr-category N mean jsai) N s | 95% CI -, 955 O
Do Cosma etal® 2% am100 2% anpes) ——— )
Lutastich of al ™ a7 2600180 a“ 2.40 (1.50} .- 1741
Mathews of al ™ T 08008 £ 20 {0,860} e 1877
Portiunen of ar* 15 7.00(160) 1% .80 (2.0} - 124
K ot al” 13 400528 3 4.25(473) + 245
Benason 0 3150 20 301,50} —s— 1amn
Flichangsen o ai 8 15050 4 238 (2.06) . 1848
Loavor et al® 1 407182 15 413 (2.48) + 530
Total (85% CI) 150 - 100.00

197 1
Test ko hetercgenedy. 1 =22 29, dhef (Pul.002), Fetd i%
Test for overal ettect: +0.15 [P 55}
-4 2 0 2 4
Favours PYB  Favours epidural

Comparable pain profile

=

[T
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Epicural R (e Wergt R (Ruae]
N 9% 0 % (Y=
23 + —— 15,45 ]

320 —- 200 [
Bl ] 48 61 [
15 - 1552 [

& - 100.00 0.96 ¢

:I‘O‘ nII 1 1.0 IEG
Pulmonary CX.  fxmem | Fovours soien

a1 1 10 0
s PVB_ Favours epidural

Intercostal nerve blocks

® Pre-emptive > Postop injection
® Short half-life
©® Repeated percutaneous blocks

are usually required.

fibvws of intercostalis |
nlimus

intemal intercostal - i

rembeane

eutennl irtercostal ——
musde

(I

SNUHY eguganass

Take home message

@ Thoracotomy induces severe postoperative pain, which can cause
respiratory complications, such as hypoxia, atelectasis, and
pulmonary infections

@ Appropriate analgesia is important both for humanitarian reasons
and to allow early mobilization and pulmonary rehabilitation.

@ Pain after thoracic surgery is generated from multiple structures and

is transmitted via a number of afferent pathways.

® Pre-emptive analgesia to prevent the establishment of altered central

® Less invasive surgery should be considered to reduce postop pain.

® Most patients are best managed by a combination of regional

Take home message

processing of sensory input that amplifies postoperative pain

analgesia and oploids, sometimes supplemented with non-opioid
analgesics.

)

SNUHY gguganan s
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PA with VSD c¢/s MAPCA

Department of Thoracic and Cardiovascular Surgery, Keimyung University Dongsan Medical Center

Woo Sung Jang, MD, PhD

par= Rl i)
2019.05.24

Tetralogy of Fallot
with Pulmonary

Keimyung University Dongsan Medical Center
Thoracic and Cardiovascular Surgery Department
Woo Sung Jang, MD., PhD.

@ AFAND SUSEH
o i e Bt e

. Defiitions

* PAVSD
— Lack of luminal continuity

— Absence of blood flow from either ventricle and pulmonary
artery

— Discordant VA connections

+ Isomeric atrial appendages, Double inlet ventricle, or
atrioventricular valvar atresia

— Have pulmonary atresia with a hole between the ventricles
* PA is confluent, is fed by a PDA

* TOF with PA
- A sFeciﬁc type of PA VSD with intracardiac morphology of
TOF

Keimyung University Dongsan Medical Center

TOF with PA c/s MAPCAs
.""/’——\_
» Extreme subgroup of TOF

* Major clinical problems in the arteries that
supply the pulmonary circulation

* Variable clinical presentations & different
surgical strategies to that in TOF/PS

Keimyung University Dongsan Modi

Natural History
r'/’——\ i

* Variable depending on the pulmonary blood flow
— At birth, ductus dependent in case of true PAs
— Afier ductal closure, dependent on the collaterals

* Excessive pulmonary blood flow : CHF, PVOD

* Moderate collateral stenosis: Balanced pulmonary
blood flow

* Severe collateral stenosis : hypoxia

Keimyung University Dongsan Medic
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Characteristics of Pulmonary Atresia
o

Types of Pulmonary Circulation

[

/ Persistently patent arterial duct

ype A 60~70%

Type B 20~30%

Communication between NPAs and

Types of Pulmonary Circulation

Type C 5-10%




Woo Sung Jang: PA with VSD c/s MAPCA

Sources of Pulmonary Blood Flow
g——

* Unifocal pulmonary blood supply
— Patent ductus arteriosus (PDA)

* Multifocal pulmonary blood supply
— Major aortopulmonary collateral arteries (MAPCA)

Imperiorate
pulmonary valve

Supply from MAPCAs
.

* Usually co-exist with intrapericardial PAs
* Number between 2~6
* Usually arise from descending thoracic aorta

— May originate from the aortic arch, subcalvian a,
carotid a. or even the coronary arteries

* Frequently develop stenosis

* PHT and progressive PVOD

* MAPCAs connect with branches of central PAs,
or constitute the only blood supply

Influence of MAPCA
g——

* Chronic shunt & LV volume overload
— Decreased LV function
— Aortic annular dilatation

—AR

* Segmental loss of lung parenchyme
— In case of collateral stenosis
* Hypoxia
— In Unobstructed cases
+* CHF, PYOD
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Histologic Characteristics of MAPCASs

* Extrapulmonary
— muscular artery with well developed
muscular media & adventitia
* Intrapulmonary .
— medial muscle is gradually replaced
by a thin elastic lamina
resembling true PAs
* Unobstructed MAPCAs
- PVOD
* Muscular segments of collaterals

— prone to the development of severe stenosis. often
progressive

Koimyung University Dongsan Modical Centor

SalE

Unobstructed MAPCA

Long stenotic segment

MAPCA = Dilated Bronchial Arteries

o

- RCH. 2006

- All MAPCAS : anatomy similar to bronchial arteries

r S marary ey

Bronchopulmonary shunts

BAs: limited growth potential and

vasoreactivity i

= might preclude long-term beneficial effects
of unifocalization

Koimyung University Dongsan Medical Center

Connection between MAPCA and true PA

Characteristics of MAPCAs

* Highly variable pulmonary arterial
morphology, but some predictable pattern

— The PDA connected to a central PA
* Peripheral PA distribution is normal (no sytemic
collateral arteries in that hemithorax, ductus arteriosus
dose not coexist with MAPCAs in the same lung)
— RUL and LLL segments often are supplied by

single, noncommunicating MAPCASs (from
subclavian artery and descending aorta)

Keimyung University Dongsan Medical Center
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Woo Sung Jang: PA with VSD c/s MAPCA

Definitive Repair of PA with VSD

Ultimate goal
: Completely separated pulmonary & systemic
circulation

1. Closure of ventricular septal defect

2. Establish continuity between RV & PA
3. Occlusion of redundant collaterals & shunts /
Unifocalization

Surgery for Type A PA VSD

* Initial palliation

— Shunt

— Complete repair around 6~10 months of age
* Primary neonatal repair

+ Using RV-PA conduit or transannular patch
* Foramen ovale is narrowed to 3~4mm

= Options for RVOT reconstruction
— Conduit * Pulmonary valve
— Transannular patch + pulmonary valve

Surgery for Type A PA VSD

* Initial palliation
— Shunt related complication
+ High inter-stage mortality
* PA distortion
* Early primary repair
— Early RV volume loading

— LPA stenosis
* Required multiple intervention

Surgery for Type B&C PA VSD

* Unifocalize the greatest number of segmental
arteries together
— Native PA and/or MPACAs
— Single stage vs multi-stage

* Remove aortic sources of blood flow to
segments that are dual supplied.

* Closed VSD (if possible) and create RV to PA
communication achieving a RV/LV ratio of
<0.7

Surgery for Type B&C PA VSD

* Maximize the pulmonary artery
—The size & distribution

* Maintain the adequate PBF

* Avoid the excessive PBF

Early Palliative Procedures

Goals

1) Create a balanced PBF
2) Incorporation & growth of PAs

Excessive blood flow Inadequate blood flow
- Systemic-pulmonary shunt
- RV-PA connection

: conduit or outflow patch

-Ligation

- Embolization

- Creating stenosis
- Unifocalization
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Evolution of Surgical Approach

« Pre 1980’s inoperable (palliation only)
+ 1980’s The concept of unifocalization
suggested
— Multi-stage unifocalization and repair
*+ 1990’s Melbourne shunt described
Single-stage complete repair described
* 2000’s Selective single vs multi-stage repair

Surgi_c_al strategy in PA, VSD, MAPCA

* Single stage repair
— complete unifocalization with RV to PA conduit and
VSD closure at age of 4~8 months
— High RV pressure = 80% of RV/LV
* VSD fenestration
* Staged repair
— Including growth of the central PAs with central shunt
or RV-PA conduit

— Staged thoracotomy-based unifocalization of
MAPCAs

— RV-PA conduit with VSD closure

Rationale for early single stage
unifocalization

* One can incorporate all segments of blood
supply to the lung before stenosis develop in
the MAPCAs and before potential changes of
PH occur

* Preferred age for single stage repairs

—4 to 8 months of age
* Improved tolerance of long operations as compared to
young infancy
* Prior to the development of risks of PVOD
* Prior to the development of MAPCA stenosis

Advantages of One-stage Complete Repair

* Eliminate the need for multiple operations

* Eliminate the use of prosthetic materials

* Establish the normal physiology early in life
— Growth of respiratory & PA system

— Avoid cyanosis & volume overload
—Prevent the PVOD

Disadvantages of Earlier Repair

* Increased pulmonary morbidity
— Contusion & congestion
— Bronchospasm
— Phrenic nerve injury

* Magnitude of operation

* Technically more demanding

* Unknown ideal age

Rationale for staged unifocalization

* Small central PAs needs to be “rehabilitated” to
normal size with shunt or RV to PA conduit

* To gain exposure to the distal MAPCA, hilar and
intraparenchymal dissection is facilitated through
unilateral or staged bilateral thoracotomies

* Identification and mobilization of MAPCAs is
much easier through posterolateral thoracotomy
than a sternotomy approach

* Single stage unifocalization is a long and tedious
procedure (very stressful to a child)

Kolmyung University Dongsan Modical Centor




Woo Sung Jang: PA with VSD c/s MAPCA

Disadvantages of Multistage Approach Unifocalization
* The final repair is achieved on an old age * Definition
» Mediastinum & hilar regions are significantly — Procedures that join the multifocal sources of
scarred, increasing surgical risks pulmonary blood flow, be they intrapericardial
. . . native pulmonary arteries or one or more collateral
*» Prolonged cyanosis & previous operation

: ] arteries (MAPCAs), into a single source
cause secondary collaterals, risks of bleeding

The risk of drop-off before the final repair

.

Ideal Unifocalization Procedure Timing of Unifocalization

* Incorporation of all the nonredundant collaterals
& True PAs

— Healthy microvasculature of lung

* At any age, when collaterals are large to allow
technical ease without risk of thrombosis

— Use conduit that is growing, large & minimizing the « Variable depending on collateral size, usually
risk of thrombosis

; : e ) older than 2~3 months
— Easily accessible from the mediastinum at the time of

definitive repair

» Staged procedures may be required for the
bilateral aortopulmonary collaterals

Techniques of Unifocalization Unifocalization procedure

* Procedures for collaterals * Ligation
— Ligation
— Patch enlargement
— Direct anastomosis ;
* Interposition grafts * Angioplasty
— Synthetic graft
— Homograft

— Xenograft * Anastomosis

o
Ut

— Autologous tissue including pericardium, azygos vein
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Unifocalization procedure

* Interposition
* Additional PA creation

* Central PA creation

Keimyung University Dongsan Madical Center

Unifocalization procedure

- =Offbypass during dissection
- Maximal use of native tissue
- Avoid circumferential use of non-viable conduits

for growth potential

End-to side Side -to side

Keimyung University Dongsan Modical Center

Repair without Unifocalization

- Unifoealization brings no long-term benefits

. Unifocalization: sufficient to allow a safe repair
but, failed to achieve adequate growth

. Dilated BAs: limited growth potential & unstable
= Growth of the native PA rather than recruitment of MAPCAs
- Multi-stage approach

. 4~6wks: Modified central shunt

. 4~6months: RV-PA conduit

. 3" : complete repair or 2" conduit

18 pts enrolled in this protocol (No Unifocalization)

. 7 : complete repair, RVP 59% of systemic

. 8 : awaiting repair

.4 MAPCAs in 17 pts: ligated

Koimyung University Dongsan Modical Centor

Melbourne Shunt

* Central end-to-side Aortopulmonary shunt
* Diminutive central pulmonary arteries

Modified Central shunt

A

RV-PA conduit




Woo Sung Jang: PA with VSD c/s MAPCA

—

Advantages of RV - PA Connection

* Reduction of LV volume overload
* Pulsatile blood flow to enhance PA growth

* Facilitating the catheter access for the later
evaluation & intervention

* Complications
— aneurysm and pseudoaneurysm

— pulmonary flow and pressure is completely
uncontrolled

Koimyung University Dongsan Medical Center

p—

/\..

RV-PA Reconstruction

Kelmyung University Dongsan Modical Centor

RVOT Reconstruction with Valved Conduit

RVOT Reconstruction with Outflow Patch

RVOT Reconstruction with PA Reimplantation

RVOT Reconstruction with LA Appendage
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RVOT Reconstruction with PA Flap

2

Functional Intraoperative PBF Study

* Post-repair RVSP: most reliable predictor of favorable outcome
* Data of functionality of the entire pulmonary vasculature

Hanley
-m PAP < 25mmHg at a full flow (2.5L/min/m?) et
predicts RV/LV pressure ratio < 0.5

T'oronto, 2009
- Close the VSD for a mPAP of <30mmHg
- Predict postop. physiology better than standard anatomic measures

Anatomic Predictors of successful
e N S D closure

* Central PA area > 50% of predicted normal
* Pugaetal JTCS 1989;98(6):1028-9
* Predicted pRV/pLV=<0.7, no MAPCA remain
— More than 2/3 lung segments are centralized
* lyer and Mee, ATS 1991; 51:65-72
* Nakata index > 150 mm/m* BSA
+ Metras, EJCTS 2001:20:590-6
* TNPAI =200 mn*/m’
« Hanley, JTCS 1997;113(5):858-66
* More than 15 of lung segments connected to
native PA
+ Baker, 2002

Functional predictors of successful
e NISD closure

* Net left to right shunt
» SpO2 is typically in the high 80s or low 90s

* At a cardiac index of 2.5L/min/m* and PA
pressure of less than 30mmHg after
unifocalization

Long-Term Surgical Outcome

* Depends on
— Number of lung segments incorporated into final
repair
— Status of pulmonary microvasculature
— Absence of obstruction in RV-PA conduit and
branch PAs.




Woo Sung Jang: PA with VSD c/s MAPCA

Surgical Results

Tuble 22-1. Scremery of mepeal oukomes = potients wih pulmonary mrei wih ool syl defect and g senopulmonary
cullsteral stenen —
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% '-Hlpuu -u-u-l-l operstion | desth | durstion [
Koy (0007 © | (30w | 84| Seglesage | tm #1088 Im 1 VSR
(I 37y 11 =ty T AYSR
| #1% wotal it
| Caroti 03 | weeanz |37 traegrand ¥ A Wi VSR |
| | sppeoach | (23 - 13y ) 5% ot repair
»ﬂmwf' 00 | e S T LE 3y £ |
L -2 .
Duscan (20007™ | 1993-200) £ Saapred Tim a a4m VTN | % ol i |
(17 - Ty} {1 = m)
CUdekem | 19781088 | W Stagoil 14y e 12y ® | S YR il
0™ 1 -3y e - 29) i) |
18 wnal repmr
bt 20077 | 19632004 | 113 Stager) &3y | |
| (i =3y T REIEN THI IOVSR
| i | | 05 ol v |
| Dovies (009" | 19weJ8 | M6 | Staged Single | Iy L P2 " VSR
| { T el repait |
oo (OR | 20003008 | M) | Sengleange Tim ] im = proe
| 2-197mi 8-t} 9% ol pmir |
| Mhaloourn 200WY™ | (92T | 482 Siogle-stae T s R | me IS
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* d: duys, m: mmorhe, v years, VSN yoar servival re

Table 1. Review of Literature on Single-Stage Complete
Repair, Ultimate Complete Repair, and Postoperative
Hemodynamics of Patients With Pulmonary Atresia With
Ventricular Septal Defect and Major Aortopulmonary

Collaterals

First Year Single-Stage Ultimate Postoperative
Author Published Repair Repair RV/LV Ratio
Carrillo  Current study B0% "% 033
d'Udekem 2005 0% 65% 0.62
Ishibashi 2007 0% B1% 070
Carotti 2010 48% TT% 0.48
Liava'a 2012 0% 48% 0.64
Griselli 2004 3% 2% 0.60
Song 2009 0% 43% 057
Amark 2006 33% 60%

Mumtaz 2008 0% 62%

Davies 2009 56% B5%

De Campli 2010 24% 68%

Hibino 2014 0% T6%

LV = left ventricle; RV = right ventricle.

/_&mll_lsions
* MAPCAs

— Wide spectrum of pulmonary vascular
morphology and physiology, ranging

* Management

—complex and must be individualized
according to their anatomy and clinical
situations

Kolmyung University Dongsan Modical Centor
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Thank you for your attention
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Coarctation of the Aorta

Hgotkel Zobyaelat

a o

32 N

Clarence Crafoord

Coarctation of the aorta

Lajt

= subclavian
« Congenital narrowing of the aorta ' ) /—-l :
« Usually just distal to the LSCA ' R

* 0.2~0.6 /1000 live births

+ 5~8% of all CHD (8" most common)

J Thorac Surg 1945;14:347-61

1949, in Stockholm
g, MEoHrEN
A\ Aojalauisgl dsielnt (!,) | LOVE HEART

gt

Infantile Adult Embryology
(Preductal) (Postductal)
-

V2o,

Symptomatic Asymptomatic A l‘g’,‘%‘fﬁ@g% Aol

il Lot Yoy

» Flow theory

* Ductal sling theory
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X|2M: Coarctation of the Aorta

Associated anomalies

. 75%
- VSD 3

« post. malalignment

Bicuspid aortic valve

Mitral valve anomalies ¢
.J‘ ¥/ ,III,IJ]II_]'nl‘;r.'\\ 5
» Shone’s syndrome

Am J Cardiol 1963;11:714

Symptoms and Signs

= Bimodal

* Symptomatic (infants)
« Circulatory collapse after ductal closure

= Congestive heart failure

* Marked cardiomegaly
« Asymptomatic =
* HTN

Diagnosis

* Echocardiography
» Anatomy: posterior shelf
» CoA pressure gradient
» Diastolic tail in DTAo
« Tricky if large PDA (+)

« CT angiography

MEerEs T e
AORALIBIS Alxiol) (W) I LovE HerrT

Echocardiography

i) AGRTICARDH 10 & Color Doppler

i owDopplerdistaiars ) PW Doppleria sbdominalions

M/

J Therac Cardiovasc Surg 3(2):1-7

Hypoplastic aortic arch

= Proximal / Distal / Isthmus : <60 /50 / 4

& of Ascending Aorta

» Transverse arch < weight + 1 mm

Semin Thorac Ca Yediatr Card Surg Ann 2
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Medical management

* Prostaglandin E1 (PGE1)
« Alprostadil, Eglandin®
= Maintaining PDA

. AEEE- .|
@Oty ;
A\ AORALIHS] Axtoln W) | LoVE HEART

Balloon angioplasty

» For native coarctation
= Controversial
» Concern

+ Rupture of the aorta, femoral vessel injury

= Aneurysmal formation, re-coarctation

AEorrEn

A\ A0pEAIME MR}

S Ml Coor i o Sangetal L Yargory

(@) ! Love Hea AN AOfASR Ao}

Surgical approach

Thoracotomy Sternotomy

= Arch hypoplasia
« Associated cardiac defects

= One stage vs. staged

M@oprEn W) | LoVE HEART

S Ml Cotr O s Mgt Lo orgory

CPB strategy

Deep hypothermic
circulatory arrest (DHCA)
Selective cerebral and
myocardial perfusion

Eur J Cardiothorac Surg 2003,23:148-155

A\ AopEAE drolt

Surgical techniques

Excision of ductal tissue
+ direct anastomosis

End-to-end
Extended Eto E
End to side

Anatomic
Extra-anatomic

@) 110 Hear

MEoHrE

o Ml Cotr O s Sl Cadi orgory




%|2M: Coarctation of the Aorta

Resection and end-to-end anastomosis

£

A Mol et @ Lo rean
S e Ve al Comter Owicron 1 Snpetsl Lo gy Congenitl Hear! Divscns Cester

Extended end-to-end anastomosis

LL

o ~
F
) Rojaiavttel Aol @) 1o e
S e Vsl Comter Owicren 1 Ssngetal o Yorgery Congenital Hear! [Diieces Caster

End-to-side anatomosis

AL

sy % P

A\ Aoisaues Ao}

Ann Thorac Surg 2014;98:625-33

Subclavian flap technique

AT, MEoHrEE

A AojHAas Nxiol

@) 1107 Hearr

Congeeitof Heart Diveos Coster

Patch or Graft

A KofsiAins ol O o

Congenitat ieart Divscos Coster

Extra-anatomic bypass

i, MEOHrEE

AN AofHAS Axiop)

L e

J Thorac Cardiovasc Surg 2007;133:1504-9
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Early complications

+ Renal failure
+ Paraplegia

» Vocal cord paralysis
» Chylothorax

Outcomes

Associated
lesions

Mortality

Re-coarctation

Hypertension

Age at repair
Endothelial response

Re-coarctation
LY
(A

[OIEEN

" Congenits Hear Diveces Caster

« Causes

« Technically inadequate repair
+ Ductal tissue
» Circumferential suture line

» Hypoplasia of the arch

» Tension on the anastomosis

o, MEOHEY

A Aopsauias sziom;

=
S Ml Cotr i s St Lot Sy

Re-coarctation

* Indication for intervention
+ Significant narrowing on imaging
» Pressure gradient of 20-30 mmHg
» Treatment
+ Balloon dilatation
= Surgery

o, MEOHEY

A Aopans yzom,

=
S Ml Costr O 1 Sl Canfo ey

@) 1107 Hearr

" Conganits ear! Diveams Casis

CASE

Brief Hx

+ Fetal diagnosis: COA with VSD
GA 38+1 wks

* 3030 gm, male
= PGE1 infusion in NICU

* Intubation at 6 days

i, MEoHEy

A Aopans yzom,

o Ml o O s

(9) 1 Love eawr

Congueits Hear Divaces Caster




X|2M: Coarctation of the Aorta

Preop. CXR Preop. ECG

Preop. CT angio

Operation Postop. course
« M/9d, 3.1kg + POD #5 extubation
* Op name * POD #86 Transfer to general ward
+ COA repair (end-to-side) + POD #10 discharge

* VSD patch closure
+ ASD closure, PDA division

« CPB/ACC/SCMP time: 132/48/29 min

HEolran £ i HEolrEn ‘3 =
A\ AOALE Aol (@) !1oVE HearT A\ AORAAHE! Axiol) (@) ! LovE tearr
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Postop. EchoCG

Reference

= Stark JF. (2007). Surgery for Congenital Heart Defects (39 ed.)
* Mavroudis C, Backer CL. (2013). Pediatric Cardiac Surgery (4™ ed.)

(!') | LVE HEART
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Single Ventricle

Pediatric and Congenital Heart Surgery, Seoul St. Mary’s Hospital

College of Medicine, The Catholic University of Korea

Cheul Lee, MD

Single Ventricle

« Broad category of hearts that lack two well-developed
ventricles

 Functionally univentricular heart

* One of the most challenging congenital heart diseases

Congenital Heart Surgery Nomenclature and
Database Project: Single Ventricle

Marshall L. Jacobs, MD, and John E. Mayer, Jr, MD
Section of Cardisthoracic Surgery, S. Christopber’s Hospital for Children, I'hiladelphia, fennsybvania, and Department of Cardiac

Surgery, Childron's Hospital, Boston, Massachusetts

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 Commiliee and representatives from the European
Assoclation for Cardiotheracic Surgery. Efforts were
made o include all relevant nomenclature categories
wsing synonyms where appropriate. Although many is-
sues reganding single ventricle or wniventricular hearts

remain amaong sts and a
classification s 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 clinician. These data can lay the
for risk ion analy-
ses. A minimum data set s also presented that will allow
for data sharing and would lend iisell to basic interpre-
fation of trends., Outcome tables relating diagnoses, pro-
cedures, and various risk factors are presented.
{Ann Tharae Surg 2000,69:5197-204)
© 2000 by The Sockety of Thoracic Surgeons

Classification of Single Ventricle

* Double inlet left ventricle

* Double inlet right ventricle

* Mitral atresia

* Tricuspid atresia

* Unbalanced atrioventricular canal defect
* Heterotaxia syndrome

* Other

Univentricular Atrioventricular Connections

Absent right AV connection

Double inlet ventricle

Absent left AV connection

Anderson RH, et al. Paediatric Cardiology. 3™ ed.
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Double Inlet Ventricle

1

L auintea o _actutns .

Atrioventricular
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 Left Ventricle (DILV)

* DILV, {S,L,L}

* DILV, {S,D,D}

* DILV, {S,D,N} (Holmes heart)
* DILV, DOLV

* DILV, DORV

 Atrial situs is usually solitus.

* Ventriculo-arterial connection is usually discordant.

Double Inlet Left Ventricle, {S,L,L}

Mavroudis C, et al. Pediatric Cardiac Surgery. 4" ed,

Double Inlet Left Ventricle, {S,L,L}

Mitral Atresia

Absent left
AV connection

Dominant

right ventricle
Incomplete
left ventricle

Cardiol Young 2006;16 Suppl 1:27-34
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Cheul Lee: Single Ventricle

Tricuspid Atresia

Absent right
AV connection

Dominant
left ventricle

Incomplete
right ventricle

Cardiol Young 2006;16 Suppl 1:27-34

Classification of Tricuspid Atresia

Tricuspid atresia with no transposition (69% - 83%)

o o ¥

s 8 G

Ia) ] Iic)
Pulmonary atresia  Pulmonary hypoplasia, Mo pulmonary
small ventricular hypoplasia, large
septal defect ventricular septal
defect

Mavroudis C, et al. Pediatric Cardiac Surgery. 4" ed.

Classification of Tricuspid Atresia
Tricuspid atresia with D-transposition (17% - 27%)
( " ( % ( (%

Iifa) b}y Ii{c)
Pulmonary atresia Pulmonary or Large pulmonary
subpulmonary slenosis artery

Mavroudis C, et al. Pediatric Cardiac Surgery. 4" ed.

Unbalanced Atrioventricular Canal Defect

Doubls infet :m vertiicle Right ventricular
dominance

Cardiol Young 2006;16 Suppl 3:43-51

Heterotaxia Syndrome
(Isomerism of the Atrial Appendages)

AR
T V8
4k

[ Y

Malrotated gut Malrotated gut

Anderson RH, et al. Paediatric Cardiology. 37 ed.
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Segmental Combinations Producing a

Congenital Heart Surgery Nomenclature > - ) ; .
Univentricular Atrioventricular Connection

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

Normal Heart
A Serial Circuit

N i * Serial systemic and pulmonary circulations

Normal Heart

* Different BP and O, saturation in each part

fs § * Cardiac output = Qp = Qs (Qp/Qs = 1)

BP: blood pressure
Qp: pulmonary blood flow
Qs: systemic blood flow

I
['v

Cardiol Young 2003;13:316-22

Single Ventricle . . ; :
: - Hemodynamics of Tricuspid Atresia
Parallel Circuits
V%
Py
Ventricle
Cardiol Young 2003;13:316-22 Anderson RH, et al. Paediatric Cardiology. 3™ ed.
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Cheul Lee: Single Ventricle

Hemodynamics of Single Ventricle (1)

« Parallel systemic and pulmonary circulations

* BP in each part of the circulation is the same, if there

is no obstruction to systemic and pulmonary outflow.

* 0O, saturation is the same in the aorta and the
pulmonary arteries, if complete mixing of
desaturated and saturated blood occurs within the
single ventricle.

Hemodynamics of Single Ventricle (2)
* Cardiac output = Qp + Qs
* 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).

Rp: pulmonary vascular resistance
Rs: systemic vascular resistance

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
* Needs natural obstruction to pulmonary blood flow
* Arterial O, saturation of approximately 80%

* Volume overloaded (2 x normal cardiac output)

Clinical Presentaion

« Determined by Qp/Qs and associated cardiac lesions
* Cyanosis (inadequate Qp)
= Congestive heart failure (excessive Qp)

* Asymptomatic with mild cyanosis (Qp = Qs)

Goal of Surgery for Single Ventricle

= Separation of systemic and pulmonary circulations,
with the single ventricle connected to the systemic
circulation (creation of serial 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
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Three-Stage Surgical Management

of Single Ventricle First-Stage Palliation

= Goals
¥ Balanced systemic and pulmonary blood flow (Qp/Qs = 1)
¥" Unobstructed mixing at the atrial level

1. First-stage palliation

2. Bidirectional cavopulmonary anastomosis v Unobstructed systemic cardiac output

3. Fontan operation « Performed during neonatal or early infantile period

* The choice of procedure is determined to achieve the
above-mentioned goals.

Pulmonary Artery Banding

Modified Blalock-Taussig Shunt

o B

)

=

e
A\ R \
N

Ungerleider RM, et al. Critical Heart Disease in Infants and Children. 3 ed. C, et al. Atlas of Pediatric Carc

Pulmonary Artery Banding for {S,L,L} DILV
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Cheul Lee: Single Ventricle

Tricuspid Atresia with a Restrictive ASD Atrial Septectomy for Tricuspid Atresia with a Restrictive ASD

Bidirectional Cavopulmonary Anastomosis

* Goals (Benefits)
¥ Improvement in efficiency of gas exchange
¥ Reduction in volume overload of the single ventricle

= Diversion of SVC blood into the pulmonary arteries

* Usually performed at 3-6 months of age

Kaiser LR, et al. Mastery of Cardiothoracic Surgery. 3 ed.

Bidirectional Cavopulmonary Anastomosis

Fontan Operation

« Total cavopulmonary connection
= Separation of systemic and pulmonary circulations

* Usually performed at 2-3 years of age
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Thorax (1971), 26, 240.

Surgical repair of tricuspid atresia

F. FONTAN and E. BAUDET
Cenire de Cardiologi de ! 11, Hépital du Tondu, Berdeaux, France

Surgical repair of tricuspid atresia has been carried out in three patients ; two of these operations
have been successful. A new surgical procedure has been used which transmits the whole vena
caval blood to the lungs, while only oxygenated blood returns to the left heart. The right atrium
is, in this way, ‘ventriclized’, to direct the inferior vena caval blood to the left lung, the right
pulmonary artery receiving the superior vena caval blood through a cava-pulmonary anastomosis.
This technique depends on the size of the pulmonary arteries, which must be large enough and at
sufficiently low pressure to allow a -pull Y is. The indications for this p 4
apply only to children sufficiently well developed. Younger children or those whose pulmonary
arteries are too small should be treated by palliative surgical procedures.

Original Fontan Operation

Thorax 1971;26:240-8

Lateral Tunnel Fontan Operation

Kouchoukos NT, et al. Kirklin/Barratt-Boyes Cardiac Surgery. 4' ed.

Extracardiac Conduit Fontan Operation

Kaiser LR, et al. Mastery of Cardiothoracic Surgery, 3™ ed.

Extracardiac Conduit Fontan Operation

Innominate
“vein

Aorta

The “Ten Commandments” for
Selection of Patients with
Tricuspid Atresia for the Fontan
Procedure

Minimum age 4 years

. Sinus rhythm

. Normal caval drainage

Right atrium of normal volume

. Mean pulmonary artery pressure <15 mm Hg

. Pulmonary arterial resistance <4 U/m’

. Pulmonary artery to aorta diameter ratio 20.75

. Normal ventricular functions (ejection fraction >0.6)
9. Competent left atrioventricular valve

10. No impairing effects of previous shunts

Q0 ~1 O Wi s e B

Selke FW, et al. Sabiston & Spencer Surgery of the Chest, 9% ed.
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Cheul Lee: Single Ventricle

Selection Criteria for Fontan Operation

* The pulmonary vasculature and ventricular function
remains the most important selection criteria for
successful outcome after the Fontan operation.

» Pulmonary vascular resistance < 4 WU-m?
* Mean pulmonary artery pressure < 15-20 mmHg
* Ventricular end-diastolic pressure < 12-15 mmHg
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Pulmonary Venous Anomalies

gty F ol

Total anomalous pulmonary venous
returns (TAPVR) TAPVR

« Al pulmonary venous blood flow returns
anomalously to the systemic veins or

L Blventrlclular heart Assixciated cardiac malformations
directly to the right atrium

TAPYR and PAPVR

+ Prevalence estimated at 1 in 10,000 a Sing le ventricle

- Acutely cyanotic infant in shock * Heterotaxy syndrome

+ One of the true surgical emergencies
across the entire spectrum of congenital
heart surgery.

Embryology

Anatomic subtype
EMBRYOLOGY ~

- Type 1 : supracardiac (43-50%) g“ =
R . « Type 2 : Cardiac (18-20%)

+ Type 3: Infracardiac type (20-27%)' -
+ Type 4 : Mixed (10-12%)

* Non-opstructed vs. Obstructed s
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ZM4: Pulmonary Venous Anomalies

Type 1 : Supracardiac type

e

« \Vertical vein most often drains to LIV
+ Course between LPA and left main bronch

+ May present obstructed (around 50%)

Type 2 : Cardiac type

« Typically to the coronary sinus
* Less likely to be obstructed

» Can present later

Type 3: Infracardiac type

TAPVD
+ Descending vein to portal vein, IVC, (Infracardiac)

hepatic vein, or ductus venosus

+ Nearly all obstructed — present at birth

Type 4 : mixed type

Group Il | Group il

Diagnosis

» Echocardiography
 Cardiac angiography
« CT

Cardiac MRI
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Key feature of echo

Small appearing Left heart Pure R — L shunt at PFO

Type 2 — to the CS

= - = P
s .
' g \

75

E

The importance of the Atrial
communication

All preload to the LV is supplied by right to left
shunting across the atrial communication

Key feature of ech.o

PV veins to confluence

“Pulmonary hypertension”

Cardiac catheterization
— stenting vertical vein

RAO 2 CRAN O




ZM4: Pulmonary Venous Anomalies

CT angiogram Surgery

« The superior approach

+ Lateral technique

* "In situ” technique

*+ Sutureless repair

» Primary sutureless Repair
* Lateral approach

» Surgery for pulmonary venous obstruction after repair of TAPVC

Lateral approach

m
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“In situ” technique

“In situ” technique

Sutureless repair

Surgery for post-repair pulmonary vein stenosis

Surgery for post-repair pulmonary vein stenosis

Primary sutureless repair

Infracardiac onventional Sutureless
TAPVC Ropair Repair

¥




ZM4: Pulmonary Venous Anomalies

Primary sutureless repair Cardiac type repair

X
AR,

Postop. management Prognosis
» Consideration of muscularized pulmonary arteries + Early mortality : 8-20%
(obstructive TAPVC)

+ Risk factors for early mortality

+ Minimization of pulmonary resistance ~ Preoperative pulmonary venous obstruction
- Single ventricle anatomy

— Chromosomal anomaly

— Oxygen, NO gas — Small pulmonary confluence

— Diffuse pulmonary vein

— Appropriate ventilator care (PCO2 level)

— Low dose isoproterenol (pulmonary vasodilatory effect)

— Sedation ; .
+ Pulmonary vein stenosis : 10-20%
+ Careful observation for pulmonary hypertensive crisis - Presence of preoperative obstruction
- Endocardial sclerosis (recurrent obstruction)

Partial anomalous pulmonary venous return PAPVR

« M/C associated with sinus venosus ASD

Partial anomalous puimonary venous retum

Usually, RUL draining to SVC

» Rare anomaly in right pulmonary veins

— Single vertical trunk descends in a curve to enter the
IVC (Scimitar syndrome)

* No symptoms and signs when Qp/Qs is less
than 1.5

13
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Scimitar syndrome PAPVR repair

Scimitar Syndrome

PAPVR repair PAPVR repair

Repair of scimitar syndrome
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: Pulmonary Venous Anomalies

Possible complications

SVC obstruction
* Pulmonary venous stenosis
» Sinus node dysfunction

+ Sick sinus syndrome
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Deep Vein Thrombosis & Pulmonary Embolism:
Overview & Treatment

Department of Thoracic and Cardiovascular Surgery, Kangbuk Samsung Medical Center,
Sungkyunkwan University, School of Medicine

Joon Hyuk Kong

Venous System

Deep veins 1
Nliac vein lu" - 47

Femoral |
vein

il / Superficial
velins

Girewter
\  saphenous
vein

X

Poplitcal

vein

Tibial
vein

Venous Thromboembolic
Disorder

* Deep Vein thrombosis / Pulmonary
embolism
— Traveler’s thrombosis (Economy class sy g
— Chronic venous insufficiency '

* Other forms of venous thrombosis _
— Superficial thrombophlebitis
— Axillary-Subclavian thrombosis
— Mesenteric venous thrombosis

119
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Superficial Thrombophlebitis

* Cause : Spontaneous. Trauma. Varicose vein, Buerger’s
disease. Malignancy, Hypercoagulability

* Not related with bacterial infection, except caused by recent iv
catheterization

* Symptoms : localized pain. erythema. warmth, tenderness.
swelling, palpable cord

* Asymptomatic Synchronous DVT(+) in 35% => Check
venous duplex study!

* Indication for treatment

— lsolated superficial thrombophlebitis with encroachment on the S-F junction
— Purulent infection
= =5em involvement: 45 days LMWH

k)

Venous Thromboembolic
Disorder

» Deep Vein thrombosis / Pulmonary embolism
— Possible cause of mortality
+ First year mortality of acute DVT ; 19-21%
+ PE death; 15% hospital death, 150,000-200,000
death/year in USA
— Significant morbidity due to progression to chronic
venous insufficiency

s

Venous Thromboembolic
Disorder

* Incidence of acute DVT

— Autopsy cases ; 35-52%

— Community-based, venography, symptomatic ; 1.6
/1000 residents, yearly

— Postoperative DVT; GS(19%), N§(24%), hip
fracture(48%), hip arthroplasty(51%), knee
arthroplasty(61%)

— Trauma; autopsied casualties(62%),
venography(58%) -- duplex(4-20%)

e
“ .

Epidemiology and Natural
history

* The incidence of recurrent, fatal, and non fatal VTE has
been estimated to exceed 900.000 cases annually in the
united state alone,

* In the United States of America, 200.000 new cases of
pulmonary embolism(PE) oceur each year, and 50.000 of
these result in death.

« VTE kills four to five more people annually than dose
breast cancer or acquired Immunodeficiency svndrome.

* PE is the third most common fatal vascular disorder
following coronary artery disease (CAD) and
cerebrovascular accident (CVA).

¢ The in-hospital mortality rate is 12%, and it is thus the
number one preventable death in hospitalized patients.

(*Rutherford s Vascular Surgery 7th edition, section 7 venous disease, chapter 48, p 736,
chapier 30, p 770, Saunders 2010

Isolated calf vein
thrombosis

* Differences in

= Rates of PE / post-thrombotic complications
* Recanalize more rapidly
« Lower reflux in involved calf vein segments
* Lower long term complication

— PE : 10%, 33% by V/Q scan

— PTS: 23% at 1yr ( vs 54% in proximal DVT)
* Proximal propagation : 15% to 23%

— in the absence of treatment

* 1/4-1/3 by Kearon

* However, Need anticoagulation !!!

Pathophysiology

* Virchow’s triad
— Endothelial abnormality
— Stasis of blood flow (predominan
— Hypercoagulability of blood

f
§

f Virchow's

£
Circulatory Stasis
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Joon Hyuk Kong: Deep Vein Thrombosis & Pulmonary Embolism: Overview & Treatment

Pathophysiological Clinical spectrum of acute
consequences DVT
— 1. Asymtomatic calf vein thrombosis
B
* B 2. Symptomatic calf vein thrombosis
2 — 3. Femoropopliteal DVT
o — 4. Phlegmasia Alba Dolens
“_”g‘ 5. Phlegmasia Cerulea Dolens
N m—— 6. Venous gangrene
S e
Clinical Course Clincal Course
* Acute (<2wks) * Acute DVT

— Flow void, low echogenic thrombus, venous
distension, loss of compression
* Subacute (2-4wks)

— Increased echogenecity, decreased venous size,
resumption of flow

* Chronic (>4wks)

— Echogenic thrombus, wall irregularity, valve
abnormality, collateral veins

— Symptomless, warmness. redness, pain. swelling

* Phlegmasia alba dolens (=milk leg, white leg)

— Increased tissue pressure exceeds the capillary
perfusion pressure, causing pallor

* Phlegmasia cerulea dolens(=blue leg)

— Deoxyhemoglobin in stagnnat vein imparts a cyanotic
hue to the limb

Phlegmasia alba dolens
(=white leg)

Phlegmasia cerulea
dolens(=blue leg)
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Risk factors-
hypercoagulable status

Inheriied

(Common Age

Factor V Leiden Surgery and trauma
Prothrombin gene matation (G201 10A) Immobiliztion
Homuy gous C ion in methyviene

Tetrmhydroft Previous ve thromboembolism

Pregnoncy and puerperium
(Oral contrceptive

Hormone replacement therapy
Antiphos pholipid antibodies

Antithrombin deficiency Elevated levels of factor VIIL X, and X1 and fibvinogen
Protein 8 deficiency
Protein C deficency
Dysfibrmogenemas

Homoey gous homosystmura

Acquired Risk Factors -

Surgery Acquired Risk Factors

T o — - - *  Old age
Call DVT Proximal DVT Fatal PE — amajor risk factor of VTE
High risk 40-80% 10-30% >1% *  Prior venous thromboembolism
+ Surgical patients with history of venous thromboembolism ~ independent risk factor for future VTE / adequate prophylaxis
* Major pelvic or abdominal surgery for malignancy * Immobilization o
« Major trauma — 60% of the paralyzed limb / 7% contralateral normal control leg

— air travel
*  Malignancy
— resulting rom activation of the cogulation cascade?

+ Major lower limb orthopedic surgery

Mode mate risk [ 10-40% [ 1% 0.1-1% +  Superficial thrombophlebitis

+ Geberak surgery in patients =40 years = an independent risk factor for VTE

* Patients on oral contraception = Antiphospholipid antibody syndrome

* Neurosurgical patients — anticardiolipin antibody / lupus anticoagulant antibody
— 2% of population / 30-50% of patients with SLE

oW Bk “10% I “1% <0.1% = 50% frequency of DVT/ half having PE

» Uncomplicated surgery i paticnts <40 vears without any other rek factors

* Minor surgery m patients =40 vears without any other rsk factors

Inherited Thrombophilia Inherited Thrombophilia

' Fpide_‘"i"]”gy * Regulation of coagulation pathway

Factor V Leiden® 5 20 e S
Prothrombin G20210A 3 7 A

Elevated factor VII** 6-8 10-15

Protein C deficiency 0.2-0.5 3

Protemn S deficiency 0.2-0.5 3

Antithrombin deficiency 0.02 1

Hyperhomocysteinemia®* 5 10

*Rare in the Asian and A frican populations

**Likely 1o be multifactorial
 Diagnosis of inherited thrombophilia
— Should be considered in any patient with VTE
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Joon Hyuk Kong: Deep Vein Thrombosis & Pulmonary Embolism: Overview & Treatment

Inherited Thrombophilia

*  Mechanism of thrombosis

* Investigation for suspected inherited thrombophilia
— age less than 45 years
— recurrent episodes of VTE
= Family history of VTE
— thrombosis at unusual venous sites such as dural sinuses
= recurrent miscarriages

Clinical Features - LIE DVT

* Mostly asymptomatic

* Pain, Edema
— due to vein obstruction,
inflammation of perivascular
tissue, lymphatic obstruction
* Distention of superficial veins
* Cutaneous erythema
* Homan’s sign
— pain in calf with forced
dorsiflexion of foot

Clinical Features - UIE DVT

Less common (2-5% of population)

Indwelling mechanical devices

— pacer lead. central venous catheters
— 30-40% of cases

Conditions of venous compression
— lymphadenopathy, tumors
Paget-Schroetter sndrome

10-30% risk for PE (similar to leg
DVT)

Clinical Features - PE

* Classification of PE

Absde e [(Acte  Crcaatony colapse Theoeriuy . thicbocsrs

Stable, echocarde-graphic

Acute subm A Thenmbolysis?, hey
cule submasive e s of RY overkod s, beparn
Acute nonmassive (Acue  Suble Meparin

CTEPH (Chione

Medical or elective

thromboembobe pulmonary [Chrone RV overkad et

* Acute massive: >350% PA occlusion
= sudden death in 10%, within 1 hr,
— severe acute dyspnea, syncope
* Acute submassive
* Acute nonmassive: <50% PA occlusion
— asymptomatic or tachypnea, dyspnea, pleuritic pain
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Complications (I)

* Pulmonary Embolism
— most devastating complication
+ obstruction of blood flow distal to the clot

* rapid increase in pulmonary arterial and right heart
pressure

Complications (Il)

* Pulmonary Embolism

— Inadequate tx. of proximal venous thrombosis
* 20% to 50% risk of significant recurrent VTE
* 90% of thromboemboli arising from L/Ex veins

— Sx PE: 7% to 17% of proximal U/Ex thrombi

— Lung scan: + in 25- 51% of Asx patients

— Autopsy : [DVT + PE] = [1.8 X DVT alone]

— PE contributes to approx. 15% of hospital deaths
— 1-week survival rate after a PE : 71%

— 25% of PE manifest as sudden death

— Mortality in adequate Dx. and Tx.: 8% to 9%

Complications (Ill)

* Post-thrombotic Syndrome
— less dramatic than PE
— greater degree of chronic socioeconomic morbidity
— 29% to 79% of patients
* pain, edema, hyperpigmentation, or ulceration

— Severe manifestations

— ambulatory venous hypertension

+ valvular reflux / persistent venous obstruction / anatomic
distribution of these abnormalities

— X6 risk of post-thrombotic syndrome with recurrent
DVT

Post-Thrombotic Syndrome
(PTS)

* Painfula heavy leg

* Cramps

* Paresthesia

* Prutitus

* Formation of varicosities

* Edema

* Hyperpigmentation of the skin

=> Reduced quality of life (QoL)
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Diagnosis of DVT

D-dimer ; cross-linked degradation product of fibrin.
— Sensitivity 44-72%. specificity 44-70%

— High negative predictive value: 97-99%

Duplex USG : test of choice (Accuracy >95%)

CT venography : pelvic vein evaluation, PE study

Impedence phlethysmography
Ascending venography

MR Venography

Lung ventilation & perfusion scan

DVT ; Diagnosis

* Before anticoagulation, Check wwulati wrofiles |
= CBC ; Hb, Het, platelet
— BT /PT/aPTT
— AT-III, protein C, protein S
— Coagulation factors VIIL IX, XI
— Fibrinogen, FDP, D-dimer, homocysteine
- If;\lt]!pus anticoagulant, anticardiolipin Ab. antiphospholipid

* Family study in hereditary or familiar tendency
— Factor V Leiden. Prothrombin gene mutation : rare in

Duplex criteria for DVT

Negative for DVT

— Complete approximation of the vein wall during
compression

— Complete color filling of the lumen without any defect

Positive for DVT

— Partially compressible or noncompressible vein
— Echogenic material within the vein

= Filling defect on color imaging

— Absence of doppler signal

Mansour & Labropoulos: Vaseular Dlagnosis(2005)

Duplex USG ; normal finding

Duplex USG ; =)

finding

Conditions that may
mimic acute DVT

Muscle strain or blunt trauma
Rup § muscle with subfascial b

F hage or b

Ruptured synovial cysts (Baker's cysts)
Anthritis, synovitis, or myositis
Cellulitis, lymph is, or i
Superficial thrombophlcbitis
Arterial insufficiency
Pregnancy or oral contraceptive use
Lymphedema
Lipedema
Chronic venous insufficiency or venous reflux syndromes
Extrinsic venous pression: lymphad tumaors, |

hematomas, abscesses, right iliac artery
Systemic edema: congestive heant failure, metabolic. nephrotic syndrome,

post-arterial reconstruction
Dependency or leg immobilization (casts)
Arteriovenous fistula
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Diagnostic strategies for

Diagnostic strategies for DVT DVT

+  Assessment of risk of venous thrombosis: Modified Wells Criteria
Criteria

Active cancer (recenng treatment within previous & months or recenang pallate

treatment }

Paralyss, paress, or recent mmmobsdization of kbwer extremsty

Recently bedridden for 2 3 dayvs, or major surgery within 12 weeks requnng any type
anesthesia

Localised tenderness along distribution of deep venous system

Entire leg swolen

Calf sweling > 3em increased compared to asymptomatic leg {measured [0cm below
tibial nsheresity )

Pitting edema confined 1o symptomanc kg
Collateral superficul vems (nomancess )
Previoushy documenged DV

Alernative dingnosis 01 keast as likek as DVT -2 1
] [ ]

Iniermediate risk 12
Likeh >2

Annal Int Med 2003

Summary of
Pathophysiology

* Deep vein thrombosis (DVT) and pulmonary embolism (PE)
are a single clinicopathological entity
— = venous thromboembolic disease, VTE

* The incidence: 1 (DVT) and 0.5 (PE) cases per 1000
population per year in the Western world

* In a hospital setting, 15% of medical and 30-50% of
surgical patients develop VTE if no prophylaxis is initiated

* Clinical feature: nonspecific and inaccurate

* Serious complications; 30-40% mortality in untreated PE,
~50% PTS in DVT

* Clinical risk assessment and plasma D-dimer testing with
duplex study and pulmonary CT angiography

Concerns in a patients with

DVT Goals of DVT Therapy

* Pulmonary embolism * Diminish the severity and duration of lower
* Symptoms extremity symptoms

* Extension of thrombosis * Prevent Pulmonary embolism

* Recurrence * Minimize the risk of recurrent venous

* Post-thrombotic syndrome thrombosis

* Prevent the postthrombotic syndrome (PTS)

=> Aim of DVT treatment
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Overview of Treatment

Systemic Anticoagulation

Systemic Thrombolysis

Surgical "I-"hrombectomy

TVC filter

Catheter Directed Thrombolysis (CDT)
Percuataneous Mechanical Thrombectomy
(PMT?)

PharmacoMechanical Thrombolysis (PMT)
8. Adjuvant Venous Angioplasty and Stenting_

S B SR

=l

DVT: Treatment options

* Anticoagulants
* Thrombolytic therapy

* Pharmacomechanical thrombectomy
* Surgical thrombectomy

* Vena cava filter
» Conservative treatment

DVT: Treatment options

Anti- 'I-‘llmbnmie Venous
Goal Caval filter ¢ :
ougulation The: Thrombe ctom.
+ + '
reduce PE
] + e
prevent thrombus extension
b
reduce DVT recurrence
- +
Testone venous patency
+ +
restore venous vihe
reduce chronic venous + n
msufficiency

Treatment

e Conservative Treatment

Conservative Treatment

* Bed rest and leg elevation
— 1289 prospective cohort study
— Bed rest does not prevent Pl
— LMWH + early ambulation + compression bandage or ES,
faster improvement of pain and swelling w/o increasing
risk of PE. decreased PTS
« Partsch H, JVS 2002
* Graduated compression stocking
— Graduated compression stocking for 24 months post-5 yr
cumulative data of incidence of TS 26% vs. 49%
+ Prandoni Pet al, Ann Int Med 2004
* Below-the-knee stocking is equivalent to the thigh one

Treatment

* Anticoagulation
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The evolution of
anticoagulant drugs

2008

Indirect Oral direct WelEINL TG

Direct  Factor Xa thrombin EEETIRTSE]

thrombin  inhibitor  Inhibitors  EERTHITRRS

LMWHs inhibitors

Heparin

Xa

Outpatient Anticoagulation
Therapy: Relative Clx

PE with hemodynamic or respiratory instability
Extensive iliofemoral thrombus

Known potential for non-compliance

Active bleeding

Severe hypertension (HTN)

Renal clearance <30 mL/min or SCr >2.5 mg/dL

* UFH (Unfractionated heparin)

* LMWH (low molecular weight heparin)
* Fondaparinux

* Vitamin K antagonist

* Direct thrombin inhibitor

* Factor Xa inhibitor

AT+ Xao ln Thrombocytopenia <100,000
(Protein €. History of heparin-induced thrombocytopenia
n:i;f—:t;:l;a Michigan Quality Improvement Consortinm (MQIC) guidelines 2011
Anticoagulants Clotting Cascade

Intrinsic Pathway

Extrinsic Pathway

Heparin (UFH)

* Heterogenous mixture of polysaccharide fragments w/
molecular weight 12,000~15,000

* Bind to the antithrombin, results conformational
change of AT, thereby enhance AT’s inhibitory effect
on thrombin and other coagulation factors esp., Xa

* Drawbacks of unfractionated heparin (UFH)
— Need to administer heparin by continuous IV infusion
— Unpredictable activity, requiring laboratory monitoring
— Heparin induced thrombocytopenia (HIT)

Low Molecular Weight
Heparin (LMWH)

Obtained by various fractionation or
depolymerisation of polymeric heparin

Molecular weight < 8000
Various activity to the AT and Xa

Constant release — predictable effect, do not
need monitoring
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Low Molecular Weight

Heparin (LMWH) Advantages of LMWH

Pharmacokinetic Characteristic  Clinical advantage

Agent Trade Name Mean MW Anti-Xa: Anti-lia Ratio Reduced protein binding Good bioavailability

UFH 3 12,000~ 15.000 ] Predictable dose response
Ardeparin Normiflo 6.000 1.9 Resistance not encountered
Dakteparin Fragmin 6,000 27 Predictable dose response :\Ld ur wi-based d_os:g, possible
Enoxaparin Clexane 4.200 38 ; T '00"“0"“‘" = r:;'u':;m =

- - . - pos ~onger pasma hali-lie nce= or twice- 1y € pOssHl

Nad Fray 4.500 6
!: r,oml,-m Crl],“pf,mn 4000 i = Smaller molecule Improved subcutaneous absorption

Iewpai |r| varine * - Less effect on platelets and Reduced incidence of HIT and, possibly,
Tinzaparin Innohep 4,500 1.9 aniloabiath bleeding

. Meta-Analysis LMWH vs
Heparin vs. LMWH Heparin for Treatment of DVT

y Hecament Thrombosmbalian
Tricaary Shetits (m=1566)
PR P S—
i
—_—
—_—
—_—

Antahrombin Thican hepacin hicind

45 sacchatide ks (moan] FacorXn

Duarontx, 1991
Hull, 1992

Prandons, 1992

2| '
;I 5 == G Lot 152 :
Einets to anbftorméin and theombin - C: Simommeas, 1003 ee——

Lendmarker, 1994 ——
Levine, 1996 -k
Koopuan, 1996 —4—
Fiesunger, 1996 —
i e
Ariombin Thaombin m;H-uun R Fakter Xa ::TT::‘T»:M 5
1
All studies 1. onan
(fixed-effect model) -
1
an o1 1 L] N
Blrds 1o aniilrombin but ooty fo thiombin s to antifrombin Gowld e al, 1999 {:H:—;‘ Ot Ratia (OR) }l'_!"rm

Fondaparinux UFH vs LMWH vs Fondaparinux

UFH LMWH Fondaparinux
. Synthetlc pentaSaCChar]de Enhances AT Enhances AT effects T
Mechanism effects on Xa & more selectively on Xa divit ‘I' AT &
. . - aciwviy o
» Factor Xa ]ﬂhlbltor thrombin than on thrombin e
- . N Half-life 1-2 hr 4.5-Thr 17-21 hr
-
For mnj ection Dosing Continuous drip BID or once daily Once daily
. . - . i o1 e e . - ? T e
« Fondaparinux vs enoxaparin in hip/knee vroamin sufite - Prowminsulile e et by
Reversal agents Img neutralizes neutralizes 60% of e
surgery 100u of heparin___activity P
s 5 R aPTT, heparin i )
— More effective at preventing VTE Monioring — none none
— No difference in major bleeding . Hepatic & RES, No Renal Adjust for Rewal =~
Clearance renal adjustments {'1(‘I"Ulﬁl 'min contraindicated in
:nal adjustments <30ml./ PR
* no repOI’t Of HIT CrCL=30mL/min
Cause HIT ves yes no
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LMWH vs. UF Heparin

Vein thrombosis 7 i

event 45 % 57 % 0.81
DVT 3.1% 4.4 % 0.79
PE 0.95 % 1.8% 0.63

LMWH vs. UF Heparin

NS

2.9% 43% |0.74 (28%)

33% 58% NS
0.69 (31%)

Warfarin : Mechanism of Action

* Inhibit carboxylation of coagulation factor II, VII, IX,
X in the liver

* Also inhibits natural anticoagulant protein C/S

VKA should be given with
heparin at the begining
* Slow action of VKA

* Relatively hypercoagulable state due to short
half life of natural anticoagulants (protein C/S)

* Very short half life of factor VII — initial INR
may not reflect effect of VKA

New Oral Anticoagulants
(NOACs)

* Factor Xa inhibitors
— Rivaroxaban
— Apixaban
— Edoxaban

* Direct thrombin inhibitors
— Dabigatran

New ERA of NOAC in VTE
treatment

Rivaroxaban 252y Dabigartran
(Xarelto®) m t’_ b (Pradaxa®)
Apixaban ﬁ; ,//'V Edoxaban
(Eliquis®) J; - (Lixiana®)
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Pharmacokinetics of NOACs

Dabigatran Rivaroxaban Apixaban

Administration bid QD bid
Bioavailability 6.50% 80% 66%
Tmax 1.25-3 h 2-4h 13 h
Half life 12.14 h 5-13h 8-15h
Renal excretion 80% 66% 25%
Plasma protein binding 35% =00% 87%
Dialysability Yes Not expected Unlikely

Anticoagulant therapy:
Contraindication

* Active bleeding

* Recent CNS surgery : 2 mo

* Recent major surgery : 2 wk

* Recent hemorrhagic stroke 2 mo

* Severe uncontrolled hypertension

» Severe renal and/or hepatic dysfunction

Optimal Duration of Anticoagulant
Therapy for Symptomatic Venous
Thrombosis

Indication Duration

DVT with provocative events 3 months

DVT without proviocative cause 6 months to > | year

DVT with malignancy until resolution of malignancy

Treatment

e Catheter Directed
Thrombolysis (CDT)

Hypercoagulable state life long
Recurrent DVT life long
Catheter directed Catheter directed
thrombolytic therapy (CDT) thrombolytic therapy (CDT)

* Access
— Ipsilateral Popliteal vein
— Contralateral Femoral
vein
— Internal Jugular vein

* 6-F sheath : Heparin
* 5F multi-
sideportcatheter : UK
— Heparin 500 unit'hr
— Urokinase30~100 x
1031U/hr

* Delivery of thrombolytics into the thrombus

* Popliteal approach

* Urokinase>>streptokinase, rtPA — more
bleeding

* Pulsed spray catheter \
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National Multicenter Registry
Radiology 1999

« 287 patients
— Acute 188, 45 chronic, 54 acute on chronic

* Results
= Complete lysis 31%, significant(50-99%) 52%. incomplete(<50%) 17%
= 7.8 million U of UK during 53.4 hrs
— Higher complete lysis rate in patients with symptoms of less than

I0days

Major non-fatal bleeding complication 11%

Pulmonary embolism in 6 patients, | death

Overall mortality 0.4%

Improved | yr patency in treated w/ stent(74%) than w/o stent(53%)

Limitations of CDT

Time to lysis

Need to hospitalization and intensive
monitoring

Risk of hemorrhage
Cost

Treatment

* PharmacoMechanical
Thrombolysis (PMT)

Pharmacomechanical
thrombectomy(PMT)

Reduce dosage of thrombolytic Tx
Reduce treatment time
Increase safety

— narrows contraindications
— decrease complications

Reduced cost

PMT Devices

* Aspiration thrombectomy device
* Rotational device
— Arrow PTD
* Rheolytic thrombectomy
— angiojet, oasis, hydrolyser
* Isolated PMT
— trellis
* Ultrasound accelerated thrombolysis
— Ekos
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CDT vs. PMT

CDT 70 % 30 % 78 %

Treatment

* Adjuvant Venous Angioplasty
and Stenting

PMT 75 % 25 % 82 %

Lin PH ctal. Am | Searg 2000

“» Compared to CDT, it provided similar treatment
success, with reduced ICU, total hospital length of
stay, and hospital costs

May-Thurner Syndrome

* Iliac vein compression syndrome

— Compression of the left common iliac vein by the
overlying right common iliac artery

« HEY R

Adjuvant Venoplasty & Stenting

* Technique

— Popliteal vein
approach

— Venoplasty balloon
(8~10 mm)

— Self-expanding
stents (10~16 mm)

— After the procedure,

oral warfarin for 6
months

Balloon
angioplasty &
Stent insertion

Balloon angioplasty & Stent
insertion
os:'lm G ag B7% :i: E‘;: 85% 17%
H[:?Dgn 18 8e% T8%
K:g;;;;s 22 B6% 95% 85% 8%
m‘gg&?’w 1" 100% 90% B2% B0%
o?ﬁ-‘;;‘ L 36 4% B5% BO0% ::: ::21 3%
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Treatment

* Surgical Thrombecotmy

Venous Thrombectomy

» Revival of thrombectomy in the management
of acute iliofemoral venous thrombosis.
— 230 thrombectomy
— No fatal PE
— 1 operative mortality
— Early & long-term patency 80% vs 30% of

anticoagulated pts
+ Eklof B, Contemp Surg 1992

Venous Thrombectomy

* AVF treatment guidelines for acute DVT

— Accurate definition preoperatively of the extent of
thrombosis, including routine contralateral
iliocavography

— Completion phlebography after thrombectomy to
insure the adequacy of thrombectomy & examine
residual venous lumen

— Construction of a small arteriovenous fistula to
increase velocity through a thrombogenic iliofemoral

venous segment which assists in maintaining patency

— Immediate & prolonged anticoagulation

Treatment

* [VC filter

Inferior Vena Cava Filters

Permanent filter
Simon Nitinol (A)
Bird's Nest (B)
Greenfield (C)
VenaTech (D)
TrapEase

Optional retrievable filter

Gunther Tulip (A)

Cook Celect Filter (B)
OptEase (C)
Recovery Filter

Permanent IVC filter
Indication

* Contraindication to anticoagulation

* Patients who experience a complication to
anticoagulation treatment

* Recurrent PE

* DVT pts who have cancer, burns

* DVT during Pregnant

* High-risk surgical and trauma patients with a
contraindication for anticoagulation
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Inferior Vena Cava Filter

* Absolute Indication
— Contraindications to anticoagulation

— Recurrent thromboembolism despite adequate
anticoagulation

— Complications of anticoagulations that have to be
forced the therapy to be discontinued
— Immediately after pulmonary embolectomy

— Failure of another form of caval interruption,
demonstrated by recurrent thromboembolism

Inferior Vena Cava Filter

* Relative indications

— A large free-floating iliofemoral thrombus
demonstrated on venography in a high-risk patient

— Propagating ilio-femoral thrombus despite
adequate anticoagulation

— Chronic pulmonary embolism in a patient with
pulmonary hypertension and cor pulmonale

— Occlusion of more than 50% of pulmonary bed
and would not be tolerate any additional thrombus

— Recurrent septic embolism

Summary

« IVC filters

— are not considered indicated for thrombolysis,
— strongly considered
* in case of loose (free-floating) thrombi or patients
with poor cardiopulmonary reserve. filter placement

before thrombolysis or mechanical thrombectomy
should be strongly considered.

* Optimal or retrievable filters should be considered
for this purpose.

Summary (conta)

» CDT for lower extremity DVT
— are not esblished,
— seriously considered
« patients with iliac and proximal femoral vein
thrombosis, especially who are younger,
+ patients with thrombosis of short duration (less than
10 — 14 days)

Summary (contaq)

* Mechanical thrombectomy
— may turn out to shorten the treatment time

— possibly decrease the risk of complications, but
this remains to be proved

* Endovascular stents

— are used almost only in the iliac veins

Highlights in Thrombolytic
Management of DVT
« WHAT’S IN?

— Cather-directed thrombolysis: good effect and
low rate of bleeding complications

« WHATS’S OUT?

— Systemic thrombolysis: because of a high rate of
bleeding complications
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Highlights in Thrombolytic
Management of DVT
« WHAT’S NEW?
— Pharmacomechanical thrombolysis:

+ is associated with reduced thrombolysis time
+ allows aggressive treatment of underlying pathology

* WHATS’S CONTROVERSIAL?

— Aggressive thrombolysis combined with
immediate treatment of underlying obstructions

or other causes

Acute DVT

Studies Guidelines

* Thrombolysis registry 1999 = SIR 2006

* Cavent study 2012, 2016 « SIR 2009

* PEARL registry 2015 + SVS 2012

* Attract study 2013, 2017 + AHA 2011

+ VIDIO trial 2016 « ACCP2012 9th

* ACCP 2016 9th update
« ESC2017

CaVenT trial (2016)

* Additional CDT resulted in a persistent and
increased clinical benefit during follow-up for up
to 5 years, supporting the use of additional CDT in
patients with extensive proximal DVT

* However, allocation to this therapy did not lead to
better quality of life

ATTRACT trial (2017)

|| ORIGINAL ARTICLE |

Pharmacomechanical Catheter-Directed
Thrombolysis for Deep-Vein Thrombosis

ATTRACT Trial

inog; acli\'nm{ (rt-PA) kActivnsc. Genentech, South
San Francisco, CA)

Good flow to popliteal vei

= Isolated th balysi uslﬁ: Trellis I

=  PowerPulse Thrombolysis using tll* Angiodet |
Pootr inflow to popliteal vein

- ion-First T

PTS, defined as a score of =5 on the Villalta PTS Scale

catheter

is nsing

Baseline Initial T 10d LT

Assessment

i

ebciorey epsdemclogenl oed scmoms; sy, 53, hortirm 3 VOIS, s chricod sy scoow, CEAY, climical snciogc

ATTRACT trial (2017)

* Leg pain and swelling significantly
improved in PCDT vs no-PCDT out to 30
days (p=0.019 and p=0.05)

—In [FDVT mod-severe PTS

18.4% vs 28.2% in PCDT vs no-PCDT
—In FPDVT mod-severe PTS

17.1% vs 18.1% in PCDT vs no-PCDT
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ATTRACT trial

« PTS : 46.7% for PCDT vs 48.2% for no-PTCD
(p=0.56)

* Recurrent VTE : 12.5% for PCDT vs 8.5% for
no-PCDT (p=0.09)

* Major and any bleeding rates statistically higher
in PCDT arm (1.7% vs 0.3% ; p=0.49 and 4.5%
vs 1.7%; p=0.034)

ATTRACT trial

PCDT (pharmacomechanical catheter directed

thrombolysis)

He|pﬂ.l| for acute symptoms

More benefit in IFDVT

— Did not result in a lower risk of the PTS

Higher risk of major bleeding

Hybrid is non-inferior (2016)

* novel single-incision approach that
combines operative and endovascular
techniques to maximize thrombus resolution.

Hybrid is non-inferior (2016)

Tiwvusis Kpwabution () g}
WNCT gty DICOTORMT et I CET e )

p=0.60

o
scEnEuscazERdInn

Ll -
e Brcktin s

dmummmmﬂ-mnmﬂdwm.m

Fig 1. Comparison
Catheterdinected thombolysis: HOT. Mybrid  operative
thrombectomy.

HOT thrombectomy established complete (= 95%) thrombus
resolution more frequently than PT did (78% vs 67%: P = .11

Calf Vein Thrombosis (CVT)

* CVT usually do not cause major sequelae & high
risk of PE

* But CVT can embolize, propagation to large veins
substantially increases the risk of PE & post-
thrombotic syndrome

* Propagation rate : 6-30%

* If not treated, recurrent VTE occurred in 30% of
pts.

* 29% recurrent VTE in pts treated w/ 5 days IV
heparin vs. no recurrence in pts receiving 3 mo of
anticoagulation

Lagerstedr CI, Lancer 1985
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Acute DVT

Studies Guidelines
* Thrombolysis registry 1999 = SIR 2006
* Cavent study 2012, 2016 « SIR 2009

+ PEARL registry 2015 + SVS 2012

+ Attract study 2013,2017 = AHA 2011

+ VIDIO trial 2016 + ACCP 2012 9th
+ ACCP 2016 9th update
+ ESC2017

ACCP 9" update 2016

The CAVENT  Siudy  has
reported that COT reduced PTS,
did not alter quality of life, and
appears to be cost-elective

- 1000

A retrospective analysis of CIYT
(3649 paticnts) was associated with
increase in

transfusion{2X).

intracranial bleeding (3X),
PE(L5X), and

vena caval filter insertion(2X)

This new evidenee has not led 1o a change in our recommendation for the use

of COT in patients with DVT since ACCP 2012 N
CHEST 2016; 149{2):315-352

ACCP Guideline 2016

* Catheter-Directed Thrombolysis for Acute DVT of
the Leg

— In patients with acute proximal DVT of the leg. we
suggest anticoagulant therapy alone over CDT (Grade
2C

— We propose that the patients who are most likely to benefit
from CDT have
+ lliofemoral DVT
+ Symptoms for <14 days
-G i s 5
+ Life expectancy of >1 year

CHEST 2006; 14%2):315-352

Larws oy DVT ssmsgocicon

2-bevelm el
1
v ¥
DVT unlikely DVT likely

D-Dimery
v

Negative Positive > Complete vesous US

Tsolated distal DVT
| |

High rivk recurence Lerw risk securmence
Trestment or survesllance

Trestment
Smonths AC 46wk AC tfull or lower dove)
o venous US smeveillance

o treatment

ESC 2017
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DVT in pregnancy

* Increased risk of VTE in pregnancy
* Warfarin — teratogenic
* LMWH until delivery

Anticoagulant therapy in pts
with malignancy

* Risk of VTE : 11%, 2nd leading cause of death in
pt w/ overt malignancy

* Recurrence rate is higher in pts w/ malignancy
than without malignancy

+ Bleeding complication is higher in pts ¢
malignancy than without malignancy

* Anticoagulant therapy LMWH>VKA
* NOAC —no data availble
+ Extended anticoagulation

Anticoagulant therapy in pts
with brain tumors

* High risk of VTE : 7.5~25%

— esp., age=60 years, glioblastoma, large tumor size,
subtotal resection, use of chemotherapy,
neurosurgery < 2 mo, leg paresis

* Risk of bleeding: 2~4% in pts w/ glioma,

— esp., pituitary adenoma, metastatic tumor from
melanoma, choriocarcinoma, thyroid ca., renal cell
ca.

* Anticoagulant therapy LMWH>VKA

-
DVT: Prophylaxis
i CAlfDVT | Proxinal DVT | Fatal PE
High risk 40-80% 10-30% >1%
+ Surgical patients with history of venous thromboembolism
* Major pelvic or abdominal surgery for malignancy
+ Major trauma
* Major lower limb orthopedic surgery
Mode rate risk [ 10-40% [ 1% 0.1-1%
+ Gieberak surgery in patients >40 vears
* Patients on oral contraception
* Neurosurgical patients
Low risk <10% | <1% <0.1%
* Uncomplicated surgery in patients <40 vears without any other rsk factors
+ Mmor surgery m patients =40 vears without any other rsk factors
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DVT: Prophylaxis

* Pharmacologic
- UFH
- LMWH
— Fondaparinux
— Oral direct thrombin inhibitor
— Factor Xa inhibitor
- VKA
— Aspirin

* Mechanical
— Intermittent pneumatic compression

Therapeutic Goals of DVT
Treatment

* Relieve the patient’s symptoms

* Prevent further thrombus propagation

* Prevent pulmonary embolism & CTEPH
* Prevent DVT recurrence

* Prevent postthrombotic syndrome
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Hemodialysis and Vascular Access

Incheon St. Mary’s Hospital, The Catholic University of Korea

A4 & 4

Table 3. Classification of chronic kidney disease based on
glomerular filtration rate (GFR)." **
Stage 1 Kidney damage with

normal or elevated GFR
oot canew frprions. ] iy Stage 2 Kidney damage 6089
i with mildly decreased GFR

Stage 3 Moderately decreased GFR 3059
FUEUSAm Stage 4 Severely decreased GFR  15-29 |
AT - Stage 5 End stage renal <15 or on dialysis
disease (ESRD)

Fig. 17.13 Physi

Treatment options for patients with ESRD

Central venous catheter for HD

Transplantation
/

ESRD —» Pertonesicayss ronunmeledCVC

\ Central venous catheter /

/ tunnelledCVC
Haemedialysis through
% AF

a Vascular Access
Vascular Access prosthetic

NS
AVF = arteriovencusfistule, AVG 8 ™ ogea

ESAD = End stage rensl disease, CVC = centralvenauseatheter

]
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Vascular access(VA, E&E2)

* For hemodialysis
; Blood flow at least 300ml/min, preferably 500ml/min.
» Central venous catheters (CVC)
; Acute HD, or as bridging VA
» Arterialization of a vein(AVF, arterio-venous fistula)
; Autogenous anastomosis between artery and vein

* Interposition of a graft between an artery and a vein(AVGs,
arteriovenous grafts)

; VA using a prosthetic graft

Advantages and Disadvantages of CVC for HD

Advantages Disadvantages
* Universally applicable * Thrombosis
+ Infection
+ Variety sites for placement + Central venous stenosis or
occlusion

* Immediately available for use ~ + Low patient satisfaction
+ Lower blood flow rate, long
dialysis time

2 Risk of morbidity & mortality

+ Low cost

BNERYD Iy

N BEuzemAME | ]
5 sy MG b
H) |
ﬁ:ﬂ (4% 29, M7tor O | ™ | (Flow check, | ™= ?M ihirato
ZEH, £5or 42, thrll, bruit..) a5 A4
# AVF or AVG, basilic E‘?.'JT '
b vein transposition...)

Choice of type of vascular access

* Ideal VA
: Resistant to infection and thrombosis, minimum adverse events

» First option : Distal autogenous AVF in the non dominant arm.

- Lower incidence of postoperative complications and fewer
endovascular and surgical revision for AVF failure

* Next options : Prosthetic AVG and CVC(central venous catheter)
- Higher morbidity and mortality in CVCs(infection...

Time of referral for VA surgery

* Importance for the outcome of the VA.
» Early referral - More well functional autogenous AVFs
* Late referral > Non-maturation and need for a CVC
* Risk factors of AVF failure
- HD initiation with CVC, long AVF maturation time
- Cardiovascular disease
- Early cannulation

* The knowledge and experience of the VA surgeon is of
importance in creating predominantly AVFs and has a major
impact on the outcome of surgery.
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Kaplan-Meier curves

— CVCabsent (N =233)

= CVCypresant (N = 181)

Survival Probability

P=0.0005

of time to AVF failure
— >60days(N=111)
e 3060 ditys (N = 118)
e 1530 days (N= 137)

<15 days (N = 47)

P=0.0007

] 12 ¥ ¥ 48 0

12 ¥ ¥ 48

Months from first cannulation  JAm Soc Nephrol 2004:15:204 €5, Ravani et ai,

Primary option for vascular access (1)

* Autogenous arteriovenous fistula.
* The first choice for VA creation : Radiocephalic AVF (RCAVF)
+ Advantages

- Minimum of complications, revisions and hospital admissions
* Non-dominant arm
+ A minimum internal vessel diameter

- Radlial artery and cephalic vein : 2.0mm using tourniquet

= Successful fistula creation and maturation
( Brachiobasilic (BBAVF) AVFs ; 3.0mm in artery and vein)

Anatomy of Upper Extremity Vessels

Subelavian v

Radiocephalic AVF (RCAVF)

Disadvantages of AVF

+ Risk of early thrombosis
and non-maturation

= Access failure

{17% mean early failure
rate, up to 45%)

- One year patency from
52% to 83%

+ Old age : Maturation failure

Table 5. Early failure and one year secondary patency rate of the
ragipcephalic AVF,

Reference No, RCAVF  Early Secondary
o failure (%) patency (%)
Silva gt al.” 108 % n
Golledge et al. 107 18 ]
Wolowcryk et al.” 208 0 65
Gibson et al."* 130 k] 56
Allon et al.” 139 1 2
Dixon et al.”* 05 30 53
Ravani et al” 197 5 7
Rogijens etal”™ 86 a1 52
Biuckians et al. 80 £l 63
Huibregts et al™® 649 30 mn

Primary option for vascular access (2)

+ Brachial artery based AVFs

; BCAVF(brachiocephalic AVF) and BBAVF(Brachiobasilic AVF)
* High access flow
+ Good one year patency

+ Low incidence of thrombosis (0.2 events per patient/year) and
infection (2%)

* Reduced distal arterial perfusion and cardiac overload
= Risk of Steal syndrome 1

» Basilic vein transposition (BVT) (upper or forearm)
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Brachiocephalic AVF(BCAVF)

Transposed Basilic Vein AVF(BBAVF)

[

Variables and outcome of AVF

* Age(>65 years old)
*DM

* Female(smaller vessels, poor maturation and low long-term
patency, more revision and AVG)

* PAOD

* Obesity

* CCB, aspirin, ACEi ; Better AVF, AVG patency

» Anastomosis length : Donor artery size | - failure

Secondary options for vascular access

* AVG VA with
- 4-6mm tapered or 6mm PTFE(polytetrafluoroethylene) graft
- Biological material (ovine graft/Omnifiow)
+ AVG
- Primary patency ; Tyr (40~50%), 2yr(20~30%)
- Secondary patency : Tyr (70~90%), 2yr( 50~70%)
- Neointimal proliperation
- Multiple intervention (outcome 1)
- Elderly patients may benefit

« Minimum outflow vein diameter : 4mm

Forearm Loop AVG

* Anastomosis site
: Brachial artery
to antecubital vein
to cephalic vein
to basilica vein
to brachial vein

Pre-operative assessment

* History and physical examination
* Duplex ultrasound(DUS)

+ Digital subtraction angiography (DSA)
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History and physical examination

* Hand dominance
* Previous vascular access
; Central venous catheters, peripherally inserted central catheter,
pacemaker, defibrillator)
* Upper and lower extremity venous thrombosis, hand ischemia
* Pulmonary hypertension or heart disease

+ Skin conditions : Dryness, redness and infection.
+ Upper arm swelling (Central vein stenosis)

* Hemiplegia (Create VA on the paralytic side).

+ Contracture of the elbow joint

Duplex ultrasound sonography

* Venous mapping (depth and VA site)
; Measure artery and vein diameters and stenotic lesions

» Evaluation of maturation(flow and diameter check)

* The first line imaging method in suspected VA dysfunction
after VA creation

(eg. Stenosis or thrombosis)

Digital subtraction angiography

* Previous CVCs additional preoperative imaging of the central
veins should be performed.

+ Significant peripheral vascular disease and suspected proximal
arterial stenosis

Creation of Vascular Access
- Technical aspects

* Venous preservation
* Arm exercise : Improve artery and vein diameters
* Pre or peri operative hydration
* Prophylactic antibiotics
; Cephalosporin, amoxycillin/clavulanic acid or a glycopeptide
* Anesthesia : Local or regional anesthesia
* Peri-operative anticoagulation : heparin ?
+ Arteriovenous fistula configuration
; End to side (vein to artery) anastomosis

Summary of surgical techniques (1)
* AVF ; Most distal site possible

* Proximal AVFs : Lower initial failure & better patency
- Steal syndrome 1, less comfortable

+ Arterial & venous diameters : More than 2 mm
* Non-dominant arm

* Pacemaker or CVC : Contralateral side

Summary of surgical techniques (2)

* 1%t choice : RCAVF
» 2" choice
: Young patients
- BCAVF(any vein is ok~) or basilica vein transposition, AVG
: Old patients
= BCAVF or AVG
» The number of re-interventions : Significantly higher in AVGs
* Choice of graft : 4-6mm tapered ePTFE or 6mm ePTFE
- Can be use after 1~2 week( 4 weeks)
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Peri-operative assessment

* Should be a palpable thrill or, at least an audible bruit

* The absence of a bruit ; Something wrong
- A good predictor of early AVF thrombosis or occlusion

* Flow meter check
; Radio-cephalic fistula : about 300mL/min
; AVG on brachial or BCAVF : 700~1000mL/min

Peri-operative complications

* Hemorrhage

+ Post-operative infection

+ Non-infected fluid collections

* Vascular access induced limb ischemia : 4~9% (Stage 3, 4)

* Early thrombosis

AVF and Steal syndrome

VA induced ischemia
Stage 1 Slight coldness, numbness,
pale skin, no pain

Stage 2 Loss of sensation, pain during
HD or exercise

Stage 3 Rest pain

Stage 4 Tissue loss affecting the distal
parts of the limb, usually the
digits

Access maturation and care

* AVF : Preferably 4~6 weeks
* AVG creation : 2~4 weeks

» Check points, " Rule of 6s *
(1) Bruit and thrill
(2) Adequate venous diameter ; > 6mm
(3) Adequate length and depth ; < 6mm
(4) Adequate volume flow ; > 600 ml/min

Management of maturation failure

* The most common causes
; Venous, arterial or anastomotic stenosis
- Intervention(balloon angioplasty), surgical revision
; Competing veins or large patent branches
= Branch ligation
; Excessive depth from the skin
= Superficialisation

* Hand-arm exercise

Anticoagulation therapy

* Reduce thrombosis but no long term benefits.

* Case by case....
; Aspirin, clopidogrel, cilostazol, warfarin, berasil

» Omega-3 fatty acids (fish oil) in improving VA function or
maturation
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Late vascular access complications

+ True and false access aneurysm
* Infection
» Stenosis and recurrent stenosis
- Inflow arterial stenosis
- Juxta-anastomotic stenosis
- Venous outflow stenosis
- Cephalic arch stenosis
* Thrombosis
* Central venous stenosis
* VA induced limb ischemia and high flow VA
* Neuropathy
* Non-used vascular access
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Indication and Techniques of Mitral Valve Surgery

Mitral exposure

£ ,,
P

.

P &l
-
-
e |l

-
. |
r ]

Mitral exposure
Vertical left atriotomy

Mitral exposure

Anatomy of Mitral valve
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* Atrio-valvular junction
= Leaflet
= Suspension system

* Chordae
* Papillary muscle

Materior smamtr  haterier beaflet

Annulus

Acnc-meral
cutan

Leaflet

Anterior leaflet : triangular — A1, A2, A3
Posterior leaflet(indentation)

' E -P1,P2, P3
g Posterer
. o » AL commissure

f * PM commissure | gl o
;:nu:al;tm - Trigone = Pos Rl A1 &
annulus & = &/ ooty . "‘J

Trigone
Chordae

« Marginal(primary)
: prevent eversion

. Margfol
« Intermediary(secondary) ol
: prevent doming it

= Basal(tertiary)
: maintain geometery

Papillary muscle

et satarad
papatary

muscie

» Anterolateral PM

* Posteromedial PM
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Mitral valve replacement

v' Mitral stenosis
v Mitral regurgitation

Mitral stenosis

ACC/AHA 2014 guideline

Mitral valve excision

Valve suture insertion

Chordal preservation
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Complications after MV Replacement

* Thromboembolism

« Hemorrhage

« Endocarditis

* Arrhythmias

» Prosthesis malfunction

» Late cardiac failure

= LV rupture: untethered loop theory

Left Ventricular Rupture

* Cause ==
* High profile tissue valve
= | esser subvalvular apparatus
= |njuries during operation

— Should maintain annulopapillary continuity

Mitral valve repair

v Mitral regurgitation

v Mitral stenosis

Mitral regurgitation

Natural History

Progressive LV dilatation

gnset of
evere
equrgitation

Survival

aYsfuncti

nction
Ideal

Op.er,atlon g;r‘r%‘gtoms
timing

Years
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Indication and Techniques of Mitral Valve Surgery

ACC/AHA 2019 guideline

Srvere Prrpressors M CAD
s corwacaa 20 7 e ntage B) W R
Ao 28 L cowacn <6 7 em Conuter CHT
F ws, Wy <6 L
ERG 204 e’ n <sirs
L dtaten 0 <04 e’
Pl | Pre———
P |
e 01 ivge 0y image £}
{ 1 1
LVEF 30% 10 otk | [V »00m ana | e vumn a5 o |
LVEF 230% VeSO s | | |
el | e |

Reconstructive Valve Surgery
Three Fundamental Principles

1. Preserve or restore full leaflet motion
2. Create large surface of coaptation

3. Remodel the annulus

A. Capentier. JTCS 1983,86(3):323-37

Annuloplasty ring

+ Complete vs incomplete

— Incomplete
+ Usually posterior annular dilatation
+ Leaflet repair itself reduce annular circumference
+ Difficult visualization of anterior annulus

- Complete
« Functional MR(to reduce annular circumference)

Rigid, Semi-rigid, Flexible

— Flexible ring
+ Physiclogic movement of MV annulus
+ Valve distorsion or orifice narrowing

— Rigid ring : more prone to produce SAM

Adjustable vs fixed

Ring sizing

» Measurement of anterior leaflet
+ Commissure to commissure
« Height of anterior leaflet : partial ring?

Annuloplasty suture

Suture within the annulus fibrosus
- to avoid ring dehiscence

Not to suture metallic core of ring
- to avoid annular distorsion

-
e
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Pos

o

. L‘)'V”
+ Triangular re ‘\,,J)

. N 7 [

: <1/3 of segmu

Posterior prolapse

* Quadrangular resection
: >1/3 of segment
Annular plication

J
=q i

i

2
UY
L

e

—
——’
¥

i
i

Posterior prolapse

* Quadrangular resection+sliding annuloplasty
1 >30mm
Prevent SAM
Compression suture

Commissural prolapse

« Commissural plication J

« Triangular resection

Anterior prolapse

» Long-term results : posterior>>anterior
+ Artificial chordae implantation

{

Anterior prolapse

» Chordae shortening
» Papillary muscle sliding plasty

T ;A&

'y
L2

a
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Indication and Techniques of Mitral Valve Surgery

Anterior prolapse

» Chordae transfer

— 2ndary chordae ' B
— Posterior chordae e Q ar

Anterior prolapse

» Papillary muscle shortening

-. L‘ |
AR A

»
3

b € d

SAM(Systolic Ant Motion)

* depend on hemodynamic status

* Risk factors
— Excess valvular tissue
— Undersized annuloplasty
— Narrow aorto-mitral angle
— Hyperkinetic small ventricle
— Septum bulging
—Abn. Configuration of Ant. leaflet

SAM-Medical Therapy

+  Usually associated with
- Hypotension
- Hypovolemia
— Small ventricular cavity
— Ventricular hypertrophy
— Hyperdynamic state(eg, catecholamine)

+ Treatment
~ Withdrawal of inotrops
- Volume loading
- Slowing heart rate
- Increased afterload

SAM-Repair Technique
=

« Larger annuloplasty ring
Band == complete ring
Flexible >> rigid ring =

- Sliding annuloplasty: qr ey
. posterior leaflet height | i '

+ Pomeroy procedure: ant. leaflet resection

+ Transaortic septal myectomy

Rheumatic MV disease

= Commissurotomy - h\
« 2ndary chordae resection = » =
* Not good result N : K.
in severe deformity valve 7/
. xq/
| ;s N
‘1 A y T-’p-f'

)(
2R
.t‘k\

|
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Rheumatic MV disease

* Leaflet extension : pericardium

wiw WO
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Indication and Techniques of Aortic Valve Surgery

Department of Thoracic and Cardiovascular Surgery,
Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Joon Bum Kim, MD, PhD

AVR suture
methods

Conventional

I Simple interrupted | | Continuous I

Open-chest or Sternotomy

Minimal Incision

Right Anterior Mini-sternotomy
Thoracotomy

Rapid Deployment / Sutureless AVR

Intuity

Edwards Lifesciences

Rapid Deployment / Sutureless AVR

Perceval

LivaNova

nmovation that matters
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Phenotypes of the ascending aorta Bentall Procedure

b & ¢

Anitic root aneurysm Supra-conmnany Aneurysm Ieolated Al

Valsalva 245 mm Valsalva <40 mm Valsalva <40 mm
Aorta >45 S Aorta <40
d and i ical h to aortic valve repair

Root reconstruction

v
Remodelng } ‘Supra-coronary Sub-valvular
+ sub-vabvular 0 graft + sub-vabvular annuloplasty
_ annuloplasty L»E annudoplasty (anrulus 225 mim)
fannuius 225 mmj
k Cusp repair
| i
Alignment of cusp fres edges of wifectiva hoight axternal portic

Valve-Sparing Root Replacement Remodeling vs. Reimplantation

p

Remodeling Reimplantation Remodeling
Yacoub David Lansac

Reimplantation
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Joon Bum Kim: Indication and Techniques of Aortic Valve Surgery

Effective height

Cusp plication
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Remodeling

Surgical Indication: AS

HF
Angina
Syncope /

LVEF < 50%

AVA <1.0cm?
Ao Vmax 2 4m/s
Mean PG 2 40mmHg

Surgical Indication: AS

Symptom (-)

NEACIGRASE BUT AND

LVEF =2 50%
Maybe considered

if low surgical risk + rapid progression
(Class 1Ib)

Surgical Indication: AS

Symptom (-)

Severe AS R:'1) AND

LVEF > 50%

Surgical Indication: AR

HF
Angina

Symptom (+)

LVEF < 50%

+ Jet width = 65% of LVOT

+ Vena contracta>0.6cm

+ ERO = 0.3cm?

+ Holo-diastolic flow reversal
in proximal abdominal aorta

Surgical Indication: AR

Symptom (-)
LVEF > 50%
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Tricuspid Valve Disease / Infective Endocarditis
Department of Thoracic & Cardiovascular Surgery, Seoul National Univ. Bundang Hospital

Jae Hang Lee, MD, PhD

SNUHY weugasey SNUHY wungauare

Anatomy

Anteroseptal 9
ey : ¥ commissure \
Tricuspid valve disease Anterior | Posterio

’ @ Posteroseptal
Membranous V commissure
seplum node Coronary
sinus
|
SNUHY gunganasy SNUHY puugauzey
Anatomy Anatomy

Right ventricle

* Most apically placed
+ Largest orifice among the 4 valves
* TV annulus is 20% larger than MV annulus

+ Septal and anterior leaflets are larger than forta Yoge 4 A <= stium
posterior leaflet A >’

+ Septal leaflet
— Basis for spontaneous closure of the PM-VSD

168



Jae Hang Lee: Tricuspid Valve Disease / Infective Endocarditis

SNUHY peuganzey

SNUHY yguganaee

Tooght S

Tricuspid valva
Aartic valve

PL
| ASC
SL
Lcs \

Mambaanous ’.‘ Coronary sims

septum e |
)

Inferior vena cava

Anatomy

Aortic
Valve

SNUHY weuganzey

SNUHY yguganaee

Tricuspid regurgitation

Pathophysiology

Most TR is secondary to tricuspid annular
dilatation : functional TR..!! — 80%

— RV failure

— Pulmonary vascular disease (mitral valve
disease)

— RV infarction

— Congenital : pulmonary stenosis, primary
pulmonary HTN, Marfan (annular dilatation)

-> May diminish or disappear if RV decrease in
size with HF treatment..!!

SNUHY peuganzey

SNUHY yguganaee

Pathophysiology

* Primary TR
— Congenital disease

« Ebstein anomaly, AV canal defect, corrected
TGA

— Rheumatic
— Carcinoid syndrome

— Prolapse caused by myxomatous change
— Others

* Tumor (ex. myxoma), PM leads,
endomyocardial fibrosis, trauma, endocarditis..

169

Symptoms

TR is generally well tolerated in absence of
pulmonary HTN..1!

Rt. Side HF with pul HTN + TR

— Ascites, hepatomegaly, edema

Wt.loss, cachexia, cyanosis, jaundice
Jugular distension, venous thrill & murmur
Pulsations of an enlarged liver
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SNUHY yeugauaey SNUHY wungauare
Treatment Tt
- :
+ Medical e O el [ e |
— Diuretics if Rt.side heart failure 1 1 . | i .
— Reduce PAP and PVR o L iy N .mim.. ey
* Surgical x| i g K
— Absence of pul.HTN = no surgery! R _‘m"x‘d“::""m e ) P :'“2;"‘:“;‘“:‘""’
— Mostly annuloplasty )
- If, TVR 0 AU
> Bioprosthesis >> Mechanical | T | | :
: risk of thrombosis, d/t lower flow rate ) Kk ‘ [ aTeE ‘ |""';'“‘| | Rl ‘ ‘ e ‘ e

2014 ACC/AHA iuideline

SNUHY weugasey SNUHY yguganaee

bsolated primary
tricuspid regurgitation

Clinical evaluation
Pwsical examination
Rule-out left-sided vahvular dysfunction

|

Severe tricuspid

Non-severe tricuspid

Secondary
tricuspld regurgitation
|

Clinical evaluation
Physical examination
Identify left-sided vabvular dysfunction
I

1

TR associated to left-sided Severe TR not assoclated

H 3

170

regurgitation regurgitation valve surgery with left-sided valve surgery
Symptoms and / o Recent signs of right heart
Symptoms andor AV No symptoms / mild No symptoems and Severs TR Mild / moderate TR
o dysfunction symptoms normal RV function RV dysfunction failure [ sPAP > 60 mmHg
|
[ 1 Recent signs of right heart Tricuspid annulus
RV dilatation and/or Non-ditated RV and failuire / SPAP > 60 mmHg 240 mm
RV dysfunction with normal function
I I
Surgery Surgery Consider TV surgery TV surgery
Class| Class Ita o surgery? Folonie Class | Class lta fetow tp
Management of primary tricuspid regurgitation Management of secondary TR
Eur J Cardiothorac Surg 2017,52:1022-30. Eur J Cardiothorac Surg 2017;52:1022-30.
SNUHY yeuzanaey SNUHY yeugauasy
Annuloplasty
APC

Tricuspid stenosis




Jae Hang Lee: Tricuspid Valve Disease / Infective Endocarditis

SNUHY peuganzey

Pathophysiology & symptoms
* Mostly rheumatic, rare isolated TS

+ Symptoms : similar to TR
— Fatigue
— Distension of neck veins
— Hepatomegaly, ascites, peripheral edema

SNUHY yguganaee

Tricuspid valve replacement

madial nght atrcacey

Y
=

SNUHY weugaeaey

Infective endocarditis

SNUHY weuganzey

Definition

« Infection of the endocardial surface of the
heart, which may include one or more heart

valves, the mural endocardium, or a septal
defect

+ Increasing incidence of nosocomial endocarditis

* Increasing risk

1m7m

SNUHY yguganaee

Epidemiology

« IE is rare in healthy individuals despite common
bacteremia (ex. dental procedures)

- both native and prosthetic valve

— Infecting drug user
— long-term HD

— Patients with IV cath
— Diabetes

— HIV-infected patients
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SNUHY peuganzey

SNUHY yguganaee

Native valve endocarditis (NVE)

» Rheumatic valvular disease
— Usually mitral valve followed by the aortic valve
» Congenital heart disease

— PDA, VSD, ToF, any native or surgical high-flow
lesion

» Mitral valve prolapse
« Degenerative heart disease

— Aortic stenosis in elderly ,bicuspid valve, Marfan
syndrome, rarely syphilitic disease

— Mitral regurgitation

Prosthetic valve endocarditis (PVE)

» Early PVE
— within 1 year (60 days)
— usually aggressive nosocomial infection of se
wing material
+ Late PVE
— 1 year after surgery / implantation

SNUHY peuganzey

SNUHY yguganaee

Organisms

« Dental procedures, poor dental hygiene :
viridans streptococci, nutritionally variant
streptococci, HACEK (Haemophilus, Actinobacill
us, Cardiobacterium, Eikenella, Kingella )

* Prosthetic valves
— Early: coagulase negative staphylococci, S. aureus
— Late: coagulase negative staphylococci, viridans
streptococci
+ Gastrointestinal or genitourinary procedures :
enterococci or S. bovis (colon carcinoma)

Organisms

* Nosocomial : S. aureus (including MRSA), Gram
negatives, Candida species

« HIV : S. aureus

+ Animal or farm exposure: Coxiella, Chlamydia,
Brucella

« History of homelessness, alcoholism (body lice):
Bartonella

SNUHY peuganzey

SNUHY yguganaee

Clinical presentation

* Fever (95%), signs of systemic disease (naus
ea, weight loss....)

» Heart murmur (85%)

+ Septic embolization (20-50%)
— brain, kidneys, spleen
— pulmonary

+ Peripheral microembolization less common

172

Clinical presentation

Splinter

hemorrhage ey wack

Roth's spot laneway lesion




Jae Hang Lee: Tricuspid Valve Disease / Infective Endocarditis

SNUHY weugasey

SNUHY wungauare

Diagnosis

*+ Blood cultures
— 3 sets (aero + anaerobe)
— At different times + from diff. sites
— 85-90% - streptococci, staphylococci, enterococci
— 10% culture negative
« usually due to previous antibiotics Tx.
+ less commonly HACEK
+ Fungi - Candida, Aspergillus
+ Intracellular pathogens: Coxiella, Bartonella, Chlam
ydia, Mycoplasma, Legionella, Trephonema

Echocardiogrpahy

* TTE - low sensitivity (40-60%)
+ TEE - high sensitivity (90-100%)

+ Definite finding
— Vegetations
— Abscess
— new prosthetic valve dehiscence

SNUHY weugasey

SNUHY wungauare

Duke criteria

Major Criteria

- Positive echocardiography
Positive blood culture
Minor Criteria

- Predisposing conditions
Fever > 37°C
Vascular phenomenon
Immunologic phenomenon
Suggestive echocardiogram

- Ambiguous blood culture
Diagnosis of infective endocarditis requires two major, or one major
and three minor or five minor criteria.

Modified Duke criteria

Definite IE
= Pathologic criteria
1. Microorganisms demonstrated by culture or histologic examination of a vegetation,
a \regeiahun that has embolized, or an lntlacamlac abscess specimen; or
2. Pathol lesions; vegetation or infr abscess confirmed by histologic examination
showing active endocarditis
# Clinical criteria (see Table 34.3)
1, Two major criteria
2. One major criterion and three minor criteria
3. Five minor criteria
Possible [E (see Table 34.3)

1. One major criterion and one minor criterion
2. Three minor criteria

Rejected
1. Firm alternate diagnosis explaining evidence of |E
2. Resolution of i i ditis sy with ic therapy for =4 days

3. No pathologic evidence of IE at surgery or autopsy, with antibiotic therapy for <4 days
4. Does not meet criteria for possible IE, as described previously

Major Criteria
* Blood culture positive for |E
= Typical microorganisms consistent with IE from two separate blood cultures
= Virdans s:repmcc:l— Streptococeus bowis, HACEK group, Staphylococcus aureus, or
= G q i, in the of a primary focus
= Mi i with |E from p y positive blood cultures, defined as follows:
= At It two positive blood cultures uf blood snmp]es drawn >12 h apart; or
= All of three or a majority of =4 separate cultures of blood (with first and last sample drawn at
least 1 h apart)
= Single positive bloud culture for Coxiella burmetii or antiphase | 1gG antibody titer >1:800
« Evid S and
= Echocardiogram positive for IE (TEE reccmmen:led in paﬁemx wnh pmsthatu: valves, rated at least
“possible IE" by clinical criteria, or d IE [p ]; TTE as Tlrsl test in other
patients), defined as follows:
= Oscillating intracardiac mass on valve or suppuning slrunh.:res, in the path of regurqllanl Jets, or
on implanted material in the ab of an al
= Abscess; or
= New partial dehlsnence of Droslheﬂc valve
= New valvular regurgi or i

Minor Criteria
Predisposition, predisposing heart condition or injection drug use

Fever, temperature >38°C

Vascular phenomena, ma]m arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracra-
nial hemorrhage, conj and y lesions

Immunoclogic phenomena: Glnmanulonephnns Osler nodss Roth's spots, and rheumatoid factor
Microbiological evidence; Positive blood culture but does nDt meet a major criterion as noled previ-

ously (excluding single positive r.ullules for i and organi
not cause fitis) or gani i with IE
= Echocardiographic minor criteria eliminated

or pi murmur not sufficient)

of active i with

that do

SNUHY wungauare

2015 ESC guideline

Clinical suspicion of IE

Modified Duke criteria (Li)

Native Prosthetic
valve valve

1 - Rapeat acho 1 - Repaat acho (TTE + TOE}/microblology
(TTE + TOE)/microblology 2 - '-FDG PET/CT or Leucocytes iabeled SPECT/CT
2 - Imaging for embelic events 3 - Cardiac CT
3 - Cardiac CT 4 - Imaging for embolic avents
ESC 2015 modified diagnostic criteri
Definite IE Possible IE Rejected 1IE

yww.escardio.org T T e P e — | . 4]
Im.escaldlo.om Europman Heat Joumal (2015, 36 3075-3123 - 0010 1093 enom eI 18 el
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ESC 2015 modified criteria for diagnosis of IE:

ESC 2015 modified criteria for diagnosis of IE:

1. Blood cultures positive for IE
a. Typical microorganisms consistent with IE from 2 separate blood cultures:
« Viridans strep ; icus (Strap bovis), HACEK group,

Staphylococcus aureus; or
+ Community-acquired enterococel, in the absence of a primary focus; or
g with IE from ¥ positive blood culturas:
+ 22 positive blood cultures of blood samples drawn >12 h apart; or
= All of 3 or a majority of 24 separate cultures of blood (with first and last samples drawn
=1 h apart); or
. Single positive blood culture for Coxiella bumnetii or phase 1 IgG antibody titre >1:800

b. Mic

2. Imaging positive for IE
a. Echocardiegram positive for IE:

‘Vegetation
+ Abscess, pseudoaneurysm, intracardiac fistula
= Valvular perforation or aneurysm
+ New partial dehiscence of prosthetic valve
Abnormal activity around the site of thetic valve d d b
1¥F-FDG PET/CT (only if the prosthesis was Implanted for >3 manths) or radiclaballed
leukocytes SPECT/CT.
€. Definite paravalvular lesions by cardiac CT.

o

www.escardio.org

European Heat Jouma (201536 30753123 - 00010 1085rnoarpvn 31

1. Predisposition such as pr heart or injection drug use.

2. Fever defined as temperature >38°C.

3. Vascular (including those d d only by i ing): major arterial
emboll, septic pulmonary Infarcts, infectious {mycotic) aneurysm, intracranial
haemorrhage, conjunctival haemorrhages, and Janeway's lesions.

4. h
rheumatoid factor

gl lenephritis, Osler's nodes, Roth’s spots, and

w

. Microbiclogical evidence: positive blood culture but does not meet a major criterion
as noted above or serological evidence of active infection with organism consistent
with IE.

)

ey

www.escardio.orng Eurcpean Hear Joumal (2015 38 X075-3123 - doct 0 1093 eurneanis 310

Infective Endocarditis

SNUHY yguganaee

How to Remember Dukes Criteria

ENDOCARDITIS

Minor:
F = Fever

s ,-".

L/ E = Echo findings (not
A man m fc for the si “n’ 8s

] is FROM JANE: fulfilling a major)
Fever BEF R V= Vascular findings

(*BE.- Bacteri it EE = Evidences from
Y (*BE - B | Endacard 5

:‘:llell;‘!::.;:‘ Major: B e microbiological immunolo
Murmur 1 = bload culture +ve >2 times 12 br part | & (2 evidences)
Janeway lesions E = Endocardial involvement from Echo | I = Risk-
Anemia factors/prediposing factory
Nail hemorrhage (splinter hemorrhages) -drug abuse , valvular
FEmboli discase

Treatment

« Antibiotic therapy

+ Surgery - performed in high-risk patients
— Age/comorbidities/PVE/DM
— Complicated IE (heart failure, shock...)
— High-risk agents (S.aureus, fungi...), ATB
failure

— TTE/TEE high-risk morphology parameters -
risk of embolisation

SNUHY peuganzey

SNUHY yguganaee

Antibiotics

+ beta-lactam (penicillin, cefalosporin)
+ Glykopeptide (vancomycine)

« Aminoglykosides (gentamicin)

« Rifampicin in PVE

« Streptococci: PEN/CEF + GENTA, (VANCO)

+ Enterococci: like streptococci, PEN resist. comm
on

+ Staphylococci: MET/OXA + GENTA
= Empirical therapy - should focus on S. aureus

Surgery

* Indications
— Progressive heart failure
— Significant heart failure: fail to improve
— Major embolism, large vegetation
— Persistent bacteremia despite antibiotics Tx.
— Fungal endocarditis
— Patients with intravascular devices
— Heart block
— Prosthetic valve dehiscence or obstruction
— Relapse
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Jae Hang Lee: Tricuspid Valve Disease / Infective Endocarditis

SNIHHY wouaanams

Indications and timing of surge:

1. Heart Failure

Aortic or mitral MVE or PVE with severe acite regurgitation,
obstruction o fistula causing refractory pulmonary cedems or
cardioganic shock.

Aortic or mitral NVE or PVE with severe regurgitation or obstruction
causing symptoms of HF or echocardicgraphéc signs of poor
haemodynamic to

2, Uncontrolled infection

Locally uncontrolled infection (abscess, false aneurysm, fistula,
enlarging vegetation].

Infection caused by fungl or multiresistant organisms
PPersisting positive blood cultures despite appropriste antiblotic
tharapy and adeguate control of saptic metastatic focl

PVE caused by staphylococci or non-HACEK Gram negative bacteria.

Lirgant

Urgent/elactive [}

Urgent

Urgent/alactive
ntion of

Aortic or mitral MVE or PVE with persistent vegatations >10 mm
after or of more embolic episode despite appropriste antiblotic
thar ooy

Aortic or mitral NVE with vegetations 10 mm, associated with Pr—
severe valve stenosls or regurgltation, and low operative risk o
Aortic or mitral NVE or PVE with isolated very large vepetations Lrgant
(330 mm). pen
Agrtic or mitral NVE or PVE with isolated large vegetations
5 gl . P, Jrgant
5 mm) end ne sther indisation for surgery.

SNUHY wguganaeg

Indication for early surgery

Definite or Probable IE

| Evaluate for need and timing of surgery ]

| ! ! l
" i < Recurmemt ambok and Larpe mokide
e ||| == [ || SRR | B2
‘ |
Early surgery () | | Early surgery (L) | Iuﬁrmm

2014 AHA/ACC guidelines.

SNUHY yeugauaey

Indications for early surgery

Left sided native valve |E

Heast ailure 1[ Uncontrolied infection 11 Prevention of embolism
[ | [ 1 I 1
p— - [r— Vegetstion » Jomm
D g o e Fenda - it i et | [0 Rt ¢ 1A
or canfagenic shock * and vabe e eacle
Parmadymamictaerinas | | Pomsisanmryin | | Wiosd cubuare (s + 730 doys | |on ather wergad indicasion |
| 1

Emergent surgery Urgent suipery Trpent surgery

1] m )

2009 ESC guidelines

| www.escardio.org Europoan Hewst Joumal 2015, 30 30733723 - 0010 1093w noa w3 1H fratated

Management of neurological complications

* Heart lallure

+ Absces:

L3
Yes + High embolic risk

Intracranial haemorrhage
Coma

Severe comarbilities
Stroke with severe damage

Neurological complication

» Uncontrolled infection

Conservative treatment
and mon toring

Clinical assessment
Cerebral CT scan / MRI
TTE / TOE

Management of neurological complications

Recommendations Class | Level

After a silent embolism or transient ischaemic attack, cardiac surgery, if
indicated, Is recommended without delay.

Neurosurgery or endovascular therapy is indicated for very large,
enlarging or ruptured Intracranial infectious aneurysms.

Following Intracranial haemorrhage, surgery should generally be
postponed for =1 month.

After a stroke, surgery Indicated for HF, uncentrolled infection, abscess,
or persistent high embolic risk should be considerad without any delay
as long as coma Is absent and the presence of cerebral haemorrhage has
been excluded by cranial CT or MRI.

Intracranial infectious aneurysms should be looked for in patients with IE
and CT or MR hy should be considered

¥
for diagnosis. If non-invasive techniques are negative and the suspicion
of int lal aneurysm I l anglography should be
considered.
Joual (2015, 36 3073123 - doc 10 ate bt

I www.escardlo.org Eurepn
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Infective endocanditis
duagnescd

e T —

Coamult cardisc surgecs

sy .MMI:I:F.W NOT indicied

Medical treatment and

Bieain CTA o consubi
wMRA gain i moet susgical
| indicat
Largs ICH Mycotic Brais o

wlhllnw‘;ﬂli ot with or Infwevion lication

Comservative Neurosargery for

ereatment and TesectEon of

mosstoring. exzhasion of the
evaluate miul angarysm

4 wesks Later e —

Perform valve Re-evaluste wayical
indication and risks afler 1
— week of abx treatment, or
brain infarction

SNUHY wguganaeg

Lee H-A, et al. Surgical
interventions of isolated
active mitral

valve endocarditis. Medicine,
2018:97:11.
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Right-sided infective endocarditis

Recomm endations Class | Level
Surgical treatment should be considered in the following i
scenarios:
+ Microorg difficult to erad| (e.q. fungi) or
bacteraemia for >7 days (e.g. hyie aureus, P. inosa)
despite adequate antimicrobial therapy or a
- g >20 mm after recurrent
pulmonary lmbnl wl'dl or without concomitant right heart fallure or
= Right HF dary to severe gurg| with poor
respanse to diuretic therapy.

w8l (207530 JOTS-I72) - 0o 10 10AMIne R IR

div.org [

SNUHY wguganaeg

Prevention

Recommendations

Antiblotic prophylaxis should only be considered for patients at highest risk

of 1E:

1. Patients with any p valve, valve, or

those in whom any pmsthqtlc material vus uud for cardiac valve

repair.

Patients with previous IE,

Patients with congenital heart disease.

a. Any cyanotic congenital heart disease,

b. Any type of congenital heart dluua repaired with a prosthetic
material whether placed or by p
up to 6 months after the prmdure or Il‘elung If residual :Ilulll or
valvular regurgitation remains.

LUERL

ded in other forms of valvular or

Antiblotic prophy Is not
| heart disease,

www.escardio.org Ewrnpean Heart Joumal (201536 2075-3723 - dort 0 1090eurnearpeny J10

Procedures at highest-risk of IE

Recommendations

A. Dental procedures

= Antibiotic prophylaxis should only be d for dental di
requiring manipulation of the gingival or periapical region ol' the teeth or
perforation of the oral mucosa.

= Antibictic prophy s not r ded for local
In non-Infected tlssuas, tl!atmant of superficial u(llﬁ, rummral of sutum,
dental X-rays, p of
orthodontic applllm:cs or hrlus, or
teeth or trauma to the lips and oral mucosa.

of

a the sh 4d

B. Respiratory tract procedures

= Antiblotic prophylaxis Is not recommended for respiratory tract procedures,
including bronchoscopy or laryngoscopy, transnasal or endotracheal
intubation.

inal or or TOE

[
. A is

q-msmw, nqmnl or nmmn delivery or ‘I'DE.
D. Skin and soft tissues procedures
Is not rec

prophy d for any procedure.

Joumal (005,30 3075-0121 - 0o 10 10RMEUNES IR

Thank you for your attention~!

EFMEARETY

176

50 mg/kg orally
or i.w.

Ameoxicillin or
Ampicillin®

Clindamycin

No allergy to 2 g orally or i.v.

penicillin or ampicillin
Allergy to penicillin
or ampicillin

20 mg/kg orally
or i.v.

600 mg orally
or i.v.

aalternatively, cephalaxin 2 g | v. for adults or 50 mg/kg |.v. for children, cefazolin or cefiriaxone 1 g i.v
for adults or 50 mg/kg I.v. for children.
“Cephalosporing should not be used in patients with anaphylacis, angio-cedemna, or urticaria after

intake of panicillin or amplciliin due to cross-sensithvity”

@

Eurcpean Heat Joumal (2015 36 3073-3123
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Primary and Secondary Survey for Trauma Patients

Department of Thoracic and Cardiovascular Surgery, Trauma Center, Dankook University Hospital

Sung Wook Chang

AMAGE CONTROL RESUSCITATION (DCR)

Kudo D, et al. Jowrnal of Intensive Core20175:11

‘ Damage-control Resuscitation ‘

l I

Permissive Rapid definitive Prevention/treatment
hypotension/ control of bleeding
Hypotensive
resuscitation
Blood Fluld Surgery || - Interventional Hypothermia || Acidosls
|_|| | tpotheni_|| Acss |
presay : S radilogy

FIRST, BEFORE DCR

+ Advance planning for the arrival of trauma patients

+ Patients are assessed, and their treatment priorities are established, based on

their injuries, vital signs, and the injury mechanisms.
+ Primary survey with simultaneous resuscitation of vital functions
+ More detailed secondary survey
+ The initiation of definitive care

+ Damage control surgery on thoracic injury

BLS ACLS

Advanced Cardiovascular

- Life Suppor
VATL S

ADVANCED TRAUMA LIFE SUPPﬂIIT

Student Course Manual
tmuitisiin) WATLS

ATLS

* First, In 1978
+ 1980, American College of Surgeons
= ATLS has been accepted, 78 countries

fl  Standard protocol for injured patient

* In England:

" 9 Advanced for multidisciplinary approach
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-

g JATEC IN SOUTH KOREA
faness |
HNEMEEE - Y F30j8s 2 ol + BLS, ACLS 3 % 9137}

ﬁ‘fl‘7‘f/ + First course, in 2002, Now, over 14000 doctors + KTAT (Korean Trauma Assessment and Treatment)

+ Residents: associated with trauma care 9 CHEHS 2 0/8t3| CHEHOIA 83| + ChEHO|A A MEH3|

ATEC 3-ANAERE AR Rome-mning

+ First, 2011, Total 22 times (2018)
+ Obligation for only trauma surgeon, not residents

+ Previously, emergency medicine resident

PN

+ Management for trauma patient < Primary and secondary survey

WHEN TREATING INJURED PATIENTS

+ Preparation

+ Triage

+ Primary survey (ABCDEs) with immediate resuscitation of patients with life-
threatening injuries

+ Adjuncts to the primary survey and resuscitation

+ Consideration of the need for patient transfer

+ Secondary survey (head-to-toe evaluation and patient history)

+ Adjuncts to the secondary survey

Primary survey

+ Continued postresuscitation monitoring and reevaluation
+ Definitive care

wmmm
TRAUMACENTER
-

PREPARATION TRIAGE

Field Triage Decision Scheme

Measure Vital Signs and Level of Consciousness
Coma Scale score 3
0 blood pressure <% mm Hy.
« Respiratory rate «I0 or >29 breathsjmin {<20 ininfants <i year)
or ned for ventilatory support

[Step 1

WAGURE 11 Prahospital Phase. During the prehospital phass,

[ | emphasize airway maintenance, eontral of I beedrg WFGURE 1-3 Trauma team members are trained to use standard
and shock, immobiization of the patient, and i tramportto  precautions, inchuding face mask, ey protection, water-impervious
the dhowest appropriate factity, prafarably 3 vertfied trauma canter gown, and ghoves, when coming into contact with body fuids
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Sung Wook Chang: Primary and Secondary Survey for Trauma Patients

% iNITIAL ASSESSMENT AND MANAGEMENT

THE PRIMARY AND SECONDARY SURVEYS ARE
REPEATED FREQUENTLY TO IDENTIFY ANY CHANGE
IN THE PATIENT'S STATUS THAT INDICATES THE
NEED FOR ADDITIONAL INTERVENTION.

% PRINCIPLE

THE PATIENT'S VITAL FUNCTIONS MUST BE
ASSESSED QUICKLY AND EFFICIENTLY.
MANAGEMENT CONSISTS OF & RAPID PRIMARY
SURVEY WITH SIMULTANEOUS RESUSCITATION OF
VITAL FUNCTIONS, # MORE DETAILED SECONDARY
SURVEY, AND THE INITIATION OF DEFINITIVE CARE

% QUESTION 1, ON TRAUMA BAY

+ 50/M, Driver TA

+ Signs of Life
: g - Respiratory or Motor effort
On Scene: SOL (+), Upon arrival: SOL (-) - Bctical acviy
+ CPR time: ( 7 ) minutes - Pupillary activity

+ Next step 777 What should you do for patient on trauma bay?

% JUST 10 SECONDS (ABCD)

Clinicians can quickly assess A, B, C, and D in a trauma patient by identifying
themselves, asking the patient for his or her name, and asking what happened.
+ Airway maintenance with restriction of cervical spine motion

+ Breathing and ventilation

+ Circulation with hemorrhage control

+ Disability(assessment of neurologic status)

+ Exposure/Environmental control

]
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AIRWAY AND CERVICAL IMMOBILIZATION

+ Airway maintenance
- suctioning fo clear accumulated blood or secretions
-GCS < 8. placement of a definitive airway
= Establish a definifive airway if there is any doubt
+ While assessing and managing a patient's airway,
< take great care to prevent excessive movement of the cervical spine

- ifintubation cannot be accomplished= Establish an airway surgically

+ Airway maintenance
-suctioning fo clear acc
-GCS <8: placement ¢
< Establish a definitive ¢

+ While assessing and mc
< take great care fo

- ifintubation cannot be

AIRWAY AND CERVICAL IMMOBILIZATION

B FIGURE 1-4 Cervical spine motion restriction technique.
When the cervical collar is removed, a member of the trauma
team manually stabilizes the patient’s head and neck

PORARILY RELEASING THE CERVICAL COLLAR

+ Auscultation/ Visual inspection/ Palpation/ Percussion

+ To adequately assess jugular venous distention, position of the trachea,
and chest wall excursion, expose the patient's neck and chest.

+ Detect injuries: Tension pneumothorax/ Massive hemothorax/ Open

pneumothorax/ Trachea injury/ Flail chest ¢ severe lung contusion/ Tamponade

+ A simple pneumothorax can be converted to a tension pneumothorax
when a patient is intubated and positive pressure ventilation is provided

before decompressing the pneumothorax with a chest tube.

BREATHING AND VENTILATION

OPEN PNEUMOTHORAX

182

+ Driver TA

STRIDOR, MARKED CHANGE OF VOICE




Sung Wook Chang: Primary and Secondary Survey for Trauma Patients

. FLAIL CHEST C PARADOXICAL MOVEMENT

ULATION WITH HEMORRHAGIC CONTROL

+ Once tension pneumothorax has been excluded as a cause of shock,
= consider that hypotension is due to blood loss until proven otherwise
+ Blood Volume and Cardiac Output: Level of consciousness, skin, pulse etc

+ Bleeding: Direct manual pressure, Tourniquets for extremity for selected patient,
Application of a pelvic stabilizing device, large-bore peripheral venous catheters,
tranexamic acid{within 3 hours of ibnjury), definitive control of hemorrhage etc.

« All IV solutions should be warmed, a bolus of 1 L of an isotonic solution

= unresponsive to initial crystalloid therapy, a blood transfusion

DISABILITY (NEUROLOGIC EVALUATION)

+ Patient’s level of consciousness and pupillary size and reaction

+ GCS

+ Drug or alcohol intoxication can accompany traumatic brain injury

+ Prevention of secondary brain injury by maintaining adequate oxygenation and
perfusion

+ Patients with evidence of brain injury

= Neurosurgeon contact, not available -> transfer

OSURE AND ENVIRONMENTAL CONTROL

+ Completely undress the patient, usually by cutting off

+ After completing the assessment, cover the patient with warm blankets

+ Hypothermia is a potentially lethal complication in injured patients

+ A high-flow fluid warmer to heat crystalloid fluids to 39°C is recommended.

+ A microwave can be used to warm crystalloid fluids, but it should never be used to

warm blood products.

DURING THE PRIMARY SURVEY

+ ECG monitoring

+ Pulse oximetry

+ Ventilatory Rate, Capnography, and Arterial Blood Gases

+ Urinary and gastric catheters

+ Trauma series (X-ray; Chest AP, Pelvis AP, C-spine lateral)

+ FAST (focused assessment with sonography for trauma). Extended FAST

+ Surgical consultation/ Patient transfer (not to delay transfer)
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oo =2

ED ASSESSMENT WITH SONOGRAPHY FOR TRAUMA)

+ A rapid bedside ultrasound examination
+ Screening test for blood around
- Heart (Pericardial effusion)
- Abdominal organs (Hemoperitoneum)
- Morison’s pouch, splenorenal recess, pelvic cavity
+ Extended FAST (E-FAST)

- Examination of both lungs (pneumothorax, hemotharax)

1.2. Lung area

L5 PEl'.iEejRIi'fl: area

8. Pelvis area -

&. Perisplenic area

QUESTION 1, ON TRAUMA BAY

+ 50/M, Driver TA

+ Signs of Life

+ On Scene: SOL (+), Upon arrival: SOL ()

QUESTION 1, ON TRAUMA BAY

+ 50/M, Driver TA + Signs of Life

« On Scene: SOL (#), Upon arrival: SOL (-) R Do
- Electrical activity
- Pupillary activity

+ CPR time: { 7 ) minutes

+ FAST: Hemopericardium ( +)
Hemoperitoneum ( - )

+ \W/S: Not checkable

+ Next step 77?7 What should you do for patient on trauma bay

RESUSCITATIVE THORACOTOMY

Prert Bt e
wndenoing CPA <10 mn
+ Indication s Yoo Panamieng so rama -3 e
= agra sl 1 PR <15 min | E—
e 9 — ._." 1
Penetratng nor-iona Fauma
CPR <5 min

Traumatic circulatoey arrest (peswtrating or blunt) with no pulse

Operating roem Trauma team elerted by medscal dispatch ot
with
sungeon present

mandstory

184



Sung Wook Chang: Primary and Secondary Survey for Trauma Patients

BILATERAL CHEST DECOMPRESSION

+ In TRAUMA patient, What is the critical point during CPR?
+ CHEST DECOMPRESSION

IS THE MOST IMPORTANT PROCEDURE DURING CHEST COMPRESSION

Death (after 30 minutes of resuscitation] and temp » 33°C

— BILATERAL CHEST DECOMPRESSION

feuactution (007} 75, I'%- 1S

Field resuscitative thoracotomy

.[.l.'IlJJ'ILllii. (:.II’lii.lL’ .‘\ﬂt‘\i: \xlihl AH‘ [h{.‘ .“'Il]'\'i‘n'lll'h?

Dunid Lockey, FREA, FIMC,

Outcome in 757 severely injured patients with oS N
. . . Wate Crewion. ME. BS. BS¢
traumatic cardmresplratary arrest Gasnh Davies, FFAEM, FRCP
Study objective: Servieal from tmumatie cardios mest i poor, St some consider sauseRtion of
5tefan Huber_wmrl. l. R.Blf Lefering‘. MIkE Q\“Ck l' "nl(hﬂl‘_" ‘lr. h., this patient grous futle. This study identifed sunival rates and charsctenstics of the survhors i 8

ohysician-ied oul-obhospital imaum) service. The nesul decnsed in relation bo recent
Thomas Paffrath®, Wolf Mutschler®, Karl-Georg Kanz®, skt fiees T R

N Metheds: & L0y teifuspecine Gafatiase oe conducted il
Working Group on Polytrauma of the German Trauma Society (DGU)' caueg oo hosgial carSopumenaty m‘;';;‘l’m.m':‘;v sl

Conclusions: _Frehospital chest tube insertion was found to be a strong predic- bospital dacharge

=

tor for survival. On-scene chest decompraaiion of TCRA patents i recommended Resat: tem e ettt ol osptl e st i, iy
i (a5 Of the 0RCrON 10 St with ECC. Baied 00 OUf data, Mesacitatin 7.5 [95% conddence intenval 5.4 12 5.2%) patients survied to hosptal duchage, S ity
after severe irauMa S6ems to be more Jusu'-m than the cument guidelines Hiad Ichated head ijaries and & had cenical spie Yrauma.

! State. for penetrating chest rauma. S patients necovered aher ﬂemlmmollwn« vetwn
* Field lhﬂ]’acﬂs’tﬂm‘f Ty DTS SUScaned SSphyu Of FYRULG MEUTS. ERvn DaUenis BODASed 10 hane fad

“medical” caediac anests hat ccumed Belore and was usually The cause of ther riuma, One
Diatient sarvived hypowolemic cariac amest. Thinteen sanavors treached recently published
fadeines.

Conchrsion: The suneval raties deacribed ane poor bt comparabiie with (o befter ®an| putlahed
survival rates for out-ofhospital cardac anest of any cause. Patients who amest @fer hypo insuls
and those who undsege oul-okhospial thoracolomy sher penstrating iraum have o highes chance of
sunival, Patents with Iypovoieme o The primafy cause of amest el sufvive. Adhetence 1

recsntly pubished pudeines may tesall in wiitoideg ssuscilation in a small ramber of patients
who e  chance of survial [Arn Emerg Med J00648- 240244 |

Resuscitative Thoracotomy Seeancaytey

<&  Trauma Center
N q»‘#ﬂkook University Hospit
w? v S8ung Wook, Chang

mmmm
TRAUMA CENTER

[
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SECONDARY SURVEY

+ Head-to-loe evaluation

+ Complete history
+ Physical examination
+ Each region of the body

+ The potential for missing
an injury or failing

TABLE I-| MECHANISMS OF INJURY AND SUSPECTED INJURY PATTERNS

oo + History of the
« Soft trimus ngury to meck
mechanism of
o Ejection frem th vihicls
P ey injury (MOI)

produczion of ingury patern,
but places patient ot grarter
sink for virtally ol pury
mackanam

+ Headimjury
+ Traumatic sortic diruption

+ Moo vecura rpnes

« Fractured lowsr axtremtespeten

HISTORY

+ Traamue sorse dwptien Fal ombaght |« Hasdimpury
+ Daphragmiee nturn « Kaal spima rgary
+ Fractured spleantver sndfor « Abrdominal mcarsl ingunes
ey, depending on sde « Frachsed pats o aoetabuorn
of imgact « Buteral lowsr extramty fractores
o Fractured pabes or scatabniies

includng cricred fracture)

TABLE i1-| MECHANISMS OF INJURY AND SUSPECTED INJURY PATTERNS
HISTORY
s o ) Tharma burrs + History of the + Include a history of the mechanism of injury (MOI) |
rtarior chas! » Cardhac tamponads # within
"bon” » O trauma (mechansam of +
« Hamathorss A ——— mechanism of + Allergies
+ Proumcthorn
+ Hamogewmathoras Eecricalborns |+ Cardiac arhythvmaan injury (MOI) o
+ Mnscrossjcompartmant + Medications currently used
« Laft thorace- « Lift daphtagm mquryfiplsen syndroma
abdominal Inuryfhemopneumathorar 2
+ Past illnesses/Pregnancy
+ Abdoman « Abdomingl vacersl ingury pos-
sitle f pernionaal penetration
2 + Last meal
Guntbet wounds |GYW]
« Try « Highthaliveod of ing R o
- - Tty O + Events/Environment related to the injury
projectiies hulp predict inury
+ Extramity + Neurcwascular injury.
« Fractures
= Compirtment syedrome
HEAD

+ Visual acuity, Ocular entrapment

* Pupillary size

+ Hemorrhage of the conjunctiva and/or fundi

+ Penetrating injury

+ Contact lenses (remove before edema occurs), Dislocation of the lens

+ Maxillofacial structures

CERVICAL SPINE AND NECK

+ Patients with maxillofacial or head trauma should be presumed to have a
cervical spine injury, and cervical spine motion must be restricted.

+ The absence of neurologic deficit does not exclude injury to the cervical spine

+ Active arterial bleeding, an expanding hematoma, arterial bruit, or airway

compromise usually requires operative evaluation.
« Protective helmet < protection of a potentially unstable cervical spine

+ Unexplained paralysis of an upper extremity = a cervical nerve root injury

186



Sung Wook Chang: Primary and Secondary Survey for Trauma Patients

CHEST

+ Inspection, palpation, auscultation and percussion of the chest

+ Cardiac tamponade vs. Tension pneumothorax vs. Massive hemothorax

Cardiac Tamponade - Becks Triad

+ Hypovolemia

= No neck vein distention

uspulas Vemowt Diitenuoe
oy

CHEST

+ Inspection, palpation, auscultation and percussion of the chest

+ Cardiac tamponade vs. Tension pneumothorax vs. Massive hemothorax

TABLE 4-1 DIFFERENTIATING TENSION PNEUMOTHORAX AND MASSIVE HEMOTHORAX

PHYSICAL SIGNS
BREATH TRACHEAL CHEST
CONDITION SOUNDS PERCUSSION POSITION NECK VEINS MOVEMENT
Tension Decreased or Hyperresonant Dieviated pway Distended Expanded
praumathara bsent immebile
Massive Decreased Dull Midlina Collapsed Mebils
hamathorax

ELVIS, PERINEUM, RECTUM, AND VAGINA

+ Early involvement of a surgeon is essential
+ Pelvic fractures: ecchymosis over the iliac wings, pubis, labia, or scrotum.
+ Pain on palpation of the pelvic ring is an important finding.
+ Perineum and pelvis = Urethral injury
+ A rectal examination
= integrity of the rectal wall, and quality of sphincter tone

+ Vaginal examination in patients with a risk of vaginal injury.

ELVIS, PERINEUM, RECTUM, AND VAGINA

+ Early involvement of a surgeon is essential

+ Pelvic fractures: ecchymosis over the iliac wings, pubis, labia, or scrotum.

+ Pain on palpation of the pelvic ring is an important finding.

PITFALL PREVENTION

« Placement of a pelvic binder

+ Perineum and pelvis = Urethral injury

Pelvic fractures can
produce Large blood
Less

+ A rectal examination

= integrity of the rectal wall, and quality ¢

) o ) i i ously manipulate the pelvis

+ Vaginal examination in patients with a ris  patients with fractures, 35
clots can become dislodged

and Increase blood Loss

OSKELETAL AND NEUROLOGICAL SYSTEM

PITFALL PREVENTION

Compartment + Maintain a high level of
syndrome suspicion and recognize
can develop Injurles with a high risk of

development of compartment
syndrome (e g, long bone
fractures, crush Injuries,
prolonged ischemia, and
dircumferential thermal

injuries)

ADJUNCTS TO THE SECONDARY SURVEY

+ Additional x-ray examinations of the spine and extremities
+ CT scans of the head, chest, abdomen, and spine

+ Contrast urography and angiography

+ Transesophageal ultrasound

+ Bronchoscopy

+ Esophagoscopy

+ Other diagnostic procedures
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REEVALUATION

TRAUMA PATIENTS MUST BE REEVALUATED
CONSTANTLY TO ENSURE THAT NEW FINDINGS ARE NOT
OVERLOOKED AND TO DISCOVER ANY DETERIORATION IN
PREVIOUSLY NOTED FINDINGS

AS INITIAL LIFE-THREA TENING INJURIES ARE MANAGED,
BUT OTHER LIFE-THREATENING PROBLEMS MAY....

e

DAMAGE CONTROL RESUSCITATION

+ Why ??? Traumatology 7?7

+ Highly preventable death rate on trauma in South Korea?

+ Itis not my business.

+ | am not a trauma surgeon.

+ | am not interested in traumatology.

+ | am just thoracic surgeon/ cardiac surgeon/ vascular surgeon .....

+ In trainee course, | don't have a chance to meet and treat the injured patient.

TRAUMA TEAMWORK TRAUMA TEAMWORK
Tegga
7 e A .
SHiEE T

ERE o o) 5 00y
AR T

8

R =) iR el

Trauma Team Tasks.
J4 51 otmoiey
p

QUESTION 2, ON TRAUMA BAY

+ 50/M, After Penetrating injury, Torso

+ On Scene: SOL (+), Upon arrival: SOL () + Signs of Life

- Respiratory or Motor effort
+ CPR time: ( 12 ) minutes - Electical acivily

- Puglary activity

+ FAST: Hemopericardium ( +)
Hemoperitoneum ( - )
+ VIS: Not checkable

+ Next step 77? What should you do for patient on trauma bay?
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General Introduction of ECMO (1)

TRt 7199l Fuo)ukstmAl
T
History Heart Lung Machine
. . « The first heart - lung machine
= 1953 Gibbon Heart lung machine - John Gibbon (1937)
~ first ful heart ti
- 1960s Development of membrane (1|;Ss;uéziz:ausai:ef)pera on
oxygenators
+ Limitation
+ 1969 Dorson et al. 15 neonate case - minimize hemolysis, prevent air
> bubbles & infection
+ 1971 Hill et al. 1%t successful adult case ~directair- bload Interface
- 1975 Bartlettetal. 15t successful neonate case =diration of,uss limited:to-a
few hours
= 1989 ELSO was founded
1st successful ECLS 1971 1st successful neonate case
N Engl J Med 266:629-634,1972

J Danald Hill MD and Maury Bramson BME, Santa Barbara, Ca, 1971: Courtesy Di. R. Bartlett

1975, Dr. Robert Bartlett, the father of modern extracorporeal support

The 1%t use of in a child (Esperanza), meconium aspiration
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https://www.elso.org

Lite Support

)

P ——

-1+ Established in 1989

~."/+ ELSO guide line, text book

le Focus on collection and sharing
of data & experiences

ECLS Registry Report *GZSQ' pre—
R —— H )

Centers by year

unuu|m|u|||||||mm

ECLS Registry Report

Total Runs  Survived ECLS Survived to DG or

Transfer

Extracorporeal Life Support (ECLS) System

Extracorporeal Life Suppaort (ECLS)

e T

SUPPCRT
VA ECMO
conamoN ""”"W"'h"’ Resplratory €O, retention
Tallure
= Cardiac ECMO
Cardhnc arcd
u
PPUCATION ECPR raspiratory ECMO ECMO Lung protection
AV ECPA = axtracorporeal card citationt: €150 = axtracororeal
nt rgan retrieval: VA = venaart venavencastarial

Am J Respir Crit Care Med 2018:198:447

Level 1: Cannula Hierarchy

Level 2: Cannulation Site

+ All cannulas contributing to the primary (major) draining
and return circuit flow are written in upper case letters,
such as "V-V"

* All cannulas with minor flow for secondary drainage are
written in lower case letters after the major flow cannula
to which side it belongs, such as "V-Aa"

* The use of a dual-lumen cannula for venovenous support
would be indicated with a preceding “(dl)" abbreviation
such as"(dl)v-v”

» The next level of descriptors includes the vessel that is
cannulated through the use of subscripted lowercase
letters indexing the relevant drainage or return
cannulation descriptor.

« Bifemoral cannulation for venoarterial support would be
indicated as “V¢A.."

+ The traditional two-cannula venovenous configuration
with drainage from the femoral and return to the internal
jugular would be indicated as "V¢-V,."
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Abbreviations for Cannulation

Schematic of VA & VWA ECMO

Level Abbreviation Definition
Primacy o sectrdiry docess Aocn Systormic artery

v Systemic ven

P FLimanary anary
Cannulation st c Carcd artary

] Femoral vessal

I ugar ven

s Suclavian vessal
Central cannulabion sies RA Rught atrum

L Left atnum

W Loft ventricie

AD Acrta

PA Fuimennty artery

Lot atrial vent

- Nascud - VYA ECHO
8 vy Contiguration VeV Contiguration
-

Schematic of VW ECMO

= =

7 ‘ ‘\

—

B | U% bt
Mamzes g i T
oy ﬁ
i -
i fi
S ew
oo

AV ECCO,R

WV ECCOR
() V¥ Configuration AV, Configuration

I

Basic Physiology of ECMO

ECMO Equipment

+ Hollow-fiber membrane A
oxygenator //
-+ Centrifugal pump: totally - |
nonocclusive and afterload- I'-.I ’J
dependent | \
- Circuitry interfaced between { |.I :
| 1l

the patient and the system

Closed circuit - No Venous Reservoir

Drain amount = Reinfusion amount 2 Constant total volume
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EBS; 66.7% b &
[y Emergency Bypass?

PLS: 18.2%
Permanent life support ?

B
o
v

® Capiox EBS ( Terumo com.)

- Quick, Compact and Simple
(have the minimum number of
necessary functions).

® Quadrox PLS® oxygenator
- durability silicon membrane
- approval for 14 days
- Rota flow RF 32 pump
- minimal priming volume
- minimal hemolysis

Emergency Bypass System
( EBS®,Terumo, Japan )

= Quick / Compact / Simple / Safe

- € 19054 e
- S 2003EE S8, 8T S 10101 A8

2010 : LX oxygenator

QUADROX PLS 2007
- Permanent Life Support -

2015 : SP-200
b .
o, pumer
Cardiohelp (MAQUET) HLS set advance(Cardiohelp—i)

128 JENE 23UE 4003, 6718 &BH HEIZ 4R
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%|%t8: General Introduction of ECMO (1)

VFEM®
Femoral Venous Cannula

D,
-
{L!a

Fdwards

VFEM FEM(

« Proprietary uitra thin wall technology
enhances flow and flexibility

. body with wire
nelps prevent kinking

« Dilator locks in full extended position for
smooth insertion

TYPE 3
L1360 |
e = |
VFEM fermoral venous cannula 203
e
28

]

Bio-Medicus® Multi-Stage

v Medtronic
Femoral Venous Cannula

HLS CANNULAE

s [eatures & Benefits
= Four different insertion lengths
= Arterial short: 15 cm

= Arterial long: 23 cm
= Venous short: 38 cm
= Venous long: 55 cm

» Covering of all applications (V-A /
V-V)

VA- ECMO VV- ECMO

HLS cannula: 128 12 28 1A, @30 50%, 836,0008, 30 & guarantee O

» Features & Benefits
« Side holes on arterial and * One-piece design

venous » Reduced risk of hemolysis an
* cannulae tip d thromboembolic events

> Excellent flow/ drainage char » Excellent flow/ drainage char
acteristics i ¢ A :
acteristics with minimized ri

» Reduced risk of plaque embol Sk for flow tarbulences
ism due to reduced infusion je

t, efficient drainage characteri

p—

COMPETITOR COMPARISON - F
: LQWQM&IS\ Cannula vs. Bio-Medicus/Medtron

i M cion MATOCIR (1BF PV YIS (10

WETOAZ1 (20 Fy

L ZA8E @4

AT0.021 (33 5

P28 IR
BOTY025 % P

Pressure drop vs. flow 20, 23, 27, 31 Fr.

JE E 8 - s B E MW

Praasirs dep i

Pt e mat 34,01 31 S0t e rnt ey

10023 Z3Fr. (1.7 mm)
waxT 27 Fr. (9.0 mmj o
10031 31 Fr. (10.3 mm)

— e

Avalone Elite DLC, 4243 H4 6 HE. NHR AE 6 WS
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1st ECMO Cases in Korea

» 1st case report (4cases 1990.7~1991.12)

Proboged Extracorpores] Lung and Heart Lusis
(Extracorporel Membrane Oxrgesatical
-4 canet reprt

Hpua Chal M5, Wong s Lo, M1, S M Liow, 01, s M, W11
Toang Krun Chang, M0V, Kook Myes Loe, 3051°, Myung Moo e, 311" sad Kvaang Woo Kim. 21"

ko J Anmsieral | S92 UPS(021 42437

= 15! Respiratory support

o st Extracorporeal Cardlopulmo
Resuscitation (E- CPFI)

SN KT Sawg 19993253

1" APESLO. in Beijing , 2013 Oct

Current ECMO in Korea
from 15 Center Data

Total: 2668 (based on HIRA, 2011:
1174, 2012: 1494)

N=1087 (based on 15 Center data)
- M:F = 685:401

- mean age: 52.8+21.9yrs

e IHMIZ 8

(2006-2014 22t AME IR T1E)  http://www.hira.or.kr

1 Maguet PLS faunching

l CESAR PEEK G.J Lancet 2009, 374:1351-1363

=y
2000 ECPR Chen ¥5 Lancel 2008; 372: 55§

!

SUNW In Patients With Severe Respiratory
Failure

PCPS KI Sung A
EBS o Cardiopulmonary resuscitation with assisted extracorporeal life-support versus
conventional cardiopulmonary esuscitation in adults with in-hospital cardiac
arrest: an observational study and propensity analysis

Lancet 2008;372:554-561 by Chen-YS
il
356
238 l
2006 2007 008

ECMO in KOREA

5,267,482

1000 won

2,935,941

1,385,528
965,776

il

Insertion mSupport =mTotal

2010

2011

2012

Korean Health Insurance Review, HIRA-NPS-2009-0051 & http://www.hira.or.kr

ECMO in KOREA

® ECMO center (2011)
® More than 20 cases
® Planed to open

71(1122 cases)
19 center
15 hospital

||""|“||][IIIII T TTTTTTTTTT T .

1 4 7 10 13 16 19|22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67

Telephone Survey{2011)

ECMO in KOREA
ECMO Insertion I

® Who?
(RR 887/1087, 81.6%)
fc8

® Where?
(RR 830/1087, 76.3%)

(e

wCardiac surgean
wCardiclogist
uEmergency physiclan

- Arrest = 304/833(36.5%) (RR 833/108, 76.6%)

®ICU mAnglo room «ER wOR

@ Patients status before ECMO support
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ECMO in KOREA

ECMO in KOREA

ECMO Management I

® Support Type of ECMO
(RR1087/1085,99.8%)

® Targetof ECMO
(RR 1087/1087, 100.0%)

® Cardiac ™ Respiratory = ECPR

W mVA uEte

ELSO data

ECMO Management I1

® [ndication (Response Rate(RR), 912/1087, 84.2%)

fpf &@Jffﬁf“eﬁ&

ECMO in KOREA

ECMO in KOREA

ECMO Management IV

® ECMO Equipment
(RR 1074/1087, 98.8%)

® Equipmentchange ‘from start
to wean' (RR 1074/1087, 98.8%)

716 \

65,8.1%
m m A
ss es ”

WEBS WPLS wBiopump wEtc &npump Ere
mStart W Weaning

® Anticoagulation(RR 427/1087, 38.8%)
- Heparin 233/425(54.6%), Futhan102/422(23.9%), None 82/422(19.4%)

3000
2500

2000

1500
1000
500
1]

2010 2011

2015 2016 wm7

2018

n EBSI:125:I W PLS (150) ™ total

ECMO in KOREA

ECMO in KOREA

Results of ECMO

~ =Weaning rate  ~@=Survival rate

P<0.05
50.1%
44.1%
39.3%
34.4%
29.6% 257%
Respiraroy Cardiac ECPR
Cases Weaning Survival discharge
Respiratory 331 166(50.1%) 114(34.4%)
Cardiac 433 191(44.1%) 128(29.6%)
ECPR 323 128(39.6%) 83 (25.7%)
Total 1087 483(44.4%) 325(29.9%)

Summary of ECMO Results

® ECMO Weaning Rate

+-Horean dats  -s-ELSO data

® Survival Rate
+Horsan dats  -a-ELSO data

554

G

Respiratcy  Cardiac ECPR Total Respiratoy Cardisc ECPR Taotal
support  support suppart support

195




2019 CHOFZ HAIRFHIIO|af0tY| 124 MBO| H4Dg

oo 2 [

ECMO Type

+ Cardiac ECMO (VA)
- Support for both heart & lungs
- Severe cardiopulmonary failure

- As a bridge to heart transplantation

* Respiratory ECMO (VV)
- Support for lungs only

- Potentially reversible respiratory failure

ECMO Support Type

ECMO Support Target

Cardiac Respiratory

VA % Cardiac support
VV ¥ Venous support

ECMO to Rescue Lung Injury in
Severe ARDS (EOLIA) trial

Extracorporeal Membrane
Oxygenation for Severe Acute
Resp| ratﬂry D|5tre55 Syndrome control arm crossaver to ECMO

After 6.5 + 9.7 days. 35 (28%] patients in

A11% (p = 0.09)

ECMO in ARDS

« 19505 Development of membrane oxygenator in lab

+ 1972  First adult ECMO successful case

+ 1975 First neonatal case

« 1979  Trial in ARDS, 10% survival (15t RCT by Zapol)
« 1986  48.8% survival rate by ECCO,R (Gattinoni et al)
+ 1989  ELSO registry

« 1994  42% vs 33% survival rate (2" RCT by Morris)

« 2009 CESAR trial (37 RCT by Peek)

+ 2009 ECMO during HIN1 influenza pandemic

Efficacy and economic assessment of conventional @ i
ventilatory support versus éxtracorporeal membrane

oxygenation forsevere adult respiratory failure (CESAR):

a multicentre randomised controlled trial

Summary

Backgeound Severe scute respirstary failisre in adults causes high mortaliny despite inngrovements in ventilation
techindues and offser reatments (e stersids, prons positioning. brenchoscopy. and ishaled nitric ovkde). We almed 1.
to dedineate the safety, clinkcal efficacy, and cost-eff af membrane (ECMOy
compared with conventional ventilation suppert

Methads In this U-bused multicentre trial we used an independent central randomisation service to randosnly
asxkgn 180 2dulls Ina 1 ’
by ECMO, Eligible patients were aged 18-65 years and had severe (Musray score > 3.0 or pH <7. 20) but potentially

reversible pespiratory failure. Exchasion criteria were: high pressiare (30 cm HyO of peak inspiratony pressure) or
high Fi); [»0-5) ventilation for more than 7 days; intracranial bleeding any sther contraindication to limited «

hegurimisation; or am con| N pe was death of severe
disatdlity ot & menths 3l EC MO Vs Conventlonal = was by intention to
e v, i | = 63% VS 47% (p=.03)

treat, Omly pesearchers wl Dhata abowt Es0mPTE g o
wtility. This stady s

st generating events
fostellend lifistime coas.

Findings 766 patients were screened. 180 were enrolled and randomly allocated to consideration for treatnsent by Pty u:
ECMO {ne) patienits) of to receive comentional management (n=30). 68 {75%) patients actially received ECHO,
3% (57/90) of patients aBlocated to consideration for breatment by ECMO sunvived bo 6 months witheat disability :b-«-nn
compared with 47% [(41/57) of those allecated o comentionl management frelative risk 0.69; 95% C1 0-05-8.97, 4
pe0-83). Referral o consideration for treatment by ECMO treatment led bo a gain of 003 qualitysdjusted lfevears s
(QALYS) at Gemonth follow.up. A lifetime model predicied e cost per QALY of ECMO 1o be [19252 (95% €1 44
THEE-59200) a1 a discount rate of 3.55%

Hel=soAs A3t (ECMO)2 2FIIE (~2017)

JJ._ He=

(1) J1E2 MYl 28l DK = 55 4LE

(2) JIES JIHE QIBSE)| N2 MUK B8
=5 24 sE8W

Lt 2015

(1) 0101 WS CHES FIRVOR 31 JhsH0| 8= 29

(2) BHR SN B0y

(3) NIE0| 23 B0t UOIA
#20n2Me U 20150 st 22

(4) RIIZBT S S N0l 2200} §CHD BEEE T2

196
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2018 & XH

JHEE

1) 7= EE0 o 3EL WOL 2= JHes0| Js S8 34 a¥E
I SLHSBLE, LAY, F IS S (Peripartum Cardiomyopathy), s E S Big
& ¥ ®{Decompensated chronic heart fallure), +& = AJ|=sRE, BE4 s
2] 1 ( ia) B
Lt} #& (volume replacement), 2HE X2 (dug intervention), HEBUHEM § =9 ARE
ARH BEEIT Be= 3H 43
2) MAE AT (witnessed arest)0I 0L ABX) AFHO HIDE Zas /= Jize R
HHAES0 AMEN NULIN=L0l e AR E= NNE o F T (accidental
hypothermia, drug intoxication)
3) JIEY JNH 288 NEEE SERUI} WIH=SXE ECMO MEE 2IW Jisy
0 = B8 34 SAFE
) SHEBTHRERE. EEHE. N4 = RUS OlAWN
LH RIAIEE gt wayR TS A QASHE AROIS 0IEE, NS Ma(+8) 8)
CH &8 BE3» &5 % 2(Severe air leak syndromes)
2 Mola @ 220 Bas SHSESHERT
O See 43 F= M2 S22 BN SR8 G NAgE, JNTHH)
4) 48 Fi= W OlAH&AIS HUE (Bridge to transplantation)ZH 0|4l S & TH0|
ME AR ol A

L. 2318

2018 & X

1) BE0 Eoled AEEMCE O|A E= HUEIINE A &+ Bi= 39

2) ¥ 8 25 &R (adequate tissue perfusion)BL0] BOEE MM YELERE LB AT

3 MEANRE Hive AR

4) SEHOT ARLME0 Q8 MFNI SADT OHISHH, AT AT ANLSE0 A0
MNBEREE NeiY <+ 2l AT

5) S EMTINA FIOZ>30% 0l HLE Pplat>30cmH202 B2 €32 DESSIIE TR 04 RA8
=g

6] TR0l Bih=st &MF70 Q0K BEISES 0 7180 W= 3

7) 212 (recont) H@W0l AHL FU0) SBH= AR

B) 0/0] AW URYEINEH RO2 HEILL0| 2= AF

o) By NN, Se0ld W, RFRETE, FOSEFS(ANCIU00/mm3 B A8 )T stAER
EES

10) 21 BIOhma A IR BAaAN BEI U AP

M) I, A== H0 8= 0, 2, 4% B2 HLSEZISRE

12) 8 A0l 290 Sl DY BN} AR

AE - AZRCIE 28 QA

Jb ME S2M 2y

AE 81 = 0t®Re S2AME =d ¥ HIXISHHOF &

(AlSe 43lsd, SYE, R SOl CHoH S 2ot 23 a2 SYME S48
- HIRI).

Cioh, SOlM B0 B0ts8 BR0E AMLAMMRH) E8 IR & US

Lb Ale  FI15 Bt

EANE 58 5 dJ142 23 BOIE S0 A=0i9E 2330 8IH, 8
ES0 HOII0E JIHEH00F &

(BtS 8L &F - WIS, Hed Bt S 24 3% 0T & Al

("18.1.1. 49 oI} €R 73,58 J|F)

THAEE 82 20 - HS0 S5SH % 20 24U,

ERla | 3 =R e =)
HSE MU R SRR S
@ es
[227]]
T | 01903 | REUHSS-ECMO ME 2,078.03 667,310
Partial Extracorporeal Clrculation
oreps | FEASEZION 231 AURE U] 4.786.98 350,370

~ECMOME
* SRR JHAH30%). BRI IHAH100%)

11903 -> 1.735.620 x 0.05 = 86.750
11904 -> 910.962 x 0.05 = 45.548
11903 -> 1.735.620 x 0.2 = 347.001
11904 -> 910.962 x 0.2 = 182.192

HF, OHS = 5%

1 2l (ARDS Z8)
= 20%

Traning & Simulation

: Hand on simulation

2016 Basic course of ECMO
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Take Home Massage

.

A M2 B 4F2EE, ECPRO| B8 SEE IR A2L 2 0
Ol& +@5 SOI2 CEC N 228 28 M3A2E I St AL

BT 228 SH2 ELSO2 S0 HIBdH BHE2Z AU ULE =88
SOHFELLER HEE I8 ¥ 22 )52 S2 REZ 24 8 AF 0

8Lt

A 22 A== BEN S50 22t 200028 H1 USDH aEBH
HSE T BN, HHER dTAELD PRO BRE HSE HHIOL

SR (22= U 2. NLAES BES SCZ &0 &0 8 X222
OI0i, NE2 ZHITO| e = M2 8 S& I56HH & 222 g
EOZ OI0 Oigt =HI2 CH28 ¢392 NS0 BRE 222 M2EC0L
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Management of ECMO

A DISTA S R S i e

]

E
o o I!—I‘

ECMO

+ ExtraCorporeal Membrane Oxygenation
+ ECLS(ExtraCorporeal Life Support)

NEGATIVE POSITIVE

Nothing to declare s

eew

Devices Configurations
Venoarterial Venovenous
g +6n &
Circulatory support
With oxygenation
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Role of ECMO

(
I

Management of ECMO
mm
= =
=] =
=S

ECMO flow

St flow 2
1. Normal Cl=CO / BSA = 2.4 - 4.0 L/min/m?
2. Adequate RPM

. HES

RPM 5214 Flow 23

prt
rr

2
Pl

Flow & €38

Pump speed

Size of cannula
Position of cannula
Patient blood volume

W=

Line Chattering

« High negative pressure
+ Sqgueeze blood cells -

+ Cannula position

+ Patient's low blood
volume

VA ECMO

« Drain - FV, UV, RA
+ Perfusion - FA,
axillary artery, aorta
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44% Management of ECMO

VV ECMO

* Drain FV
+ Perfusion FV, UV

Veno-venous ECMO

physiologic
“simply elevate the oxygen in
central venous blood"

Hemodynamic

Normal blood pressure

Usually result in decreasing vasopressor and
inotropic requirements

lung rest -> reduction of intrathoracic
pressure

Improved myocardial oxygen delivery

Maintaining adequate preload without
concern of worsening lung function

Respiratory support

= VILl{ventilator induced lung injury)

+ "Lung protective" parameters

Tidal volume < éml/kg

s 30 cmH20

-} ressure) 10 cmH20
espiratory rate 10~-12 breaths per minute
FiO2 30 %. accepting Pal2 2 45 mmHa

Peripheral sat%: 85-92%

ECMO gas exchange

« Ventilator 2 FA
Sweep gas flow =
minute volume

02 clearance &&
o ECMO flow : sweep
flow = 1:1
FiO2 = ventilator
FiO2

leveld} 2+

[

1=}

Gas exchange

Monitoring
4 + ECMO ABGA =

Oxygenator function
= &g
gt4t drain line vs
perfusion line2| color
*f0|2 ol
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Re-circulation

% A

ELSA
(assurance)

HOW THE ELSA MONITOR WORKS
mm
ELSA Masitor v [ _;r | o m
BEC

rec=51% | £CF =320 mmn

V-V, configuration

Dual Lumen (dl) V-V
configuration

VV ECMO with RV

failure
« Vi-V/A
S configuration

L - Both, partial
\ support

« Sternotomy,
e oxyRVAD

RA-PA

Weaning of VV ECMO

+ Capping the gas inlet
+ After12-24 hrs observation, decannulate
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t: Management of ECMO

Lung recovery

Tidal volumes long run ECMO

40vyo, viral ARDS, Awake alert on ECMO,

e

Change

Change of concept of ECMO

S lysis | Awake, breathing
Intubated Tracheostomy

Restvent settings | CPAP, extubate?
Specialist24/7 ICU Nurse, ECMO Team role
Lung recruitment? | Watch and wait

Bleeding: major Bleeding: minor

Bridge to transplantation

Ambulatory, BTT

Ambulatory Lung Assist
PA-LA 5 weeks,

Regensberg, 2007

Veno-arterial ECMO

More complicated

Hemodynamic

1. Mean arterial blood
pressure = 60
mmHg
Configurations

Venoarerial

2. Discontinue
vasoactive agents

3. Avoid hypertension
g+ A N i
I. Afterload S7I2
myocardial recovery
£ ol
2. Centrifugal pump2| &
F venous refums %
&40 flow 248 0f7|

Venovenout

Circulatory support
With oxygenation
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Monitoring

« Monitoring for
adequate tissue
perfusion
1. Serum lactate level
2. acidosis

3. Adequate urine
output

4. Mixed venous
saturation (SVO2)

> 70%

.Peripheral

cannulation

®
Central
cannulation

Central vs perlpheral

» Open « Percutaneous
*« Good ECMO flow « Limited flow
= On-site Left vent « Additional vent

+ Bleeding procedure
« Harlequin syndrome

« Limb ischemia

Harlequin syndrome

Two circulation syndrome(VA)
1. Rt Radial a. ABGA

2. Ventilator and ECMO setting
i. Additional catheter (central cannulation, VAV T#&)

1377

Peripheral Saturation

« SpO2 target
1. 95% for VA ECMO

* Lung rest

o Avoid high tidal volume and pressure < 25
cmH20

= Avoid hyperoxia
« Avoid respiratory acidosis

Vf-AfV configuration

» Peripheral VA
ECMO with lung
failure

« V-VA ECMO
-> VV ECMO
->weaning

204




Vent the LV

* Pulmonary edema despite of diuresis and inotropes

» Septostomy,
trans-aortic
Prevent Avoid Promote venting

lung injury stasis myocardial
within the recovery . R
v - » Open surgical
venting
Impella Recover 25 PYAD
Limb ischemia Distal perfusion
« Most fefal vascular complication

« Golden time, doppler check every 2 hrs.
* Reperfusion injury

+  Acidosis
« ARF
Peripheral, but upper
Reassurance extremities

» Jugularv. -
subclavian a.

« Need open
technique

« Arm swelling

Peripheral Cannulation via internal .
Jugular Viein and Axillary Artery Possible Ambulation with
Internal Jugular and
Axillary Artery Cannulation
. . .
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-

RAv,-Ao
configuration

Wean ECMO

FISURE 3 Serpgested O Wiy At

=

Incremental decrease pump flow 0.5-1 L/min per turn wntil £ 1.5 L/min

Hemedynamics Echocardiograghy
CWPL1S mmHg LVEF225%
PAMCVP2LS No LRV distention

MAP 2 65 mmig Mo stasis/“smoke”

Pulse Pressure 230 mmiig Aortic VTI > 10cm

Suceess Failure
* L]
Final Wean in OR  ————= Failure. =+ Consider Durable MCS.
2>60%. 01222 or Heart
4 vis Trarsplantation
Decannulate

VTI=Velocity-time integtal

Short-term mechanical circulatory support as a bridge to durable left
ventricular assist device implantation in refractory cardiogenic shock:
a systematic review and meta-analysis
European journal of Cardio-Thoraci Surgery 52(2017) 14-25

[1A8F) Mo | 18P | 1ABP |
TandernHeart | TandemHesrt LR Tandemiteart |
[ Impeta 5.0 /R impelta
ContriMag Heartate PHP CentriMag
MO CentriMag Mo
l ECMO
+
¥ nat IF s signs of ASAP; 1F AV does
weanable by necavery by Bridge 1o not recover:
day 5. Bridge day 14 LVAD o Bridige to
to LVAD Bridge to recovery|§ HTX o
ADMHTY | palation
Figure 2 Curtent app al crlaioey wpport and po v e vertsular
candigens: shock § Bridge 1o recovery s ove heart fahore oo aciear cause for
. .

Common management

seew

Anticoagulation (Heparin)
, Target /

180-220 sec

» aPTT, factor Xa
assay

o Futhan,
argatroban

Blood product
administration

Platelet count > 10 BH/mm?
Hematocrit > 35-40 %

> 150 mg/dl (50-100 mg in 1 pack of
cryoprecipitate)

Hypovolemia, 21 CAEE ATII &S
Vit. K 20| £&5t= 20| SCf
Albumin > 2.5 mg/dl
Electrolyte imbalance (potassium...)
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44% Management of ECMO

=

Practice

Table 7-4. RBlood Product and Factor Replace-
Tubde 7-3, Laboratcey Schedule. ment.

Lah_| Guidelines
T S = e
_:kr'riri ..Q!!'.—!l‘fi e TR | PP tramafianion oo mastain BNK <20
Ants-facter X3 Asay Oth Fiteinogm | Cryopracipiiae w matan Favmogen
[ Paselets | Ok - QL 100 L OR
[} 06k - QIZh | 2150 mgdL. i biemting o prior-
[ Fbroogen | Qlih-cidh | jmegisl nervention, _____|
- i 1% = | Herraaocrs RIS 0 maimtain hematocrit >30%
Antithyoesbin Level T ki el foe nocmates md
Thuaky — PN fir blooding | children with cyanoee.
| beart drseusse o it poal fou bl
- ahibpationts) _________|
Astitheombnn > S0 B0 (>0 5-0 8 wial. ), commder
AT ‘on maimun dose
af UNFH w nable 10 obien

Cannula site
Bleeding

Compression
Purse-string suture
Coagulopathy 17
Revision

Fixation

ECMO emergencies

Pump failure

+ Acute thrombosis

+ Circuit change

Air embolism

Massive air embolism from central venous
catheter during veno-arterial ECMO therapy

Ansesth Crit Care Pain Med 37 (2018) 271-272
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Rupture of circuit

Accidental de-cannulation

Clamp
« Compress
+ Stop pump

« Call for help
» Resuscitate the patient

Shut dow

*« Another machine

* Re-booting

+ Hand crank

e Rt
Recovery from Total Acute Lung Failure After 20 Months
of Extracorporeal Life Support

Viable exit strategy
Management goal

Timely change of
type of support

T

Thank you for your
attention
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Director of Adult ECMO Service, Surgical Director of Heart Transplantation and MCS Service,
Director of Adult Cardiac Surgical ICU, Samsung Medical Center

Yang Hyun Cho, MD

What is ECMO¢g¢

creal Membrane Oxyge ) iac amrest: Extracorporeal CPR
rporeal Life Support (ECLS) i nic shock: VA ECMO

f extracorporeal circulation to support heart iratory failure: VV ECMO

or lung function >mbined heart and lung failure: VVA ECM

extracorporeal circulation with venou: 02 retention: ExtraCorporeal C

for cardiac surgery \ O2R)

fwithout lung support: extr
ar Assist Device

L Ot3l cardioe enzyme 23S
Echo EF
NSTEMI 2|4 5}of SMC SSd H&
CUBE 7| & bradycardia, pulse 24
CPR
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Non Cardiac cause Cardiac
Arrest in Cancer patients?

» Circulatory collapse or shock — cardi
ac arrest (heart stops beating)

» Direct causes of cardiac arrest

» Pure cardiac eficlogies: ischemic, non
emic

» Secondary cardiac

» Thrombotic process, stress & spasm ||
» Immunocompromise, stress, A

ndrome, lung failure, brain failure (non
ic)

ECPR, Essentials

obability of primary cardioc ar
wicome
bystander CPR

thm (bit RCA occlusion), Ec

or prolonged time (>30min), oi

ael pulsal Use vasculor sono and Echo! Se
e |15 for A, 19-21 for V)

r cannulation is

VA ECMO

210

m nEns

O NAAE

a-15

ITERE

I, WS, WY, ASD. Y
LEEs |
#3235 nom
n #es
rio W
LR
EDN) [ngart ion

W USAN (Briel histery)
U MR

DR cr Fost O hescdvrasic inetabl |ty
NEES

Bridge 10 recowry

| ASE WA
L

tien MR

LT
EODM) mpcort wode | VA
Puse 3 Pu (Terumo)

Gogerator : ES Long-ters
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VA ECMO

Pump

Cardiepulmonary Bypass
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Harlequin syndrome
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Complications of VA
ECMO

» Imeversible change after & hours
» Diagnosis?
» Prevention & Management?
» LV distension and lung failure
» Too sick LV
» Diagnosis?
» Prevention & Management?

» Upper body hypoxia (Harlequin syndron
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About a week later...

VV ECMO

VV ECMO

Oxygenator

CO = venous retumn = (Fecc - frecirc) + F Aora
SpaC2 = 100*|Fecc - Frecirc)/CO + S i
5002 = 3pa02*(native lung function)
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Determinants of Oxygenatio
During VV ECMO

on of cardiac output captured by

/gen extraction

Cardiac output

» Cardiac output > 60% associated with Sao?
hmidt M, et al. Intensive Care Med. 20 $J Post ECMO #32

Summary

-tion criteria
VA ECMO
» Timing of insertion
mplication management
VV ECMO

» Determinants of Sa02

doing well
W2 Eer 28 Tu
WRI ke © 2/month (1RO 23)

» Lung protection!
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1. Echocardiography (=&

A%, L)

aT Or

2. US-guided Vascular Procedure/ECMO Cannulation (2% Z5%)

3. ECMO Decannulation (Device Closure) (24 &QIA)
4, ECMO Priming - EBS & PLS (&% £531h
YA (TR HYMSEY), FUY (RAHSIIEY HIQAEZHAD,
O|gY (MIFHSt WYY HQZTHAD), FHF (AN 7H2AD
Hands-on & Simulation AlIZF / &= BH%

US-guided Vascular Procedure/ECMO Cannulation ECMO Decannulation ECMO Priming - EBS
08:00~08:30 1= 2E 3x
08:30~09:00 2E 1= 4
09:00~09:10 Coffee Break
09:10~09:40 5X& 6 1=
09:40~10:10 6 5X& 2X
10:10~10:30 Coffee Break 9! ZHA! Check Out <IZ2EO|| ZHAIF| B>
10:30~11:00 3X 4 5X
11:00~11:30 4= 3x 62X

Hands-on & Simulation AlIZF / X Bi%

ECMO Priming - PLS Echocardiography
08:00~08:30 4 5R(QUXA) 6 (ZIXHEH)
08:30~09:00 3X eTeh ReTe
09:00~09:10 Coffee Break
09:10~09:40 2E IE(AXG) 4Z(2ITHS)
09:40~10:10 1x eTeh mReTe
10:10~10:30 Coffee Break 9 ZHAl Check Out <TZ2EO0| ZHAIF| diLh
10:30~11:00 62X IR(AIZG) 27 (ZIRH)
11:00~11:30 5X eTeh fmeTe
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