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Z2= (Brain Surgery)
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HeEo 71 A=

Hair Scalp Skull Meninges CSF Brain Vessel  Cranial nerves
(Blood)




Y|+ case : Craniotomy

Squamous and temporal
| bone additional craniectomy

E Sphenoid wing
additional craniectomy

™~ Superior orbit
/ additional craniectomy
with rongeur



intracranial pressure

|2 Intracranial Pressure (ICP)

Sklfll CSE Brain Vessel
Meninges (Blood)

VCSF + Vbrain + Vblood
+ (V)

intracranial volume VCO“Sta nt

QLS



Skull CSF Brain Vessel
Meninges (Blood)

Vconstant VCSF + Vbrain + VbTITod
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Neuronavigation

Image-quided Surgery




Neuronavigation

Fiducial marker
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Navigation

Current registration:
Point-to-point registration
on MRO1

® Approaches
No Approach -
Define Approach

Target Dist.

Multiplanar 3D -

6 Compositions
Base Set MRO1 -




Neuronavigation using Augmented Reality (AR)
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=Q|E5 Y (Extra-axial Tumor)













Multi-functional
Microscope

Fluorescence-guided Surgery




Fluorescecne-Guided Surgery

HEME BIOSYNTHESIS PATHWAY

Glycine + succinyl-Co A
| AL A synthase

5-AminolLevulinic

<& ALA Dehydratase

Porphobilinogen (PBG) ,fi;}
PBG Deaminase *

4
Hydroxymethylbilane

cytosol Uro Synthase

v
Urporphyrinogen ITI (Uro) /—\

Uro decarboxylase Fluorescence Intensity

v
Coproporphyrinogen IIT (Copro)

N B &
_ y/
Copro oxidase *
v
Protoporphyrinogen IX (Proto)
mitochondria Proto oxidase
-
I PrOtoporphyrln IXI /{{? f T T T T T T T T T T T T 1
F
/e
Fe Bowoihielitase # ](J] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15hours
HEME
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Multi-channel
Electrophysiology

Monitoring

Functional Brain Mapping
Continuous Intraoperative Monitoring



Multi-channel Intraoperative Electrophysiology
somatosensory  IVIONILOFING o

evoked potentials evoked potentials

Response ;

conex (transcranial)

Response +
(subcortical SSEP) ‘q_—ﬂ

Y
Dorsal column Corticospinal tract—>
A

Response
(epidural motor EP)

Y
Dorsal ganglion o Motor neuron

(sensory)
A

Y
, Response
Peripheral nerve —> (neurogenic motor EP)

Penpheral nerve
(posterior tibial)

[

\
. Response
Peripheral m scle% -2
P = (myogenic motor EP)

Stimulus
(posterior tibial nerve) =




Multi-channel Intraoperative Electrophysiology

¥




Central s | tification
Direct !.;Ol?(icﬁ stimulation
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Awake Surgery

Language Mapping




Awake Surgery

Hair Scalp Skull Meninges CSF Brain Vessel  Cranial nerves
(Blood)

local anesthesia + < 1 i | > awake surgery
sedation




Awa ke Surgery
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unruptured cerebral aneurysm study (UCAS)

Table 3. Annual Rate of Rupture According to Size and Location of Aneurysm.

Location of Aneurysm

3—4 mm

Rate of Rupture per Aneurysm per Year (95% Cl)

5-6 mm

7-9 mm

10-24 mm

Middle cerebral artery
Anterior communicating artery

Internal carotid artery

nicating artery

Basilar tip and basilar-superior
cerebellar artery

Vertebral artery—posterior inferior
cerebellar artery and vertebro-
basilar junction

Other
Total

Internal carotid—posterior commu-

0.23 (0.09-0.54)
0.90 (0.45-1.80)
0.14 (0.04-0.57)
0.41 (0.15-1.10)

0.23 (0.03-1.61)

0

0.78 (0.25-2.43)
0.36 (0.23-0.54)

0.31 (0.10-0.96)
0.75 (0.28-2.02)
0
1.00 (0.37-2.66)

0.46 (0.06-3.27)

0

1.37 (0.34-5.50)
0.50 (0.29-0.84)

percent

1.56 (0.74-3.26)
1.97 (0.82-4.76)
1.19 (0.30-4.77)
3.19 (1.66-6.12)

0.97 (0.24-3.89)

0

0
1.69 (1.13-5.93)

=25 mm >

16.87 (2.38-119.77)

39.77 (9.95-159.00)

10.61 (1.49-75.3)
126.97 (40.95-393.68)

4.11 (2.22-7.66)
5.24 (197-13.95)
1.07 (0.27-4.28)
6.12 (1.66-6.13)

6.94 (3.74-12.90) 117.82 (16.60-836.43)

3.49 (0.87-13.94) 0

2.81 (0.40-19.99) 0
437 (3.22-5.93)  33.40 (16.60-66.79)
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®* The ophthalmic
aneurysm

" The superior
hypophyseal aneurysm
(extradural versus
carotid cave)

" The ventral paraclinoid
aneurysm (transitional
versus intradural)
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Skin _

Dura mater__

Skull Bone _
Galea aponeurotica _
Periosteum _

Deep temporal fascia

l: Superficial layer __
Deep layer __

Fat pad-

Temp. M — :

1| . |
STA- »~ YA N

Acute Bypass for Lt MCA Stenosis

: STA-MCA Direct Anastomosis
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Restricted
blood flow

Nomal
blood flow

2 Healthwise, Incorporatad

Plaque 1s
removed
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Gamma Knife Radiosurgery
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e Surgical approach

o EXxtent of resection

o Strategies of LN dissection
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Gieneral Jhoracte Surgervy

Lung & Pleura Esophagus

Lung cancer , Pulmonary Tb, Esophageal cancer

Bronchiectasis, Hamartoma Esophageal submucosal tumor

ILD(Interstitial lung disease) Esophageal stricture

Pneumothorax, Chylothorax Esophageal perforation

Empyéma, Pleural ma

Mediastinum

Pectus excavatum Thymoma, Thymic carcinoma
Bronchogenic cyst
Neurogenic tumor

Germ cell tumor
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Surgical approach

(Surgical approaches’

( Thoracotomy ) ( VATS ) ( Robotic )

Limited ) _ _ darm-
( thoracotomy )( Hybrid-VATS ) ( Multi-Ports ) ( Single-Port ) ( technique )




Surgical approach

Version # 3

Open thoracotomy(Oi &) Open laparotomy(Ji £) Thoracoscopic surge

Single-Port VATS

Conventional approach Minimal invasive



Robotic surgery in General Jhoracic Surgery

Lung cancer, Esophageal cancer, Thymoma, Thymic carcinoma

. 4
\
Robotic Assist
. Grasping Retractor
- | ‘& :
WMo A - E - e e
a -~ R g S 1
A ~~ - 3 "';‘_.'. Yo _:--:‘-;.‘..
L [ ~~ 9 e A 3
\ s 3 4 ol : Robotic Assist
oo LN Robotic Right Arm e _ Grasping Retracto
% Q ~ * Harmonic Scalpel i
7 . )/ I : o ‘,: . *\‘ $72 » Robollc\nlght Arm
4 ‘ : . RObOtIC I.Eft Arm g ; - i g ",_L".Hamlonlc Scalpel/Needle
) Fenestrated Bipolar Camera Port =
[ o { s
: ®
Tw 12 mm Robotic Stapler Port &
(al Bedside Assistant Port

0
Mediastinalimass excision Esophageal surgery



Lung surgery




Jreatment strategy based on clinucal stage

Clinical Practice Guidelines

e 1 No enlarged N2 nodes but
g S No enlarged LNs and central tumour or hilar LNs Extensive mediastinal N2
S S peripheral tumour infiltration
= 0O Enlarged discrete N2 LNs :
— v v A l

Invasive
LN Result

Not required if negative 2 :
[ L Ns on PET ] [ NO-N1 J [ N2 ] [ N3 J [ Not required J

Surgery:
unforseen N2

[F’otentnally resectable N2J [: Unresectable N2 ]

Category
of N2

Deducated
multidisciplinary

assessment

v

Non-surgical

Surgical mulumodallty
treatment

multimodality treatment

Therapeutic
Approach

[the ESMO 2017 guidelines]



8th Edition Lung Cancer Stage Classification

/M

____________ iV B Upfront Surgery
‘ Multi-Disciplinary
Team (MDT)

11c >23
T2a Cent, Yisc Pl

T2

13

T4

T4 v
T4 Ipsi Nod 11 A A |
RURICUSVYEN VA IVA  IVA  IVA
Mla Pl Dissem
MI1b Single

M 1c¢ muiti

Ml

CHEST 2017;151(1):193-203



Extent of resection

Lung anatomy

Anteyrior posterior «———— anterior
Anterior posterior Anteriou ‘
J Apical - posterior
Apical ) J @
@ | V
&= { . Anterior
Posterior —Ele *‘! y y
«d |
Anterior PN y ! "'
f \Q \ » :‘i\Supenor lingular
iateral g ."”'-ff. . )* O'*Infenor lingular | Poste\ror \ Medi?
R, f’ S‘~Supenor basal -

Medial / * " Superior \‘\‘J. Anterior /Medial
42l basal
t:g:lal/ ERN Medial basal Posterior/* @
basal f
Posterior__,

: Lateral
"\ Anterior
basal @ o basal

Lung segment
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Extent of resection

Lung surgery

A

——

[ S

| Y
4

/
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Wedge resection

surgical procedure to remove
a triangle- shaped slice of tissue

HAN SARIIE, 80l HE
HEd HZ2 E20l= HIIsO0l
=N &= [ Al

Segmental resection

Lobectomy

FOUNDATION FOR M

< /

Fneumonectomy

surgical excision of a segment

while preserving the remaining
portion

surgical excision of a lobe

JIA B IH A O

AL A
T =

&

S = H 2| =l lobes Ml Hot=

Bilobectomy

surgical procedure to remove a
lung

= &Y J|Is0ll THoll Z A Al
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Extent of resection

Lung surgery

Anatomical resectlon
) N \ ' :
’ Z | | \

: ..31 \_J & \4 <

Pneumonectomy ~ Lobectomy Segmentectomy Wedge Resection

\\. }
& =

.‘ lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll i‘ llllllllllllllllllllllllllllllllllll I:

Sublobar resection



Extent o f resection

Lobectomy: Standard extent of resection

Figure 17.4

RML Lobectomy

Division of structures
— Pulmonary artery
— Pulmonary vein

— Bronchus

Exposure of the middle lobe bronchus following division of the middle lobe vein.
Inset shows exposure of the middle lobe pulmonary artery branches.
PA pulmonary artery, PV pulmonary vein



Extent of resection

Sublobar resection

Interests in Sublobar Resection are Increasing...

Lobectomy is too much i -
for GGO predominant

tumors... ﬁ & |
4 | N % ‘ 2 T2
\% ' i/i | 0N
l ;;Z y ‘ '

Solid predominant; C/T ratio > 50 % ! ,

2 "
e »

R Y

: JJ"‘ g R
Pure GGO; C/T ratio: 0 « GGO Predominant; C/T ratio< 50 %
pi i R

3
’{ ot

Fig 3. Classifications of tumor component. A. Pure ground glass opacity (GGO) B. Ground glass predominant C. Solid predominant D. Pure solid.

PLOS ONE | hitps.//doi.org/10.1371/journal pone. 0206386 October 31, 2018



Extent o f resection

Minimal resection?| trend > Sublobar resection

CTR

A single-arm study of sublobar resection for ground-glass  |[® cneckfor wpaates
O Q.25 0.5 Q.75 3

opacity dominant peripheral lung cancer

Wedge or Sementectomy or

Wedge or
1 - O Ccm S E G s EG l o beCto my JCOG0804/WJOG4507L Study showed excellent survival after sublobar resection for peripherally located
JCOGo0o804a/ JCOG1211 JCOG0802/ Ground Glass dominant lung tumor
wJoOG4507L WJOG4607L

# Sublobar resection

100% T e e iy e g
il Sublobar resection with an
80% A
0% adequate surgical margin offered
60% A
50%
-— for GGO-dominant lung cancer.
30% A L—
20%
10% -
0%

2.0em

CENTRAL MESSAGE

Segmentectomy
JCOG1211

Tumor size

Lobectomy

3.0 cm
sufficient local control and RFS

Lobectomy

CTR = consolidation/tumor ratio -

Proportion relapse-free surviving

0 1 2 3 4 5 & 7 8
MaXim um conSOlidation N Years after enrollment

Grou nd-glass diameter (C) e Halsm 304 304 304 304 303 88 0
opacity (GGO) |

Sublobar resection is enough for Ground Glass dominant
peripherally located lung cancer

FIGURE 2. The 5-year relapse free survival for all patients except benign lesions and atypical adenomatous hyperplasia with sublobar resection was 99.7%
(90% €I, 97.6-99.9). CTR. Consolidation tumor ratio.

J Thorac Cardiovasc Surg 2022;163:289-301

Consolidation

Lung cancer £=2| 4% Lobectomy’l & = Y OFUZ
2 3ol 27| HYQ 42 sublobar resectionO|
= Maximum tumor el

212 24Xl BjD 72 &
diameter (T) CHAMIZ7F &= SO 2 gty QICH




Extent of resection

Tumor size

Minimal resection?| trend > Sublobar resection

CTR
O 0.25 0.5 0.75 i I
IASF NTTICENTE ' 7ED CONTROI 1 F ,

Wedge or | weage or | Sementectomy or PHASE 3, MULTICENTER, RANDOMIZED CONTROLLED TRIAL
1.0 cm SEG SEG lobectomy

JCOG0804/ JCOG1211 JCOG0802/

WJOG4507L WJOG4607L
2.0 cm

Segmentectomy

JCOG1211 L abecLonmy

S.0ecm

Lobectomy

CTR = consolidation/tumor ratio

Cl, 0.47-0.93; P<0.0001 for non-inferiority; P=0.0082 for si

Segmentectomy versus lobectomy in small-sized peripheral 'k Post-op FEV1 at | year N2 W28
| | 0 0
non-small-cell lung cancer (JCOG0802/W)0G4607L): Median -12.0% -8.5%
: . \ 57.1% 10 49.6% 37.0% to 30.0%
a multicentre, open-label, phase 3, randomised, controlled, e : P<0.0001 :
non-inferiority trial , . s
Y Conclusion: The findings suggest that
Hisashi Saji, Morihito Okada, Masahiro Tsuboi, Ryu Nakajima, Kenji Suzuki, Keiju Aokage, Tadashi Aoki, Jiro Okami, Ichiro Yoshino, Hiroyuki Ito, :
NorihitoOJkumum,MasafumiYamaguchi,Norih?,kolked(:,Masash}iWakabayaihi,KemgchiNakamura,HaruhikoFUkUda,ShinichiroNalfamura, SegmentGCtomy ShOUId be the Standard surglcal procedure

Tetsuya Mitsudomi, Shun-Ichi Watanabe, Hisao Asamura, on behalf of the West Japan Oncology Group and Japan Clinical Oncology Group* for this Selected population of patientS.




Extent of resection

CT-guided Localization

3
3
PR o o ?
‘_ '. “A -.‘~c..-'“ : -
oL s g T AN Y
RECTR O ES

) o
vy y o

(S

GGO, RUL Rt. lateral approach video-assisted thoracoscopic view of the Rt.lung




Extent o f resection

ENB-guided Intraoperative Localization

Multiple GGNs

LHAIZ O 2 270| Of2e L2 LY b
PCNA, PCNBZ Z2|Z4AI7} 0L 123 m|egH

CTZ St 2o Y42 30UOE MY T HAITHOI| HRIT MAL7| Q& HEQL 2}
JHS0ll BAFE 37HO] THEZF GPS AL 101 ZAL 7|29 et Qx| Mhofat ZOHY



Extent of resection

ENB-gquided Intraoperative Localization

(A)Lung CT-scan showing a
deep located small target
nodule (arrow)

(B) navigation to the nodule

up to the pleura

| (C) thoracoscopic view of

the marking

ORIGINAL ARTICLE on the pleural surface.

o2 x|
LHE[Zo3

Preoperative electromagnetic navigation bronchoscopy-guided
_ one-stage multiple-dye localization for resection of subsolid
oLl FiellElE ek nodules: A single-center pilot study

S= H7 | U7X 832

Conclusions: ENB-guided one-stage transbronchial dye localization
showed accurate and safe intraoperative identification of multiple
subsolid pulmonary nodules.

EXi2] _ie=
7| 2X|LHAIE &

X IRE ARt
‘PIAT B EXMIN



Strategies of JN dissection

Lymph Node Dissection

) —> NSN2
Complete I Sampling Selective e SN2
LN dissection LN dissection
RUL: N=18

LUL: N=14

o #5: N=10 (71.4%)
o 4L: N=4 (28.6%)

o #6: N=4 (28.6%)

o #7:N=1(14.3%)

« 2RIR: N=14 (77.8%)
o #7:N=3 (16.7%)

RML: N=7
o #7: N=T (100%)
« 2RI4R: N=5 (66.7%)

LLL: N=9

o #7:N=7 (77.8%)
o 4L:N=3 (33.3%)
o #5:N=2 (23.3%)

RLL: N=15
o #7: N=14 (93.3%)
« 2RI4R: N=6 (40.0%)

" B8/ Selective LN dissection2| TZE HX| H 2= segment-specific dissection2| 7§ @7t X| 21 k|
O] /e, segmentectomyA| O Z[2BF lobe-specific LN dissectionS A|85t= 70| #E E L

AN —



Esophageal surgery



Ireatment strategy based on clinical stage

Esophageal cancer

cosae
pSa

uscularis
ropria

Endoscopic

_—Adventitia

resection

| o
=

CCF

Rice TW, et al. Cancer of the Esophagus and Esophagogastric Junction: An Eighth Edition Staging Primer.
J Thorac Oncol. 2017;12(1):36-42.



Jreatment strategy based on clintcal stage

Esophageal cancer

—Tis (HGD)
T1a

-
S
; o

[
rf*314~ <
% A

\41
=

Upfront

entitia

surgery

— p——
- - O e



Jreatment strategy based on clintcal

Esophageal cancer

—Tis (HGD)
T1a T1b pithelium
- . Basement membrane
~— Lamina propria
— _—Muscularis mucosae

I‘\ S S il ——Submucosa
i 3 l /X / \

— Muscularis

Neoadjuvant / _ < propria
chemoradiation (nCRT) S .
\l, ._,37//—Adventltla

— f

..

Surgery



Extent o f resection

Esophagus anatomy

Three constrictions
(Two sphincters™) :

Three parts: About 25cm Muscular Tube

Y

el Cervical

Aortic arch

" Cervical/Pharyngoesophageal™
N (1 ‘pper Esophageal Sphincter)

L
%
N

Left main bronchus

Thoracic
(left bronchus/
aorticarch)

Thoracic

->Barium swallow

Diaphragmatic™
(Lower Esophageal
Sphincter)

Esophageal hiatus




Extent of resection

Oesophagus

_______________ = —

| principal
'bronchus

Esophagus

Cervical part

Thoracic part

anatomy

X 7

\A CERVICAL

= OESOPHAGUS
-y .

UPPER THORACIC
OESOPHAGUS

MID THORAO(

[ »  OEsoPHAGUS

LOWER THORACIC
OESOPHAGUS



Extent o f resection

Esophageal surgery - lvor Lewis operation(intrathoracic anastomosis)

Left
Crus

| | (m\ //////////))))

Schematic of
completed
esophagectomy

Pyloroplasty

The surgical approach of Ivor-Lewis esophagectomy is a two-stage surgical procedure-
abdominal operation followed by a Rt. thoracotomy and esophageal resection.




Extent o f resection

Esophageal surgery - Mckeown operation(cervical anastomosis)

© Jonnifer Dallal,
James Luketich, MD

McKeown esophagectomy is defined as consisting of thoracic esophageal mobilization with
lymph node dissection, abdominal exploration, and stomach mobilization with lymph node
dissection, and subsequently left cervical incision for anastomosis.




Extent o f resection

Esophageal surgery - Colon interposition

B L
i W

.

Colon interposition is used surgeons when stomach in not available owing to previous gastric | GE junction cancer 2 colon interposition
resection or esophagogastric cancer requiring an extensive total gastrectomy AEH S POD#4 XY= A|SH



http://radiographics.rsnajnls.org/cgi/content/full/21/5/1119/F14A

Extent of resection

Esophageal surgery

\ \ \ \

A. A C. D.

Fostenor mediastinal Retrostemal Farahilar or intrapleural Subcutaneous



Extent of resection

Mckeown vs lvor Lewis op

Postopertive complications of Mckeown vs Ivor Lewis

Esophagectomy
25.00%
20.00%
15.00%
10.00%
5.00% I
0.00% B I I
h S AN -
& O e o N ¢ & 2 xS A g >
o ((\\0 bfb ,\-\\}Q & Q’b Q‘S\ C\QQ & 4 ,2:\ .5((\
Q{\ S T ) ‘25 \C.) O O rg::} & o Q:b
’b(\\ &0{‘ ‘2‘6 (_)\}Q Q;b":“ Q..‘Z’Q\ D(Q\ Q_fi‘.f _\2\0 (Z,K' QS
& N S o & & O 5
& & N & X
Y Q¥ © Kot S
&° R
L
(_:E‘)

B McKeown esophagectomy N = 1634

Ivor Lewis esophagectomy N= 1634

General Thoracic and Cardiovascular Surgery (2020) 68:370-379
https://doi.org/10.1007/511748-020-01290-w

ORIGINAL ARTICLE q

Check for
updates

Ivor Lewis vs Mckeown esophagectomy: analysis of operative
outcomes from the ACS NSQIP database

M. J. Sabra’ - Y. A. Alwatari' - L. G. Wolfe'! - A. Xu' - B. J. Kabnlan' - A. D. Cassano’ - R. D. Shah'

Mckeown vs. Ivor Lewis op.
- recurrent laryngeal nerve injury 1

- anastomotic leak 1
- length of hospital stay 1
- 90-day mortality 1




Strategies of JN dissection

2 field vs. 3 field LND

Regional lymph node stations for staging esophageal cancer. Cervical (blue), mediastinal/thoracic(yellow) and abdominal (green)
lymph nodes. Two field lymphadenectomy includes the mediastinal/thoracic and abdominal lymph nodes while three field
lymphadenectomy includes the cervical, mediastinal/thoracic and abdominal lymph nodes. The eighth edition of the AJCC uses the
number of metastatic lymph nodes from any of the fields as the basis for N staging. A = left sided, B = right sided, C = anterior



Strategies of JN dissection

2 field vs. 3 field LND

Upper thoracic

Cervical
35% (192/547)

Upper mediastinal
= 31% (161/516)

Middle mediastinal
9% (45/516)

Lower mediastinal
3% (16/516)

Abdominal
6% (32/547)

Middle thoracic

Cervical
17% (694/4183)

~ Upper mediastinal

13% (516/4046)

Middle mediastinal
27% (1088/4046)

Lower mediastinal

5% (198/4046)

Abdominal
20% (787/4010)

Distal thoracic

Cervical
5% (82/1743)

Upper mediastinal

"~ 5% (87/1633)

Middle mediastinal
17% (292/1711)

Lower mediastinal
25% (434/1711)

Abdominal
29% (466/1615)
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Cardiac surgery

O b I —
CABG, OPCAB, minimal invasive CAB
. map s
mol M= (valvuloplasty), T8k 2|=t=(valve replacement)
. ThST s

thoracic endovascular aortic repair(TEVAR)
AL

central ECMO insert, VAD implant. A& 0]4]
. BxoH
T o

maze op
¢ MY MUY

* Pulmonary endarterectomy/ septal myectomy



History of cardiac surgery

- ir B v
Dr'. Damgl Hale Dr. John H. Gibbon
Williams: 24-yr : ASD closure using CPB for 26 minutes
stab wound to '(1953) 9

heart (1893)



Cardiopulmonary bypass (CPB)

= =1. Heart Lung Bypass with Correctly Placed Cross séction of 2orta
L4 OE:I O_II'I% AI:! él'ﬂ_l- ]I:Hi—tll— E‘I —CID—_Q_l , Aortic Cannula and Aortic Cross Clamp

circulation of blood,
oxygenation, and ventilation

Oxygenated
blood pumped |

tothebody | ||
///’ ‘
< /) %

* In most cases, the heart is ‘
separated from the iy
circulation

(eg, aortic cross-clamping)

* while other end organs
remain adequately
oxygenated and perfused

* Heparin



Cardioplegia (

2 z2ICh: 22CHHA|

x|
=

22

A= 0| A

=

2|9 (cardioplegia)

22l OlHR| AHES 2[28}5H0]
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T = ZJE'

* Full sternotomy * Thoracotomy




A
T = ;é]'E'

 Minimal invasive incision
Partial sternotomy

mini thoracotomy




Minimal invasive cardiac surgery

« Davinci robot




Minimal invasive cardiac surgery

3D scope




Post cardiac surgery chest x-ray




Perioperative TEE

Upper
Esophageal (UE)

Mid Esophageal
(ME)

Transgastric

Deep
Transgastric
(DTG)




S U3

e coronary artery angiography

-




BHYSY Ay

« Coronary artery bypass graft (CABG)
LSOO ZOFH M HHZZO0| SUAHLE AEE 22| O Z0| 27t= s 35 &+

o =2 10 d
- Lo =L AA
91: Eﬂe %éoft =

on pump CABG
off pump CABG

« Rt
LH& =% (internal thoracic
CHE2 42l (great saphenOte..ct /L 2
2= S (radial artery) o '
O =2 el o

astropiploic artery) K

A1

O= 0O
T /™ T
(Rt, g

Rt,




Minimal invasive direct CAB(MID CAB)

« asmall anterior left thoracotomy incision
harvesting of the left internal mammary artery(LIMA)
anastomosis performed to the left anterior descending artery(LAD)
without cardiopulmonary bypass.




Percutaneous coronary intervention(PCl)




« Stenosis (g2}
* Regurgitation (9%)

CONUS LIGAMENT

P,
ANTERIOR QUSP—__

m:lw( RIGHT CUSP—__ /l FIBROUS TRIGONE
* 5 B INTER~
LEFT CU! VENTRICULAR
e “PART (BROKEN
OUTLINE) MEMBRANOUS

RIGHT (CORONARY)
CUsP

SEPTUM
ATRIO- _
VENTRICULAR

. LEFT (CORONARY)
AORIIC J cyyp.

YA
POSTERIOR \ ANTERIOR
(NONCORONARY) \ cusp
CusP -

MEDIAL -
(SEPTAL)  >CusPio
ANTERIOR i 3 g : cuse yave
(AORTIC) .
Cus i § POSTERIOR

MIRAL ) commissuna ( ) y ; Quse
vave /

uses

ANNULUS FIBROSUS
POSTERIOR y

CusP \ R._FIBROUS TRIGONE

ARTERY TO A~V NODE
ANNULUS FIBROSUS

THE HEART IN DIAST! IEWED
FROM BASE WITH ATRIA REMOVED

I
Noamal afet molon

&~

Amubs diwican
Loatiot padoraton

Bicuspid aortic valve

Type il
IR Asnd DA Mmebon

Rupred chnondae
Elcngatnd chontse ind’
o pap iy rmusche

Type Wa:
Sysok loatet restriction

Commissyre fusion
Loalne ackoaning
Chordae fusion

Senile aortic stenosis

Type Wib:

Drasiofo kaafat rastncton

Yestriouty glation
Yostricuby dyshisosa




oot M= (valvuloplasty)
ook 2|8k= (valve replacement) : tissue valve, mechanical valve




Prosthesis




Suture technique

COR-KNOT




A

Sutureless AVR (H| 3¢ Clf- =l oHat 2| 2ls)

« Rapid deployment valve

* No need for surgeons to putin & tie down stitch

o C= Tt 2|et=0f Y7t =0F B2 AlZE Lol ~=0| O|F0{ A0} 5t= StAL,
combined op. S T4t

* Minimally invasive surgical approach

V-

balloon expansion Self expansion frame



Sutureless AVR (H|




implant(TAVI)

Transcatheter aortic valve

ALO]Of|

CHE|=0f

=
=

Al

I
EA




Transcatheter edge to edge repair(TEER)

« Mitra clip
£2T o2 ASI0|A Q20| HE5 S

Transfemoral &2
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ligament of Marshall, AHCH



Maze operation(0| 2 $=)

« MO 0|ZE(maze)E UHENFE

o AlEMN|S (atrial fibrillation)Of| A ZFAlEr & 2AIHKY| 0|22 Z

= T O
SRS A MY A RT5D, 0|22 S5

—
g4 ele= e =5 ste =

« 19879 O|=2| Cox 2all {22 Y40 HE (ALY &
z[20l= d=(cryoablation), OrO|AZ I} (microwave), 11

=Z20}(ultrasound) 52| Of|HZ| S 0|25t=
+ cryoablation (d& Z4|=)

ZI}(radiofrequency) ,



Cox maze op

Figure 2: Cox Maze |V Lesion Set Performed with Bipolar Radiofrequency and Cryothermal Ablation

Left atrial

SVC
appendage

Right atrial
appendage

ey e

0 wenss .,

o e Soaegs
.

"oyl

i %
Coronary sinus I 5' § g ' \ §
20 il =
.......... - / N ~ Right coronary artery
Mitral annulus s 7 K P A P

Circumflex coronary artery QA

Tricuspid annulus

........... Bipolar RF clamp
— —— = Surgical incision

........... Cryothermal: endocardial

sssssssssss Cryothermal: epicardial

IVC = infedor vena cava; RF = radiafrequency; SVC = superior vena cava. Source: Reproduced with permission from AfnCure, inc.

R. Kaba, O. Ahmed, E. R Behr, A. Momin, A Chronicle of Hybrid Atrial Fibrillation Ablation Therapy: From Cox Maze to
Convergent Arrhythmia & Electrophysiology Review 2022,11.:e12.



Radiofrequency catheter ablation(RFCA, 10} I A} A=)

c MUY ART HIEAE 501 0f2] FEfo| M7 IAFS FOIM HINS QU Y Z2
= g H

o
T2 U=SEA1S O|&et A =8k(mapping) 2H8S Sot0] Yaret B W 22|
=

5]

ENHANCED AUTOMATICITY MICRO-REENTRY MACRO-REENTRY
31'.":;':’[_? MAT AJR PAT BJT | AT Flutter —= Fibrillation
SA NODE -

TR A
AV NODE - 2%Y LA%s LML LU O
PURKIN.E _I S . W W T |i| \ \'\

VENTRICLES - | I

Ladder diagram
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- CHSOH Z(30rtic aneurysm)

« Ci=oH BF2|(aortic dissection):
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O 1
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=3

e = = Al &

1

5}

A|(total circulatory arrest) Al

N—"

ok o
Atm_._.mﬂ
o A <K
0{J X0 X0
= 160 W
x 8r <



= o
HE0| 2Eot= ¥F 2/3 8F sg2 ders U2t 2=

Z3l5kE ant. Spinal artery(ASA), 0l= = vertebral artery

- ofall =0 =271 S0 (intercostal artery)2F 2= S (Jumbar
artery)O| M L}2-= radicular artery?t ASAQ} B} 2i4~ 220
=

O &de=2 114
RIS Sg ==

ST 7|, | 2404 by

12

Cervical segmental arteries
ASF0ICI =%

T1

T4 (watershed)
T4 (#5d)

T8

Thoracic
segmental artery

JtS0tC =0
L2

reat artery
f adamkiewicz
HsdSo




Thoracic endovascular repair(TEVAR)

« Endovascular stent graft

* Landing zone &

 Landing zoneO| aortic archof| 2835t 42
arch vessel debranching2 0O|& %l revascularization=
stent graft |

Stent graft in
situ

\Va -
¥
|
‘I

*  Complication
Endoleak
Spinal cord ischemia

. . . )
Visceral ischemia

/
TPV




E vita stent graft

« offers a unigue approach for aortic arch replacement with the frozen elephant
trunk technique.

B C
Zone 2-3 Zone 1-2-3 Zone 0-1

En bloc (island) technique Single vessel anastomosis Single vesselanastomosis
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Cardiac resynchronization therapy(CRT)

Biventricular pacing

0] A

C

=
=
S

il
|

20| 77| 242 2

| A
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A
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Al
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o

S W5t
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Cardiac resynchronization therapy(CRT)
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2| = (mechanical circulation support)
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FOlad R Al y
oHYud 2 B2
* Implantable left ventricle assist device, LVAD
LVAD; Lt. ventricle -> aorta
(RVAD; Rt. Ventricle -> pulmonary artery)

H>

© ECMO 22 T7|% #3182 2|2 MY 7|5 31202 0[0127| Gt B2 43S
oA 2H510] Aro| 212 WM B L} A

Left Ventricle



LVAD implant
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LVAD ; heartmate 3

>.




Implantable LVAD

Outflow
Graft —

Percutaneous
Cable

Modular Driveline

- Controller

Figure 1: The HeartMate 3 LVAS with the bumb in the pericardial space. the
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* Bicaval technique

* Denervation heart

* Immune suppressive induction regimen




Donor heart myocardial injury

Warm/Cold Reperfusion Host immune system
Ischemia (adaptive immunity)

Brain Damage

Catecholamines - ., a

/ Wyocarljial Wry
Innate Immunity i \
(Sterile inflammation) = ,’\,
{ '\ Graft Failure

Cytokine production

v

Contractile dysfunction
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O T =

7t Z QO MO XA KIS

e Laparoscopic hepatectomy 1992, Gagner
» Laparoscopic left lateral sectionectomy, 7t = S C{ St w! O| 0FCHSt 1995
» Solo single-incision laparoscopic hepatectomy, Al = 2|Cl, 2018

SNUH@ }Sii)osl;h:fnoum UNIVERSITY




£’

1Imm
(Camera port)

o/

A Position of trocar for left hemihepatectomy. B Position of trocar for right-sided liver
resection, such as right hemihepatectomy, right anterior and posterior sectionectomy,
and central bisectionectomy.

12mm
{Camera pori)

Miens

—

SEO 0 S
Kang et al, Surgical Endoscopy, 2018 SNUH@ e






NREEESSE

BJS, 2022, 109, 162-164

httpe:/fdoi.org/10.1093,/bjs/znab322
Advence Access Publication Date: 13 October 2021
Rapid Research Communication

ADIHATEH >

a8
“MA = ZE 2t0]4] 3K 22 0|82 = MX A5
MECOIHT 7HO|AE H5 Algll 2H

HEM Z2IA . =
Gzl Purely laparoscopic explant hepatectomy and hybrid

laparoscopic/robotic graft implantation in living donor
liver transplantation

K.S Suh’ S K Hong (B, 8. Lee’, 5. ¥. Hong', 5. Suh’, E. 5. Han {0}, 5. M. Yang", ¥. Chei () ', N. ). Yi' and K. W. Lee (B} *

'Department of Surgery, Seoul National University College of Medicine, Seoul, South Korea
*Departrnent of Anaesthesiolegy and Pein Medicine, Seoul Mational University College of Medicine, Ssoul, South Korea

*Correspandence to: Department of Surgery, Seoul Mational University College of Medicine, 101 Dashakre, Jonpnogu, Ssoul 03080, Korea
[e-mail: kssuhZo00@Email com)
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F A O| K| & EX|= (Whipple’s operation)
=E2EF

HO|X|E EX= (pPPD)

= (Distal pancreatectomy)
AL

= (Central pancreatectomy)
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HE =M Haders

e Technological advancement in pancreaticobiliary surgery
* |Increasing demand of minimally-invasive surgery

* Improving postoperative outcomes in the aspect of cosmetic outcome and pain for patients.

e MIS-pancreatoduodenectomy(PD) is one of the most challenging type of surgery
* Have a complex anatomy, difficult anastomosis associated high morbidity
* Postoperative trauma regarding pain ¥
e Recovery and quality of life A

AH Zureikat et al, Ann Surg 2021

10=

Pain score

P <0.001

Numeric Rating Scale

HS Kim et al, Surgical Endoscopy, 2020

0= 1 1 1 1 1 1 1
Op Day POD1 POD 2 POD 3 POD 4 POD 5 POD 6 [m SEOUL NATIONAL UNIVERSITY
Postoperative Days SNUH @l HOSPITAL




X & S0 Mo X AKSSS

e Distal pancreatectomy
e Lapa vs. Robot

e PPPD

* Laparoscopic
e Robot

SNUH@ ﬂ%oslih:f"o"“ UNIVERSITY




HE =M Haders

e Since 2015, SNUH performed RAPD

e Hybrid approach : laparoscopic resection and robotic anastomosis

Laparoscopy Robot

Strength Tactile sense 3D vision
Rapid change of instruments Enhanced articulation, dexterity
Better control of assistant - Fine anastomosis

Wider camera view, angle

Weakness Limited range of motion Higher instrument costs
Poor ergonomics

HS Kim et al, Surgical Endoscopy, 2020

SNUH & f{l;)()sl;ILT:fTIONAL UNIVERSITY




The proportion of PD in Korea

3500

3000

2500

2000

1500

1000

500

O Robot PD
O Total PD

Percentage (Robotic)

2,320

2015
15

2,320

0.6%

2,565

2016
60
2,565
2.3%

2,362

2017
90
2,362
3.8%

3,022

2018
110
3,022
3.6%

2,863

2019
240
2,863
8.4%

10.3%

300

-

2,910

2020
300

2,910
10.3%

SEQOUL NATIONAL UNIVERSITY
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Operation method annual trend (SNUH)

300
B RAPD ®open-PD

250

200

150

100

0
50 C
0
0

0
2015 2016 2017 2018 2019 2020 2021
M open-PD 149 144 158 206 161 118 135

B RAPD 10 22 40 53 87 116 150

SEOUL NATIONAL UNIVERSITY
gl HOSPITAL




R-PPPD - Operative procedures

Location of trocars

e 5 mm port
e 12 mm camera port
- Balloon Trocar
 Robot 8 mm port R1, R3
- Umbilicus, midclavicular line
 Robot 12 mm port R2
- Right midclavicular line
- 3cm inferior to umbilicus
T Robotarm 1] « Assistant ports
| - left midclavicular line

1cm above from base line

Mid clavicle line Mid clavicle line
]

- -
S5mm assist port
w
4cm mini laparotomy

1
. J
'
r 1
| Drain 2 i i
- / i I |
L ]

I
I
1
1
i I
1
i
i
i

Above 3cm from ASIS 3cm from ASIS

. -
Robot arm 3 |
v |

Drain 1

Robot arm 2 |’
| 12mm port |

o'W mblic
Camera port

Kim H et al. Int J Med Robotics Comput Assist Surg, 2017

SNUH @ El%(;l;:.T::iIDNAL UNIVERSITY




R-PPPD - Operative procedures

* Laparoscopic resection

e

SNUH * [ty



Perioperative

outcome _ Robot vs. Open

Open PD
RAPD Before PSM | After PSM
— - ter
(n—538) erore p-value i
(n=1120) (n=538) p-value
Age (years) V) 65.0 [58.0-72.0] 66.0 [59.0-72.0] 0.002 67.0 [60.0-73.0] 0.002
Sex (Male: Female) 307 : 231 670 : 450 0.285 332 : 206 0.121

BMI (kg/m?) D
Malignancy
Pancreatic cancer
Complication CD =3
CR-POPF

Mortality

23.7[21.8-25.7] 23.4[21.4-255] 0.083 23.7[21.6-25.7] 0.439
277 (51.5%) 872 (77.9%)  <0.001 369 (68.6%)  <0.001

88 (16.4%) 445 (39.7%)  <0.001 88 (16.4%) 1.000
114 (21.2%) 213 (19.0%) 0298 118 (21.9%)  0.767
54 (10.0%) 104 (9.3%) 0.626 62 (11.5%) 0.432

4 (0.7%) 5 (0.4%) 0.441 3 (0.6%) 0.705

Postoperative hospital stay (d) V) 8.0 [7.0-11.0] 11.0[9.0-16.0] <0.001 11.0[8.0-17.0] <0.001

1) Values are described as median and interquartile range.

SNUH@ }Sigﬂsl;ILT:fnouAL UNIVERSITY




Overall survival after PSM

Survival probability

04

02

0.0

Malignancy

£
=S
©
=)
o
S
Open-PD S
-
S
(7]
P=0.218
12 24 36 43 60
Time (months)
N 5YSR (%)

Overall 646 58.1

RAPD 277 61.5

Open-PD 369 56.2

1.0

0.8

06

04

02

0.0

Pancre

atic cancer

RAPD

P =0.054
12 24 36 48 60
Time (months)
N 5YSR (%)
Overall 176 27.7
RAPD 88 49.9
Open-PD 88 20.0 :LAHONAL UNIVERSITY




Palliative chemotherapy In pancreatic cancer

I Response
BSC i rate
5FU
Gemcitabine
— =10%
Gem, FDR
Gem-combinations
2011 B
FOLFIRINIX
_ =30~40%
Gem/Nab-paclitaxel
| | | | N
(') é é é 12 Med.ian overall
Survival
Courtesy by pf. Park (modified) (months)

SEOUL NATIONAL UNIVERSITY
g HOSPITAL
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Survival according to treatment (RCT)

Korean RCT

— ARM=1

----- ARM=2
s | | Neoadjuvant
g Median : 21m
: Upfront surgery .

Median:12m i — T
HR 197 (95% CI107-362), P=0.028 -
Tlr;e

ARM=1 27 27 21 16 12 5 -
ARM=2 23 22 12 T 6 2 1

Numbers at nisk

Jang et al. Ann Surg. 2018

0S (%)

100

75

50

25

—

—

1

HR 0.73 {95% CI, 0.56 to 0.96); P =.025

Dutch RCT PREOPANC
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Preoperative Major Caudate Lymphadenectomy Totally Conversion Operative Blood Morbidity Mortality LOS RO

staging (Bismuth liver lobe laparoscopic time loss

type I/11/111/1V) resection resection reconstruction (min) (mL)
Laparoscopic | 15/16/36/9 64 (70%) 73 (79%) 91 (98%) 40 11(12%) 4278 5078 27 (31%) 6 (6%) 172 79
(92 patients) | (19%/21%,/47%,/11%) (86%)
Robotic (101 | 20/7/29/4 17 (32%) | 60 (59%) 61 (100%) 52 1(2%) 354° 357 | 37 (59%) |2 (2%) 108 41
patients) (339%/11%/48%/ 6%) (69%)
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pT category of gallbladder cancer

Invasion

Tumour

Duodenum

T1a: Lamina propria T2b: Hepatic side

Muscularis
Mucosa or
lamina propria

T1b: Muscle layer T2a: Peritoneal side

K. Soreide et al, BJS, 2018
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* Laparoscopic cholecystectomy, 1990

* Robotic cholecystectomy, 2005
— Standard procedure for benign gallbladder diseases

- JHBPS guideline for Biliary tract cancers, 2020
— For suspected GBC, open cholecystectomy is recommended as a rule.
v" Port site recurrence due to GB injury
v The presence of the Rokitansky-Aschoff sinuses

* Technical challenges
— Adequate LN sampling
— RO liver transection margins
— CHD/CBD resection or reconstruction
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e Definition of EC : cholecystectomy + LND + liver resection
e Multicenter (SNUH, SNUBH, SNU-Boramae MC)

e Prospectively collected database with retrospective analysis(2010-2020)

Exclusion A
. ] e w/o LND or liver resection
[ 377 patients with EC J « Extensive surgery (BDR, HPD) and
combined surgery of other organs
» Palliative resection
V4 - —
PSM 3:1
[Open EC (n:308)J MIS EC (n=69) J (age, sex, T-stage, N-stage)
AN
/N
< ~ PSM 1:1
[ L-EC (n=40) J [ R-EC (n=29) J (age, sex, T—stagé, N-stage)
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Outcomes of MIS EC

Total (N=239) Open (n=175) MIS (n=64) P-value
n (% or SD) n (% or SD) n (% or SD)

Age (years) 66.9 (£9.7) 66.8 (£9.8) 67.2 (£9.4) 0.745
Sex (Male) 119 (49.8%) 84 (48.0%) 35 (54.7%) 0.360
BM| 23.9 (+3.8) 23.8 (+3.5) 24.1 (+4.7) 0.513
CA 19-9 >65 IU/mL 27 (11.5%) 21 (12.2%) 6 (9.5%) 0.567
RO 222 (92.9%) 163 (93.1%) 59 (92.2%) 0.799
Operative time (min) 200.2 (£70.5) 187.3 (£61.0) 235.4 (£82.31) <0.001
EBL (mL) 450.0 (+609.5) 478.6 (+800.7) 508.4 (+900.7) 0.925
Hospital stay (days) 8.6 (6.2) 9.1 (6.7) 7.1 (4.4) 0.023
Complication (CD 3as) 22 (9.2%) 16 (9.1%) 6 (9.4%) 0.956
30day mortality 2 (0.8%) 2 (1.1%) 0 (0%) 0.390
Hospitalization cost (won) 10,400,906 9,502,157 12,858,423 <0.001
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Outcomes of MIS EC

Overall Survival

100

g0

60

40

P=0.484
R
+
" Median 3YS
(mo.) (%)
Open EC 175 106 75.0
MIS EC 64 88 67.2
12 4 36 48 60

Follow up time

Disease free survival

100

L]
L]

60

40

P=0.719

o Median 3YS
(mo.) (%)
Open EC 175 106 65.5
MIS EC 64 88 58.6
0 12 24 36 48 60

Comparable survival outcomes

Follow up time

SNUH data, In press
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Outcomes of MIS EC

L-EC vs R-EC
Laparoscopic (n=22) Robotic P-value
(n=22)

Age (years) 66.9 (+£10.2) 67.6 (+£9.5) 0.808
Sex (Male) 9 (40.9%) 9 (40.9%) 0.569
BMI 23.0 (+2.4) 23.5 (+2.8) 0.543
CA 19-9 >65 IU/mL 1(4.8%) 3(13.6%) 0.317
RO 20 (90.9%) 21 (95.5%) 0.550
Operative time (min) 251.5 (£87.0) 196.9 (£37.0) 0.868
EBL (mL) 372.7 (£444.5) 389.5 (£382.7) 0.894
Open conversion 3(13.6%) 0 (0.0%) 0.073
Hospital stay (days) 8.9 (7.6) 7.1(2.2) 0.305
Complication (CD 3ax) 1(4.5%) 2 (9.1%) 0.550
Hospitalization cost (won) 9,517,594 17,653,919 <0.001
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Outcomes of MIS EC

| L-ECvsR-EC |

100 +——— P=0.338
_-l- L e e -+ -4 -
80
=
=
é 60
=
==
T 40
-
Q
20 Laparoscopic (n=22, 3YRS=71.1%)
— Robotic (n=22, 3YRS=89.5%)
0

0 12 24 36
Follow up time

Disease free survival

100

80

60

40

P=0.529

Laparoscopic (n=22, 3YRS=50.3%)
— Robotic (n=22, 3YRS=68.3%)

12 24 36
Follow up time
SNUH data, In press
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Robotic extended cholecystectomy(REC)

X Al 5mm Auxiliary port

QO R1/R2/R3/R4& 8 mm Robot arm / Scope
A A2 12 mm Auxiliary port 1




Robotic extended cholecystectomy(REC)

o I=CHAL
o oo
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Outcomes of REC

Variables REC (n=41) OEC (n=84) P-value
Sex (male, %) 25 (61.0%) 35 (41.7%) 0.042
Age (y, mean%SD) 66.78+8.99 67.0718.64 0.862
BMI (kg/m?, mean+SD) 23.83+2.70 24.68+3.68 0.193
Operation time (min, mean+SD) 202.44+35.18 189.23+56.17 0.111
EBL (mL, mean=*SD) 382.69+386.19 644.01+655.00 0.020
T stage (%) 0.093

early than T2 9 (22.0%) 9 (10.7%)

T2 or later 32 (78.0%) 75 (89.3%)
Number of retrieved lymph nodes (mean+SD) 7.10+£4.10 8.19+4.30 0.178
Number of metastatic lymph nodes (mean=+SD) 0.49%+1.17 0.82+1.55 0.224
R1 resection(%) 0 (0.0%) 5(6.0%) 0.171
Postoperative complication (%) 6 (14.6%) 10 (11.9%) 0.668
Hospital stay (d, mean£SD) 7.6315.00 8.44+4.58 0.371
90d mortality (%) 0 (0.0%) 1(1.2%) 1.000

el HOSPITAL
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Outcomes of REC

7 6.64

SNUH data, In press
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In order to minimize traffic in and out of this room
please call the anesthesia provider at

fill in machine number)

before entering OR to check on breaks.
Thanks You!

ESSENTIAIL STAFF ONLY

it =25 2 717 Ols 2/




2 2 Bd=5, 7Ier9—| Ols2 2B=5 2 7|7, HVI==FH &, Al

o
Ih

MO

OfH

o 9o
i o

HMe Ols 24|, LBFEMAZ)= 2L Al THY 7IE

T

racld)
rracingy



] =
EET

7=, 7|

al

=
o
T

110

o -
I
N <
ol o
7 R

I
=

—H

A

e MZAl Ol @dd2|dl |7
Qe 2| A

- =Y 27

o O

| B

................

x2|

S §/Mm7|§

sExe
FHUMEC

--p ogx2AEH

-»
-

—>

#sd

— s

RS

—» AAsasd

> @i OISR ME M| B2 (/R US

§ 540 HoIg B A2 X

YN LEHYIEN 32 By

BIpyojgTSY

—> zesasd

> =8

HAEAHNT



Pseudomonas
oryzihabitans

LS M)
Acinetobacter spp. (ACBA)
Bloodborne pathogens (hepatitis)
Clostridium difficile (spores)
Escherichia coli

Enterococcus (VRE and VSE)
Klebsiella spp

Mycobacterium tuberculosis (TB)
Pseudomonas aeruginosa
Serratia marcescens

Staph: MSSA, MRSA

Streptococcus pyogenes (GAS)
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