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Preoperative Work Up for Thoracic Surgery

At SAelRel Frolmiiny

a K=
[=] o

Clinical presentation and physical examination
Anatomical staging of cancer

Physiologic staging of cancer

& pswec

Sixth Edition Seventh Edition
TM Descriptor ™
Tl (=2 cm) Tla
Tl (=2~3 em) Tlb
T2 (<5 cm) T2a
T2 (>5~7 cm) T2b
T2 (>7 cm) T3
T3 invasion
T4 (same lobe nodules)
T4 (extension) T4
M1 (ipsilateral lung)
T4 (pleural effusion) Mila
M1 (contralateral lung)
M1 (distant) Milb

& pssrc

Lymph node mapping

 Urion map. S of p y bympk
. ) . atey oy Grinage with rumeric devignations for sach tite. (From Marcke T, Suemana K, bikawa §
ame : Lymph rode mapping and curabiity at vanous leveh of metartash, n resecied lung career
o Surgrora) 1 Thora: Cardiowast Sarg THAXE, 1978
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Z5&: Preoperative Work Up for Thoracic Surgery

Diagnostic Tools

« T stage: chest x-ray, chest CT,
bronchoscopy, PET-CT, (MRI)
* N staging: chest CT, PET-CT
TBNA, EBUS-TBNA,
mediastinoscopy, mediastionotomy
* M staging: physical exam, bone scan,
brain CT(MRI), PET-CT

& pswec

Enlarged L.N. on chest CT

+ Positive CT result(> 1cm): 70% actual metastasis
-> histological confirm

* False-negative rate less than 10% in negative CT
result(< 1cm)

->T1/T2 + negative CT result: histologic confirm(?)
(mediastinoscopy?)

cf 28% false-negative rate on central T3
-> histological confirm(Daly et al. JTCS 94;664 1987)
cf High rate of early metastasis in T1 adenoca, large cell ca

& pssrc

Mediastinoscopy/Mediastinotomy

Histologic diagnosis

Accurate determine the N2

Identify extranodal extension of tumor/
involvement of contiguous structure
(trachea/aorta)

Identify N3

Indication
1. L.N. enlargement more than 1cm on preop CT
2. Potential entry to neoadjuvant therapy protocol

3. Negative CT result in T2, T3 tumor and T1
adenoca/large cell ca(relative)
[ psyc

Mediastinoscopy/Mediastinotomy

Routine mediastinoscopy (with negative CT scan)

* Low complication rate

* Resectable N2 without neoadjuvant Tx(single station, ipsilateral, lower
paratracheal, no extracapsular extension

* High rate of thoracotomy(curative resection)
= 10-15% false negative rates on chest CT

Selective mediastinoscopy
= High rate of negative mediastinoscopic examination(70%)
* Possible complete resection of unsuspected N2
* unsuspected N2: 8.9%(mostly inaccessable site; post subcarinal,
periesophageal, anteroir mediastinal )

[ osye

EBUS(+TBNA)

+ 2007 ACCP:
invasive staging
mediastinoscopyCHA| in
stage I or central cancer

+ 2009 NCCN:
B A2 SHSHA LY
S22 AR

= Node: 1R, 1L, 2R, 4R, 7,
10, 11(+)
5 6, 8 12(-)
= Sensitivity 95%, specificit
100% Y P Y

[ psyc

EBUS(+TBNA) XM &

. Higo| ek
peripheral lung cancer
central parenchymal lung cancer, bronchoscopy(-)
© HYe YR Ho1Ed
PET N2(+) lung cancer: QIZt & 93%, HEE£97%,
S405891%
PET N2(-) lung cancer: 2IZtE 89%, SH0=E 98.9%
= adenocarcinoma/ >=5mm mediastinal node
* Restaging the mediastinum after CCRT
QAT 76% HEE 77%.SH0SE 2062 A 2F Al
Ho| Hl3) R O WAT > FIpH $ay0l We
« 2191 E2E St hilar, mediastinal Lymphadenopathy
Mediastinal mass
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EBUS(+TBNA)

EBUS-TBNA Of A ZZHS 3 S|7px| ZOlsH 20| HHSI}?

Table 7. Cumulatve Deagnoste Values of EBUS-TBNA Shown by the Number of Aspirations

Aspiratiom. N

SHE PoFEe HoEte| YRES 27| HHAM = 352 Elo|
2R3 tissue core§ F 5T Z2£ 28(9| 20| BRI

PET-CT

+ UFIHE S Y-: F-18 fluordeoxyglocose(FDG)
c HYUMEE BUMEEC ZESEST B S2l(glycolysis)%

£} &ct.
+ PET-CT: CT 8| 8% FZ&(node size)

+ PET 7| &% P Z(metabolism)

+ Granulomatous lesion({tuberculoma, histoplasmosis, rheumatoid

nodule), inflammatory disease0f| A 24
« 37|17t 1-12cmEC HE2H P €0l otel =& QIch

False (+) 20%, false (-) 20%
« Carcinoid tumor, bronchioloalveolar carcinoma: PET(-)
+ PET detect unexpected distant meta in 10-15% MNSCLC
& unexpected mediastinal node meta in 10%

. %EE PET CT(-): 2% mediastinoscopyA| 835} X] g0t= &. 24

ol = invasive test(mediastinoscopy or EBUS) g
& pswec & pssc
Desgn  Patests  Beceived Aonabyuasd ) W0t N Semmivity (% BENCD NP [ 5N OR
erwaled () L #00 and prealence (v}
EBUS-TRIA (2}

bk * 2001* Codbont 1w ns m ELLS Bw(4743) (AT

e # 3010 T uz Lifgmpy 11 L1 e [ T

Hacangha ® 2101 oot S0 w iy ns w747 w9048

" - - Marth 20001 Cobert "% 150 1w £33 Fhw (EE-59 o (BE-99)
Mediastinal staging of lung cancer: novel concepts Skl Gl W D o Sy a8
Wallace, ™ 2008 Lot 1548 ns 5 ] I (B0 Lati sl

" e, ® 20058 Codort o T T tad IR 1599 TEN{1555)
Kurrt G Toumoy, Steven M K, jouke T Annema Vilasn, ® S0 Cobort i 0 ] s ot (B3-1003 00w g6 1000

G.Inlcal I'HM sugng [ lhesumiarl method used to decide treatment for patients with nos-smalk-cell hing cancer. Lt dued 01z 13 22025

(FING) PET CT increases the accuracy of staging, it ondy gubdes direct tssie Gt Univarsty Hospisl
nmplmg_ Hiswological mrssml of mediastinal bmph odes lm traditionally been done with mediastinoscopy, 3 Deptmstoffuspaatory

Mg aond Thosscie

- Oncriogy. Chant, Belggum

v ging. G Touney M1,
hmi,l.\ in the mediastinal staging of lung We conclude that mediastinal issue staging shoull preferemially Mhart st College of
sartwith a complete endosonogrphic assessment A surgical mediasiinoscopy should be resered fo those I whion  Mebi e gy
the endosonography result is negatve. Further ref i thi ation is likely in the near ' x.mm:;]

dats suggest that the confirmairy mediastinoso rly useful for patients with enbirged or FOG-a | ity sk

b_'mE nodes. Casbeg Departrant of

Brveuton Modbcise Lot
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Definitive Diagnosis

+ CT-guided FNAB
» Transbronchial Bx
» VATS Bx with Marking tools
— Needle
— Methylene blue
— intraoperative ultrasound (gamma probe)
— Technetium-99m (percutaneous or transbronchial)

[ psyc

Physiologic staging

* Age

* Pre-existing lung condition(lung function)
Cardiovascular fitness

Nutrition and performance status

(recent weight loss)

+ Smoking

* Obesity

+ Patient attitude toward the disease

[ osve




252 Preoperative Work Up for Thoracic Surgery

The Society of Thoracic Surgeons Lung Cancer [0
Resection Risk Model: Higher Quality Data and
Superior Outcomes

Felix G. Fernandez, MD, MS, Andrze S. Kosinuki, PHD, Willam Burfeind, MO,

Bernard Park, MD, Malcolm M. DeCamp, MD, Christopher Seder, M

Blair Marshall, MD, Mitchell J. Magee, MD, Cameron D. Wright, MD and
Benjamin D. Kozower, MD, MPH

Emaary University, Atlants, Goorgis: Dul, Erurbas. 52 Luke's Allemiararn,
Penaayboanis, . Norwe Vaek, New York ‘Umiwersity, Chicagn, Mincis; Exsh
Ulaersity, Chicags, [ineis; Gootgetmcn Uasversity, Was hisgien, D sl Dallss, |

ompital, Sutan, v o Vieginds, v, Yrginia

aperative ‘owelusions. Dperative
major morbidity. nd composite moctality and major  rabes are bow for hung cances pesection smong
participating in the GTSD. Risk lators b the prioe
Results. In all, 37840 lung cancer rewctions were  lumg cancer resection model are sefined, and new riak
munlmﬂtu-lnmmw Ractiors wisch s prise thotacke wergery ise identified. The
formed by thorsoscopy. The mortality rabe was Le%  GTSD risk maddels continue ko evolve a5 more cenkers
(s = 401, major mocbidity rale was 1% (a = 1545,  report and dats sre swdited for quality ssurince.
—d&-mﬂl‘nwmmh mmuw-

Thorac Surg 2014e:8-a)
cmhﬂciodﬂyulnuﬂ’-'-
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Table 1. Patient Baseline Chanacteristios

Varishle Values
Toul 27,544 (100
Age, years 472 & 100
Male 12,647 5.4}
Mace
White 24,09 (57.0)
Black 348 (160
Other 1207 )
Body muass index, kgim™ 6+ 62
Coromary antery disease 819 (22.3)
Dhabctes mllitus 5,158 (18.5)
Henal dysfunction 504 (180
Induction chemotherapy or radistion 1,501 46.5)
Cigarette smaoking
Never 389 (140}
Past {stopped more tham 1 manth) 17368 {62.4)
Carrent 581 (2.6
Sterids w43 (1.5)
Minsmally invasive 17,153 ds1.86)
Tharacatomy 10691 (8.4
Primary proceduse
Wedge resection 1815 (127}
Segmentectimy 1,685 461}
Lobectommy 19,53 (711}
Sleeve lubrctormy 1215
Bilobectomy 980 (15)
Preumanectomy 1116 ()

*Missing vaburs irsputed to median by sex
Vadues are m (%) o0 mawn 4 S0

& pssrc

Table 2. Frequency of Complications

Table d. Preictors of Mortality, Major Morbidity, and Composite Mortality and Major Morbidity”

Variable Values
Tracheostomy 283 (1.0)
Reintubation 99 (3.2)
Initial ventilatory support 48 hours 148 (0.5)
Adult respiratory distress syndrome 159 {0.6)
Bronchopleural fistula 149 (0.5)
Pulmonary embolus 131 (05)
Preumonia 1,116 (4.0)
Unexpected return to operating roam 1050 (3.8)
Myocardial infarction 92(0.3)
Deep vein thrombasis requiring treatment 148 (05)
Atrial arrhythmia requiring treatment 2,974 (107)
Renal failure, RIFLE criteria 209 (0.5)
Blood transfusion

Intraoperative 696 (25)

Postoperative 1438 (5.2)
Sepsis 189 (0.7)
Chylothorax

Requiring surgical ligation win

Medical treatment only 100 (0.4)

Recurrent laryngeal nerve paralysis 139 (0.5)

Valses are 5 (%)
RIFLE = Risk, Injury, Failare, Lows of kidoey function, and End-stage
kidney disease.

[ psyc

Mesdel
Major Marbidity m:zw
. M-ﬂﬁlﬂ-hl Moxdel Ha ¥
Variable OR %% CI)  Value OR (%% C1) p Value 5% Cn P Value
Age. 10-year increase. 164 (L4-1.57) <0001 113 (108-1.19) <0001 114 (1081509 <0001
1540319 <0.0m 139 (1.28-1.52) <0um 141 (1.29-153) <0001
Bocdy mass index, kgim® 0006 <00 <001

2185 80 <25 100 100 g

60 o <185 144 (085-2.44) 133 (1.07-1.65) 138 (L0%-1.66)

=380 1o <300 096 {0.75-1.23) 053 (075-0.91) 053 (0.75-0.52)

=30 b0 <350 061 0A-0.55) 072 (0.84-052) 072 (D63-082)

2350 w999 117 {0A2-167) 081 (065056} 083 (071-057)
Hyperbenaion. 053 {0.73-1.17) 051 1.08 (0.96-1.19) o1z 1.06 (0.96-1.16) axs
Sterubds 172 (L14-2600 nm 128 (L05-1.57) am? 133 (Ls-1.62) noos
Congestive heart failure 151 (1L0-235) Ly 117 [0.95-1.44) a5 119 (0.97-1.46) o
Coronary artery discase 132 (1.06-1.67) 0019 113 (1.02-1.25) o0z 104 (L-1.26) L
Peripheral vascislar discase 147 (1L13-1.96) Ll 143 (1.26-1.62) 000 143 (1.26-1.63) <o
Reoperaton 138 (1L00-1.94) 02 135 (116-1.58) <0 132 (113-1.54) <o
Cercbrovascilar disease 142 (LEB-1.900 ooz 108 (058-1.24) [E] 111 {057-1.38) ol
Dhabetes mellitas 1.08 {0.85-1.3%) sy 100 (0.90-1.12) as 101 (091113 L)
% FEV,, 10% decrease 147 (Lo-112) L L ] <0001 112110115 <0001
Indaction therapy 151 (L0S-2100 004 1.20 (1.02-1.40% o0z 120 (L3-1.39) oo
Renal 174 (L06-25) [T 107 jas1-1.42) e L1 (084148 047
Cigarette smoking 014 <000 <000l

Never 100 100 100

Past smoker 154 (L00-2.38) 120 (L02-1.41) 1.0 (LIS-1.4)

Current smaker 154 {0.96-24%) 164 (138-1.54) 164 (138-1.94)

[ osve

Fubrod sare <0001 <000 <0001
L 1m0
1 160 (1.25-204) 104 (L0125 114 (1.06-1.28)
25 12 (145337 157 (1L3-190) 160 (1.32-1.55)
ASA o7 <0 0o
Tor2 1 100 10
3 167 (1.05-2.65) 135 (1L08-1.45) 137 (10%-147)
does 236 (1.34-3.80) 172 (L2209 176 (L45-213)
Approach <001 <000 o0
Minimally invasive 100 100 10
Tharacotomy 157 (1.49-236) 149 (138-164) 151 (157-1.66)
Pathologic stage 0008 030 ¥
1 10 100 10
n 115 (0.59-1.48) 107 (9119 L8 (095-1.17)
m 166 (1.10-1.96) 113 (09129 1.4 (1.00-1.30
w LI 2400 100 (OT-1.400 L4 (OLTE-14T)
Procedane <00 <000 <mom
Wedge 10 100
Segmenbectamy 0 §L51-1.58) A9 OI-150
Lobecsamy 169 (114-253) 196 (L67-230)
Slevve 172 72409} 193 (1.36-275)
Bidectunzy 157 RE-612) 298 (234-2500
Preumonectomy 450 (1A7-R00) 2174 (215-3.48)
Costatistie o s

* beroepd values bor the mesbels are - VI3 ot mentabty. 5451 bor et mordslity, snd 5457 for compesite, Covarlste specific coellicents o be
sbtsined by Laking nutural logarihm of the mdds ration.

AsL
ey

D - L Y- d L 4 . Off =

[ psyc

Age

+ Perioperative morbidity increase with advancing
age >preop careful assessment of co-morbid

+ Clinically stage 1, Il over 70yrs: same with
younger patients(beyond stage I, survival is very
poor)

« In Stage ], over 80 is not contraindication to
lobectomy

« Pneumonectomy is higher mortality risk(6-36%)
in elder, Age should be a factor in deciding
suitability for pneumonectomy

[ osye
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TABLE 21 Scales b Assessing inchicusl Perbmance Stahe

] Fuly achve, 00

Mol
WOt retaction 90 Abis o CaTy N NOMTal SCSRY; NG SONS o BETEloTS
of desaze
1 Restacted in physcaly stenucus acthely bt ambuatory 80 Mornal
aned abke ko cany i
0, O Nouseweork. ofics werk)
2 Amtutriory ana capatio of o sell-cam DU Unatle 1o mn Cares for el Unatio 10 CRRTY OF PORTl ACOMEY O 0 OO
ATy out any work acthiiess. LD and aboul mor han actve work
50% of waking hours L4 > most
personal feeds
3 (Capuabie of ordy lmited sel-care; 5 e
char more than S0%% of waking hours .
4 ey ¥ a0 Deatiod, rocuares apecinl care and geseiance
Notaly conded 10 Cad of char 0 nosps Togh
dealh & not Immirent
30 Very o hospal AGTESIoN necessany; Acivg SEEROIV
st necessary
L] BT, TS (O, g e
L] Dwact o et
‘o MM, Cromch b, Tormay DC. o o Am,
Pz
Sricion £, Graks FLL Aris MG, o ¢ Mssuramons of gualty of e In patents with (Ung cancer i muBcanter iials of row horapses. Cancer
THI087-2068, 1964

& pswec

Pulmonary Assessment

« Smoking
minimum 1-2 week(~8 weeks)
* Sputum production
preoperative sputum culture
* Ability to cough
effective cough + incentive spirometry

& pssrc

PFT

Poor resp function - perioperative
morbidity/mortality
postop long term disability
poor quality of life
Additional test in poor, risk PFT test
Ventilation/perfusion scan(ppoFEV1,ppoDLCO)
VO,max
Sa0, after exercise
3 most important predictors of severe pul
complications: D,CO, FEVI/FVC, A-aDO,

[ psyc

eor i A ™
g 24t hggedy 2 Low FEV1 postbrochadilator

/ \ Low DLCO postbronchodilator
ﬂm-« :'l“"'"‘“ %
PRROLETR =0 BEELCOR. Quantative perfusion scan
I | pPOFEVL, ppoDLCO
et S e
s I Exercise test
l 250m walking
i e becten i Arterial blood gas/O2sat 24
e R I
N 502 w48 ‘ Peak oxygen consumption test
Zove it \ /
VOJman <10
Absolute contraindication
prortviN 68 PAPRINI e pparEvie for resection
e T e it * ppoFEV1 < 0.8 L
Foaman s oamatiee1s ot « VO2max < 10ml/kg/min

Siggesicd algoridhn for cvalumting petienis fov thelr 1 CO2(cor pulmanale) in

suitability for major hing resection (ppaFEV; %: predicted postoperative pneumonectomy
FEV) expressed as a pereent of normal: ppoliLon %: predicied postop-

erative diffusing capaciry expresed ax & percent of narmal; POg: POy

in mem Hg; PCOy: PCO; in mmHig VOzmax: VOzmax in ml/kg per Eﬂ““.
wminute).

TABLE 4-3 m I of
and Morbidity
Predictive of Increased
Test Maorbidity Prohibitive
Chinical
Stair clhimbing <3 flights (12 m <1 flight
Match test Failed
Dyspnea grade 24 4
Pulmanary Mechanses
M <50 Umin =35% predicted
FEV, <50% FVC <061
FVC =50% predicted <101
FEV.FVC <60% predicted <50%
Gas Exchange
Duco <50% =30%
Po; and Sac; Desaturation on Pa, <45 mm Hg
exercise

Peo, “.gml HCO, Pooy =50 mm Hg
VIQ Scanming d

s <30% predicted <0.8 L predicted
Ve <L
Exercive Testing

=20 milkgimin <10 mifkg/min

PR =190 dynesiviem®

Duen, carbon monoside diffusion capadity; FEV,, foroed expirstory
in 1 second; FVC. forced vital capacity. mamimal voluntary
wentilation; FVR, pulmonary walcular resistance: VC vital capacity;
maximal axygen uptate: WO, ventilationiperfusion.
Data frem mulbtiple treatie. Eﬂ““.

Cardiovascular Fitness

. aé.(l_!C?atients for lung resection should have preop

+ All patients with audible cardiac murmur should
have echocardiogram

+ After MI, operation for lung resection should not
done within 6 weeks

= MI within 6 month, ask cardiology opinion
+ CABG should not preclude lung resection

« Pt with significant lesion on coronary angiography
should be considered for CABG before lung
resection

» All patient with history of stroke, TIA, carotid bruits,
should be assessed with carotid doppler

[ osye




Z5&: Preoperative Work Up for Thoracic Surgery

Reason of cardiac complication
after thoracic surgery

Atelectasis, compliance |, diffusion
capacity | »myocardial oxygen supply |,
demand t

Postoperatively, patients change to
hypercoagulable

After lung resection, increased preload leads to
congestive heart failure

High catecholamine level associated with pain

& pswec

TABLE 4-5 m Goldman Candiac Risk index (1983)*

Mistory

Age >0 L

Myocardial infarction, <6 me 0

Phypsical

Congestive faiture n

Aartic stenass 3

Rimthen abevormality 7

PVCs = Simin 7

Gareral

P, <60 mm Hg, Pro, =50 mem Hg. 1
WD, <20 mgil

1 Cratinine

Liver disnre

Trpe of aperation

Intraperitoneal or Intrathoracic

wency

Total powible point

Class Points Severs Morbieity Cardiac Death

o5 0% 0%
12 bl

1
2 %
3 13-25 1% %
H =26 % 6%

“With more modenn perioperative care, the riks fer asch daw ar
probsably leat than thire orginally predicted.

& pssrc

Cardiovascular Fitness

Table 3 Importance of multiple risk factors

Risk factors: High risk surgery (includes
intrathoracic)
Ischaemic heart discase
Congestive hearr failure
Insulin dependent diabetes
Creatinine >177 uM/1

Number of factors®*  Major cardiac complications**

1 1.1%

2 4.6%

=3 9.7%

*As intrathoracic surgery is classified as a risk factor, all padents
undergoing surgery for lung cancer have at least one factor,
**Myocardial infarction, pulmonary oedema, ventricular fibril-
lation or primary cardiac arrest, complete heart block.

[ psyc

Weight loss, Performance status,
Nutrition

+ Patient with preop wt loss >10% or more

* And/or WHO 2 or worse->particular care
staging assessment

+ Measure of nutritional status( body mass index,
serum albumin level)

[ osve

DETERMINANTS OF POSTOPERATIVE
MORBIDITY AND MORTALITY*
Cardiac discase
Pulmonary disease
Tumor characteristics
Stage
Type
General medical conditions
Diabetes
Creatinine level
Hemoglobin level
Serum albumin level
Immnosuppressed status
Steroids
Chemotherapy
Other chronic illnesses
Weight loss >10%
Age >70
Anticipated surgery
Extent of resection
Additional procedures
Side of pulmonary resection (R = L)
Previous surgery

*Significant cardiopulmonary disease, late tumor stage, and
extent of resection appear 1o be the most significant determi-

nants. EDS‘"(.

Perioperative management of
patients receiving Anticoagulants

+ Balance between reducing the risk of
thromboembolism and preventing excessive
bleeding

+ Wafarin

+ Timing of anticoagulant interruption
Discontinuation
Bridging preoperatively
restarting

[ osve
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Chest Tube Drainage Management

National Cancer Center

Jae Hyun Jeon

Topics

History

Anatomy & Physiology

Mechanics of Breathing

Conditions Requiring Chest Drainage

Evolution of Chest Drainage

SYoLUE| of

=

1st water-seal chest drainage

Playfair, 1872

Opened abscess cavity
Inserted a flexible tube
of caoutchaouc (India

gum rubber)

Water-seal

SYoLUE| o

Hippocrates (BC 460-370)

small in amo

e

d Water Seal Drainage

Gotthard Biilau, 1875
- rubber tube, water-seal
Eloess closed drai
— from Unit 5 Army

King, 1950,

Plastic catheter 1% introduced by

Sher edical, 1961 2t HIE] o7
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* Urgent/Emergency situations

+ Vincenzo Monaldi (1899-
1969), 1950

* How to count ribs:
First palpate the sternal
notch, then palpate down to

SYoLUE| of

Anatomy

3 distinct areas:
Mediastinum: esophagus,
trachea, heart, aorta &
major vessels

Right thoracic cavity

Left thoracic cavity

SYoLUE| o

=
o

Mechanics of Breathing

+ Inhalation:
Diaphragm contracts down
Pleural pressure :

* Lung capacity enlarged
Intrapulmonary pressure
becomes lower (-) than AP

SYoLUE| o

=
o
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Anatomy

* Ribs, sternum, thoracic
vertebrae interlaced
with intercostal muscle

+ Diaphragm is the
“floor” of theracic

cavity

SotE| of

Anatomy

+ Parietal pleura
+ Pulmonary or Visceral pleura
+ Pleural fluid

+ Exhalation:
Diaphragm relaxes up
Pleural pressure : -4ci

* Lung capacity enlarged
Intrapulmonary pressure
becomes lower (-) than AP

SYrE| of

=
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Jae Hyun Jeon: Chest Tube Drainage Management

Pneumc
- Spontaneous (primary, secondary)
- Open pneumothorax
- Tension pneumothorax
- Traumatic
(c-line, thoracentesis, pleural/lung bx,
ressure ventilation)

- with or without pneumothorax

Pleural effusion / Hemothorax without
pneumothorax

+ Blunting of
costophrenic angle
(CPA)

= Only CPA blunting
— 200-300mL

Bilateral pleural effusions

SEOLE| o

NATICNL O CoT

« Pneumothorax:
Air in the pleural space
(open or closed)

+ Hemothorax:

Tension Pneumothorax:
One-way valve mechanism (air
enters pleural space and cannot
escape). Build-up of air under
pressure can lead to... |

Mediastinal Shift: !

Pressure builds up and pushes the
mediastinal cavity to the unaffected

side. Lung may collapse creating a
life threatening situation

"

Blood in the pleural space

\ + Hemopneumothorax:
' Air and blood
Caused by surgery, disease or trauma

Treatment

Remove fluid & air as promply as possible

Prevent drained air & fluid returning back into

the thoracic cavity

Expand the lungs & restore negative pressure in
the thoracic cavity
— Clo

2d Thoracostomy!

SYrE| of
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Before Tube Insertion Chest Tube Placement

Orientation
- Thyrosd cartiage
| Hi Taking: esp. previous thoracic Trachea
~Hoan

operation, h/o pleurodesis... N

i

Sectional View

ay: location of air/fluid, adhesion2| &2

Chest CT: previous CT scans/other imaging studies

anesthetred

gives much information - loculated effusion, area of inserton

multifocal adhesion -:\ci-,uET—g::;:'”
b wercostal space |
antenor 1o med-avilary |

Cautions in patients with coagulopathy

Chest tubes Complications of Tube Thoracostomy

+ Bleeding
+ Creating of air leak d/t lung injury during procedure
+ Malposition of the tube

(intraperitoneal, subcutaneous)

+ Other organ injury
(Diaphragm, Liver, Esophagus, Heart, Aorta,

+ Horner Syndrome

e

NATICNL COUTR T

Complications of Tube Thoracostomy

Perforation of the Right
Ventricle®

A Complication of Bind Placement
o & Chest Tube Inio the
Poatp Hoa

S SESLHE| o

12



Complications of Tube Thoracostomy

Drainage Bottle

Three Parts...

One Bottle Systerm Two Bottle Systom Three Bottie System

Y

= —
/ VI A L
_.f'f A\ S \
[T Ju

EOHE| o

Jae Hyun Jeon: Chest Tube Drainage Management

Pectoriloquy

e

One/Two/Three Bottle systems

Basic requirement is to drain lungs of air & fluid:
*“One-bottle” system has a water seal chamber and
collection chamber (together)

«“Two-bottle” system has a water seal + collection
chamber (separate)

*“Three-bottle” system has a water seal + collection
+ suction control chamber

SeotE|

One-Bottle System : Shortcomings

Creation of an underwater seal. It is a low
resistance one-way valve allowing air & fluid
to escape from the patient without possible
return

Any positive pressure in excess of +2cmH,;0|
will be expelled to the atmosphere

Drawbacks of a one-bottle system:

= Used for collection as well as water seal

Tube to atmasphin Tuabe from patient

» Water seal is not protected against
“sloshing”, siphoning or tip over

= As the bottle fills up, the 2cm water seal
level increases making it more difficult

= for the patient to expel air

Try it at home with
water and a straw!

13
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Benefits of a two-bottle system:

* Includes water seal and separate

« Water seal is maintained at 2cm

= Having a separate collection bottle

collection bottle

provides the ability to measure
drainage

« Gravity Drainage/Water
Seal
— No suction connected

+ On Gravity: Intrathoracic pressure + On Suction: Add readings of suction

* On sut‘ﬁunf Va_‘:'j'”m draws is read directly from the water seal. control chamber plus the level of the
atmospheric air into the straw A rise in the water seal indicates water seal chamber
and pushes water downward
creating the bubbling

that negative pressure is present For Example:
in the pleural space (patient is

: M -20cmH;0 + -5cmH;0 =
healing). Bubbling indicates o 2
posiﬁvge pmssu,eg{air leak) -25cmH,0 intrathoracic pressure

YAME]

NATICNL COUTR T

Newer Chest Tubes

Superior Chest D With an Active Tub, — ~HFCT
Sprion ChstDrnags With a Acive Tube KEEP CHEST

earance System: Evaluation of a Downsized

. TUBES CLEAR

YAME]

NATICNL COUTR T
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Jae Hyun Jeon: Chest Tube Drainage Management

Newer Chest Tubes Newer Chest Bottles

Chest Tube-Delivered Bupivacaine Improves Pain
and Decreases Opioid Use After Thoracoscopy

Automatic High Negative
Release Valve (Express)*

*Activates at -50cmH,0

EOLE| o

Heimlich Valve

o8 [ r—n
2007 lunputiehed datal LT . i,
taster, e gain, watiaction
Pigher for both patert and
satt wariabity

Digvent, Certolis, 7008 Unimbmtionsl
o Dglvent greun had easier

e T T e —re prre= s e S
. £ oy Concoeitant +
wr et CF a1 warw 3ottt et sh gt
- e — e o
Lobaiiamy =
Mtk 7 oot s it st
PG B . e simstig

Process of Healing: Air Leakage Management of Air Leaks : Introduction

* Inspect both the Quality & antity aspect PAL (Prolonged Air Leak) : Leak lasting beyond POD#5

*Qually _ Incidence of PAL : 8% ~ 26%
- Continuous air leak (C)

- Inspiratory air leak (I) - rare
- Expiratory air leak (E) — most common
- Forced Expiratory air leak (FE) - 7| & A|0f| Bk
* Quantity
- amount of air leak, more easily measurable severity of COPD, presence of adhesion, upper lobectomy and
with newer generation chest bottles bilobectomy, lobectomy > lesser resections, steroid use >10mg
daily for more than 1mo, Leak grade 4/7 in newer generation

Significance of PAL : increases pulmonary complications after
pulmonary resection, increases length of stay(LOS) and cost as
well

+ Risk factors for AL/PAL :

bottles

EONE| o e

15
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Management of Air Leaks :
Intraoperative Management -

Management of Air Leaks :
Intraoperative Management -
(3) Use of Pleural Tent

Risk of this procedure : development

of a hemothorax
Two randomized trials :
Brunelli et al, Okur et al

— clear result of reduced duration of

AL, duration of chest drainage with

no significant difference in r

But these studies weren't able to

identify the candidates who will derive

benefit from pleural tenting !

Management of Air Leaks :
Postoperative Management —
(1) Water Seal vs. Suction

’ e ctdies svahiating the mansgemet af thest tlbes In poit theracotomy putenty
suthar, Year of =

Publicaten Study T Compadison N

Swrran W

" o
[rne———

Retonpective revew 3 virin W ri———

Tpatients wish pea e g
e

st
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Management of Air Leaks :
Intraoperative Management —
(2) Use of Topical Sealants

for Als

e eed cactroled wiah svahuating surgical

Pathents with Duration
Postoperative  Duration  of Chevt  Hespital
Sealany Als Dvain__ Days

Nowel polymer
salznt

Peiymeric
alet

Management of Air Leaks :
Intraoperative Management —
(3) Use of Intraoperative Pneumoperitoneum

after lower lobectomy or RML-RLL
bilobectomy

Toker et al : nonrandomized trial,
significant reduction in AL

( 2.2 vs 6.0 days, P<0.0001)
Cerfalio et al : randomized 16 Pts....
significant reduction in AL

(13 ws f AL on POD#1, P

en't able to identify the candidates

ell 11

Seoie| o

Management of Air Leaks :
Postoperative Management —
(2) Conservative measures to Invasive Reintervention

# Neoveil (GUNZE,
Japan)

: polyglycolic
acid(PGA)-sheet

— Inflammation




Jae Hyun Jeon: Chest Tube Drainage Management

RECOMMENDATIONS
* Level1
# CT drainage should be < 2ml/kg/day or £ 200 mliday (whichever is less) before removal.

Level 2 decreased pain, improved 6-min walking test,
CTs can be removed equally safely at end-inspiration or end-expirati
CTs may be safely removed on suction.
A brief trial of waterseal prior to CT removal may allow occult air leaks to become
clinically apparent and reduce the need for CT reinsertion due to recurrent
pneumothorax. Such trials, h er, will g lly i hospital length of stay and
the number of chest radiographs (CXRs) obtained.
After pulmonary resection, small air leaks will resclve significantly more quickly if the CT
is placed to water seal

Level 3
¥ In

* Benefits of early removal have been reported:

early mobilization

+ Cerfolio and Bryant : 2077 pulmonary resections
Tube removal when < 450mL/day

Readmission for effusion 11Pts (0.6%

hanically i a routine CXR following removal of a CT is
lly not indi d. The d o obtain a CXR should be based on the individual
clinical situnlon and the paﬂanl s signs and symptoms.
# In a CXR obtained b one and three hours after
removal of a CT is sufficient to identify a recurrent pneumothorax.
# A daily CXR is not indicated to monitor CTs in the intensive care unit. Routine
monitoring and patient care will identify the need for CXR based on clinical necessity.

SotE| of

Tube Size in Infection ??
CHEST Original Rgsearch

The Relationship Between Chest Tube Size
and Clinical Outcome in Pleural Infection

Factors in the Selection and Management of Chest
Tubes After Pulmonary Lobectomy: Results of a
National Survey of Thoracic Surgeons

Samuel 5. Kim, MD, Zain Khalpey, MD, PhD, Sherry L. Daugherty, BA,
Mohammad Torabi, D

Dnsisaon ol Cduthora s Surgery

Baciground This study desersined patierns of chesl  low-wolume surgeans sfter both open lubectomy and
tabe (CT) sletion and st alftes aprn lobe-  minkmally invasive lsbrdmey. CT mansgement Ac-
Moy and minimally invedve bobetamy by thomsck  dembc and younger surgeons mem e the CT soones sller

[—
Methods. Surwys were s electronically i 5,175
Emacic aurgrons, sed 475 were aeplried. Revposme,
Binded so iedividusls could nel b ertified, were
wralyred and compared sccording 10 s rgeen haradter
Intien (academic/priwate puactice, years in practioe, lobec-
oy volume, and geographic regionl, All indicabed
differvnces wee siatistically sigaficant {p < 005 by ¢’
hestsl
Rt CT seloction: Mest surgeans preler fighd
fubes. and the size mosi mmmanly weed was 25F. Most
Place 2 CTa adter open lobeciomy and 1 €T sfter mini-
mally invanive lobectomy. Academsic surgeans sre mare
Ekely than private surgeons to use | iebe after opem lo-
Beckiany, bet ibeth pos o | Inbe s mleiomally imvaniva
s sspyroens . high-v ol e s e
e mare mm 1o w1 CT thas semlor surgeans 3nd

opem lobectomy, Yownger and high-volume ssgeoss
remave the CT with greater drainage smownis. A1l grosps
remave CTa soones aiter minkmally imvasive lobeciney
than aiter open lobectomy. Approvimaiely hall of wr-
geons et 8 daily chest menigenogram. Yousger nd low

disical experience tilber Bhan faining or the lleraire
determined theie CT strategy

Clbcti, Th e S g ko
€T mumagement amang various groups of s
Clinical experirnce win the mest importimt facior in
determining their CT strsbegy

Ana Thosss Sy 301400110838
2016 by The Saciaty of Thararl Sergeoss

Severe, unanticipated air leak from bottle
— should we suspect BPF first 727

— Circuit Patency check should be 1%

( by sequential clamping try from distal )

i‘%“éhﬁﬂ rd

ZYUHE| of
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Figure 1 - Representation of balanced drainage in a
yostpneumonectomy pleural space®

18

Tube location : adequate

Lung fully expanded, on water seal

Subcutaneous emphysema increases from c-tube

site

— put the tube back on suction, f/u CPA

— if still increasing emphysema, additional c-tube
insertion

Skin incision does not help

e

=

Thank You Very Much !
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=
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Air Leak after Lung Resection

Korea University Anasan Hospital

Jinwook Hwang

Air leak from lungs  "Alveolarpleural fistula"
Communication btw the distal to segmental bronchus and pleural space

Post operation air leak:
POD#1 : 30~50%
POD#2:20%  Cerfolio 1998

Prolonged air leak (PAL) :
8~15% Brunelli 2004

#
“Bronchopleural Fistula”

Air Leak after Lung Resection

- torn or denuded of the visceral pleura

- incomplete fissure division

- staple lines

- the raw surface following segmentectomy

- Non anatomic resections for benign or metastatic lesion

Suction vs. Water seal

Wall
To atomosphere  suction

Collection Water seal

Suction control /

19
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External suction versus water seal after
selective pulmonary resection for lung
neoplasm: a systemic review
% p T3 mam T
Bema M4 taMm mme
l;‘ummw'? LI BT T 1 -
;::ﬂ = b i T e Lepag CD

External suction versus water seal after
selective pulmonary resection for lung
neoplasm: a systemic review

Qiu 2013, PLoS ONE
Exieral uction  Water seal Msan Ciffarunce Maan Diflwrunce
LENCL
Bl 2022 43 53 B 43 B8 5 BW MORXIN r
Marshall 2000 47 ST0 M 1B IM M mEM Iupinag ——
Prolkis 2008 38 1 4 M O3 M R DL —|I.—\
Totsl (5% CY " S 1000% 060 (038,150 |-
Heagety ChF =285 o2 =024 P 3% —r T

Teatborowwsl fect 2+ 122 (7 020) Exteral wcion Waser veel

101117 urmal g DOSBERT 0

werin wrter sl "

Extemal suction Water saal Mear Difererce Mean (ifererce
% 1

Brorall 2012 B 24 B A1 T S 44w 001308105 -
Marstal 2002 M3 WM ML 43 M 2% BABLIEN 1855 -1
Prokakis 2008 N2 54 4T 103 45 M 1% 0B0RLI4284) 'l;\
Towd (35% O m 128 100% B2 154 |*
Hatwrogeredy, O = 158, df = 3 F = L7 Fu " 5 Py
Test bt overal et 2= 096 P = 087) ¥

Figrers 5. Mts- asalysis of

Digital vs. Traditional

To patient

To atomosphere

Suction control

Water seal

Collection

Muticenter international randomized comparison of
objective and subjective outcomes between electronic

and traditional chest drainage system
Pompilli 2014, ATS

Group 1 (digitall: Patients with digital devices were
managed by setting the pump to <20 cmH;0 until the
momning of postoperative day (FOD) 1 and then setting
the pump on physiologic mode (-8 emH,0) thereatter. 5
N=191

Group 2 (traditionall Patients with traditional devices
(requiring connection to wall suction) were managed |
by applying suction (-20 cmH,0) until the moming of
POD 1 and were subsequently disconnected from
suction thereafter, N=190

il

" = ™ 1]

Fig 4. Diflerences i gt of poskopenatoe sty (i) i difere
crvtors by fype of dinage sysem. (K = Hoag Kong: LK = Linéd
l Kinplows 1S = Uinital S

Randomized trial of digital versus analog
pleural drainage in patients with or without
a pulmonary air leak after lung resection

Gilbert 2015, JTCS
TABLE 2. Clinial ostcomses

Grroup 1: Air lesk abrent Ciroep 2t Air leak prewst

Oucone \salig Iigital P value Anabog Digal P value
Length of tay {d 403050 4005 ™ S 60 (H4050) "
Chest tube duration () 1012949 9219 (1.1 SHADAS A4913164) n
Nlors are ez 12 an 7k pescramilen

) o

'J J"j
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Jinwook Hwang: Air Leak after Lung Resection

The usefulness of Wi-Fi based digital chest
drainage system in the post-operative care

of pneumothorax

Cho 2016 JTD
-20 emH,0 until removal of the tubes
Total=60 Group 1(digital) ~ n=30  Variable Group| Groupll P value
Group 2 taditonal) n=30 e e (deye) 22 31 (o0 )

Pain score
Day 0 (operation day) 543 579 0.337
Day 1 (postoperation 1) 3.73 414 0.275
Day 2 (postoperation 2)  3.26 3.67 0213
Recurrence (number/ %) 1133 1134 0.746

Conditions associated with air leak

Prolonged air leak (PAL)

Subcutaneous emphysema (SE)

Postresection intrapleural spaces (PRI)

Prolonged Air Leak (PAL)

Prolonged Air Leak

Longer than 5 days after pulmonary lobectomy
(adopted by STS and ESTS)

Prolong hospital stay
Hospitalization costs problem
Risk of empyema

Cardiopulmonary complications

Risk factors to PAL

* Reduced pulmonary function

* Damaged and fragile lung parenchyma
» Use of steroids

* Upper lobectomy

* Pleural adhesion

Risk predictors model

Characterization and Prediction of Prolonged Air
Leak After Pulmonary Resection: A Nationwide
Study Setting Up the Index of Prolonged Air Leak

Rivera 2011, ATS
IPAL{Index of PAL)
Gender(F=0:M=4)-(BMI-24)+ 2x dyspnea score+pleural adhesion{no={:yes=4)+pulmonary
resection(wedge=0; lobectomy or segmentectomy=T; bilobectomy=11; bulla resection=2; volume
reduction=14)+location(lower or middle lobe=(; upper=4)

Risk probability: 1/(1+exp(-(-4.213+0.1167:dPAL))}

IPALSS 5% or less{low risk)
S<IPAL £10 5% and 10%(moderate risk)
IPAL>19 greater than 10%(high risk)

21
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Management of PAL

+  Water seal vs. suction vs. alternate suction
+  Sealant

* Intrapleural sclerotherapy

+  Heimlich Valve

»  Surgical repair

Surgical sealant for the prevention of
prolonged air leak after lung resection:
Meta-analysis

Malapert 2010 ATS
Fig 2 Forest plot of the meta- Ewn et %
analysis of owkomes of air kak ™ i DRDRQ T Colt o
more than 7 days. {C7 = ofi- Worg 197 — X oAz 0% Wmon
- Humeg 16 —_——— GO 29 MR 4%
demce interval; OR = odds ratin) o 1 — S T B 096001288 o0 T
Sunrbepe 00 —— O DT 24) 5T mooTe
Wan o e GNOE, G ME 48 50
Pore o — REAIN WE A6 0¥
; OB Tl mma w o
Lag INNHAE ¥ ot
13RCTs A e —— M0 N Wmoone
Gommi Lo B ————— LRON 1MW W m i
Buttress 4 Tsky W05 —_— 0WOMIM 2 WS MM
hri Mgy oo —"' GO0 0L 104 T T Bm
Fibrin glue 3 Heser w0 ———— ompmNE 2 T M
Synthetic sealant 4 Oveal Bagared * 0% o = 0.468) DEOMAN MO waET K00
Collagen patch 2 HOTE: W srbom o s s

1 1 1
T g o AR U0 SuTe Wgﬂv

Intrapleural instillation of autologous blood in the treatment
of prolonged air leak after lobectomy: a prospective
randomized controlled trial Shackcloth 2006 ATS

Table 1 Classification of Asr Lealy

Sine of Air Lesk Descrgiion

v N bk

1 Air leak 0 vigteoum conghing only

2 Sl orsimenns i beak e gt
e

¥ Lty comsinons e bk 0m gernthe
respincn

Tabie d. Covrall Ouskormes
Wanable Medan (1081 Davs Postoperative Comtrol Coowp 7 Valee

Seudy Carp
Ti bo lek el i <aam
Ti bo desin posaal b (IR am

Subcutaneous Emphysema

T to howpital discharge WS- A
lenerval froe fint plesodiens w0 seal of 2r leak H-n - L
Swelling of neck ing di ]
— Al A Massive subcutaneous emphysema
Sore Throat :
Chest PAIN S N sione * Tension pneumomediastinum->Airway obstruction
Neck Pain Difficulty breathing

Tearing the parietal pleura, membrane lining the inside
of chest wall, allowing air to escape into the
subcutaneous tissues

Stab wound/Gunshot
Rib fractures (27%)
Barotrauma

Tissue paper

Crackling noise

Rice Krispies

* Pneumopericardium-»Cardiac tamponade

22




Jinwook Hwang: Air Leak after Lung Resection

In patients with extensive subcutaneous emphysema,
which technique achieves maximal clinical resolution:
infraclavicular incisions, subcutaneous drain insertion or

Modified blowhole skin incision using negative
pressure wound therapy in the treatment of
ventilator-related severe subcutaneous

suction on in situ chest drain? emphysema * Son 2014 ICVTS
Johnson 2014 ICVTS N=10
* Best evidence papers Lung surgery: 2
Blunt trauma: 1
lnterventlon Pt No. Comments Ventilator barotrauma: 5
e [ A
Cerfolio Sumun via chest tube Significant SE ss,rzsm} Immediate Secondary PNX: 1
2008, ATS -bedside CTD VATS CTD . '
-VATS CTD 64»!85
~Resolution (1day)  63/64
Leo Microdrainage via fenestrated 12 Time to resolution  1-3ds 34
2002, Chest  angiocath (1=Media) (5ds) massage/d
Cesaria Drainage via Penrose drain 20 Ave. duration of Tx 37 days supraclavic
2002, Chest (2-6ds) ular
incision
Herlam Bilateral infraclavicular incisions 4 Time to reslution <4 ds i
1992, Chest L

Postresection Intrapleural
Spaces

'No space, No problem”

fors loreuiice Expansion of the residual lung

Mediastinal shift
Marrowing of the intercostal spaces

Elevation of the diaphragm

Large or persistent air leak

Bilobectomyy Leave only LLL basal segment
Fibrosis
Remaining disease to limit expansion of lung/ Incomplete decortication
Post op atelectasis

Fixed mediastinum d/t prior inflammation

Management of Postresection intrapleural
space

* Pleural tent

* Phrenic crush

* Transplant diaphragm
* Pneumoperitoneum

* thoracoplasty

Pleural tent

* Miscall 1956
* Apical parietal pleural dissection
from the level of thoracotomy

» Mobilization of parietal pleura and
fixation to upper border of
intercostal muscle.
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A meta-analysis assessing the benefits of concomitant pleural
tent procedure after uoner lobectomy
p A B Uzzaman 2014 ATS Summary
s " - B + Traditional management of pleural drainage should be
- e . reconsidered to improve the result of air leak after lung
5:1;:; ;L;be -~ —— 4 Hospital cost resection.
: % R * Prolonged air leak should be managed by immediate and
—— aggressive maneuver.
c 0 . - » Massive subcutaneous emphysema should be drained to
s B I - decrease discomfort and risk of airway obstruction.
- . S 1 * Various surgical intervention could be applied to reduce the
Tota complicaion i postresection intrapleural space in selective patients.
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F&3A9] FH|(Prepareation of Vascular Operation)

Department of Cardiovascular Surgery,
Sejong General Hospital

Joon Hyuk Kong

| TN LN T
Artery Bypass(IZ M 018 ) (OIS - 240

R

I3 %9 a2
Lover Extreaity Arteriography [EF2I3)
EHEUY AUE JUS(IENS) (BT NE

Systemic Atherosclerosis

JAMA 2006:295:180-189.

Mortality is very high in patients
with severe PAD

Relative S-year mortality

Breast
cancer'

Colonfrectal
cancer'

r'on-Hodgkin's
lymphoma*

1, Crigui M. Vasc Med 2001, 6 tsappl 1) 3-7.
2 Mchensa M et al Aherosckroaia 1991 K7 115-28,
3 Rics LAG st al foda), SEER Cancar

L IHTR- 1997, US: National Cancer Instititc; 2000,
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PVD is not Benign!!!

* The diffuse nature and high association of PVD with other

medical conditions (ie, diabetes, renal disease, coronary
disease, wound care) demand a multidisciplinary
approach toward patient care at a PVD center of excellence.

* Every patient with PVD needs a multidisciplinary work-up
and needs treatment.

* This treatment may be as simple as risk factor modification
and follow- up. medications, or complex treatments
requiring interventional or surgical treatment.

Establishing aPeripheral VascularCenter of Excellence. DAVID E. ALLIE, MD; CHRIS J. HEBERT. RT. R~
CI5; AND CRAIG M. WALKER, MD. FEBRUARY 2005 | ENDOVASCULAR TODAY 141

Endo Vs Surgery POAD Volume

(1997-2004) in the US

100 -
80 -

B Endo
B Surgery

1997 1998 1999 2000 2001 2002 2003 2004

TASC 2000 and TASC Il 2007

|

Uil o st g 18 141 o mencms o 1A

= /N
/@é\ AN\

TASC 2000 and TASC Il 2007

Famero-Poplitea
g

>

w*

C-arm vs Cath room vs
Hybrid-room

Field of Vascular Care !!

Lower Extremity Disease
Iliac artery disease
SFA ds - long occlusion, femoropopliteal disease
Below the Knee
Renal, Carotid, Subclavian Artery Stenosis
Venous disease — SVC, DVT. Vein occlusion
Aorta Disease — Aortic dissection, aneurysm, AAA

Adult congenital and structural heart disease (TAVI,
ASD closure, percutanecous MVP)
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Comparison >
bet. OR and Angio. Suite

C-Arm based OR
OEC9800 with Vascular

Program
OR Time C lled by Anestheologist or Not at Local
Ancs.
Image Low Quality
Limited Time
12 inch
Table Limited Sliding Perfomance
Space Congested
Clean Room Laminar Flow
Anestheology Friendly or Not at Local Anes,
Inventory Limited
Characteristics Open Friendly

Angio Suite

(Artis Zee Biplane System)

IR or IC

High Quality
Longer Time
9,12, 14, 12*16 inch

Sliding Table without Tilting and
Bending Function

Relatively Better
Air Filter System
Hostile and Limited Help
Dhiverse

Endo Friendly

- -
Goal of Medical History Goals of Physical Exam
* To record the patient’s symptoms at time of * To record the state of patient’s health at the
presentation. time of the examination.
+ To organize the events which have lead to * To Pro":‘dif’ allgngltudmal record of the
presentation. panien:;s featu, _ .
; : . + Allow assessment of progression of disease.
* To summarize the evidence which supports All L r Lk
diagnostic hypothesis. ow prognostlcati(?n of natural history.
; ; T » Allow recommendations for care.
* To provide basis and direction for care.
Vascular Physical Exam » | |Vascular Physical Exam »-

Bruit

* Sound made by vibrating arterial wall
* Caused by turbulent blood flow making

arterial wall vibrate

* Indicates the presence of an arterial lesion

Ischemia

* Decreased blood supply results in metabolic
compromise.

+ Grades of severity reflect acuity of condition as
well as the magnitude of the reduction in
circulation.

* ACUTE vs CHRONIC
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Vascular Physical Exam -
Acute Ischemia Acute Ischemia
* 5Ps

— Pulseless

— Pain

— Pallor

— Paresthesia

— Paralysis

— Poikilothermia (Cold)

Vascular Physical Exam » | |Vascular Physical Exam
Acute Ischemia Chronic Ischemia
* Implies that without prompt restoration of * A process where the gradual onset and magnitude of
blood supply there will be significant ischemia has allowed the body time to compensate
permanent damage to tissues. for the decreased blood sup]:{ly. .
* Susceptibility to Acute Ischemic Injury " Key Conce?t' _COHatem] C]rcu]atlofl )
» Compensation is never as good as original.
— Nerve +H+ . .
* The vascular bed survives with less blood.
— Muscle ++
— Tendon and Bone +
Vascular Physical Exam -

Chronic Ischemia

* Changes in the Limbs

—=Skin ..o Growth slowed
=NMailsbeds o Growth slowed
— Hair follicles ... Lost
— Sebaceous glands ...... Lost

* Result: Thin, dry, skin with loss of hair,
abnormal nail growth / fungal infections.

Cyanosis with acute
ischemia
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Vascular Physical Exam - -
Ulceration Uicers
» A discontinuity in the integrity of the skin
" x . . . Diffi ial P tati f Ul
which persists despite sufficient time for ifferential Presentation of Ulcers
healing. Arterial Venous Neuro
* Must be able to distinguish three types: Location distal maleolar plantar
Arterial, Venous, Neuropathic. Symptoms painful +/- no pain
Outline sharp irregular punched
Assoc findingsArt sx CVIsx other Dx
no pulse OK pulse OK pulse

» | |Vascular Physical Exam

Gangrene

* Death of tissue
— Related to absent blood supply
— Infections
— Tissue Toxins
— Radiation, Trauma
* WET Gangrene vs DRY Gangrene
— Bacterial superinfection
— Mumefaction or mumyfication

Vascular Physical Exam

Methods: "
Prepare your patient for exam:

* be sure room temperature is correct
= be sure limb position is as needed
* be sure privacy is respected

* place patient in correct position: supine on exam
table is generally best

* uncover area to be examined

29



20164 CHOFG ARSI TI0|a10tY| S SHATHY| g H4Dg

Diagnostic Exams

« Angiography = Gold Standard for diagnosis with
peripheral vascular disease

* Ultrasound-detection by sound waves

* Doppler-Measures blood flow

« Computed Axial Tomography (CAT/CT Scan)-x-ray
pictures in slices

* Magnetic Resonance Imaging (MRI)-uses radio waves
and a magnetic field to provide the 3-D views (can move
in any direction unlike CT and is nonradioactive)
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Preparing for the OR on your ™~ "
: The day before the OR
rotation y
* The day before... * Find the OR schedule (write it down)
—-OR
* The day of... — secretary
* (Try to) plan what cases you will be involved
s Thehour elire... in; cyscuss this with the team (everyone); be
flexible
» Read about the patient (H&P by the attending,
indications, radiology)
| = | =
The day of the OR The hours before the OR
* Find out about timing of the case (ask * Be early
residents/OR front desk) * Refresh yourself regarding the patient/case
(note card)
* Make sure the patient is prepared  -pre-op: * Check the OR schedule (again)
labs, EKG, x-ray, NPO, consent, etc.(index « Confirm with the team
card, check boxes) « Meet the patient
* Use the bathroom, eat/drink
| 2 | 2

The hours before the OR

* Meet the anesthesia team
* Meet the scrub/circulator, ask for help
* Walk back with the patient

* Watch how the team gets the patient ready, ask
how you can help

What to say...

* Best to speak when prompted

» Don’t ask questions during critical portion of
case

» Limit conversation to case-related talk

3
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What to say...

* Best to speak when prompted

» Don’t ask questions during critical portion of
case

» Limit conversation to case-related talk

* Answer questions

* Pay attention

* Learn

And...

PLMP

PROTECTOR —

* Have fun

Anesthesia

* Patient dependent: general, spinal, epidural, or
local

* All spinal/epidural patients get a foley catheter

* CAE: will use an EEG to monitor brain
activity and determine if a shunt is needed
during the procedure. Can be done by CRNA
or an EEG technician

Medications

 Saline with antibiotic irrigant of surgeon choice or one
patient is not allergic to

* Heparin saline irrigation for washing inside artery to
prevent clot during surgery (usually 250ml NS to
1.000units Heparin)

* Papaverine antispasmodic/smooth muscle relaxant 120mg
to 250ml NS (distention, prep, storage of vein grafts)

» Topical Hemostatic Agents: Surgicel, Gelfoam with
Thrombin, Avitene, others
(Surgeon choice)

Positioning

*  Extreme Care Taken with Positioning due to limited Circulation of
these Patients

* Try to position while awake to get feedback from patient

= Pay attention to anatomical alignment

= Padding bony prominences

* DO NOT lay heavy instruments on patient

*  Supine with arms tucked or on armboards

* Pillow under knees

* Pads under heels and arms

*  Pillow, headrest, or donut under head (avoid neck hyperextension)
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gatel =4 L fX|

(for a right-handed operator) Prep (cons'derat'ons)

* Doctor preference/Patient allergy: Hibiclens. Betadine
Teanomsns o7 * Non-open wounds an loban is preferred due to fact that
: kA are operating on vasculature which is a potential opening
to septicemia
* [fscrubbing a carotid or aneurysm BE GENTLE! You
could loosen plaque or rupture an already ready to rupture
artery!

< :fg 4

T—-

SUPRANGUINAL

Drapes How to Enter the OR

IMPERVIOUS DRAPES * Change into clean scrubs

* Extremity drapes * Remove all jewelry, watches and rings

* Universal drapes * Remove your pager and cell phone

* Pediatric Laparotomy sheet * Put on a surgical cap, mask, shoe covers
* U-sheet * Hair must be completely covered

» Mask must be tied before entering the OR

Once you are scrubbed in, gown "

ed and gloved..... Where is the sterile field?

* You:

— Front of the gown from chest to the waist
Where is the sterile field?? — Gloved hands and arms to the elbows
* Patient:

~ Draped part down to the OR table

a9 = Anything that falls below the level of the patient table is considered co
Or, What am [ allowed to touch?? i i
and... + Sterile Field:
> = Covered part of the “Mayo stand” (small table where the most common
Where do | pl.lt my hands?? ly used instruments are kept)

= Top of the “Back Table” where additional instruments are kept. The sid
es of the Back Table are not considered sterile

- Disposable light handles
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Basic Supplies, Equipment,
Instrumentation

Cardiovascular or peripheral vascular
instrument tray

Carotid Tray

If above not available— Basic Laparotomy
Tray and add following:

Vascular clamps of surgeon choice (peripheral
debakeys, fogarty clamps, satinskys, cooleys,
henleys, etc.)

Basic Supplies, Equipment,
Instrumentation

* Fine needle holders of surgeon choice (castros, ryders, or other fine NH)

* Fine forceps of surgeon choice (dietrich debakeys or fine debakeys,
potts or geralds, ete.)

*  Micro/delicate Scissors (potts, tenotomy)

* Bulldogs/small vessel clamps

* Surgeon preferred self-retaining retractor (Omni, Henley, Myerding,
Gelpi, Weitlander, Cerebellar, Beckman, etc.)

* Freer or Penfield for endarterectomies
Beaver handle (Surgeon Preference)

i

X-ray protection
X-ray badge Thyoid X-ray collar ~ X-ray goggle
< lead apron
-
=5 M1 |

X-ray barrier

Micropuncture Introducer Sety”
Silhouette™ Transitionless: Cook

 For placement of .035"r .038" inch
diameter wire guides into the
vascular system when a small 21
gage needle stick is desired.

Transitionless Stiffened Cannula

Smooth shaft to tip transition to
eliminate hang-up on skin

"

Popliteal aretry, tibial artery puncture
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Unit

* Inch - Wire * Wire(inch): Outer wall

* French - Sheath, Catheter

* mm - Balloon, Stent
e Ilmm= 0.039 inch = 3F
* 25.2mm = 1 inch

Guidewire Functions \

* First device IN, last device OUT !!!
* [Insert sheath introducers. 035

= Straighten the vessel to help advance the catheter
or interventional device.

* Facilitate the exchange of catheters. 014

* Guide and help place a catheter or interventional
device.

018

« Access and cross the lesion site.

Hydrophilic Wires

Coiled Stainless Steel Wirés _
Angiodynamics: AquaLiner Merit: H20

Angiotech: CanaliZer Microvention: Headliner,
Asahi: Regalia 1.0XS Traxcess

Boston Scientific: Transend Micrus: Watusi
Steerable, Fathom-14,16 St Jude: Hydrosteer
Steerable, Zipwire Terumo: Glidewire,
Cook: HiWire, Roadrunner Glidewire Gold  J. straight
Cordis: Aquatrack Vascular solutions: VSI
Medtronic: Cougar, Zinger,

Thunder, Persuader 3/6/9

Hi-Torque Supra » Cook: Safe-T-J, Bentson,

eelcore/ Spartacore Newton, Rosen, Amplatz

namics: PTFE- Extra Stiff/Ultra Stiff/
Tapered, Lunderquist,
Double flexible tip, Tefcor

Amplatz * Merit: InQwire

ier, Starter,

-Torque, TAD,
Flex Hi-Torque
« St Jude: GuideRight
Vascular Solutions: VSI,
Jiffy, VSI
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SHAFT STIFFNES
e Catheter(French):Outer
wall
Classification of Catheter Catheter(French):Outer wall
* Diagnostic catheter: flushing/selective
L e
i = E =
Guiting cattieter Introducer Guide Introducer Interventional I_\ I_)
VISTA BRITE TIP VISTA BRITE IG WE‘#‘:“:;EATH BRITE TIP SHEATH I" -
E - 0
* Guiding catheter: g

All Information on the Hub..

L+ 1- PSI (max)
« 2-French size

« 3-Shaft length
(usable)

* 4-GW accept.

1 ‘ Small adult

™

TOP 5

Selective

3 Vs

N

Moderatel
tortuous arch
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| = | =
Choosing a Catheter Shape Guiding Catheters
—_— = e
- ~N —J « From 6F to 10F
_"\_) _‘—"a. * For safe balloon and stent delivery
N ) _e * Designed to be introduced in vessel ostium
* For back up support
* ...depends on the * Mainly in renal arteries
vessel angulation.
Renal Curve
| = | =

Classification of Catheter

*Sheath(French): Inner

CATHETERS
wall == = ==
Flush Soloctive. Guiding catheter Introducer Guide Introducer Imterventional
NYLEX TEMPO WISTA BRITE TIP WISTA BRITE IG AVANTI + BRITE TIP SHEATH
TEMPO SUPERTOROUE BRITE TIP SHEATH

gl Balkin Sheath
Sheath(French): Inner wall

PPy P
l | 1 1 Cordis contralateral guding sheath
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z

Shuttle Sheath

90 cm long

Kink resistant

Soft SL tip design
Hydrophilic coating _
6 Fr sheath compatible
with most carotid stent
platforms

4 F sheath compatible
With BTK intervention

*Balloon(mm): Outer
wall

* Stent(mm):Outer wall

Monorail :

Temporary Occlusion/Vasetllag. - ,
Prostheses Post Dilatation BalloonS§

» Coda Balloon Catheter (Cook)

« RELIANT® Stent Graft Balloon Catheter
(Medtronic)

» Berenstein Large
Balloon Catheter

» Equalizer Balloon
Scientific)

Stent(mm):Outer wall

Balloon expandable Self expandable

Advantages
ity
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QEC 9900 Elite...the Clear Difference

8D/ 7

Soon
1se
i

@
J

Human Technology =>
Human Philosophy

= Certainly, our patients have benefited greatly from new
technologies, devices, and cardiovascular treatment
strategies, and these are integral to improving outcomes,
but they do not ensure a successful cardiovascular
center of excellence.

* The creation of a true multidisciplinary team approach
is at the very core of the center of excellence concept.

* Perhaps when creating any center of excellence, the
first technology to get right is the “human philosophy.”

Establishing aPeripheral VascularCenter of Excelience, DAVID E. ALLIE, MDD, CHRIS ). HEBERT, RT, R~
C15; AND CRAIG M. WALKER, MD. FEBRLUARY 2005 | ENDOVASCULAR TODAY 141

Good luck to
all Bi-Vascular Surgeons !

Vascular Specialists

Vascular and
Vascular medicine Interventional Interventional endovascular
physicians cardiologists radiologists surgeons

Questions?

\

"rlhc harder
you work,
the harder
itis to
surrender.”

Vincent Lewnbardi
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- Onset:

— Character :

- Radiation :

— Alleviating factors :

— Timing :

— Exacerbating factors :
— Severity :

dongguk
UNIVERS!TY
MEDICAL CENTE

¥

YA L = IAM

dongguk
UNIVERSITY
MEDICAL CENTE

¥

=]
— HTN /DM / The / hepatitis

- JI5EE, M2IE, 3
. s
— antiPLT agent : aspirin, clopidogrel, cilostazol....
— Anticoagulation : warfarin, ribaroxaban (Xarelto), dabigatran
(Pradaxa), apixaban (Eliquis)
¥

dongguk
UNIVERSITY
MEDICAL CENTE
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+ Chest pain

- Duration

- Character

— Aggravation & relieving factors
*+ DOE

* Auscultation

— Murmur, crackle, wheezing, rale, rhonchi

dongguk 51'

UNIVERSITY

« CXR
— Chest PA & AP

+ ECG
— Presence of arrhythmia, ischemia, infarct....

dcngguk>

UNIVERSITY

+ CT angiography (thoracic & abdominal aorta)

— Asc.Ao. Calcification
— Subclavian a. & internal thoracic artries
— Neck vessel (CCA, ICA, vertebral a.....)
- Visceral a. (renal a. celiac a.....)
— Extremity a. (CIA, EIA, CFA......)

+ considering IABP & ECMO insertion

— Adhesion (esp. redo cardiac op.)

42

* Laboratory data
— Inflammatory marker : WBC, ESR, CRP

— Cardiac marker : CK-MB, Troponin, myoglobin..

— Coagulation lab : PT INR, aPTT, fibrinogen, d-dimer

— Renal & liver panel : BUN/Cr, E’(Na-K-Cl), OT/PT, bilirubin
— ABGA (room air)

dongguk
UNIVERSITY

¥

+ Echocardiography
— LV function (EF = 7)
— RWMA (regional wall motion abnormality)

— Valvular dysfunction

— Atrial & ventricular size
— Ascending aorta diameter

dongguk

UNIVERSITY

+ Coronary angiography

- For CABG
« JiEJIEEe & ® AM
- HPHO| Y|, BASUFMO FY T
- 2 S8 e e
+ Int. thoracic artery Ol CH&F B3}

- For other OHS
+ DO #IMA CADS JHs A& HHHISH| Fish &Al

dongguk
UNIVERSITY

e




Coronary angiography (CAG) -

* ForLCX&OM
Ssn?%uk 55’ dongguk 5&,

UNIVERSIT

* ForLAD&D,RI

atic representation

*+ ForLM

postenor

Soomm ol

ngguk yiig
eaonEn ™ G
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* Others

— Brain evaluation

— Carotid sono
— ABI (ankle-brachial index)
— DM control

dongguk ?
U_NI\.-'ERS!TY> e

MEDICAL CENTER

+ ECG: 5-lead

+ Sa02: finger or ear

+ A-line : single vs. dual vs. triple

+ C-line : AVA (advanced venous access) & Swan-Ganz cath
+ Foley cath : position of bag

+ Bovie plate

MEDICAL CENTER

dongguk >?
U_NI\.-'E R_Sﬂ'Y o

- E1F
- B2 £Ut50| 8t & 2 : ulnar neuropathy 2 X|
- 2 2 £0IX &M : hand edema 2 X

- O
- XL 4RO Bt A 20tA : sore 21|

+ Defibrillation patch (if, redo surgery)
- += ZHFE YL DT

— Cell-saver, cardiotomy sucker, pressure line (for retroCPS
cannula), pacemaker, ﬂgﬂg%fﬁ 5?;

MEDICAL CENTER

|

Betadine soap = solution (+/- alcohol)
ot > 8 (LI &)
F > Ol (AS 0| S UBIE= H20AHE.)

3|S5 = DX 240..

YEEO=Z B ~ 28 Ot
— CABG or aorta = 21 &

dongguk
UNIVERSITY

MEDICAL CENTER

%

dongguk
UNIVERSITY
MEDICAL CENTER

5

dongguk
UNIVERSITY
MEDICAL CENTER
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* ICU care
Cardiac Monitoring
Mechanical ventilation

Cardiac medication
CPR

+ General ward

— PO medication & F/U

st alg

cardiac output syndmﬂe)

* PCWP > 20mmHg
* SVR > 1500 dyne-s/cm®

+ Poor peripheral perfusion with pale, cool, sweating skin

+ Poor urine output (<0.5ml/kg/h)

+ Pulmonary congestion and hypoxia

+ Metabolic acidosis
dongguk

UNIVERSITY

b

Dosage al a2 B B2 ‘dopaminargic
muplnu*,..——-—“ﬂr—o_? +4+ R + o 0
== =

epinephrine 0.01-0.5 4+ +t +5 ++ 0
dopamine 220 - + + B s
Dobutamine 5-20 [} o 44 ++ o
isoprotenerol 0.01~0.1 a 0 et e 0

al : vascular smooth muscle receptor - vasoconstrictor

Myocardial receptor - weak positive pic and negative P

a2 ; presynaptic vasoconstriction

1 : myocardium = positive inotropic and chronotropic

B2 : smooth muscle - vasodilation, branchodilation d Kk .

Dopaminerglc : mesentric and renal arterial vasodilation ongguK "

UNIVERSTY oo

Basic approach to hemodynamic Br'obl'e"ms

BP |PCWP|CO |SVR |treatment

£ i ! i Volume

N t + 1 Venodilator or diuretic
+ iF 4 1 inctropics

+ 1 ! 1 vasodilator

+ Check correctable causes
— Ventilator, acid-base & E’ imbalance

— Correct ischemia or coronary spasm
— Maintain enough preload
(PCWP or LAP = 18~20mmHg)
— Maintain heart rate (90~100/min with pacing)
— Control arrhythmia

— Correct anemia

— Use situation-specific cardiotonics dongguk

UNIVERSITY

b

+ 0.1~10 ug/kg/min

+ Dilates coronary vessels & improves blood flow to ischemic

zZones

* Indications
— Hypertension, myocardial ischemia, coronary spasm, pul HTN....
* Hypovolemia, marginal cardiac output

= should be avoided

dongguk
b L

¥
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* Negative inotropic and chronotropic

* Reduce contractility, lowering stroke volume, cardiac output
+ Depressing SA node =2 slow HR
*+ Indications
— Control of postoperative systolic HTN associated with
satisfactory cardiac output
* hypertensive or tachyarrhythmic patients with compromised
cardiac output

= IV B - blokers should be avoided.! 5‘32?,5{”‘5 3&#

inotropy o 4 ' ot o
Heart rate 0 4 1 1 ot
AV conduction 0 12 e 0 [}
Systemic vascular resistance H i i " i
Coronary vascular resistence il 4 19 il 1

iopulmonary rvesuscihtiorl

= CPR2 AIFE +I}1?
- XS @aHs 50l vs, GEFRIO 27
+ CPR2 Mt AMIERH?
— Mental change
— No respiration, pulsation
— Hypotension, bradycardia
+ HE@¢CPRY 2277
— Cardiac compression & ambu-bagging, IV line &%

IS

— ECG monitoring & Defibrillation

— IV epinephrine & sodium bicarbonate

hannel blockers

Relaxing vascular smooth muscle and producing peripheral
vasodilation

Coronary vasodilation, negative inotropic

Slowing the sinus mechanism, slowing of AV conduction
Indications

— Hypertension with satisfactory cardiac output

- Coronary spasm

Low ventricular function

= Diltiazem and verapamil shoud be avoided

RO

Relaxes arterial smooth muscle
Reduce systemic and pulmonary vascular resistance
Ischemic heart
- Should be avoided
* d/t coronary steal syndrome

» Diastolic transmyocardial gradient for coronary blood flow
will be reduced

Very rapid onset of action

— Always required close monitoring with indwelling W’hﬁ

et ¥
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Technique and Pathophysiology of Cardiopulmonary Bypass

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

Hong Ju Shin

Introduction

The surgeon must have a comprehensive understanding
of all aspects of CPB

Film and bubble oxygenators

» In 1953, CPB was
successfully used to
correct an atrial

+ Membrane oxygenators were introduced in the 1950s septal defect
+ The first membranes were relatively impermeable to « Film and bubble
gases, requiring huge surface areas and massive priming . oxygenators
volumes L‘
Dr. John H. Gibbon, Jr.
(1903-1973).
Contents Contents

. Technical Aspects of Cardiopulmonary Bypass
. Pathophysiology of Cardiopulmonary Bypass
. Heparin—Protamine Axis

. Biomaterial-Dependent Strategies to Minimize

Blood Activation from CPB

. Organ Derangement Related to Cardiopulmonary

Bypass

1. Technical Aspects of Cardiopulmonary Bypass
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Principles of Current Oxygenator
Design and Function
« Currently used membranes are very permeable
to 02, but they are often less permeable to CO2
« The problem of poor diffusion of CO2 was solved
by the introduction of microporous membranes
« When the 02 is dissolved in plasma or blood, its
diffusivity is 25 times less than that of CO2

« Two modifications

1. The path length has been maximized

2. Disturbed flow patterns are used to
promote mixing and to bring deoxygenated

blood closer to the exchange surface

« HY HOo|WEEE Fo| 5|H 2} ofLlet =H5}0] 2sf Fe x|
0 37|17} A+ B A(air-lock) S0| LIEHE = 217| BE0] AL2Y 2
Ch MABH 0|7t =,

« JeLb ChEel 3707} o 7| K| EA S59] XA E017s &9
“air pumping”e| I =0t Ho0f 3[29| YRR LA YHE 0
£ Hme 20| 3|27t HEICHAL s YE M7|A| e 20| ¥

4 B=o| = ChE FHOICH

Hypothermia and Acid—Base Balance

+ 02 consumption

w decreases by 50% for
every 10° C drop in
temperature

™

+ pH-stat strategy

« alpha-stat management
(i.e., no active correction

Temcwitume (€1

Figure 24

T s of GO o cygen congarmpion ol

of pH with hypothermia)




Hong Ju Shin: Technique and Pathophysiology of Cardiopulmonary Bypass

» pH-stat strategy
results in excessive
No financial

disclosure CBF, which may
increase embolic load

http://www.yongwoon.kr/files/attach/imag
es/130/217/3e9596717f8c97efel4b2bd83b
452d94.jpg

pH management strategy

de Henderson Hasselbach equation

(4] [HCO3]
T {_} H=61+logHCO3]
PA %\ (ma) P 80,03 x PaCO2

Oxyhemoglobin Dissociation Curve

Shift to Left
¢ 1 pH | PaCO;, | Temp, | 2,3-DPG
[Alkalosis, Hypothermia]
: Oxygen(l CHEH Hb2! Affinity2F 3571
(EE MAFAMN E8tEE 0t

: WEEIMM S4F27 24
Shift to Right
1L pH, 1 PaCOz T Temp, T 2,3-DPG
[Acidosis, Hyperthermia]
: Oxygentl Cf & HbS AffinityJ} 2t

Dy COMPENT mi// s

TUE UAERUM BAEE B4

BTy AR SN ; : ;..j _ O

pH-stat

+ Mechanism prevailing in hibernating animals
+ Aims
~ Maintaining NORMAL acidemia and blood gases [ pH 7.40, P,CO; 40
mmHg] in the HYPOTHERMIC BLOOD
= In the REWARMED [37°C ] blood, the blood becomes acidemic and
hypercapnic
+ Methods
— Maintains the Temperature CORRECTED pH 7.4 and P.CO; 40
mmHg

~ Add CO; during the cooling phase of CPB — Lowering pH — Partially
offset of LEFTWARD shift of Oxy-Hb curve

a-stat

* Mechanism prevailing in reptiles
* Aims
— Maintaining NORMAL acidemia and blood gases [pH 7.40, P.CO: 40
mmHg] in the REWARMED [37C ] blood
- Maintenance of constant &
Maintains the NON-Temperature Corrected pH 7.4 and P,CO; 40
mmHg [measured at 37 T]
— Keeping total CO; CONTENT constant
— Allowing P,CO; to vary with temperature

PH-stat stat
Moderate hypothermia in
Adults
Usual case 8f= o-stat is preferable
Longer than 90 min = zum:;;:yc"mg?cgg and
DHCA
Cooling phase before DHCA > better in terms of CMRO,
Maintenance phase of
DHCA Prevent excessive acidosis &
< impairment of Enzyme function

Rewarming phase of CBP

Switch strategy; piH-stat during cooling and @-stat during maintenance of
hypothermia and rewarming in an attempt to prevent excessive lowering of
cbr o and ofir enzyme function
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Acid-Base (CO2) Management

Temperature-corrected

Blood pH

Intracellular pH

Cerebral blood flow

Intracellular enzymatic
function

Technically demanding

Alpha-stat
Uncorrected
Alkalotic
Normal
|
Maintained

No

pH-stat
Corrected

Normal

Acidotic

Maintained

Hematocrit and Priming

Het - between 20% and 25% during CPB

The drop in 02 content at most levels of moderate hemodilution is more
than compensated for by augmented cardiac output (CO), so total 02
delivery (CO % 02 content of blood) is increased;

The optimal Hct - in the range of 30%

Hemodilution results in a significant increase in flow without a parallel
increase in perfusion pressure

Hypothermia complicates the effects of hemodilution, as the decreased
temperature causes increased viscosity and induces vasoconstriction

Oxygen delivery and Hemoglobin

] B
D & ]
P

Priming volume : 6 L
Introduced in the 1950s

Lower viscosity at lower hematocrit

Viscosity (cP)

| Hematocrit (%) |

Eckmann, et al, 2000

Factors influencing Critical Hematocrit

CPB temperature
Re-warming
Perfusion pressure

Conditions where autoregulation is impaired
such as diabetes mellitus or increased age
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Recent large databased investigations in Adults 5
Author No.of  Critical Results from lowest Hct 4
patient  Hct
5 Values
- - Mortality® |
DeFoe et al, 2001 6980 23% Increased In-hospital mortality, rate(%)

need for IABP, and return to CPB

Habib et al. 2003 5000 22% Increased mortality, morbidity and
resource utilization

Swaminathan et al. 1404 NI Creatinine rise
Karkouti et al. 2005 10949 NI Increased risk of stroke 0
<19 1920 122 23.24 225
Habib et al. 2005 1760 24% Increased risk of creatinine rise Lowest Hematocrit (%)

and acute renal failure

Ranucci et al. 2005 1766 23% Increase risk of low cardiac output
and acute renal failure

DeFoe et al. 2001 (n=6980)

?E; [ Newer blood P=0.027 w0
174
164 P=0011 R Older blood = pewer & ® Crude
-g 7 51 :Iomi
s z =
-1 2
s g o
‘E % ¥»m-
lg § 3 O Adjusted
B
3 15
E 1 23 408 ;bzd:t:la‘gce:;rr:él‘d‘];‘sj‘s 1% 17 18 19 20 M
Ranucci et al (Critical Care 2011)
Flow Rates, Perfusion Pressure, and Flow Rates, Perfusion Pressure, and
Autoregulation Autoregulation

= At normothermia, a mean pressure of

« A target mean BP of 50 to 70 Fe . )
50 mm Hg is the threshold at which

mm Hg at normothermia g, . the brain autoreguistes flow, buk with
- + At lower temperatures, a mean E hypethermia (26° C), the threshold
pressure of 35 mm Hg is still i drops to 30 mm Hg
generally accepted as safe i +  CBF varies linearly with the Paco2, in
¥ i D + Temperature is the most - the range of 20 to 80 mm Hg, whereas
P e v et o s important element influencing & Panz of less than 50 causes cersbral

vasodilation, which overrides pressure-

CBF during CPB

flow autoregulation
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Pumps for CPB

+ A low compression will
result in inadequate flow,
whereas excessive
compression may

aggravate hemolysis and

tubing wear

Roller pump

Pumps for CPB

+ In pediatric cardiac surgery

+ Anticipated long CPB runs

+ The flow in a centrifugal pump
is afterload dependent, and it
is not predictable solely on the
basis of the calculated

revolutions per minute, so an

in-line flowmeter is essential
Centrifugal pump

Cardiac Venting for CPB

» To aid visualization, avoid chamber distension

+ Related to bronchial artery flow and return
from the thebesian veins.

* Pulmonary artery, Superior pulmonary vein

Left atrium, Left ventricle

Cardiotomy

« Mechanical injury, such as hemolysis, may
result from the air-blood interface at the
sucker, the compressive effects of the roller
pump

+ The formation of particulate emboli including
fibrin, macroaggregates of denatured
proteins and lipoproteins, fat globules

Cannulation for CPB : Venous Cannulation

» Siphonage

+ The determinants of drainage

- Height of the patient above the
Venous reservair
- Patient’s blood volume
- Resistance of the tubing
- Cannula dimensions
this is the narrowest part of the
venous return

» Vacuum-assisted venous drainage

+ Cavoatrial cannulation

+ Placing tourniquets around

the use of a two-stage

venous cannula

the SVC and IVC during
bicaval cannulation allows
the institution of total as
opposed to partial bypass
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Cannulation for CPB: Arterial Cannulation

« Gradients in excess of 100 mm Hg associated with hemolysis
+ Complications of ascending aortic cannulation
- aortic intramural hematoma and dissection (0.01 to 0.09%)
- atheroemboli either directly from the cannula
- carotid hypoperfusion
- air embolism
- injury of the back wall of the aorta

- misdirection of the tip of the cannula

» The dissection rate with femoral cannulation
between 0.2% and 3%.

« Epiaortic scanning

Contents

2. Pathophysiology of Cardiopulmonary Bypass

Noncellular Response

» Biomaterial-dependent processes

« The effect of non-pulsatile flow - VAD

Contact actvaton

[ : = 1
Hon-celiuks Collula |

—  Coopummcascae | —{ —— |
Compsomer i Gt | [y |

| Kapnn-Bradvren caocas |
—_— Fibrinokytic cancade |
CioRing Camcade |

L amcnidon aest orenn |

igur 23 Dlagrm of contact acivation and propagation of tho inflamimatcry process

T | « Bradykinin
35 ‘:’/ Q)
;‘-}_ = B{\ « Increased capillary

mey ) Qe ~—, permeability and the
' development of tissue

edema
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Damaging Effect of CPB

Exposure to Foreign
Surface
Exposure to l

Tissue factor

Mechanical damage

Bl Disturbance of

Homeostasis

Hypothermia

Exposure to Foreign Surface

« Protein coating on foreign surface
- Protein change into active form

» Protein bindings characteristics of surface
~ Hydrophobic surface
— Rough surface

» Heparin coated surface
- change the surface protein composition, but produce

thrombotic stimulus

Intrinsic Pathway

+ Major coagulation stimulus during CPB

Cellular Activation during CPB:
Platelets, Endothelial Cells, Leukocytes

T Feparh protaming compir + Surface-adsorbed fibrinogen - the key mediator of platelet
c-.—l-mmc&;;;m el sy accumulation on foreign materials
e 7 (]t « Activated platelet GP ITb/IITa receptor
1 | Y S—"
4@ PAC) « CPB - associated with a consistent increase in the proportion
'“"'-,I""F'lm P # ?_m¢t'@? of activated circulating platelets
| (TS} 3 5
e cxe Lﬁ,;—ﬂ 3 @ + Physical activators of platelets
F"m Abeemaiee patway hvboth ’
gk - hypothermia
Fge -0 _ o i - the process of cardiotomy blood collection
Mectenims of complement acéiaion durmng cardopumonry bypacs (8, L6, inferieukan &; TNF, umar neamss bactor, TOZ, lerming
oomplerment compier.
Platelets Platelets
+ Major cause of postoperative bleeding (Number, function decrease)

CPB - thrombocytopenia commonly

Platelet counts dropping more than 50%

Platelet adhesion to surfaces, hemodilution
Platelet aggregate formation

Formation of platelet—leukocyte complexes

platelet dysfunction

+ Cause a decrease in platelet numbers (30~50%) during CPB
— Plt. adhesion, aggregation, hemodilution

» Platelet number normalize in 3~7 days

Fibrinogen on
foreign surface

Aggregation
Vasoactive

Activation substances

< _

Platelet produce
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Fibrinolysis

« Endothelial cell produce tissue
plasminogen activator(t-PA) during CPB

> >

ZF 2 fibrin0j] E4=%! plasminogentj| A 7l

Platelet Dysfunction

+ Bleeding time(plt. function)
- Prolonged for several hours (4~12hrs)
- Even after protamine supply
+ Glycoprotein Ib receptor(key receptor for hemostasis)
decreased surface density due to internalization
- caused by low concentration of plasmin
+ Reduced plt sensitivity to agonist, reduced TBXB2 density

+ Degranulated platelet in circulation

NORMAL

DECREASED PLATELET
FLINCTION (NUMBER)

COAGULATION FACTOR
L B EVSFUSCTION (INCLUDING
RESIDUAL HERARIN

HYPERCOAGULABILITY

FIBRINOLYSIS.

r

Neutrophils

Central role in inflammatory response associated with
CPB

Activation by C5a, C5b-9, kallikrein, XIIa, interleukin....

+ Produce inflammatory substances

-

Activated neutrophil accumulate in lungs

- increased capillary permeability, and interstitial edema

Neutrophil elastase inhibitor

Nonbiomaterial-Related Activation
during CPB

« Exposure of cardiotomy blood well
to wound surfaces is probably the
most important source of thrombin
generation during CPB
Cardiotomy blood contributes to
fibrinolysis induction and this may

enhance systemic fibrinolysis after

cardiotomy blood re-administration

Contents

3. Heparin—Protamine Axis
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Heparin: Pharmacology, Dosage, and
Complications

» MNative heparin polymer, 3 kDa to 30 kDa
+ Commercial heparin 12 kDa to 15 kDa
» Block

- File up variable substances.

- activate other systems..
» Increase platelet sensitivity

=> increase bleeding time

» Activation of neutrophil

© SEQ HISHHEZ Bdshs S22|TM0IESEI70] YF. B4, FI28A
7|0l CS20| STSHE #E= DEMTSTOICL el 7| EXEHs Y
SINXSE2 M LOjX|0, Q|fEo2y HHU EORUE CHIAE #
oK ¥E HMEC SYHo2 YLECH BB I oM = 2T FAo| T
H EZeedutzie2, J CHE Se|2A0|=2|2ka} #o| CrEar 2

ot Z2HoFFHMH2F2lM)e He2 FYEn

[Lf0|t] X&) 2}] S [heparin] (48 B THEHEARS, 21 2008, 78T 2014, S S0 Of =)

Mechanism of Action

« Bind to AT III -> 4000-fold

« Half-life: 23 minutes-2.5H(1H)
U"""‘“‘::::i? Factor Xa . \}

N\ g :

Antthrombin

* During CPB, heparin is generally used in
300 U/kg, with an aim to achieve and
maintain a target ACT of 400 to 480
seconds

« UFH may contribute to platelet dysfunction
directly or through its ability to bind to
VWF

+ Heparin resistance : low Antithrombin III patient
- FFP (antithrombin supply)
Premature, cyanotic infants, advanced liver or renal disease,
cachexic patients, woman taking estrogen, recent heparin
infusion patient
+ Heparin-protamine complex: potent complement
activator

« PF4: bind heparin and inactivate heparin

HIT

» IgG-mediated immune thrombocytopenia referred to
as heparin-induced thrombocytopenia and thrombosis
(HITT)

+ The syndrome is secondary to platelet activation from
an IgG that binds the FcyII receptor

« HITT usually begins 5 to 15 days after the
commencing of heparin therapy

= The incidence is lower with bovine heparin

10
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Previous heparn: eaiment delrite

Mo, of Passnts

PN 2 ha a8 B4 BN N B R0 00
Dinys ence Privices Heparn Trastment

Protamine

« Polycationic protein derived from salmon sperm
+ + charged protamine, - charged heparin complex
= Inactivate heparin
- Potent complement activator
=1 mg per 100 units of heparin
» Anaphylactic reaction
+ Rarely severe pulmonary vasoconstriction and reduces LV
loading > bypass restart

Protamine

* Onset
- Rapid, neutralization occurs within 5 min
» Duration

- 2 hr, dependent on body temperature

The most common problem related to
protamine

- Heparin rebound

- Hypotension

- Anaphylactoid reactions

- Catastrophic pulmonary vasoconstriction

- Direct antiplatelet effect

Protamine anaphylaxis

+ Especially in patients with
- allergies to fish
- previous exposure to protamine (through
previous use of protamine or protamine-cont
aining insulin)

- infertile or vasectomized males

Causes of a prolonged ACT

* Heparin

 Hypothermia

* Hypofibrinogenemia

« Other clotting factor deficiencies
+ Hemodilution

« Thrombocytopenia

+ Qualitative platelet abnormalities

"
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« The rationale for heparinizing to an ACT of between
400 and 480 seconds during CPB is based on early
work that demonstrated that at this level of ACTs, no
gross evidence of thrombosis occurred in the reservoir

« In particular, there is clear evidence that the ACT does
not reflect the heparin level accurately, particularly
after a long duration of CPB, and that other factors,

such as hypothermia, hemodilution, and drugs, may
contribute

PHARMACOLOGIC ADJUNCTS TO MINIMIZE
THE CONSEQUENCES OF CPB

« Steroids (methylpPD 30mg/kg) decrease
- Complement activation
- Upregulation of glycoprotein CD 11b
- Release of histamine, TNF, IL-6, IL-8, neutrophil elastase
7|22 NO 58 Z2A[F 7|2HA] SE|MZ2]iNOS 2 E X
Stabilizing effects of steroids on hemodynamics after CPB
s =GN e F S YFS HIRE BB AE=E &

a
+ U8

Contents

4. Biomaterial-Dependent Strategies to Minimize
Blood Activation from CPB

Biomaterial-Dependent Strategies

FAF A 2 (biomembrane mimicry)

ool = 3 (heparin-coated circuits)

- CtedE = XH(modified protein adsorption)

Biomembrane Mimicry

« Coated with a derivative of phosphorylcholine
which is the major lipid headgroup component
found on the outer surface of biologic cell
membranes

+ Inhibiting fibrinogen adsorption and platelet
deposition

+ YE UESao|nrelo] A8 F017| AT HE 2 HHA ¥

Heparin-Coated Circuits

Fgolct

+  Two type of heparin-coated circuits

o|2 Z#E 0|2510] Hujelg B2 HE slowly release A|7|& 2y

- SSEEE 0| 2510 3| ot2lE T Y permanent immobilizationsl= 2

+ HimEL ROEE F0 o3 F SEHN UM MBS 2T EY

+ QUChs 3EHYA B2} YUS

+ SUTO HUiRlE FoA| YO =2 s|2E 7| EQ 2|20 vl 2 20| 8

£ SR LtERIC

12
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BIOLINE Coating

« Improves the biocompatibility of extracorporeal circulation
system devices by mimicking human tissue

+ Combines albumin and heparin

+ Albumin is adsorbed on the extrinsic surface and is linked to
the heparin molecules

+ Stable attachment of the heparin molecules is achieved by the

formation of covalent bonds and ionic interactions between
the heparin molecule and the immobilized albumin

http://fwww.maquet.com/int/products/bioline-coating/

Surfaces with Modified Protein
Adsorption Contents
- #HHAEH I (surface modifying additive, SMA)E 0|
8% 7l&
+ SMAE F7tsto] @1 ohE SEM|(polymer) WA A7)
£ BR0| HHO| FE3}H &P fibrinogeno| 22 &
32 FYUSHH dMEHgd aHES ddsHA &t
- O] EHE BX2 0|88 ERIO| HY 7|&2 ofF ¢ _
MXIE I BESILE AT KA 7|42 Z T 5. Organ Derangement Related to Cardiopulmonary
Joulkl:l' Bypass
Neuroendocrine Response to CPB CNS Injury with CPB
« Growth hormone « Three major types of neurologic injury
« Vasopressin T 1 - Stroke
» Thyroid hormone dysfunction - Delirium
« Renin, angiotensin II and aldosterone 1 - Cognitive decline
(postoperative cognitive deficit, POCD )

13
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Stroke

7t Qx| S TTHo| +/2 HEY

Incidence

- 3% after CABG / 8% after isolate valve surgery
- 119% after CABG combined with other surgery
© OfxL, 1¥Y+E S0t

© RO FE USYOM FaSts AT

Delirium

* Up to 3% of pts
+ Confusion1} disorientation : 2|4lo| H3}E Q!
*+ Risk factor

- Increase age

- Hypertension

- History of previous CABG

- Pulmonary disease

- Alcohol abuse

Cognitive decline
(postoperative cognitive deficit, POCD )

« Aol 7|91 &Y U psychomotor speed or dexterity
« ZtOfStD HOohs =7 oLt YR YUEO| =3
+ POCD after CABG
- From 35% to 75% early postopeatively
- 11% to 40% after more than 6 months
- QIX|Zo| N3}t R EI0fE FL0) X|0f SO WU THs

do| ot

« There is strong experimental evidence
cardiotomy suction blood may be the most
important source of lipid emboli

Pulmonary Dysfunction with CPB

« ARDS

+ Older adults, the obese, and patients with low cardiac
output or pulmonary hypertension, and after long CPB

« Leukocyte depletion may limit pulmonary reperfusion
injury after CPB and result in improved lung function

= Heparin-coated circuits have been shown to improve
lung compliance and pulmonary vascular resistance

Renal Dysfunction with CPB

+ Incidence

- 7H4% % 77%2] EROIA N 7|5 04
- 14%0]M $40| B2

+ Contribution of CPB to renal damage

- Increased postop. Serum Cr and urea
- GFR and urinary microalbumin-to-creatinine ratio : worse
- Off-pump group®i| 2|3 x| E2 Z2H& 28

14
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B R0 I (modified ultrafiltration)
Ve Patient
HEH =0 1} (conventional ultrafiltration) : 2= SO0 H2F
% 9l ofpy v
- HQlag S0I0 AAISHY| G2oj ko] X Yol Wast:, oo tne Foll pump
" nl
02 QI +¥O|L C}E 40| H&0| WRSID, Be Y& BIY Veroussax  filrate por Arteriel
— line
o2 ofHsy| YT £o| Jct Oxygenstor[l]
Venousl @ Py
g =0 1Y (modified ultrafiltration) : =& 0| T 0 BXto| H| resenvoir mp
L ohS 10-20 & HE Ol Tfs] e WHolct
- .
HYEZXoarg o A References
1) s ) WYMs, HUERSo 44 -
_ « Sabiston and Spencer, Surgery of the
(Ml =28 244 — 420 Hel 85 24 — 4275 84
2) @ZehEo| 0j7 M EE M A : TNF-q, IL-2, IL-6, IL-8, leukocyte elastase 2| & # =
chest, 8™ Edition Chapter 62
3) HotX|2] 71 FUFHE e — Y=EIC AME 57— gee
4) HEANY 244 Hs20 220 72 48E0| HET| TS B HEX QX AlXH st
#o| 2450 HEYYO| Ho|FCh - 487, AE et
5) bypass rewarming 7| 780{| Ap25}9 E vasodilator L anesthetic S& H| 2|25
2 M2 @ + 9t Chapter 2 & 2|z=2t by i 2t7|

Thank You

CHUNGBUK (0

NATIONAL UNIVERSTTY HOSPITAL
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ML CPB in Minimally Invasive Cardiac Surgery
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Endoclamp (Intracluder), ProPlege, EndoVent (Edwards Lifesciences; Irvine, CA)

)
2} Z7] ¥ =8 (Fast tract protocol), & & =54

i<

¥ 37] Z4; double lumen tube vs. single lumen tube

A U Aol 91X 2%
A2 A ST AR SIA A 2 R He] ol webd AL, AR B sl S G
£ AAsH 29 AtE U] ARsks 497} M Bol], 92 B A5 NFES B9 £ AW 49 EEuol

2 olga MG S A SE T AGEE PHFE Mt o
2 olgsto] Fule] ZAZE FHS W
Z715H) eRerka Hshltk AR H2G APEES ATSE BE
] OT engiogrophy 44 4 704112 Aek2 ek, <47 21 OT encfography 44l oot ol g2t A
BT A0 HekEl 4 w2 olgsto] Atwio] ZRsal

F
—10
=2,
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é:
ﬂJCl"J
E
o
L

B. Jste] A

i) EARTS Al AHebd 3kxje] = tiElE WS £33} EndoReturn (Edwards Lifesciences; Irvine, CA) 72}

AFQ] & IntraClude Intra—Aortic Occlusion Device (Edwards Lifesciences; Irvine, CA) S o|-&35}o] Al &, tis Xt

el o180l FHsSi. SRR 2015 52 WA} Sl S} el ST S AR el L Aecls
ng} Agolul, FelA] AETRs 3 HEETE ek 20159 59 @A) ofefe] 35 olck

7P Fem—Flex 1l (Edwards Lifesciences, Irvine, CA)

1)) Bio—Medicus (Medtronic, Minneapolis, MN)

th DLP (Medtronic, Minneapolis, MN)

7P S5 2of= A ) ofH, Bf) ke - 1TFrolld] Eipoll whE tEgte] Hrks AARke AL ok 7iE Akt

A tsirs Aol efel=s S8l At

r>J we

C. UE| SYUL ol Ap 27|

Ao thel B AT TRsoht, thEEHe] B9 S F wdslel NSNS WA} Sl Alvkn} wiE FyFol
Z71a 4 Qlome, Hrk QPR AT SI5) H A WS o] §31L itk 3 Aol 3)RFES et 2-3 em HE]
ARG Fste] 92 s RS gtk thEfE e weAlole SISIRA) A S AR S8 sl
0] QJukete] SARS 248t St RSN 2A0) WRlE SIS A7) 42719) AGE 2t Sto] Qlste] Faske
A1749] dafo] WAYSHA] GRE 2o Slojok Btk RS S AR 913) o] AU AL, e Epio] 5-0
proerec 2 18] 203248 AT, 4617 15 15 000K 83 spIIS BT . AL sk Bule 283
7}o]= 5o Seldinger technique® 2 THEREge] Ak AIBRICE. HALE Z8ukE o|g5to] SAMe] g Awete] 911

SRl BB BT BF TR SHE BT 1ES PR YIS A5,
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Bio—Medicus (Medtronic, Minneapolis, MN)
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ML CPB in Minimally Invasive Cardiac Surgery
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Fig 1. Schematic of vacuum assisted-venous drainage (VAVD) and centrifugal-assisted venous drainage (CAVD).
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ML CPB in Minimally Invasive Cardiac Surgery
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Introduction Introduction
« Pediatric patients are not small adult patients, and * The aorta is cannulated with a wire-wound, thin
require different management strategies from the walled cannula

adult
* Smaller blood volume
* Higher oxygen consumption
* Compensatory shunting
* Significant levels of hemodilution
* Reduced clotting factors and plasma proteins

* Wider fluctuation of perfusion flow rates and
temperatures per procedure

-

g 34, Prrpusing an e v peire st o casracdation

Introduction Introduction

* Often a right-
angled cannula
with a metal or
plastic tip is SVG pursesting

* Aortic cannula has not
entered the
innominate artery and
that the tip lies on the

i Righe
inner curve of the :ini?:gﬁ(dinto wwﬂ»ﬁm

aortic arch just distal

the SVC, rather
to the pericardial

than into the

reflection right atrium,

. when using
tSecureﬂ 19 [tjhe (:rap§ two venous
o avoid undue tension canniilae

Flg. 36,1, Sitew om the heart and grest vessels for canulation sgures. [VE imfemor s cavac LV el
ventricle; SV sperior vena cave
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ZI%El: Pediatric Cardiopulmonary Bypass

Left ventricular venting technique

* If an LV vent is needed, it is inserted before
commencing CPB (anesthesiologist performing a
Valsalva maneuver to elevate the LA pressure)

* An incision is made in the purse-string suture at the
junction of the RUPV and LA

« Some surgeons prefer to insert the LA vent while
on CPB (perfusionist filling the heart by occluding
the venous line, translocating blood volume from
the bypass circuit to elevate LA pressure)

Cardiopulmonary bypass circuit

* The foremost
principle of CPB
management

* To minimize the
patient’s
metabolic
adaptationto a
non physiologic
state, a state of
“controlled
shock” and
nonpulsatile
perfusion

Cardiopulmonary bypass circuit

* The circuit design and the selection of the arterial
and venous cannula are based on the calculated
blood flow rates necessary to provide adequate
hemodynamic support and gas exchange

m Two Methods for Calculating “Full” Blood Flow Rates

Age(y) 1. Blood flow rate Body weight (kg) 2. Blood flow rate
(BFR; L/min/m’) {ml/min/kg) from
from body surface area body weight (in kg)
(BSA; m")

0-2 BSA X 26 0-5 150
-4 BSA X 25 6-10 125
4-6 BSA X 24 11-15 100
6-9 BSA X 23 16-25 90
>9 BSA X 22 =25 70

Cardiopulmonary bypass circuit

* The cannulae are described by either French size or
in millimeters, which reflects only the external
dimensions, without regard to the internal
diameter or performance characteristics (ratio of
internal diameter to external diameter (ID/ OD)
need to be considered)

TR Required Inside Tubing Diameter for Different Patient Weights

Patient weight (kg)  Arterial line (in.) Venous line (in.) Vacuum-assisted
venous line (in.)

<8 1/4 1/4 14

>8-17 1/4 38 38

17-50 38 3/8 3/8

=50 38 1/2 38

Cardiopulmonary bypass circuit

= A pressure gradient not exceeding 100 mmHg at
“full flows” is recommended for an arterial cannula

* The performance characteristics of venous cannula
are more vital than those of the arterial cannula
since blood flow through the extracorporeal circuit
is dependent upon the venous return

Cardiopulmonary bypass circuit

* Passive venous return
* More traditional method
* Dependent upon gravity
* The level of the heart above the venous reservoir (40 to
70cm)

* Large-bore tubing

23




20161 CHOMG SAFETIOITON] SO SHATHY I G4 DS

Cardiopulmonary bypass circuit

* “Assisted” venous return
* Achieved with the aid of vacuum being applied to the venous
line or reservoir
* Advantages
* Smaller-diameter venous lines and cannulae
= Smaller incisions
= Lowering the extracorporeal circuit priming volume

* Disadvantages
* An increase in gaseous microemboli if the vacuum is too great
* the reservoir volume is too low to allow proper dissociation
of gaseous microemboli from the blood

* Anincrease of hemolysis if the vacuum rate is too great

Cardiopulmonary bypass circuit

* “Assisted” venous return
+ Limit the amount of vacuum to less than -60 mmHg

* Prefer to maintain a venous reservoir volume sufficient
enough to provide a 10-second reaction time

Cardiopulmonary bypass circuit

* Vlenous drainage

* Reduced if the side ports of an oversized venous cannula are
obstructed by an overstretched cava

= Or if the internal diameter of the venous line and/or cannula
is too small to accommodate the expected venous return
* Results
* Overdistension of the right heart
* Flooding of the operative field
* A pressure gradient of less than 30 mmHg at the rated
blood flow
* Not allow an excessive negative pressure to develop

(the ideal venous pressure should range between 0 to 5
mmHg)

Cardiopulmonary bypass circuit

* If the expected priming volume would cause an
“unacceptable” anemia, occasionally packed red
blood cells may be added to the extracorporeal
circuit before commencing CPB

m Patient Blood Volume
Age

Priming Volume per
Length of Tubing of

Blood volume (ml/kg) Given Diameter
Premature 100 Tubing diameter Priming volume
Newhoms o0 {in.) (ml/ft)
1-12mo B0-85 316 5.00
1-10y 75-80 ' 1/4 965
Adult T0-75 38 i |
Table 36.6 1/2 3861

Hemodilutional hematocrit (het) (%) =

Patient blood volume * wk (kg) * het (%)
{Patient blood volume X wt [kg]) + priming volume (ml)

Cardiopulmonary bypass circuit

* Hemodilution
« Advantageous effect for perfusion
* Decreasing fluid viscosity -> augmenting blood flow
* Side effect
* The reduction of oncotic pressure -> tissue edema
* When albumin or mannitol is added to the
extracorporeal circuit to obtain an oncotic pressure of 16
mmHg, extracellular fluid accumulation is reduced

Cardiopulmonary bypass circuit

* Hemodilution
* Diminishing blood’s viscosity and resistance to flow
* Promotes increased microcirculatory flow and tissue
perfusion
* Hypothermia
* Direct vasoconstriction

* Increases viscosity, creating sludging and stasis at the
capillary level, resulting in reduced blood flow

24




ZI%El: Pediatric Cardiopulmonary Bypass

Cardiopulmonary bypass circuit

* |s there an “acceptable” degree of hemodilution?

* A general rule of thumb is that the hematocrit in percent
should not exceed the desired level of hypothermia in
degrees Celsius

» Utilizing low-prime and mini-extracorporeal bypass
circuits

Instituting cardiopulmonary bypass
and decompressing the left heart

* Visual inspection of the op. field, monitors, and
bypass lines as the perfusionist initiates CPB will
provide an immediate assessment of effectiveness
of the conversion to artificial cardiopulmonary
support

Instituting cardiopulmonary bypass
and decompressing the left heart

« Sudden spike in the extracorporeal line pressure
* An occluded arterial line
* A malpositioned aortic cannula
= An aortic dissection
* CPB should be terminated immediately and the
cause identified and corrected

Instituting cardiopulmonary bypass
and decompressing the left heart

* right heart should be decompressed and central
venous pressure should be <5 mmHg
= A high central venous pressure and poor venous
drainage at the initiation of CPB
* A malpositioned venous cannula
* A kinked venous line
* An “air lock”
* Venous cannulae that are too large or small

* An inappropriate height between the operating table
and the venous reservoir
* An inappropriate amount of vacuum, or vacuum leak

Instituting cardiopulmonary bypass
and decompressing the left heart

* LV distension
= Aortic valvular insufficiency
* Excessive bronchial venous return or collateral vessels
* Incomplete drainage of the systemic venous return

* An acute, transient state of systemic arterial
hypotension, resulting from hemodilution and
vasoactive substance release -> not necessary to
treat with alpha agonists (the mean arterial
pressure will generally increase with the initiation
of systemic cooling and increased levels of
endogenous catecholines and angiotensin

Instituting cardiopulmonary bypass

and decompressing the left heart

* In children and infants with congenital heart
disease, the right heart should not be opened until

the aorta is cross-clamped or ventricular fibrillation
has occurred

m Two Methods for Calculating “Full” Blood Flow Rates

Age(y) 1. Blood flow rate Body weight (kg) 2. Blood flow rate
(BFR; L/min/m’) (ml/min/kg) from
from body surface area hody weight (in kg)
(BSA; m)

0-2 BSA X 26 0-5 150
2-4 BSA X 25 6-10 125
46 BSA X 24 11-15 100
6-9 BSA X 23 16-25 90
>5 BSA X 22 =15 70
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Instituting cardiopulmonary bypass
and decompressing the left heart

* Decompression of the LV is best achieved in infants
and small children by tightening the vena cava
tapes, opening the right atrium, and passing a small
suction line through the patent foramen ovale into
the LV

Instituting cardiopulmonary bypass
and decompressing the left heart

* Cooling the patient
* Hypothermic CPB
* The reduced metabolic rate and oxygen consumption

* Approximately 5% to 7% per degree Celsius that the
body temperature is lowered

[TTITE Xl Definition of Levels of Hypothermia and Approximate “Safe”
Circulatory Arrest Times

Hypothermia level Patient *c) [« y arrest times (min)
Mild 37-12 5=10
Moderate 32-28 10-15
Deep 28-18 15-60
Profound =18 60-50

Instituting cardiopulmonary bypass
and decompressing the left heart

* Cooling the patient
* Induced by surface cooling using cooling blankets and
ice packs applied directly to the patient
* By core cooling with cold perfusate from the
extracorporeal circuit
* Tissues and organs have varying blood flows -> systemic
cooling is not a uniform process
* Maintain high perfusion flow rates of 2.2 to 2.5 L/min/m2
+ Limit the rate of the cooling to <1 degree Celsius/minute until
the desired temperature is reached
* Perfusion flow rates are adjusted to maintain “normal”
mixed venous blood gases

Instituting cardiopulmonary bypass
and decompressing the left heart

* Rewarming

* During rewarming, the warming blanket is set to 40
degrees Celsius

* The perfusion flow rates are increased to 2.5 to 3.0
L/min/m2

* Pressure permitting, pharmacologic vasodilation is used

* the bladder temperature reaches 32 degrees Celsius, the
patient begins to vasodilate spontaneously and the
pharmacologic vasodilator may be terminated

Instituting cardiopulmonary bypass
and decompressing the left heart

* Removal of air from the heart
* The patient is placed in a 30-degree head-down position
* The caval tourniquets are loosened
* The perfusionist restricts venous return to the pump
* The right heart begins to fill
* The anesthesiologist ventilates the lungs
* The heart is gently massaged while the vent in the LV
continues to drain

Instituting cardiopulmonary bypass
and decompressing the left heart

* Removal of air from the heart
* The antegrade cardioplegic cannula is placed on suction
* More blood is massaged through the left heart
* Some air is removed via the antegrade cardioplegic
cannula
* Pump flow is reduced to one-half of calculated flow
* Arterial pressure is reduced to 50 mmHg

* The aortic cross-clamp is removed while suction is
maintained on the antegrade cardioplegic cannula
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Instituting cardiopulmonary bypass
and decompressing the left heart

* Removal of air from the heart
* Transesophageal echocardiography is used to determine if
there is residual air whithin the heart
* If there is, the operating table is rocked side to side
* The left atrial appendage is inverted
* Gentle massage of the heart
* The sternum and sternal retractor can be shaken

* Venous return is restricted intermittently to allow the heart
to eject

* Suction on the intracardiac vent is discontinued

* Suction is maintained on the aortic cardioplegia/vent cannula
as the heart continues to eject

= Confirm the left heartis free of air by TEE

Discontinuing cardiopulmonary
bypass

« Termination of CPB is performed gradually, with
constant communication between surgeon,
perfusionist, and anesthesiologist

* Always check to be sure the LUNGS are being
VENTILATED before weaning the patient from CPB

« The ventilation, blood gases, cardiac output, and
blood pressure are watched carefully over the next
5 to 10 minutes to ensure stable hemodynamic
function of the heart, and good oxygenation by the
lungs

Reversal of heparin

* All pump suckers are turned off, and administering
protamine

« A “protamine reaction” with vasodilatation and
profound hypotension may ensue

Removal of the arterial cannula

Sternal closure

References

« Mastery of Cardiothoracic Surgery, Larry R. Kaiser,
et al., Third edition
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ECMO Support in Adult Cardiac Patients
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ECMO Support in Respiratory Patients
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ECMO Support in Pediatric Patients
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3 Issues of ECMO Management

2016 January ELSO Report g

center y Y 1.ECMO initiation |
mi v Annual ECMO cases "“‘
. w 2. ECMO maintenance |
i ""ﬂﬂl""l | ”n .‘,““‘ 3.ECMO weaning |
e e et

ECMO initiation ECMO maintenance
* Indication/Guideline * Anticoagulation

* ECMO modes/Cannular strategies

* Infection/Sepsis control
* Cerebral monitoring
* ECMO related complications
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Anticoagulation

.
Control

* Decrease or hold UNFH + Increase UNFH (ACT, aPTT)
» Transfusion (PC, FFR, crya) » Increase flow

« Antifibrinalytic agent « AT

+ Surgical bleeding control » circuit change

A

Infection/Sepsis Control

Infection and Sepsis
* Infections in patients receiving ECMO are comman

» sites of infection (most commonly bloodstream, lower
respiratory fract, urinary tract, and wound)

* causative microorganisms (typically gram-negative bacilli and
staphylococci)

+ similar to other intensive care unit patients.

» Signs of sepsis: ambiguous in patients on EMCO

+ fever may be absent
+ because of the servo control of body temperature by the
heat exchanger.
» even subtle signs of infection warrant an aggressive
search for a septic cause.
+ (ex, deteriorating hemodynamics or leukocytosis)
* Broad spectrum empiric antimicrobial therapy
+ (ex. carbapenem, vancomycin)

Effects of CRRT on inflammatory
cytokines during ECMO

e D, 1010
300 LS, g e 3 T L0

Plasma concentrations of inflammatory cytokines rise
rapidly during ECMO-related SIRS due to the release
of preformed stores in the intestine

# B Mcllmain', Joseoh G Timpa', Ashish B Wurundiur”, Dinvid W Holt”, Dinid R Kelly”, Yolanels § Hartman'

Mary Luren Neel', Rajendira K Karnatak’, Robert L Schelonka’, GM Ararthanimusah’, Cheryl R Wilingmworth'
and Akl Maheifwas ™

CRRT on ECMO: Potential Benefits

+ Management of fluid balance

+ Control of electrolyte abnormalities
+ Removal of inflammatory mediators
+ Enhanced nutritional support
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71atAl: ECMO Case in Different Clinical Settings
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Cerebral Monitoring

aEEG monitoring
It is well known that the aEEG provides the
useful information for neonatal encephalopathy.

s f rvmstd Emghabpat 2 \nplemts morrand

Conclusion.  The aEEG is a simple but accurate and JE T e s

PEDIATRICS
T O PO

reproducible clinical tool that could be useful in the
assessment of infants with encephalopathy, Pediatrics
1999:103:1263-1271; cerebral function monitor, neonatal
encephalopathy, outcome,

Seizure in aEEG

| L |
£100 {4V

Normal finding

ECMO related Complications

* Two circulaltion/competition
* Recirculation
* Lower body ischemia

Two circulaltion

Upper body hypoxemia in VA ECMO

Differential cyanosis, 2-Pump circulation
+ 1+ 8a02 in upper body / | Sa02 in lower body
+ marginal myocardial function and respiratory failure in
VA

1
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tential solutions

+ increasing ECMO flows to reduce LV ejection
+ changing to WV / VAV ECMO (lJV)

+ central cannulation (axillary artery)

Recirculation

hypoxemia with VV ECMO (Sa02 85%)
* inadequate ECMO flow (m.c.)

+ other cause despite adequate circuit flows
+ significant recirculation
+ alow 5a02 and high SDO2 (typically 75%),
+ inadequate sedation, sepsis, iatrogenic overheating, overfeeding
and seizures.
+ increased oxygen consumption and pathologically increased CO
+ alow Sa02 low SDOZ,

high Sv02 or Sd02 (>80%)

+ recirculation in VW

pph. VAECMO

« early sign: cool, pale
* in progress: color change
* late phase:

+ compartment syndrome
+ rhabdomyolysis

action

* smaller bore cannula
» additional cannulation for distal perfusion
+ if, possible. US guided puncture
+ refrograde perfusion through DPA
(micropuncture needle)
» axillary artery cannulation

ECMO weaning

* Recovery of underlying disease
+ Optimal demand of inotropics and vasoconstrictors
+ lung protective ventilator setting
+ Maintenance of U/O
+ CXR, Echo
+ Lab: ABGA, EtCO2, lactate....

* Gradual decrease of ECMO flow and increase of native
cardiopulmonary function.

* Continuation of anticoagulation during weaning period
and after decannulation
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